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v

The role of viruses in the etiology of cancer has been a focus of scientifi c 
inquiry for much of the twentieth century; the more recent development 
of vaccines against the hepatitis B virus and some types of human pap-
illomavirus has provided an important public health opportunity for 
preventing the development of liver and cervical cancers, respectively. 
A fuller appreciation of this topic is a priority in cancer control. Thus, 
the National Infectious Agents Committee of the Canadian Partnership 
Against Cancer’s Primary Prevention Action Group, in partnership with 
Canadian Cancer Society, sponsored the development and publication 
of this volume.

Despite signifi cant improvements in cancer prevention, treatment, 
and survival, more and more Canadians are diagnosed with cancer. 
This story is repeated in many jurisdictions in the world. One driver of 
such trends is an aging population, but cancer is not only a disease of 
the elderly. For example, cancer is the leading cause of death in middle-
aged adults in Canada. In the 35- to 64-year age group, cancer causes 
more deaths than heart disease, stroke, injury, and infectious diseases 
combined.

Over a decade ago, facing the reality of a growing burden of cancer 
within Canadian society, cancer community stakeholders from across 
the country identifi ed a need to create a coordinated, national plan for 
cancer control. The Canadian Strategy for Cancer Control (CSCC) was 
the volunteer network that drafted such a plan and successfully advo-
cated for its funding. With that funding in place, the work begun by the 
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CSCC is being refi ned and driven forward by the Canadian Partnership 
Against Cancer (CPAC).

Networks of expert groups are leading efforts across all priority 
areas of cancer control, supported by CPAC since it began operations 
on April 1, 2007. One of these eight expert groups is the Primary 
Prevention Action Group, which in turn includes three  subcommittees 
focused on advancing efforts that are central to the prevention of can-
cer: the National Committee on Environmental and Occupational 
Exposure, the National Committee on Skin Cancer Prevention, and 
the National Committee on Infectious Agents.

This volume was supported by the Partnership through funding by 
Health Canada and by the Canadian Cancer Society’s National Cancer 
Institute of Canada. Given the sponsorship and concerns of this book, 
and active cooperation in medical research across the border, there will 
sometimes be a Canadian or U.S. focus to the information presented. 
But as also will become clear in the book, researching the infection/
cancer connection was an international project from the start, and con-
tinues to be so.

Although infectious agents have been the focus of etiological and 
applied research for many decades, the relative interest and the level of 
research investment on infectious agents in Canada, the United States, 
and the rest of the developed world has waxed and waned over that time 
frame. Above and beyond the complexity of the science to understand 
how viral and bacteriological agents increase the risk for developing 
cancer, an explanation for the uneven research investment on infectious 
agents and cancer in the developed world is the fact that the infection-
related burden is disproportionately found in developing countries.

Moreover, within the developed world, many of the cancers linked 
to infectious agents (e.g., cervical cancer) disproportionately burden the 
most vulnerable populations (e.g., low income, ethnic minorities). These 
underserved populations often have few, if any, voices to advocate for 
more research investment in addressing the cancers that contribute to 
the cancer health disparities they experience.

Particularly in the developing world, where resources available for 
early detection and the treatment of disease are extremely limited, con-
trolling a complex set of diseases like cancer must perforce focus on 
prevention and palliation. The relatively recent developments of clinical 
prevention approaches for liver cancer (vaccination against hepatitis B 
virus) and cervical cancer (vaccination against specifi c types of HPV) 
hold great promise for cancers that are a much larger public health bur-
den for vulnerable populations worldwide. Thus, this book goes beyond 
an update of the biological and clinical data relevant to infections that 
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cause cancer by focusing on prevention as a theme of the knowledge 
 synthesis provided.

As suggested earlier, the primary prevention perspective is the par-
ticular value that the present book seeks to add to the several published 
reviews of infectious causes of cancer. It is important to organize the 
proven and potential interventions so that classic primary prevention 
categories are clearly delineated. In this way, health care planners 
worldwide can more easily see where their proposed strategies fi t on 
the prevention spectrum, thereby promoting comprehensive prevention 
approaches and clear resource allocation decisions.

This book hopefully will assist those in Canada, the United States, 
and around the world interested in building on the knowledge gained 
from research to expand cancer prevention partnership initiatives and 
enhance the strategies that can be put into practice to prevent cancers 
linked to infectious agents.

Jon F. Kerner, Ph.D.
Chair, Primary Prevention Action Group

Senior Scientifi c Advisor for Cancer Control 
and Knowledge Translation

Canadian Partnership Against Cancer



This page intentionally left blank 



ix

The authors originally researched and reviewed the topics found in this 
book as part of a project funded by the Canadian Partnership Against 
Cancer (CPAC) and the Canadian Cancer Society (CCS) through the 
National Cancer Institute of Canada. Overall leadership for the project 
was provided by the National Infectious Agents Committee (NIAC), a 
working group under the umbrella of the Primary Prevention Action 
Group (PPAG) of CPAC. The sponsorship of both CPAC and CCS was 
instrumental in the early drafting of this work. This project began 
under the visionary cancer prevention leadership of Ms. Barbara 
Kaminsky, then chair of the PPAG. More recently, Dr. Jon Kerner, the 
current chair of the PPAG, has continued the support for this project, 
as refl ected in his Preface.

Two highly experienced members of NIAC were generous and help-
ful in reviewing and making suggestions about draft versions of chapters 
in this book, namely, Drs. Anthony B. Miller and Morris Sherman of the 
University of Toronto.

As the book came to fruition, many support roles were played by 
the skilled staff members of H. Krueger & Associates Inc.,  including 
Ms. Laura Powe, Ms. Celia Kinney, Ms. Alicia Krueger, Mr. Sam 
Dueckman, and Ms. Marianne Chomiak. This book truly could not 
have been completed without their tireless labors.

Finally, the authors are grateful for the enthusiastic and compre-
hensive support offered by Oxford University Press in New York, 
especially through our editor Ms. Tracy O’Hara and her assistant, 
Ms. Anna Bierhaus. Ms. O’Hara’s early encouragement reassured us 

ACKNOWLEDGMENTS



x  Acknowledgments

that the original report deserved a broader audience, and inspired us 
to review many hundreds of new journal articles in order to provide 
a fi nal package of information that was as up-to-date as possible and 
highly applicable to jurisdictions beyond Canada. We are excited to see 
how many other readers will “catch the bug” of the themes herein and 
ultimately be helped by our treatment of an important and growing area 
of cancer prevention.

Hans Krueger

Gavin Stuart

Richard Gallagher

Dan Williams



xi

 1  Introduction—Infection and Cancer: An 
Expanding Paradigm 3

 2  Human Papillomavirus: Structure, Transmission, 
and Occurrence 21

 3  Human Papillomavirus: Infection, Natural History, 
and Carcinogenesis 57

 4  Human Papillomavirus: Associations with 
Cervical Cancer 79

 5  Human Papillomavirus: Associations with 
Noncervical Cancer 129

 6  Human Papillomavirus: Detection of Infection 
and Disease 213

 7  Human Papillomavirus: Prevention of Infection 
and Disease 259

 8 Hepatitis Viruses 287

 9 Helicobacter pylori 341

10 Epstein-Barr Virus 385

11 Human Herpesvirus Type 8 429

12 Human T-cell Lymphotropic Virus Type 1 471

13 Conclusion—Infection and Cancer: A Paradigm Shift 505

Index 537

CONTENTS



This page intentionally left blank 



HPV AND OTHER INFECTIOUS 

AGENTS IN CANCER



This page intentionally left blank 



3

1
INTRODUCTION—INFECTION 

AND CANCER: AN 
EXPANDING PARADIGM

Major advances in the prevention, diagnosis, and treatment of human cancers 
came along with a better understanding of their etiology, pathogenesis, and 
natural history. Thus, it is mandatory to properly validate any suspected causal 
link between viruses and human tumors. Unfortunately, it is not a trivial task.1

I  f informed that more than 25% of the annual cancer burden in the 
developing world could be prevented, with the added clarifi cation that 
smoking cessation was not the specifi c agenda under consideration, 

many people would be hard pressed to identify the anticipated interven-
tion category. Perhaps an equal number of people would be surprised to 
discover that the actual target in mind—infectious agents—indeed play 
such a substantial role in the development of cancer.

The recent licensing and deployment of vaccines preventing infection 
with certain types of the human papillomavirus (HPV) has had an enor-
mous impact within the media and among cancer control professionals. 
The vaccines prevent a specifi c viral infection that is a necessary cause 
of cervical carcinoma. To be described as a “necessary” cause means that, 
among other pieces of evidence, essentially 100% of tumors demonstrate 
the presence of the virus. This combination of facts and events has fi nally 
brought before a general audience a phenomenon heretofore restricted 
to the world of cancer researchers, that is, the existence of infectious 
agents that cause cancer.

The subtitle for this Introduction was originally intended to be “An 
Emerging Paradigm”; but that wording would have created the wrong 
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impression. It is true that a belief in the contagious nature of cancers, 
which arose in classical times and persisted for centuries, actually fell 
out of favor.2 But the hypothesis of HPV involvement in cervical cancer 
already dates back to 19753; indeed, scientifi c confi rmation of the general 
concept of infectious agency in human cancers was achieved almost a half 
century ago.4 Thus, it no longer represents a new or emerging topic; the 
fi eld is a fully established part of oncology and cancer prevention, and 
one that continues to expand at a remarkable rate.

Notably, if animal hosts are included, the history of this topic is 
even longer.5 For example, at about the beginning of the twentieth cen-
tury, Peyton Rous discovered that solid tumors could be passed like 
an infection between Plymouth Rock fowls. Using special fi lters, the 
agent involved was proven to be subcellular; eventually, the causative 
agent was isolated and named the Rous sarcoma virus, with molecular 
confi rmation following at a later date.6,7 Research suggesting an infec-
tious basis for leukemia in animals was pursued even earlier, led by 
Ellermann and Bang.8 Similarly, the proof of the infectious nature of 
benign tumors such as warts may be traced back to animal studies at 
the end of the nineteenth century9; by 1907, the same result had been 
achieved for human warts, specifi cally through the cell-free transmis-
sion experiments of Ciuffo.10 Of course, certain HPV types are now 
known to be the agents involved with warts and other skin lesions in 
humans. While there was substantial resistance to applying the results 
of animal studies to humans, and serious doubts about what was once 
known as the “virus theory of cancer,” the role of infectious agents is 
now globally recognized.11

Given that the Canadian Partnership against Cancer and the 
National Cancer Institute of Canada sponsored the research for this 
book, there will sometimes be a Canadian focus to the information 
presented. But researching the infection–cancer connection was an 
international project from the start, and continues to be so. A hundred 
years ago, Rous was pursuing the topic in a U.S. institute, Ellermann 
and Bang in Denmark, and Ciuffo in Italy. Most famously, the exami-
nation in a British laboratory of Burkitt lymphoma cells, cultured from 
patients living in the middle of sub-Saharan Africa, has proven to be a 
milestone in medical history.12,13 The 1964 discovery of the Epstein-Barr 
virus (EBV) in those cells by Epstein and colleagues properly launched 
the scientifi c fi eld related to infections and cancer.14,15 Since that semi-
nal event, the range of infections investigated for their cancer-causing 
potential is truly remarkable.

It is clear today that EBV (and its related diseases) is a relatively 
modest part of the infection–cancer connection, even though the virus 
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accounts for about 1% of cancers worldwide. In fact, epidemiologists 
suggest that nearly one-fi fth of global cancer incidence is causally linked 
to one or another of the implicated infections. The most quoted review 
of this topic pegged the proportion of global cancer incidence attribut-
able to infections at 17.8% in 2002, or some 1.9 million cases.16 In this 
light, how can one account for the relatively low profi le of the topic of 
infections and cancer? One explanation is the fact that the infection-
related burden is disproportionately found in developing countries, by a 
factor of almost 4 to 1. It is also true that the science is very complex and 
diffi cult to communicate to a lay audience. The ultimate reason, how-
ever, for the slow increase in public awareness and public health concern 
is the dramatic paradigm shift that is required in standard thinking 
about cancer risk factors and cancer prevention. The nature of this 
paradigm shift will be revisited in the concluding chapter.17

PURPOSE OF THE BOOK

Infectious agents actually intersect in a number of ways with the arena 
of cancer. For example, clinicians are often challenged by controlling 
primary or reactivated infections that occur in cancer patients, espe-
cially following cancer treatments.18,19 Also, viruses are now being 
adapted for use in innovative therapies against cancer.20,21 However, the 
focus of the present book, the infectious causes of cancer, is manifestly 
different than either of these topics. There are three goals that guided 
the literature review and commentary:

To raise the consciousness of key players in cancer prevention • 
regarding the importance of and potential for decreasing cancer 
incidence by directly addressing infectious causes
To provide an up-to-date presentation of the biology, cancer • 
pathology, and prevention options related to selected infectious 
agents
To suggest directions for future research, practice, and policy• 

While other writers—indeed, world-class experts—have reviewed 
the basic science and clinical implications of individual agents, few have 
attempted to pull the entire picture together. A notable exception is 
Infections Causing Human Cancers,22 a monograph survey by a pio-
neer in the fi eld, Harald zur Hausen. He was one of the key investigators 
of the role of HPV in cervical carcinoma, the research that won him a 
portion of the 2008 Nobel Prize in Medicine.23 Prior to zur Hausen’s 
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monograph in 2006, the best-known treatment was a 2000 volume 
edited by J Goedert.24

A large volume of research information has been published since zur 
Hausen’s monograph (indeed, a new journal specifi c to the fi eld, called 
Infectious Agents and Cancer, was launched after his textbook was com-
pleted). Substantial review articles have been recently published, each of 
which have covered the same agents selected for the present book.25–27 

However, this book seeks to go beyond an update of the biological and 
clinical information by offering insights on the current and emerging 
prevention possibilities relevant to infections that cause cancer. In short, 
the unique perspective of this synthesis project is the prevention theme.

INFECTIOUS AGENTS OF INTEREST

The mention of “selected infectious agents” in the purpose statement 
immediately raises the issue of selection criteria. As will be clear later 
in this Introduction, the sheer scope of the topic required some focus-
ing, lest hundreds of pages turn into thousands. Three main questions 
shaped the table of contents:

Is the infection strongly established as a cause of cancer?• 
Is there a compelling prevention priority because of the burden • 
of related cancers measured globally and/or in the United States, 
Canada, and other parts of the developed world?
And, even if one or other of the preceding criteria were not con-• 
vincing, is there another overriding feature of interest, such as what 
the infection teaches us about carcinogenesis?

Each of these points can be expanded. The question related to causa-
tion will be further explored below; the other two criteria will be revisited 
in the book’s concluding chapter.

CRITERION OF CAUSATION

The term “cause” has been used rather freely so far in this Introduction. 
In fact, causation (or etiology) is a complex phenomenon biologically, 
clinically, and philosophically. This is especially the case when the etiology 
theme is embedded within the general complexity of cancer, not to men-
tion the bewildering world of infectious agents.28 The causal pathways 
of cancer are still being worked out at both risk factor and molecular 
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levels. Cancer is a disruption of cellular processes usually involving 
DNA mutations and usually manifesting as uncontrolled cell growth; 
it is a notoriously complicated disease entity. This is because cancer 
involves multiple factors or infl uences—either endogenous (or originat-
ing within the host) and exogenous (or environmental)—manifesting 
along a multistep development pathway. And, for any of the 100 human 
cancers that have been delineated, a full research program involves 
looking at the transformation steps, the risk factors, and how and where 
the factors interact with each other at each step.

Figure 1.1 provides a simple schematic of the developmental stages 
of cancer when an infectious cause is involved.

The diagram pictures the situation where at least some cases of a 
particular cancer are directly initiated by an infection. In other words, 
certain cellular changes created by the infection lead to the transforma-
tion that ultimately generates a malignancy. This role of infection may 
be deemed as direct causation of cancer. Of special interest is the situ-
ation where all cases of a certain cancer have the same direct cause; as 
suggested earlier, the agent in this situation is referred to as a necessary 
cause.

One of the reasons for the intense focus on HPV in the past decade 
is the discovery that it was a necessary cause of cervical cancer. Cervical 
cancer is a malignancy of great concern to women and health care pro-
viders. The fact that all cases of an important cancer could be traced to 
a known infection, and the promise that this cancer could be reduced 
by known infection control measures, has generated understandable 
excitement. Contrary to some perceptions, however, this is neither the 
fi rst nor the only discovery of a necessary infectious agent of cancer. 
As will become clear in later chapters, both human herpesvirus type 
8 (HHV-8) and human T-cell lymphotropic virus type 1 (HTLV-1) are 
also responsible for essentially 100% of cases of a particular cancer.

HTLV-1 is especially interesting, as it represents the forerunner of a 
new trend in cancer taxonomy. Instead of defi ning a category of cancer 
and then looking for causes and other risk factors, some very specifi c 
cancers are now being defi ned at histological and even molecular levels 

Figure 1.1. Carcinogenesis related to infection.
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according to the infectious cause detected. Thus, the type of lymphoma 
considered to be caused by HTLV-1 is basically equated with the lym-
phoma cases in which the virus is present; this yields an attributable risk 
of 100%, and makes HTLV-1 a necessary causal agent by defi nition. 
This microscopic and especially molecular approach to defi ning cancer 
is destined to be repeated, with particular implications for the expanding 
profi le of infectious agents of cancer.

The direct causes of cancer do not cover the whole picture, however. 
As is suggested in Figure 1.1, cofactors can also be involved in carcino-
genesis. In fact, cofactors appear to always play a role in human malig-
nancy. One piece of circumstantial evidence supporting this conclusion 
is the fact that there is no situation in human biology where the presence 
of a direct causal agent always leads to cancer; this is another way of 
saying that there is no known example of a single suffi cient cause of can-
cer. Some other factor is always involved, either as another direct cause 
of critical cellular changes, or as a promoter of cancer development at 
the start or at some later stage of carcinogenesis. One of the fascinating 
aspects of this phenomenon is that quite often the cofactor involved 
with infection-related cancers is another infection. Indeed, interactions 
between microbial agents will be a frequent subtopic in the subsequent 
chapters of this book. One of the more studied mechanisms involves 
HIV and HHV-8, but evidence has been accumulating for other impor-
tant interactions, including HHV-8 and HPV.29

The most important causal pathways involving infections are schema-
tized in Figure 1.2.

The various scenarios illustrated in Figure 1.2 suggest that unveiling 
all the details of the infection–cancer topic could be a daunting task. 
New information is regularly emerging that implicates infections in 
cancer, not only as direct causes, but as infl uences of biological condi-
tions related to carcinogenesis. The conditions include those conducive 
to a primary infection itself, to the type of infectious process that is 
carcinogenic, or to the process of moving cancer precursors toward full 
malignancy.

While all of these roles involving infection may be thought of as 
causative, the main focus of this book will be on direct causes; the one 
exception to this guideline may be the bacterium Helicobacter pylori 
(see Chapter 9). Apart from the benefi t of reducing the scope of the 
discussion, the rationale for mostly limiting the focus to direct causes is 
that the selected infections may offer the clearest, most productive, and 
possibly most effi cient targets for prevention of cancer. In other words, 
controlling direct causes related to infection promises to produce a pre-
dictable and potentially dramatic decrease in cancer incidence.
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INCLUDED INFECTIONS

The criteria indicated above generated the following inventory of infec-
tious agents of cancer as an outline for the book:

Human papillomavirus• 
Hepatitis B and C viruses• 
Helicobacter pylori• 
Epstein-Barr virus• 
Human herpesvirus type 8• 
Human T-cell lymphotropic virus type 1• 

This table of contents presupposes that the best way to approach 
the topic is from the point of view of the infection. Another possibility 
would be to organize the discussion around the related cancers, and then 
to highlight the infectious cause(s) within the spectrum of risk factors 
that may be involved. The closest the book came to this approach was 
amalgamating the discussions of hepatitis B and C viruses in one chapter, 
driven by their common etiologic link with liver cancer. In fact, a subset of 
the scientifi c literature does approach the topic of infectious agents from 

Figure 1.2. Causal pathways in infection and cancer.
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Table 1.1. Investigational Infectious Agents with Cancer Association

Viruses Bacteria Fungi Protozoa Worms and Flukes

Human herpesvirus 1 Borrelia burgdorferi Epidermophyton 
fl occosum

Plasmodium spp. (Malaria) Clonorchis sinensis

Human herpesvirus 2 Campylobacter jejuni Microsporum canis Trichomonas vaginalis Opisthorchis felineus
Human 

cytomegalovirus
Helicobacter bilis Fonsecaea pedrosoi Cryptosporidium parvum Opisthorchis viverrini

Human herpesvirus 6 Helicobacter heimannii Toxoplasma gondii Schistosoma 
haematobium

Adenovirus Helicobacter hepaticus Schistosoma japonicum
Human adenovirus 5 Eschericihia coli Schistosoma mansoni
BK polyomavirus Salmonella typhi Taenia solium
JC polyomavirus Lawsonia 

intracellularis
Strongyloides stercoralis

Merkel cell 
polyomavirus

Bartonella spp.

Simian virus 40 Chlamydia pneumoniae
B19 virus Chlamydia psittaci
Human mammary 

tumour virus
Chlamydia trachomatis

Melanoma-associated 
retrovirus

Mycoplasma spp.

Mouse mammary 
tumour virus

Mycobacterium 
tuberculosis

Human T-cell 
lymphotropic virus 2

Streptococcus infan-
tarius (or bovis)

Hepatitis delta virus
Measles virus
Torque teno virus
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the starting point of a particular cancer of interest.30 But, in addition to 
the complication of navigating through a large number of cancers and the 
maze of noninfectious causal factors, a discussion consistently oriented 
toward cancer would too often require dealing with multiple infectious 
agents for the same malignancy. For example, gastric lymphomas are 
caused by both H. pylori and EBV. Similarly, the same agent would keep 
emerging for different types of cancers; EBV, which causes a remarkable 
range of malignancies, again provides a good example of that scenario. In 
the end, allowing the infectious agent to drive the discussion seemed like 
the most straightforward approach, especially given that the prevention 
agenda of this book is meant to focus precisely on the agent.

The de facto “table of contents” for the book is dominated by viruses, 
a feature that also marks the broader inventory of infectious causes of 
cancer that have ever been investigated (as summarized in Table 1.1). 
This imbalance is not surprising, given that viruses are, in their essence, 
genetic disrupters, and thus natural engines of cancer.

Table 1.2. Infectious Agents and Associated Cancers Canada, 1995–2004

Infectious Agent Main Associated Cancers Males Females

Human papillomavirus 
(HPV)

Cervix — 8.36

Anus 1.27 1.29
Vulva/Vagina — 3.20*
Penis 0.82 —
Oropharyngeal 0.51 0.16
Larynx 6.19 1.16
Esophageal 5.94 1.79
Non-melanoma Skin 1.16 0.85

Hepatitis B/C virus (HBV, 
HCV)

Liver 4.75 1.40

Helicobacter pylori Stomach 12.23 5.36
Epstein-Barr virus (EBV) Hodgkin’s disease 3.04 2.44

Nasopharyngeal 
carcinoma

0.91 0.38

Burkitt lymphoma rare rare
Human herpesvirus type 8 

(HHV-8)
Kaposi sarcoma 0.65 0.06

HumanT cell 
lymphotrophic virus type I 
(HTLV-1)

Adult T cell leuke-
mia/lymphoma

rare rare

Age standardized cancer incidence per 100,000.

Standardized to 1991 population.

*Used the rate for “other female genital organs.”

Source: Public Health Agency of Canada—Cancer Surveillance Online.
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The list of included infections fulfi lls a criterion implied earlier; 
in short, the selected agents generate the majority of infection-related 
cancers known in the world.31 As an illustration of the overall burden, 
Table 1.2 details the Canadian incidence rates for the cancers actually 
caused by the infections that are the focus of the book.

EXCLUDED INFECTIONS

Possibly the most noticeable omission from the selected agents is human 
immunodefi ciency virus (HIV), the causal agent for acquired immuno-
defi ciency syndrome (AIDS). HIV/AIDS is associated with a short list of 
so-called AIDS-defi ning cancers, as well as a longer list of other (non-
defi ning) cancers.32 The “defi ning” rubric means that, when the cancer 
is ruled in and other causes of immunosuppression are ruled out, the 
patient is clinically defi ned as having AIDS. The cancers in question, 
along with various nonmalignant conditions, show up preferentially in 
HIV-positive individuals. Indeed, detecting one of the defi ning condi-
tions can permit a diagnosis of AIDS even in the absence of positive HIV 
serology.33

Not including HIV among the infections of interest essentially means 
acknowledging that the virus is not a direct cause of cancer. In fact, 
evidence suggests that HIV is probably an indirect cause, in the sense 
described earlier. Thus, it promotes other infections and infectious pro-
cesses that may lead to cancer; HIV accomplishes this specifi cally by 
causing the immunosuppression that permits persistent coinfections 
and ultimately the development of cancer. What is sometimes missed in 
this story is the fact that all of the AIDS-defi ning cancers are directly 
caused by such coinfections.34 This includes Kaposi sarcoma (caused by 
HHV-8), non-Hodgkin’s lymphoma (the varieties caused by EBV), and 
invasive cervical cancer (which is, of course, HPV-related). This fact 
alone clearly positions HIV as an important collateral topic in the fi eld 
of infections and cancer, even though it does not warrant a separate 
chapter in this book.

The categorization of HIV as essentially an indirect cause of cancer is 
consistent with the work of other authorities. For example, zur Hausen 
does not include HIV as a chapter in his 2006 monograph on the infec-
tious agents of cancer.35 A major 2008 review article on infections and 
cancer adopted the same perspective, concluding that “HIV . . . is not 
carcinogenic per se.”36

HIV, though, is only the “tip of the iceberg” in terms of agents that 
could be considered as part of a more encyclopedic treatment of the 
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topic. The basic scientifi c research and academic publishing on infec-
tions and cancer has been steadily expanding. Table 1.1 summarizes the 
list of investigational infectious agents pursued by researchers in recent 
decades. (More details, including the suggested cancer associations and 
a bibliography, are provided in the Conclusion.)

While dominated by viruses and bacteria, the agents of interest come 
from all parts of the microbial spectrum. There are many intriguing 
research areas suggested by the list in Table 1.1, including the potential 
involvement of a range of human herpesviruses.37 Finding a role for 
multiple herpesviruses in cancer may not be surprising, as there is no 
clear biological reason why carcinogenesis should be restricted to just 
two herpesvirus types, EBV and HHV-8. Similarly, it does not seem 
plausible that the story of bacteria and cancer would start and end with 
merely one species of Helicobacter. Nonetheless, based on the reason-
ing already laid out, the seven selected agents appear to be the most 
defensible candidates for the present review, especially in the context of 
compelling prevention priorities.

Having refi ned the criteria and argued for the agents to include, it 
must be admitted that some of the exclusions are mostly a matter of 
scoping. The most obvious omission of this sort would be certain species 
of Schistosoma, fl ukes with proven links to hepatocellular carcinoma and 
urinary bladder cancer. This certainly is a genus of persistent concern in 
endemic regions, and it may even have growing implications for coun-
tries with high levels of immigration from endemic regions. Schistosoma 
would clearly be the logical candidate for another category of infectious 
agents to consider, though other fl ukes, worms, and protozoa might try 
to squeeze onto the list as well.38

PREVENTION PERSPECTIVE

As suggested above, the prevention perspective is the particular value 
that the present book seeks to add to the discussion of infectious causes 
of cancer. In particular, the critical role of primary prevention has been 
highlighted. It seemed important to organize the proven and potential 
interventions so that classic primary prevention categories were well 
delineated. In this way, health care planners can easily see where their 
proposed maneuvers fi t on the prevention spectrum, thereby promoting 
comprehensive decisions and clear communication.

Figure 1.3 situates the prevention categories logically along the ideal-
ized pathogenetic pathway suggested earlier in this Introduction. 
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The qualifi ers “primary” and “secondary” are so inconsistently 
applied in the world of prevention as to render them almost useless. 
The terms are employed in a very precise way in Figure 1.3: primary 
prevention of infection that causes cancer (and thus prevention of the 
related cancer) and secondary prevention of infection that causes can-
cer (and thus prevention of the related cancer). Both of these categories 
are defi ned from the perspective of infection, which in fact is the focus 
of this book. Thus, secondary prevention in this context builds on the 
reality that an infection (and possibly early infectious disease) is estab-
lished, and indeed detected, in an individual. This is what “secondary” 
logically means in the specifi c context of the book; it refers to preven-
tion that is appropriate when primary prevention measures against the 
infection have “failed.”

It is important to acknowledge that this defi nition is different than 
what secondary prevention denotes when the perspective is shifted to the 
cancer itself. In fact, the classic secondary approaches to cancer preven-
tion (detecting and treating precursors or early malignancies) are not the 
main agenda of the book (and therefore are not refl ected in Figure 1.3). 
This is notwithstanding the fact that infection can play a role in secondary 
prevention of cancer as well. For instance, there is evidence that clearing 
infections at late stages of carcinogenesis can sometimes be benefi cial 
as an adjunct to therapy or surgery, specifi cally by promoting remission 
and/or preventing recurrence.

To sum up, the terms primary and secondary are specifically 
used in this book to distinguish two important overarching preven-
tion contexts: first, the clinical situation before known infection 
and early infectious disease are in place; and, second, the scenario 
where infection is already established and indeed detected. Each 
of these two contexts incorporates multiple prevention categories, 

Figure 1.3. Prevention options in infection-related carcinogenesis.
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which will in turn be applied to each infectious agent throughout 
the book. The six  prevention categories are identified in Figure 1.3. 
They each have a clear connection to infection per se; they intersect 
with the carcinogenic pathway at distinct points, all of which pre-
cede the emergence of frank malignancy.

The prevention perspective has informed other components of the 
book. For instance, given the direct link between transmission routes 
and exposure prevention, that part of the natural history of each target 
infection has been thoroughly described. Unfortunately, transmission is 
sometimes a poorly elucidated subject, which in turn limits the develop-
ment and application of related primary prevention measures. Given this 
particular knowledge gap, the ongoing drive toward other types of pri-
mary prevention (especially vaccination) is even more understandable.

At the other end of the pathogenetic pathway, where the focus is on 
interrupting transformation, it is important to recognize that the meth-
ods of interest still relate directly to infection, rather than to medical or 
surgical interventions for premalignant disease. The idea is to review 
any therapies that act directly on the infectious processes that lead to 
cancer. This explains why the overview of each infection includes a sec-
tion on disease mechanisms. Finally, given that detection of the agent is 
a prerequisite implied by the meta-category of “secondary prevention of 
infection that causes cancer,” a synopsis of detection methods relevant 
to each agent has been provided.

The taxonomy of prevention approaches suggested above will 
become clearer once it is applied to the fi rst agent covered in the book, 
human papillomavirus (see Chapter 7). It will become apparent that the 
last two categories, therapeutic eradication/suppression and interrupt-
ing malignant transformation, sometimes coincide with treatments for 
the various premalignancies and early cancer stages preceding invasive 
cervical cancer. The practical overlap between prevention and treatment 
modalities simply underlines the fact that the objective of therapy is a 
“moving target” throughout the natural history of HPV disease. Thus, 
one passes from primary prevention related to controlling HPV infec-
tion per se, through intermediate stages of premalignant development 
that call for other types of management, and fi nally to the point where 
advanced precursors or early cancer is clearly in place. For the purposes 
of this book, the very end of this disease succession is considered to be the 
target of classic secondary prevention maneuvers well known to oncolo-
gists. As such, these approaches are not the main focus of the book. 
However, given the dominant position that HPV-related disease holds 
in the contemporary discussion of infections and cancer, some back-
ground on screening for cervical lesions will be offered as a convenience 
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(see Chapter 6); screening, of course, is the normal precursor to classic 
secondary preventive treatments such as ablation.39

PLAN OF THE BOOK

The main thrust of each chapter of the book is a standard literature 
review. Academic journals were consulted using established search 
procedures applied to Medline (e.g., simply coordinating terms such 
as “HPV” and “cancer”). High-quality review articles by recognized 
experts provided a foundation, but individual studies were also con-
sulted, especially to fi ll in more recent results on matters of interest (e.g., 
“EBV” coordinated with “transmission”). Apart from a few instances, 
there was no lack of information on the selected infectious agents. As 
already noted, the infection–cancer connection has become a prolifi c 
area of research and publishing. The intention was to comprehensively 
cover the most recent literature published, up to early 2009.

The knowledge gleaned from journal articles and selected gray 
literature sources was organized into similar chapter sections for each 
infection, as follows:

The virus (or bacterium, in the case of • H. pylori)
Evidence of associated cancers• 
Transmission and occurrence of the agent• 
Disease mechanisms• 
Detection methods• 
Prevention approaches• 

The one deviation from this pattern involved the coverage of HPV. The 
sheer volume of literature related to this virus and its many related cancers, 
recently augmented by burgeoning research on the development and imple-
mentation of a prophylactic vaccine, necessitated a much fuller review. To 
avoid a single unwieldy chapter, eventually six were developed for this agent 
alone. These were combined as Chapters 2–7 of the book, with the rest of 
the infectious agents covered in Chapters 8–13. This may give the book an 
unbalanced appearance. However, the value of in-depth coverage of HPV 
will soon become clear. Such an approach allowed this virus to serve as a 
paradigm for both the biological understanding of and the comprehensive 
prevention responses to each of the infectious agents covered in the book. 
Since HPV continues to be a key driver of the intensifying interest in infec-
tious agents and cancer, it is only appropriate that the book begins with a 
comprehensive consideration of this now-famous virus.



Introduction—Infection and Cancer  17

NOTES

 1 Elgui de Oliveira D. DNA viruses in human cancer: an integrated overview 
on fundamental mechanisms of viral carcinogenesis. Cancer Letters. 2007; 
247(2):182–96.

 2 Epstein MA. Historical background. Philosophical Transactions of the Royal 
Society of London. Series B, Biological Sciences. 2001; 356(1408): 413–20.

 3 Syrjanen S, Syrjanen K. The history of papillomavirus research. Central 
European Journal of Public Health. 2008; 16(suppl): S7–13.

 4 Young LS, Rickinson AB. Epstein-Barr virus: 40 years on. Nature Reviews. 
2004; 4(10): 757–68.

 5 Bertout J, Thomas-Tikhonenko A. Infection & neoplastic growth 101: the 
required reading for microbial pathogens aspiring to cause cancer. Cancer 
Treatment and Research. 2006; 130: 167–97.

 6 Martin GS. The road to Src. Oncogene. 2004; 23(48): 7910–7.
 7 Varmus HE, Vogt PK, Bishop JM. The classic: integration of deoxyribonucleic 

acid specifi c for Rous sarcoma virus after infection of permissive and nonper-
missive hosts: (RNA tumor viruses/reassociation kinetics/duck cells). 1973. 
Clinical Orthopaedics and Related Research. 2008; 466(9): 2031–8.

 8 Elgui de Oliveira D. DNA viruses in human cancer: an integrated overview 
on fundamental mechanisms of viral carcinogenesis. Cancer Letters. 2007; 
247(2): 182–96.

 9 Aaltonen LM, Rihkanen H, Vaheri A. Human papillomavirus in larynx. 
Laryngoscope. 2002; 112(4): 700–7.

10 zur Hausen H. Papillomaviruses in the causation of human cancers—a brief 
historical account. Virology. 2009; 384(2): 260–5.

11 van Helvoort T. A dispute over scientifi c credibility: the struggle for an inde-
pendent institute for cancer research in pre-World War II Berlin. Studies in 
History and Philosophy of Biological and Biomedical Sciences. 2000; 31(2): 
315–54.

12 Pagano JS. Epstein-Barr virus: the fi rst human tumor virus and its role in cancer. 
Proceedings of the Association of American Physicians. 1999; 111(6): 573–80.

13 Coakley D. Denis Burkitt and his contribution to haematology/oncology. 
British Journal of Haematology. 2006; 135(1): 17–25.

14 Epstein MA, Achong BG, Barr YM. Virus particles in cultured lymphoblasts 
from Burkitt’s lymphoma. The Lancet. 1964; 1(7335): 702–3.

15 Some authorities mark the beginning of the human infection-cancer story to 
the characterization of hepatitis B virus in 1963. See Kuper H, Adami HO, 
Trichopoulos D. Infections as a major preventable cause of human cancer. 
Journal of Internal Medicine. 2000; 248(3): 171–83.

16 The total is composed of 7.7% of cancers in the developed world (390,000) 
and 26.3% in the developing (1.5 million). See Parkin DM. The global health 
burden of infection-associated cancers in the year 2002. International Journal 
of Cancer. 2006; 118(12): 3030–44.

17 Sobol RE. The rationale for prophylactic cancer vaccines and need for a para-
digm shift. Cancer Gene Therapy. 2006; 13(8): 725–31.

18 Segal BH, Freifeld AG, Baden LR et al. Prevention and treatment of cancer-
related infections. Journal of the National Comprehensive Cancer Network. 
2008; 6(2): 122–74.



18  HPV and Other Infectious Agents in Cancer

19 Ljungman P, de la Camara R, Cordonnier C et al. Management of CMV, 
HHV-6, HHV-7 and Kaposi-sarcoma herpesvirus (HHV-8) infections in 
patients with hematological malignancies and after SCT. Bone Marrow 
Transplantation. 2008; 42(4): 227–40.

20 Liu TC, Kirn D. Systemic effi cacy with oncolytic virus therapeutics: clinical 
proof-of-concept and future directions. Cancer Research. 2007; 67(2): 429–32.

21 Sorensen MR, Thomsen AR. Virus-based immunotherapy of cancer: what do 
we know and where are we going? APMIS. 2007; 115(11): 1177–93.

22 zur Hausen H. Infections Causing Human Cancer. Heidelberg: Wiley-VCH; 
2006.

23 Shared with two of the discoverers of the human immunodefi ciency virus 
(HIV).

24 Goedert JJ. Infectious Causes of Cancer: Targets for Intervention. New Jersey: 
Humana Press Inc.; 2000.

25 Carrillo-Infante C, Abbadessa G, Bagella L et al. Viral infections as a cause of 
cancer (review). International Journal of Oncology. 2007; 30(6): 1521–8.

26 McLaughlin-Drubin ME, Munger K. Viruses associated with human cancer. 
Biochimica et Biophysica Acta. 2008; 1782(3): 127–50.

27 de Martel C, Franceschi S. Infections and cancer: established associations and 
new hypotheses. Critical Reviews in Oncology/Hematology. 2009; 70(3): 
183–94. 

28 Franco EL, Correa P, Santella RM et al. Role and limitations of epidemiology 
in establishing a causal association. Seminars in Cancer Biology. 2004; 14(6): 
413–26.

29 Underbrink MP, Hoskins SL, Pou AM et al. Viral interaction: a possible con-
tributing factor in head and neck cancer progression. Acta Oto-Laryngologica. 
2008; 128(12): 1361–9.

30 For example, Al-Daraji WI, Smith JH. Infection and cervical neoplasia: facts 
and fi ction. International Journal of Clinical and Experimental Pathology. 
2009; 2(1): 48–64; Hjalgrim H, Engels EA. Infectious aetiology of Hodgkin and 
non-Hodgkin lymphomas: a review of the epidemiological evidence. Journal of 
Internal Medicine. 2008; 264(6): 537–48; Selgrad M, Malfertheiner P, Fini L et 
al. The role of viral and bacterial pathogens in gastrointestinal cancer. Journal 
of Cellular Physiology. 2008; 216(2): 378–88; Burnett-Hartman AN, Newcomb 
PA, Potter JD. Infectious agents and colorectal cancer: a review of Helicobacter 
pylori, Streptococcus bovis, JC virus, and human papillomavirus. Cancer 
Epidemiology, Biomarkers and Prevention. 2008; 17(11): 2970–9; Hengge UR. 
Role of viruses in the development of squamous cell cancer and melanoma. 
Advances in Experimental Medicine and Biology. 2008; 624: 179–86; Verma V, 
Shen D, Sieving PC et al. The role of infectious agents in the etiology of ocular 
adnexal neoplasia. Survey of Ophthalmology. 2008; 53(4): 312–31.

31 Parkin DM. The global health burden of infection-associated cancers in the 
year 2002. International Journal of Cancer. 2006; 118(12): 3030–44.

32 AIDS-defi ning cancers classically comprise Kaposi sarcoma, high-grade non-
Hodgkin’s lymphoma, and invasive cervical cancer. Non AIDS-defi ning can-
cers (i.e., with increased incidence in HIV-infected adults) include: anal cancer, 
Hodgkin’s disease, head and neck cancer, testicular cancer, lung cancer, colon 
cancer, basal cell carcinoma of the skin, squamous cell carcinoma of the skin, and 
melanoma. See Cooley TP. Non-AIDS-defi ning cancer in HIV-infected people. 
Hematology/Oncology Clinics of North America. 2003; 17(3): 889–99.



Introduction—Infection and Cancer  19

33 Bower M, Mazhar D, Stebbing J. Should cervical cancer be an acquired immu-
nodefi ciency syndrome—defi ning cancer? Journal of Clinical Oncology. 2006; 
24(16): 2417–19.

34 Boshoff C, Weiss R. AIDS-related malignancies. Nature Reviews: Cancer. 
2002; 2(5): 373–82.

35 zur Hausen H. Infections Causing Human Cancer. Heidelberg: Wiley-VCH; 
2006.

36 de Martel C, Franceschi S. Infections and cancer: established associations and 
new hypotheses. Critical Reviews in Oncology/Hematology. 2009; 70(3): 
183–94.

37 See, for example, Leite JL, Stolf HO, Reis NA et al. Human herpesvirus type 
6 and type 1 infection increases susceptibility to nonmelanoma skin tumors. 
Cancer Letters. 2005; 224(2): 213–9.

38 Mayer DA, Fried B. The role of helminth infections in carcinogenesis. Advances 
in Parasitology. 2007; 65: 239–96.

39 Ablation refers to the removal or destruction of a body part or tissue or its 
function. Ablation may be performed by surgery, hormones, drugs, lasers, 
radiation, heat, freezing, or other methods.



This page intentionally left blank 



21

2
HUMAN PAPILLOMAVIRUS: 

STRUCTURE, TRANSMISSION, 
AND OCCURRENCE

Papillomaviruses have proved to be the most complex group of human patho-
genic viruses . . . .1

T  hese are the words Harald zur Hausen used to characterize 
research progress on the human papillomavirus (HPV) up to 
1999, a story that has only continued to expand and accelerate 

in the decade since.
HPV is a ubiquitous microbe found in a majority of epithelial tissues 

in males and females, and sometimes in tumors. The biological, clini-
cal, and economic implications of this pathogen are profound. Indeed, 
since the recognition of its close association with cervical precursor 
lesions in the 1970s, HPV has emerged as the most important human 
tumor virus.2 This virus has always been with us, as have the diseases 
with which it is associated. In short, there is no era in history when 
human beings have not been affl icted by cervical cancer and genital 
warts.3

The motivation to pursue primary prevention initiatives related to 
HPV is not hard to fi nd. Demographic changes in the high-risk region 
of Latin America and the Caribbean suggest that actual burden of new 
cervical cancer cases will still increase by 75% in the next 20 years.4 
Furthermore, the present impact of disease is substantial even in areas 
with well-established secondary prevention programs. The annual inci-
dence of cervical cancer in the United States is over 10,000, with an 
estimated 4,000 women dying from the disease each year.5
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As a family, papillomaviruses demonstrate both exquisite simplicity 
and extreme complexity, leading researchers to ponder the following 
related questions: How can one of the smallest of all viruses, with DNA 
coding for very few proteins (only eight in the case of HPV), manage to 
have such a devastating disease impact on humans and a wide range of 
other vertebrates, even to the point of causing death? Even more impor-
tantly, how can the burden of such affl ictions be avoided?

COMPLEX CONNECTIONS TO CANCER

The topic of human papillomavirus (HPV) and cancer is a highly 
dynamic area of research because it represents not only a signifi cant 
story but a very complex one. At least three dimensions of complexity 
can be identifi ed.

First, the virus exhibits remarkable genetic variation. In fact, HPV is 
an umbrella term for a wide array of viral types, subtypes, and variants. 
More than 150 HPV types have been identifi ed so far, and at least 50 
others are presumed to exist.6,7 Furthermore, the distribution of types 
varies geographically, possibly calling for approaches to disease control 
tailored for different regions.

Second, the connections to disease, and especially to cancer, are 
diverse. Approximately 40 known viral types infect the human genital 
tract; of these, up to half appear to be oncogenic. Classically, the types 
that cause high-grade cervical intraepithelial neoplasia (CIN) and cer-
vical cancer have been labeled as high risk. These types also cause a 
pathologically distinct group of oropharyngeal tumors. Other HPVs are 
associated with cutaneous tumors, in particular epidermodysplasia ver-
ruciformis and nonmelanoma skin cancers. Still other viral types, usu-
ally described as low risk (as oncogenic agents), have been implicated in 
benign diseases such as genital warts. Finally, some types play a role in 
both malignant and benign disease.

Third, subtle yet powerful strategies are employed by the virus to 
evade the human immune system, infect cells, and produce new viruses 
(or, in some cases, effect neoplastic transformation). In fact, much more 
remains to be discovered about the molecular processes involved, includ-
ing a full explanation for why only a small percentage of infections, even 
those with viral types of known oncogenic properties, lead to cancer.

There are also a number of simpler aspects of HPV. For instance, 
the majority of cancer-causing forms are related genetically to two main 
types, HPV-16 and HPV-18.8,9 Indeed, these two types together may 
account for 70–75% of cervical cancer cases (an increase from earlier 
estimates of 50%).10–12 Of the two, HPV-16 is the most pathogenic, 
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conferring (in the words of a 2007 report) “by far the highest risk of high-
grade CIN lesions and cervical cancer.”13

The information about HPV-16 is especially pertinent because of the 
central importance of cervical cancer in the HPV story. But new parts of 
that story are now ranging well beyond the cervical cancer theme, a fact 
that has not been well refl ected in some recent textbooks on HPV.14 In 
addition to several other serious malignancies, HPV-related benign diseases 
must also be included in any comprehensive discussion. Indeed, the fi rst 
licensed prophylactic vaccine not only targets HPV-16 and 18 but also 
HPV-6 and 11, the principal known causal agents of benign genital warts.

In short, contrary to popular impression, HPV is not solely about cervi-
cal cancer. Academic and clinical investigations continue to be propelled 
by the growing evidence of HPV as a causal agent for a wide array of tumors 
and other diseases. Table 2.1 summarizes the current understanding of the 
etiologic links to various HPV types (see Chapters 4 and 5 for additional 
details).15

Table 2.1. Known Clinical Burden of HPV Infection

 
Proportion of 
Cases Due to 
HPV Infection 

Proportion of HPV-Related Cases by HPV 
Type

 16 18 6 11

Cancers
Cancer of the cervix 100% 55% 13%   
Ano-genital cancers      
Cancer of the vulva 44% 67% 9%   
Cancer of the vagina 57% 51% 8%   
Cancer of the penis 47% 68% 3% 7%  
Cancer of the anus 78% 78% 6% 1% 1%
Head and neck cancers      
Cancer of the larynx 25% 65% 19%   
Oral cancers 30% 73% 28%   
Cancer of the tonsils 41% 87% 2%   
Sinonasal cancers 22% 100% 0%   
Cancer of the ocular 

surface
78% 50% 50%   

Total—Cancers 58% 62% 11% <1% <1%
Nonmalignant Diseases      
Genital warts 100%   90%
Recurrent respiratory 

papillomatosis
76%   60% 40%

Sinonasal papilloma 33%   Primary
Conjunctival papilloma 92%   85%
Total—Nonmalignant 

diseases 100% 0% 0%
 

>90%
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Two things are immediately apparent from the table: the great variety 
of malignant and benign diseases that are associated with HPV, and the 
variable propensity of different types of the virus to cause any one condi-
tion (e.g., HPV-16 causing about four times the amount of cervical cancer 
as HPV-18). What will become evident on closer examination of the bio-
logical evidence is a very important common feature: most, if not all, of 
the diseases related to HPV are marked by the singular affi nity of the virus 
for epithelial tissue. This will be explored in greater detail in Chapter 3.

While the cancers in Table 2.1 cannot be discounted in terms of mor-
bidity and mortality, few could be characterized as common within the 
spectrum of human malignancies. One exception is cervical cancer, which 
is the second most frequent female cancer worldwide (only exceeded by 
breast cancer). Considerable energy has been devoted to fi nding a connec-
tion between HPV and other tumors with a high population burden; this 
has included investigations related to cancer of the lung, female breast, 
prostate, and colorectum, among other sites. Although most of the data 
related to such tumors remain equivocal, there is certainly potential to 
increase the list of HPV-related cancers in the future. This possibility 
becomes more pointed when one realizes the importance of epithelial 
tumors (i.e., carcinoma) in the total spectrum of cancer, and recalls that 
HPV specifi cally targets epithelial cells. Malignancies of epithelial tissue 
are in fact the most common form of cancer, and are responsible for 95% 
of cancer mortality.16,17 While admittedly only a tiny fraction of this toll 
has been explicitly linked to HPV, given the “skill” demonstrated by the 
virus in exploiting epithelial cells, it is likely that the fi nal chapter on 
HPV infection and associated disease has yet to be written.

EVOLVING RESEARCH

The scholarly literature associated with HPV in relation to cancer has 
been accelerating in recent years. The diffi culty in trying to keep up with 
the literature is underlined by the current defi nitive textbook on the biol-
ogy of infections and cancer, which covers material published up to early 
2005.18 A comprehensive review of the research on HPV and cancer 
in the subsequent 3 years would involve over 3,000 new articles. This 
number is multiplied several times over when other infectious agents are 
brought into the discussion. With respect to HPV alone, the challenge 
for a review project such as the current book has only intensifi ed with 
the volume of reports on the vaccines aimed at combating the virus and 
its associated diseases.
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As noted in the Introduction, a similar pattern will be followed in 
dealing with each of the oncogenic agents covered in this book: discuss-
ing the biology of the virus and its transmission, occurrence, and disease-
causing mechanisms; reviewing the connection to specifi c malignancies; 
and examining the basic approaches to cancer prevention.

In the case of HPV, the sheer volume of information requires six 
chapters. Such an extensive review is justifi able given the current level of 
scientifi c interest and policy implications surrounding HPV and cancer 
prevention, including the very current topic of prophylactic vaccines.

Following the present chapter, which overviews the basic structure, 
transmission and occurrence of the virus, material will be grouped 
under the following chapter headings:

Infection, Natural History, and Carcinogenesis• 
Associations with Cervical Cancer• 
Associations with Noncervical Cancers• 
Detection of Infection and Disease• 
Prevention of Infection and Disease• 

THE VIRUS

The International Committee on the Taxonomy of Viruses has formally 
classifi ed papillomaviruses as a distinct viral family, the Papillomaviridae.19 
The name is derived from the common macroscopic feature of papillo-
mavirus infection, that is, papilloma,20 the small protuberances seen, for 
instance, in the case of epithelial warts.

In addition to the demonstrated pathogenic connection to human 
beings, papillomaviruses infect and cause disease in a range of verte-
brate animals. Although papillomas are the classic attribute, benign 
diseases such as warts only constitute the beginning of the pathology 
story. Papillomavirus infection was linked to cancer from as early as 
1934, when an association was observed in rabbits. The fi rst published 
analysis of oncogenic HPV in humans emerged in 1972.The causal role 
of high-risk HPV infections in cervical cancer was fi nally confi rmed by 
epidemiological studies during the 1990s.21

By any normal measures, a papillomavirus would have to be consid-
ered a simple entity. The complete virion comprises a protein coat (capsid) 
surrounding the single, circular, supercoiled, double-stranded DNA mole-
cule. With all components assembled, each roughly spherical22 virion has a 
diameter measuring about 55 nm, making them one of the smaller viruses. 
The particles in other viral families typically range up to six times larger.
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Research on papillomavirus has gradually revealed more informa-
tion on its structure and activity. The genome of HPV is organized into 
coding and noncoding regions. The coding segments are referred to as 
open reading frames (ORFs), a technical name for what is commonly 
understood as a gene. Eight early ORFs (labeled E1–E8) and two late 
ones (L1 and L2) have been identifi ed in the coding region of papillo-
mavirus.23 The early ORFs encode proteins that interact with the host 
genome to produce new viral DNA, whereas late ORFs are activated 
only after viral DNA replication. The protein products are referred to 
by the same labels as the ORFs; the ones characterized so far include six 
nonstructural regulatory proteins (E1, E2, E4, E5, E6, and E7) and two 
structural capsid proteins (L1 and L2). E1 and E2 are especially involved 
with genome replication, whereas E4–E7 contribute to the initial desta-
bilization of the host cell.24 Two of the early viral proteins (E6 and E7) 
are also important in HPV-associated malignant transformation.

The various types of papillomavirus appear to be highly specifi c to 
different animal species. The one common feature is the tropism for 
epithelial tissues, in fact, for a particular type of epithelium found in 
certain body sites. It seems that HPV characteristically infects kerati-
nocytes in stratifi ed squamous epithelium. The mechanism by which 
keratinocyte differentiation interacts with HPV expression is not fully 
understood. What is known is the fact that the viruses replicate in the 
nucleus of the infected epithelial cell.

The prophylactic HPV vaccines currently in production prevent infec-
tion by inducing neutralizing antibodies against the capsid proteins L1 and 
L2. This approach allows a vaccinated host to offer an effi cient immune 
response upon exposure to a new HPV infection. However, because 
infected and even transformed cells generally do not express L1 or L2 at 
an early stage, therapeutic HPV vaccines require a different strategy. They 
are designed to treat established infections and malignancies by targeting 
early nonstructural antigens related to, notably, E6 and E7.25 The topic of 
vaccines will be revisited in the fi nal chapter on HPV and cancer.

As of 2006, over 100 human and about 22 nonhuman genotypes were 
fully described; undoubtedly, this inventory will continue to increase.26 
Virology is the only domain in biology where taxonomy is driven com-
pletely by genomic analysis. Papillomavirus classifi cation is based on the 
most conserved genetic elements, which generally excludes the E5, E6, and 
E7 segments; the latter elements demonstrate high divergence rates and, 
in fact, are absent from some papillomaviruses. Types, subtypes, and vari-
ants within the Papillomaviridae family have been classifi ed based on the 
sequence of the L1 gene, though alternate paradigms are being proposed.27 
Within the overall family, related types are grouped as species and genera. 
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HPV types that are most closely related (i.e., forming a “species” group) tend 
to be associated with similar lesions in the human body. The 16 known gen-
era are identifi ed by Greek letters, with the most clinically important being 
the α-papillomaviruses. The types included in the latter category include all 
those associated with genital and other mucosal lesions in humans.28

An HPV type is defi ned as an isolate whose L1 gene sequence is at 
least 10% different from that of any other type, whereas a subtype is 
2–10% different.29 At the end of the scale, variants of HPV types differ 
by less than 2% of the original isolate. As HPV has not changed very 
much over its existence, the majority of genetic divergence is covered 
under the variant designation. Studies throughout the world have found 
that there are 20–100 common variants for each HPV type. As would be 
expected, variants demonstrate maximal divergence when they are sam-
pled from ethnic groups that have long been isolated from one another 
(e.g., tribes of aboriginal peoples).30 HPV variants can also be used to 
track patterns of migration and contact between people groups.31

As already noted, certain types of HPV (e.g., HPV-16 and -18) are 
designated high-risk or oncogenic, whereas others (e.g., HPV-6 and -11) 
are designated low-risk or nononcogenic.32 Some HPV types are still 
being investigated in terms of their oncogenicity; when a type is sus-
pected of having some capacity to promote cancer development, the label 
“intermediate risk” is occasionally used by epidemiologists. Variants of 
oncogenic types demonstrate differing levels of risk for cancer develop-
ment. Geographic regions with a high prevalence of high-risk variants 
can coincide with an increased incidence of certain cancers.33,34 This 
sort of geographical variation may have implications for disease control 
strategies such as vaccination.35

HPV TYPES AND LESIONS

Causation is diffi cult to establish with certainty in epidemiological studies.36 
In the case of HPV, however, there appears to be irrefutable evidence that 
certain HPV types are a necessary causal factor in cervical cancer and geni-
tal warts. The connection between HPV and epithelial disease is so strong 
that circumstantial evidence may be enough to “convict” HPV of patho-
genesis in some new epithelial tissue. In other words, though it should not 
be deemed conclusive, detecting HPV DNA in affected epithelial cells is 
enough to create strong suspicion of an etiologic link. More caution is 
required when drawing conclusions from indirect assays such as serum 
antibodies for HPV, because immunological evidence of infection in the 
past offers a more tenuous causal connection with current disease.
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The intensity of research into the basic structure, variation, and occur-
rence of HPV has been matched by studies of basic disease connections. 
Evidence of pathogenesis has been found for virtually every one of the 
100-plus viral types distinguished and named according to the traditional 
method (HPV-1, HPV-2, etc.), as well for several novel types.37 Over 300 
studies from a 25-year period have detailed such results, and only a hand-
ful of more recent HPV types have not yet been defi nitively associated with 
disease.38 To the knowledge of the authors, only one type, HPV-12, has ever 
been described as having no disease connection, and even this claim was 
subsequently proven false.39 It is a good assumption that novel or newly 
characterized HPV types will also be linked to disease in the near future.

A summary of the literature reviewed is presented in Table 2.2, 
indicating the HPV types and selected diseases to which they have been 
linked. The clearly oncogenic types and other broad disease categories 
are indicated by shading. Several observations may be made about the 
disease association data:

The classic HPV numbering system represents the approximate • 
order of discovery and pathogenic characterization. It is apparent 
that the earliest disease associations detected for the virus involved 
benign skin warts
The uncovering of HPV types connected with mucosal lesions, • 
including cancer, has intensifi ed in recent years
Several HPV types have been numbered as discrete forms, only to be • 
confi rmed as subtypes at a later point. In fact, while HPV variants 
are numerous, formal subtypes (where genomic variation from a 
known type is more than 2% but less than 10%) are rare phenom-
ena in the world of HPV. Beyond those indicated in Table 2.2, only 
two other examples have been reported: HPV-68a/b and -38a/b40,41

There is essentially a balance between HPV types that target • 
mucosal tissues and those that favor cutaneous tissues
Reviewing the information in the full table found at www.krueger.ca, • 
it is apparent that the mucosal HPV types “cross over” to infect 
cutaneous sites more often than the reverse, and that there is a spe-
cial propensity for oncogenic types 16 and 18 to appear and cause 
lesions in many epithelial sites
Some HPV types exhibit high specifi city for particular tissues and • 
have very distinct biological functions. Examples seen in Table 2.2 
include the so-called butcher’s warts (associated with HPV-7), the 
unique connection of HPV-6 with benign and (rarely) malignant 
lesions in the external auditory canal, and the strong link between 
HPV-1 and -60 and palmoplantar warts

www.krueger.ca
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Table 2.2. HPV Types and Associated Lesions

HPV Type Typical Lesions HPV Type Typical Lesion(s)

1

Verruca plantaris; 
verruca palmaris 
(palmoplantar 
warts)

51 Cervical carcinoma

2 Verruca (skin wart) 52 Cervical carcinoma

3
Verruca plana 

(fl at wart)
53 Cervical carcinoma

4 Verruca (skin wart) 54 Mucosal lesions

5
Epidermodysplasia 

verruciformis; skin 
cancer

55 (subtype of HPV-44)

6

Condyloma 
acuminatum (genital 
wart); recurrent 
respiratory 
papillomatosis; 
special connection: 
external auditory 
canal papilloma

56 Cervical carcinoma

7

Verruca (skin wart); 
special connection: 
Butcher’s wart (hand 
lesion)

57 Verruca (skin wart)

8
Epidermodysplasia 

verruciformis; skin 
cancer

58 Cervical carcinoma

9 Skin cancer 59 Cervical carcinoma

10
Verruca plana 

(fl at wart)
60

Verruca plantaris; verruca 
palmaris (palmoplantar 
warts)

11

Condyloma 
acuminatum (genital 
wart); recurrent 
respiratory 
papillomatosis

61 Cervical lesions

12
Epidermodysplasia 

verruciformis
62 Cervical lesions

13
Focal epithelial 

hyperplasia 
(oral lesion)

63 Skin lesions

(Continued)
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HPV Type Typical Lesions HPV Type Typical Lesion(s)

14
Epidermodysplasia 

verruciformis
64 (subtype of HPV-34)

15 Skin cancer 65 Verruca (skin wart)

16
Cervical, anogenital, 

and oral carcinoma
66 Cervical carcinoma

17
Epidermodysplasia 

verruciformis
67 Cervical lesions 

18

Cervical, anogenital, 
and oral 
carcinoma; special 
connection: Cervical 
adenocarcinoma

68 Cervical carcinoma

19 Skin cancer 69 Cervical lesions

20
Epidermodysplasia 

verruciformis; skin 
cancer

70 Cervical carcinoma

21
Epidermodysplasia 

verruciformis
71 Cervical lesions

22 Skin cancer 72 Oral lesions

23 Skin cancer 73 Cervical carcinoma

24
Epidermodysplasia 

verruciformis; skin 
cancer

74
Condyloma acuminatum 

(genital wart)

25
Epidermodysplasia 

verruciformis; skin 
cancer

75 Verruca (wart)

26
Condyloma 

acuminatum 
(genital wart)

76 Verruca (wart)

27 Verruca (skin wart) 77 Verruca (wart)

28
Verruca plana 

(fl at wart)
78 Verruca (wart)

29 Verruca (skin wart) 79
Condyloma acuminatum 

(genital wart)

30 Cervical lesions 80 Verruca (wart)

31 Cervical carcinoma 81 Mucosal lesions

32
Focal epithelial 

hyperplasia 
(oral lesion)

82 Cervical carcinoma

Table 2.2. (Continued)



HPV: Structure, Transmission, and Occurrence  31

33 Cervical carcinoma 83 Mucosal lesions

34 Cervical lesions 84
Condyloma acuminatum 

(genital wart)

35 Cervical carcinoma 85 Cervical lesions

36
Epidermodysplasia 

verruciformis
86 Anal lesions

37
Epidermodysplasia 

verruciformis; skin 
cancer

87 Mucosal lesions

38 Skin cancer 88 Skin lesions

39 Cervical carcinoma 89 Anal lesions

40 Verruca (skin wart) 90 Cervical lesions

41 Verruca (skin wart) 91 Anal lesions

42 Cervical lesions 92 Skin lesions

43 Cervical lesions 93 Skin cancer

44 Cervical lesions 94 Verucca plana

45 Cervical carcinoma 95 Pigmented wart

46 (subtype of HPV-20) 96 Skin cancer

47
Epidermodysplasia 

verrucifor mis
97-100 Disease uncharacterized

48 Skin lesions 101 Cervical lesions

49 Verruca (skin wart) 102 Disease uncharacterized

50
Epidermodysplasia 

verruciformis
103 Cervical lesions

Legend
Mucosal Carcinoma HPV Type

Other Mucosal Lesions HPV Type

Skin Cancer or Precursor HPV Type

Other Skin Lesions HPV Type

Note: Italics indicates limited evidence.

The use of genomic information to drive viral classifi cation has 
been described. The strong link between genetic categories and disease 
associations is displayed in Figure 2.1.42 The distinctive genome-disease 
connections raise the possibility that simply locating a novel HPV type 
within a known genus and species would allow for sound predictions 
concerning the tissue tropism and pathology of the new virus.
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TRANSMISSION OF THE VIRUS

HPV is the most common sexually transmitted infection in the world, 
demonstrating a lifetime risk of infection among women of up to 
80%.43,44

The primary mode of anogenital HPV transmission appears to be 
sexual intercourse. Studies show that the number of recent sexual part-
ners is signifi cantly associated with the incidence of HPV infection.45,46 
Generally, the highest risk of testing positive for HPV is in the fi rst few 
years after the initiation of intercourse. HPV positivity (and thus infec-
tiousness) tends to decline with age, a result of the transient nature of 
most HPV infections following effective suppression by the host immune 
system. This basic age-specifi c pattern, while generally observed across 
developed countries, does not hold true in every region of the world (see 
the next section on “Occurrence of the Virus”).

Concordance of HPV genotypes found in sexual couples offers 
strong direct evidence of transmission. For example, a recent case study 

Figure 2.1. Disease characteristics of HPV genera and species. Source: de Villiers et al., 
Virology, 2004. Used by permission.

Genus Species Prototype
α-papillomavirus 1 HPV-32 HPV-42

2 HPV-10 HPV-3 HPV-28 HPV-29 HPV-78 HPV-94

3

4

HPV-61 HPV-62 HPV-72 HPV-81 HPV-83 HPV-84 HPV-86 HPV-87 HPV-89
HPV-2 HPV-27 HPV-57

5 HPV-26 HPV-51 HPV-69 HPV-82
6 HPV-53 HPV-30 HPV-56 HPV-66
7 HPV-18 HPV-39 HPV-45 HPV-59 HPV-68 HPV-70 HPV-85
8 HPV-7 HPV-40 HPV-43 HPV-91
9 HPV-16 HPV-31 HPV-33 HPV-35 HPV-52 HPV-58 HPV-67

10 HPV-6 HPV-11 HPV-13 HPV-44 HPV-74
11 HPV-34 HPV-73
13 HPV-54
14 HPV-90
15 HPV-71

β-papillomavirus 1 HPV-5 HPV-8 HPV-12 HPV-14 HPV-19 HPV-20 HPV-21 HPV-24 HPV-25 HPV-36 HPV-47 HPV-93
2 HPV-9 HPV-15 HPV-17 HPV-22 HPV-23 HPV-37 HPV-38 HPV-80

3 HPV-49 HPV-75 HPV-76

4 HPV-92

5 HPV-96

γ-papillomavirus 1 HPV-4

HPV-48

HPV-65 HPV-95

2

HPV-604

HPV-632

3 HPV-50

5 HPV-88

µ-papillomavirus 1 HPV-1

υ-papillomavirus 1 HPV-41

Mucosal carcinoma HPV Type
Other mucosal lesions HPV Type

Skin cancer or precursor HPV Type
Other skin lesions HPV Type

Legend

Other  types
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from Italy discovered the same fi ve types in the male and female partner, 
HPV-6, -16, -53, -73, and -84.47 Transmission appears to operate in both 
directions in the context of heterosexual intercourse. Infection with HPV 
is frequent in male sexual partners of women with cervical lesions.48 
Likewise, men with low-risk HPV-related genital warts or high-grade 
penile neoplasms spread HPV effi ciently to their sexual partners. Flat, 
subclinical penile lesions have recently been shown to be a more frequent 
manifestation of high-risk HPV infection in men. These lesions may rep-
resent a substantial reservoir of HPV and thus a source of transmission 
to sexual partners.49 Anal cancer has been associated with both high-risk 
HPV infection and the practice of receptive anal intercourse in individuals 
of both sexes, providing strong evidence that penetrative sexual activity is 
involved in viral transmission.50 Other aspects of anogenital infection in 
men will be discussed in Chapter 5.

Other modes of sexual transmission under investigation include non-
penetrative activities (including oral-genital contact).51 In this regard, 
women who have sex with women have been cautioned against being 
too complacent about their HPV status, even if one or the other partner 
has had no sexual contact with men.52

The specifi c mechanism of transmission of oral HPV infection in 
either gender has not yet been elucidated. Sexual transmission generally 
does not seem to be a satisfactory explanation, given that the oral HPV 
types found in sexual partners are generally not concordant.53 An obvi-
ous suspect route such as oral-genital contact has not been clearly linked 
to oral HPV infection in the past.54 However, newer data have revived 
the possibility of penile-oral transmission.55 Direct mouth-to-mouth 
transmission cannot be ruled out; this potential route recently surfaced 
in a case report of a married couple where each partner had head and 
neck cancer caused by a genetically identical strain of HPV-16.56 A recent 
prospective study of spouses in Finland detected only one statistically 
signifi cant association: persistent oral HPV infection in an individual 
led to a 10-fold increase in the risk of persistent oral infection in their 
spouse.57 This topic will be revisited in the discussion of HPV and head 
and neck cancers in Chapter 5.

Compounding the mystery of oral transmission, it seems that indi-
vidual women can harbor different types of HPV in their genital and oral 
mucosa simultaneously. Despite these fi ndings, skin-to-hand-to-mouth 
transfer (so-called autoinoculation) has been posited as one possible route 
of oral HPV infection.

All of the topics related to sexual transmission remain contentious. 
Indeed, it is diffi cult to track the full story concerning any type of HPV 
transmission given the phenomena of subclinical infection, high rates of 
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viral clearance, and the often long latency period prior to the develop-
ment of any disease symptoms. Adding to the complexity is the fact that 
HPV can remain infectious within shed (and even desiccated) epithelial 
cells for up to 1 week. Given the current knowledge about the natural his-
tory of the virus, it is not surprising that the evidence for nonsexual trans-
mission of HPV has remained equivocal. For example, though limited 
research has shown that the virus may be transmitted via fomites (sub-
stances or articles such as swabs, exam tables, and sex toys that may hold 
and convey infection) or via routine skin-to-skin contact, the implication 
of such fi ndings continues to be debated.58 The conclusion of one older 
study suggested that normal sterilization routines ought to provide suf-
fi cient protection in medical settings.59 Furthermore, no research support-
ing indirect or routine forms of contact transmission has demonstrated 
a linkage to subsequent genital lesions.60 Nonetheless, the detection of 
HPV in adults with no sexual experience, and in infants and younger 
children (see the major section below), provides a strong caution against 
conceptually limiting HPV infection to a venereal context.61–64

The most intensely investigated alternate route for passing on and 
acquiring HPV is vertical transmission between mother and baby, pri-
marily during labor and delivery.65–67 But, as Arena et al. acknowledged, 
“the data reported in the literature on the relationship between HPV and 
pregnancy are highly discordant.”68 One of the challenges involved in 
such research is distinguishing between infection and contamination.69 
Although earlier studies have demonstrated evidence of vertical transmis-
sion, more recent research has concluded that this route of viral spread 
is at best associated with low pathogenicity.70 Even when the virus is 
found in newborns, it often seems to clear after only a few months.71 On 
a related front, a report was published detailing fetal HPV infection con-
tracted through intrauterine exposure.72 Recently, research has intensifi ed 
on this potentially important route of transmission, combined with a call 
for more surveillance of the consequences of fetal exposure to HPV.73

In sum, the argument for vertical transmission may be restricted cur-
rently to plausibility. To paraphrase Cason and Mant, if many genital 
pathogens are known to be transmitted from mother to baby, why should 
this not be true for HPV?74 However, parents should be reassured that per-
inatal transmission, if it exists at all, appears to be a rare occurrence.75

For completeness, it should be noted that the possibility of HPV 
transmission by blood transfusion has also been investigated.76 The 
studies are partly inspired by HPV DNA being detected in the peripheral 
blood of cervical cancer patients; in fact, the presence of high-risk viral 
DNA in the blood has been proposed as an auxiliary biomarker for 
cervical neoplasms.77 It is important to recognize that the detection of 
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HPV DNA is not synonymous with fi nding active viruses in blood cells. 
Much more research is required to draw a fi nal conclusion about a res-
ervoir for HPV in the bloodstream, both in terms of potential routes of 
nonsexual transmission and options for the detection of infection.

Although the full details related to transmission are still being 
worked out, one critical conclusion is clear: anogenital HPV infection 
is “easily transmitted” by sexual contact.78 In fact, a 2006 Canadian 
Simulation Study demonstrated that HPV transmissibility is severalfold 
higher than for other sexually transmitted viral infections, including 
human immunodefi ciency virus and herpes simplex virus type 2.79

OCCURRENCE OF THE VIRUS

The licensing of the fi rst of many possible HPV prophylactic vaccines 
in the United States, Canada, and other parts of the world has naturally 
intensifi ed interest in the overall prevalence of HPV infection, as well as 
the population distribution of viral types. One research objective involves 
establishing “a baseline against which postvaccine prevalence can be 
compared.”80 This sort of project is being pursued in multiple jurisdic-
tions.81 Epidemiological information is also required to facilitate more 
accurate studies of cost-effectiveness. The discussion of HPV prevalence 
comprises two different large topics. One is the occurrence of the virus in 
the general population, that is, among individuals where disease has not 
been detected. The prevalence of the virus and the distribution of types in 
abnormal or diseased tissue will become the key focus in later chapters.

Important information was derived from more than 1,900 U.S. 
females in a study by Dunne et al. published in 2007. The results were 
stratifi ed by nonmodifi able and modifi able risk factors, as shown in 
Table 2.3.82

The data in this study that reinforce the concept of sexual transmis-
sion of the virus are especially compelling; for example, there is a clear 
dose–response association between infection rates and the number of 
sex partners. This aspect of the HPV story helps to inform the vari-
ous behavior-based, sexual health strategies aimed at reducing expo-
sure and subsequent disease. The results also suggest the need to deploy 
prevention efforts (such as vaccination) at younger ages (i.e., prior to 
sexual debut). As well, creating a prevention program across the whole 
population appears to be vital. It may not be as effective to specifi -
cally target high-risk groups, given that there are relatively high rates of 
HPV infection among women who have only had one sexual partner. 
This conclusion is reinforced by a 2006 U.S. study that indicated that 
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more than 14% of the women (aged 18–25) reporting only one lifetime 
vaginal sex partner still demonstrated evidence of an HPV infection.83 
Finally, it is important to note that a small percentage (5.2%) of the 
cohort in Dunne et al. who reported not having vaginal, anal, or oral 
sex still demonstrated HPV infection, underlining the argument made 
earlier for nonvenereal transmission routes.

Table 2.3. Prevalence of Any HPV Infection, by Risk Factors in U.S. Females

Risk Factor Sample Size HPV Prevalence, % (95% C.I.)

Overall 1,921 26.8 (23.3–30.9)
Age   
 14–19 652 24.5 (19.6–30.5)
 20–24 189 44.8 (36.3–55.3)
 25–29 174 27.4 (21.9–34.2)
 30–39 328 27.5 (20.8–36.4)
 40–49 324 25.2 (19.7–32.2)
 50–59 254 19.6 (14.3–26.8)
Marital status   
 Married 676 17.3 (14.0–21.5)
 Widowed, divorce, separated 231 41.2 (32.3–52.4)
 Never married 882 31.1 (28.1–34.5)
 Living with partner 132 46.1 (35.2–60.4)
Education   
 < High school 383 35.0 (29.4–41.7)
 High school or equivalent 380 29.7 (23.4–37.6)
 > High school 754 24.7 (20.9–29.1)
Poverty index   
 Below poverty 503 37.5 (29.9–47.1)
 At or above poverty 1,322 24.4 (21.1–28.4)
Ever had sex   
 Yes 1,477 28.1 (24.6–32.1)
 No 283 5.2 (2.4–11.2)
Age at fi rst sexual intercourse   
 <16 519 33.6 (27.5–41.1)
 ≥16 953 26.2 (22.6–30.3)
Number of lifetime sex partners   
 0 283 5.2 (2.4–11.2)
 1 349 11.5 (7.8–16.9)
 2 185 24.3 (16.5–35.7)
 3–5 430 32.0 (26.9–38.2)
 ≥6 499 35.5 (29.7–42.0)

Source: Dunne et al., JAMA, 2007. Used by permission.
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Predictors or correlates of HPV (and especially high-risk HPV) infec-
tion continue to be investigated. The goal is to see whether there are 
factors beyond age and sexual history that infl uence the risk of acquiring 
the virus, which in turn might identify groups requiring a special preven-
tion focus. Recent U.S. research has offered consistent evidence on the 
importance of socioeconomic status. In a study by Kahn et al., women 
living below the poverty line were twice as likely to have a high-risk 
HPV infection compared with women above the poverty line.84 Another 
study, based in Hawaii, also demonstrated that cervical HPV acquisition 
decreased with income.85

Geographical Variation: General HPV Prevalence

An interesting geographical comparison was provided in a 2005 pooled 
analysis of studies from different regions (Table 2.4).86 The great 

Table 2.4. Prevalence of Any HPV Infection, by Geographic Area in 
Cytologically Normal Women

Region Age-Standardized HPV 

Country, City Prevalence, % (95% C.I.)

Sub-Saharan Africa  
 Nigeria, Ibadan (2004) 25.6 (22.4–28.8)

Asia
 

 India, Ambilikai (2005) 14.2 (12.0–16.4)
 Vietnam, Ho Chi Minh (2003) 10.6 (0.7–2.4)
 Thailand, Lampang (2003) 7.2 (5.3–9.2)
 Korea, Busan (2003) 13.3 (4.7–21.9)
 Thailand, Songkla (2003) 3.6 (1.9–5.4)
 Vietnam, Hanoi (2003) 1.6 (0.7–2.4)
Subtotal 8.7 (7.9–9.5)

South America  
 Colombia, Bogota (2002) 13.9 (12.1–15.7)
 Argentina, Concordia (2003) 16.3 (13.7–18.9)
 Chile, Santiago (2004) 11.9 (9.6–14.3)
Subtotal 14.3 (13.1–15.5)

Europe  
 Netherlands, Amsterdam (2000) 7.7 (4.1–11.3)
 Italy, Turin (2005) 9.2 (7.5–11.0)
 Spain, Barcelona (2003) 1.4 (0.5–2.2)
Subtotal 5 (4.2–6.2)

All areas 10.5 (9.9–11.0)

Source: Clifford et al., The Lancet, 2005. Used by permission.
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variability in HPV infection prevalence presents challenges for a preven-
tion strategy based on a single vaccine product for all parts of the world.

As indicated earlier, the advent of HPV vaccines has intensifi ed inter-
est in understanding the baseline epidemiology in various countries. For 
example, recent studies have shown that the population-wide preva-
lence of all HPV types in the cervix is 26.4% in Denmark, which is very 
similar to the U.S. results found by Dunne et al.87 Some research is not 
population-based but has focused on high-risk types and/or women with 
normal cervical cytology, which can make comparisons between reports 
challenging. An instance of this approach was a meta-analysis of nine 
studies from India that indicated that 12% of women with normal cervi-
cal cytology were positive for high-risk HPV types.88

Geographical Variation: Type-Specifi c Prevalence

The distribution of different viral types in a population is of greater rele-
vance than general HPV prevalence when considering the utility of pro-
phylactic vaccines. While the HPV profi le among actual cancer patients 
may ultimately be even more relevant (see Chapters 4 and 5), models of 
vaccine effi cacy typically start with an assessment of viral epidemiology 
in the general female population and/or cytologically normal women. 
Figure 2.2, adapted from the two recent studies examined previously in 

Figure 2.2. HPV infection rates, by oncogene HPV type: cytologically normal 
women, worldwide and U.S. Source: Dunne et al., JAMA, 2007; Clifford et al., 
The Lancet, 2005.
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this chapter, provides the distribution of oncogenic HPV types pooled 
from different regions of the world compared with data specifi c to the 
United States.89,90

The information suggests substantial geographic variation in the 
occurrence of HPV types among different populations. Support for the 
idea of variation in different parts of the world can also be found when 
the data for HPV-positive women is stratifi ed in more geographical 
detail (Table 2.5).

Data from specifi c countries offers further granularity to the 
picture.91–93 For example, a 2005 paper described prevalence rates for 
selected oncogenic HPV types among Taiwanese women (Table 2.6).94 
The main difference when compared with the United States is the fact 
that there is a more even distribution across the HPV types, which may 
in turn have implications for optimum vaccine development among such 

Table 2.5. Prevalence of HPV Infections, by Type and Region in Cytologically 
Normal Women

HPV Type

Proportion of Infected Women (%)

Europe South America Asia Sub-Saharan Africa

16 21 15 14 8
18 5 5 5 4
31 9 5 4 7
33 3 4 6 2
35 4 3 3 8
42 5 5 7 11
45 4 5 2 6
52 2 4 5 4
56 4 4 6 6
58 4 7 4 6
81 2 4 5 7

Source: Clifford et al., The Lancet, 2005. Used by permission.

Table 2.6. Occurrence of HPV Types, by Age Group [Taiwanese Women 
(N=1320) Prevalence among Age Groups (%)]

Age HPV 16 HPV 18 HPV 58 HPV 52 HPV 51 HPV 56

21–30 9.33 8.77 8.14 8.06 7.94 7.16
31–40 6.13 5.85 5.77 5.17 5.88 3.86
41–50 3.42 3.11 3.03 3.01 2.21 2.01
51–65 2.96 2.55 3.08 1.98 1.74 2.58
Total 4.92 4.70 3.26 3.11 2.95 2.88

Source: Jeng et al., Clinical and Investigative Medicine, 2005. Used by permission.



40  HPV and Other Infectious Agents in Cancer

populations. This analysis is strengthened by the evidence for substan-
tially higher attribution of cancer burden in Taiwan related to globally 
rare types such as HPV-52 and -58 (see Chapter 4).

These data also offer a good illustration of the natural clearance that 
typically occurs with different types of HPV infection. Although preva-
lence rates are certainly high in younger women, for a large proportion 
of people, the infection (regardless of viral type) resolves over time, with 
no development of disease symptoms.95,96 In general, an estimated two-
thirds of HPV infections clear within 1 year, and more than 90% clear 
within 3 years.97,98

Time Trends Within a Population

A modest amount of research, mostly based in Nordic countries, 
has examined the changing prevalence of HPV infection over time.99 
Countries such as Finland and Sweden have had population-based invi-
tational screening programs in place for fi ve decades, augmented by a 
national registration system.100 This provides basic data for HPV time 
trend analysis.

In the past, prevalence information has been derived indirectly 
from clinical diagnoses, cytology programs, or serological (antibody) 
studies.101,102 There are problems with the indirect methods of HPV 
analysis. For example, a 1986 study of cellular changes observed in 
smears from an STD clinic suggested a dramatic increase in HPV infec-
tion over 5 years, but the trend largely disappeared upon reanalysis with 
a newer classifi cation scheme.103 Direct DNA detection of HPV in tissues 
of interest is now commonly employed to facilitate more valid point and 
trend results. However, older research still offers some useful insights.

While other countries demonstrate stable or decreasing trends,104 
there was a 60% increase in cervical cancer incidence in Finland between 
1991 and 1995. The growing rate of moderate-to-severe dysplasia has 
been sustained over a much longer period.105 Likewise, an increase in cer-
vical adenocarcinoma between 1958 and 1996 has been observed across 
the Swedish population.106 Explanations for these effects are sought in 
terms of a combination of screening uptake variation and changes in 
background risks, especially HPV infection. In fact, there has been a 
major increase over time in HPV seroprevalence in Nordic countries.107 
In Finland, research has shown that the seroprevalence of HPV-16 among 
women aged 23–31 years increased from 17% in 1983–1985 to 24% in 
1995–1997; the trend was traced as far back as 1974 among women 
under age 23.108 A similar increase was found in Sweden between 1969 
and 1989.109 In contrast, DNA analysis of cervical samples in a 1990 
Australian study indicated no signifi cant change in HPV-16 prevalence 
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over a 15-year period.110 It is clear that developing current information 
about HPV prevalence trends in different populations would assist in 
calibrating prevention efforts.

Age-Specifi c Prevalence

Before considering modifi able risk factors related to HPV infection and 
carcinogenesis in Chapter 3, it is useful to underline the role of a non-
modifi able factor, namely, age. One “classic” pattern was already seen 
in the U.S. data developed by Dunne et al. that were reported earlier, 
that is, a decline in HPV prevalence with age.111 The same inverse rela-
tionship with age was recently revealed for high-risk HPV infection in 
Finland.112 A 2006 study of age and HPV occurrence in women from 
different parts of the world often uncovered a comparable picture (e.g., 
see the Netherlands data in Figure 2.3).113 But at least three other age-
specifi c patterns were also found: (1) a high prevalence that remains 
relatively constant across age groups, (2) a consistently low prevalence 
across age groups, and (3) a U-shaped curve where prevalence increases 
again in older cohorts. Each of these profi les is illustrated by a specifi c 
national population in Figure 2.3.

Variations in age-specifi c profi les were confi rmed in the largest review 
to date of HPV prevalence research. Smith et al. (2008) examined 375 
studies covering in excess of 346,000 women from 70 countries world-
wide; more than one-third of the studies offered age-stratifi ed informa-
tion, mostly drawn from Europe and North America.114 The greatest 

Figure 2.3. HPV prevalence patterns, by geographical area: age-specifi c percentage of 
infected women. Source: Franceschi et al., International Journal of Cancer, 2006.
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inconsistency in the age-specifi c pattern was seen in older women, with 
a decrease or plateau compared with younger groups, and occasionally 
a rise in prevalence (creating the U-shaped curve that was illustrated 
by Mexico in Figure 2.3). Reasons for the latter pattern are not well 
understood, though some research has pointed to molecular selection 
pressures producing increased rates of viral persistence if HPV is not 
cleared by menopause.115 Perhaps the most notable result revealed by 
Smith et al. across the globe was the consistent peak in HPV preva-
lence in younger women (<25 years of age). This has implications for 
primary prevention strategies, including the timing of vaccination pro-
grams. Focused research has indicated that cumulative incidence of HPV 
in sexually active adolescents is very high.116 This information provides a 
key rationale for administering HPV vaccines before adolescence.

Studies have shown that the age-specifi c prevalence patterns also vary 
across individual HPV types.117 Two interrelated phenomena have been 
posited as potential causes of prevalence differences across age groups 
for high-risk types such as HPV-16 and -18. First, some HPV types are 
attracted to specifi c tissues (e.g., high-risk types to the so-called transfor-
mation zone of the cervix, where HPV-related cancer mostly originates); 
furthermore, there is a known process of microanatomical changes in 
the cervix during the life span of females that in turn affects the degree 
of HPV tropism.118 The occurrence of high-risk HPV in older women 
continues to be a focus of research,119 especially in light of the fact that 
“catch-up” vaccination has not been licensed for women beyond age 26.

INFECTION IN INFANTS AND CHILDREN

The approval and licensing of an HPV vaccine for girls as young as 9, 
with routine distribution to females at around age 12 in order to cover 
individuals before sexual debut, has raised questions about the occur-
rence of HPV infection in the young. Although mostly transmitted by 
sexual intercourse, HPV infection has been detected in infants and chil-
dren (as well as in adults with no reported sexual experience). As noted 
earlier, this offers strong support for the assertion that HPV infection 
is not just a venereal phenomenon. In particular, though sexual abuse 
must always be considered as a source, other forms of transmission to 
children appear to exist.

Indirect evidence for HPV infection in children may be inferred from 
the occurrence of pediatric diseases related to HPV.120 One example is 
juvenile recurrent respiratory papillomatosis (RRP), a disease marked 
by wart-like growths in the aerodigestive tract; in severe cases, RRP can 
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be fatal. Juvenile RRP typically presents in children younger than age 5, 
with about 25% of cases occurring in infancy. Incidence is rare at 1–4 per 
100,000 children, with boys and girls being equally affected.121,122 Most 
importantly for the purposes of this book, the disease has been shown 
to be caused by HPV-6 and 11.123,124 The most likely transmission route 
in such cases is a vertical one, with the virus being passed during vaginal 
delivery.125 Reinforcing this suggestion, adverse outcomes for RRP in a 
child were recently shown to be associated with an adverse HPV-related 
gynecological history in the mother.126 Other factors indirectly related 
to HPV infection, such as primary or secondary immunodefi ciency, have 
been suggested with respect to RRP, but the evidence is inconsistent.127

This sort of indirect indication of HPV infection also arises with the 
demonstrated cases of anogenital disease in children; thus, in one 1999 
study in New England, 1.75% of 10 to 14-year-olds were found to have 
squamous intraepithelial lesions in the anogenital region.128

In terms of actual presence of the virus in young people, there is 
strong evidence of substantial HPV prevalence in females once they 
reach the teen years. The 2007 study of females in the United States 
detailed earlier offers a good example; the data indicated that almost 
25% of adolescent females are infected with HPV, a phenomenon that 
is presumably traceable to sexual debut.129

The story may be extended to prepubescent age groups, specifi cally 
in terms of cutaneous lesions. HPV-related skin warts are in fact rela-
tively common in young children. A 2003 Swedish study showed that 
the prevalence of cutaneous HPV infections in children 1 month to 4 
years of age varied between 50% and 70%. Among positive cases, a 
total of 73 HPV types were isolated.130 HPV has also been implicated in 
the development of psoriasis in children.131

Recent evidence indicates that the incidence of anogenital warts in 
prepubescent children is increasing. Aside from the well-known caus-
ative agents HPV-6 and 11, HPV-1 and 2 have been commonly detected 
in these lesions.132,133 In several patient series, the proportion thought to 
have acquired HPV from sexual abuse was limited to 3–35%.134 This 
again leaves the doorway of nonvenereal transmission wide open.

The often high prevalence of HPV DNA (as detected by nasopharyn-
geal aspirates or oral swabs) among newborns is well-established, as is 
the concordance of HPV types with the mother. However, there are also 
indications that the majority of neonatal cases represent transient infec-
tions.135 The limited data for preadolescent children after the perinatal 
period are more heterogeneous, at least with respect to DNA detection 
in susceptible tissues. A Finnish study of 324 infants demonstrated 10% 
oral and 1.5% genital infections with high-risk HPV types persisting 
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over the fi rst 26 months of life.136 A prospective investigation of 76 fami-
lies by the same researchers demonstrated even higher rates of genital 
infection with high-risk HPV types in children (Table 2.7).137

A Finnish study from 10 years earlier obtained similar results for 
a group that included older children, with HPV DNA found in 31.6% 
of the oral scrapings from 98 individuals with a mean age of 4.0 ± 2.8 
years. HPV-16/18 were the dominant types detected.138 This contrasts 
sharply with smears collected from two body sites in a much larger 
sample of Danish children in 1997; the anal HPV detection rate was 
1.6% and the oral only 0.25%.139

The specifi c assay methodology may account for confl icting data 
among children. A UK study in 2000 demonstrated that high-risk 
mucosal HPV infection may be substantial in children, but the often 
low levels of DNA require sensitive, type-specifi c detection methods. 
Using such strategies, about 52% of oral swabs from the 267 children 
in their sample tested positive for HPV-16 DNA; the prevalence ranged 
from less than 40% in 1- year-olds to more than 60% in 9-year-olds.140 
A U.S. study from the following year examined oral samples from 268 
healthy young people.141 Intriguingly, HPV was only detected in chil-
dren younger than 7 and older than 12, but due to the small sample 
size, the difference in HPV positivity across age groups was not statisti-
cally signifi cant. Overall, the prevalence of HPV in the oral cavities of 
children under 7 years of age was 8.7%. Again, HPV-16/18 predomi-
nated. The presence of HPV, including high-risk types, in oral mucosa 
of young children was confi rmed in a 2003 study of 3- to 5-year-old 
Japanese girls and boys, with even higher rates of infection than found 
in previous studies.142

HPV serology offers another means of assessing HPV prevalence in 
children. This indirect approach, where antibodies for HPV are detected 
in the bloodstream, has limitations; most seriously, the presence of circu-
lating antibodies does not prove that there is current HPV infection or dis-
ease.143 A further obstacle is the fact that detection is HPV type-specifi c.144 

Table 2.7. HPV Detection in Finnish Children

Sample Subset/Age 

HPV DNA Prevalence (%)

Genital Oral

Parents 13–25 8–34
Children/birth 15 10
Children/6 months 18 21
Children/24 months 10 10

Source: Rintala et al., Journal of Clinical Microbiology, 2005.
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Seroprevalence studies in the last decade have mostly focused on one key 
type, HPV-16. Dunne and colleagues offered a helpful summary of this 
research in 2005, augmented with their own research update. The infor-
mation is provided in Table 2.8, where more recent data from a Taiwanese 
study have also been included.145,146

In summary, both the direct and indirect evidence suggests that HPV 
infection is found in prepubescent children; in fact, the virus can be quite 
common in young girls, well before the lowest age of consensual sexual 
activity.147 The full explanation for HPV detection in children is still 
being worked out. Substantial clearance of any high-risk viral types from 
the mucosal tissues of newborns and infants appears to be common, but 
the possibility of latent infections persisting in oral and anogenital “res-
ervoirs” in young people still must be considered. More epidemiological 
research is especially required in the key cohort of children below age 12 
in order to fully understand the implications for newly launched immu-
nization programs. A key issue is the fact that the positive effi cacy of 
licensed HPV vaccines is largely limited to females who are HPV-naive 
to virus types targeted by the vaccine.
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3
HUMAN PAPILLOMAVIRUS: INFECTION, 

NATURAL HISTORY, 
AND CARCINOGENESIS

It is apparent that an intricate interplay of cellular and viral factors deter-
mines whether the outcome is active papillomavirus infection, viral latency, 
or ultimately, genital cancer.1

Over 150 different human papillomavirus (HPV) types are cur-
rently recognized; these are generally categorized in terms 
of their main target tissue, cutaneous or mucosal. The latter 

group is further divided into low-risk, intermediate-risk (sometimes 
called probable high-risk), and high-risk types, according to the strength 
of their association with malignant lesions at genital and extragenital 
mucosal sites. In this chapter, the tissues and sites where HPV “prefers” 
to cause cancer, the pathogenic processes connected to HPV (beginning 
with evading the immune system of the body), and the cofactors that 
play a role in HPV-related disease will all be described. Further details 
about the cancer-causing properties of HPV in specifi c body sites will be 
provided in subsequent chapters.

BODY SITES SUSCEPTIBLE TO HUMAN PAPILLOMAVIRUS 
INFECTION

While the connection between human papillomavirus (HPV) and 
many types of cancer is well known, health care professionals may be 
less familiar with the fact that the implicated tissues and body sites 
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are highly specifi c. In short, the story of HPV carcinogenesis demands 
insight about the epithelial tissues of the human body. This is because 
papillomaviruses are essentially “epitheliotropic.” Each member of the 
Papillomaviridae family appears to require the environment of differen-
tiating squamous epithelium in a specifi c vertebrate in order to complete 
its life cycle.2,3 Thus, HPV functions as a parasite, and more specifi cally 
as an obligate parasite.4

HPV infection seems to preferentially target keratinocytes within 
an epithelial lining. The virus does its most obvious damage in and 
through these types of cells, found in the upper (or suprabasal) layers of 
stratifi ed squamous epithelia.5 The name keratinocyte derives from the 
propensity of this type of cell to produce the substance known as keratin 
(or cytokeratin). Keratin refers to a class of tough, insoluble proteins 
that are the main component of body parts such as hair and fi ngernails. 
Keratin fi laments are part of the cytoskeleton that creates cellular rigid-
ity. Keratinization, also known as cornifi cation, will be shown later to 
be an important aspect of HPV infection.

Why does HPV favor epithelial cells of skin and certain internal 
body sites? This is a fascinating question in its own right, and potentially 
relevant to understanding disease mechanisms and therefore preventive 
and therapeutic strategies. One possible explanation for the observed 
epitheliotropism is a reduced immunological response to HPV in those 
tissues. A tissue environment conducive to persistent infection by virtue 
of its compromised immune function may account for the evolution of 
the large number of papilloma types, each one ultimately adapting to 
epithelial cells in different animal species.6

There are different sites and kinds of epithelia, and all are not equally 
attractive to HPV. Proximity of the epithelium to the outside world 
appears to be important, refl ecting the direct physical contact involved 
with most HPV transmission (as opposed to, e.g., transfer by blood or 
other bodily fl uids). Skin clearly qualifi es as a site susceptible to infection, 
but not the epithelial linings of internal body cavities. When ducts open 
to the outside surface of the body (e.g., in the digestive and reproductive 
systems), the epithelial layers at the exterior margins tend to have proper-
ties similar to skin epithelium. As is described below, the areas of transi-
tion from inside to outside the body often demonstrate an association 
with HPV-related disease. One epithelial tissue of great interest that does 
not fi t easily into the preceding categories is the lining of lung spaces. In 
fact, the evidence for HPV involvement in lung carcinoma remains equiv-
ocal, which is consistent with limited physical access for the virus.7

For completeness, it may be noted that glandular tissues are also 
derived from epithelial cells during human development. This provides 
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a biological context for the apparent association between malignancies 
of the breast and HPV infection.8–11 Despite intensive investigation, it 
has not been possible to draw fi rm conclusions about HPV involvement 
with breast cancer.12,13 The evidence for HPV connection with other 
glandular tissues (e.g., salivary, prostate) is absent or ambiguous.14–18

Target Tissues

Skin offers a paradigm for understanding the HPV connection to all 
epithelial tissues. The majority of epithelial cells in the skin are kera-
tinocytes; these cells are known for progressively creating keratin (see 
below) as they gradually transform into the dead, denucleated cells found 
in the outermost layer of the skin. This surface layer of cells (sometimes 
referred to as corneocytes or squames) is integrated into a protective 
barrier called the stratum corneum; it offers a waterproof shield that 
is also resistant to noxious agents—whether chemical, biological, or 
mechanical.19 Dead skin cells are continuously shed from the stratum 
corneum, a process known as exfoliation.20 This phenomenon allows 
for the methods of HPV detection that depend on skin swabs.21

Skin epithelium may be characterized as a stratifi ed lining, rang-
ing from an innermost basal layer of cells that is the proposed primary 
target of HPV, through several layers of gradually differentiating kera-
tinocytes, to the fully differentiated, squamous (=fl attened) cells at the 
surface. Keratin can comprise up to 85% of the total cellular protein 
in the outermost cells.22 In fact, they have sometimes been described as 
“sacs of keratin.”

Keratin represents a family of 54 multifunctional proteins that 
provides structure and rigidity to epithelial cells. Specifi c types of kera-
tin are found in various epithelial cells in the skin and other organs.23 
Keratinocyte is therefore an appropriate term for a cell from strati-
fi ed squamous epithelia found anywhere in the body, even though the 
degree of progressive keratinization varies among different tissues.24,25 
In particular, keratinization in surface linings other than the skin may be 
markedly less than that found in the epidermis itself.26 Not surprisingly, 
the skin tends to the be the physically toughest lining in the body; by 
comparison, the epithelium of more protected surfaces of the body have 
less keratin, even to the extent that they may be considered relatively 
nonkeratinized.

“Relatively nonkeratinized squamous linings” is a technical way of 
characterizing intermediate mucosal surfaces adjoining the surface of 
the body. As noted earlier, there is a key distinction between HPV types 
infecting skin or cutaneous keratinocytes and those preferring the kera-
tinocytes on intermediate mucosal surfaces. There are other subcellular 
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features that distinguish the latter tissues, some of which become impor-
tant in disease processes. Notably, the lining of the vagina and oral cav-
ity exhibit what is known as parakeratosis, where the cell nucleus is 
actually maintained in the outermost layer of the epithelium.

Having painted the histological background in some detail, it is 
useful to restate that HPV, particularly the cutaneous types, tends to 
target stratifi ed squamous epithelium with a high degree of keratini-
zation. Other HPV types prefer the less-keratinized mucosal epithelial 
cells found in a passageway near a body opening. Table 3.1 identifi es 
the target tissues of the two main categories of HPV that preferentially 
infect humans.

The second category emphasizes the fact that the transitional areas 
between true mucosal epithelia and the exterior skin are of special clin-
ical interest; these are regions where some physical abrasion or other 
insult may be expected, engendering therefore a higher degree of kerati-
nization than will be found in mucosal surfaces fully internal to the body. 
Examples of these intermediate types of epithelia are found in the vagina 
and ectocervix and in parts of the mouth and anus. It is clear that there are 
regular epithelial insults at both ends of the digestive tract, deriving from 
mastication/swallowing and defecation, respectively. Penetrative sexual 
activity and oral-genital contact is also associated with potential abrasion 
and may plausibly be added to a full inventory of such risk areas.

Table 3.1. Categories of Stratifi ed Squamous Epithelia

Feature Site

More keratinized Skin
 Tongue (dorsal)
 Hard palate
 Gums
 Anal margin
 Labia majora
Special susceptibility to mucosal HPV Oral cavity

Tonsil (crypt)
 Vocal folds
 Esophagus
 Anus (distal)
 Labia minora
 Vagina
 Ectocervix
 Glans penis (uncircumcized)
 Foreskin
 Cornea
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It seems clear that transitional mucosal linings subject to microtrauma 
are of particular importance in terms of HPV transmission, infection, 
and sometimes cellular change. In two parts of the body, the cervix in 
females and the anal margin, this transitional lining has other distinc-
tive histological features. For instance, one can clearly observe a gradual 
change from squamous cells near the surface of the body to the columnar 
epithelia of true mucosa; this accounts for the label given to this part of 
the cervix and anus, namely, the transformation zone. Signifi cantly, the 
basal layer of cells in a transformation zone tends to be unusually close 
to the surface and thus more accessible to the virus. This phenomenon 
is often mentioned as a critical factor in the relatively high frequency of 
cancers of the cervix caused by HPV. Intriguingly, HPV infection may 
be found in various parts of the lower anogenital tract in women, but 
the incidence of cancer caused by HPV outside of the transformation 
zone of the cervix is very low—less than 0.003% for vulval and vaginal 
cancers combined.27 The only other site where HPV-related cancer inci-
dence matches that of the cervical transformation zone appears to be the 
similar zone found in the anal region, and then specifi cally in the context 
of men having sex with men.28

Potential Sites of HPV-Related Disease

The preceding categorical assessment of sites theoretically vulnerable 
to HPV-related disease is borne out by real world clinical experience. 
It is precisely those areas of the body marked by stratifi ed squamous 
epithelium (with the potential for abnormal keratinization and other 
alterations) that have been most consistently associated with HPV-related 
cancer. The sites that are most susceptible to serious HPV-related disease 
(and especially to malignant transformation) are typically at or near body 
openings. They comprise the following: ectocervix, vagina, vulva (specif-
ically the labia minora), the uncircumcised penis, distal anus, oral cavity, 
tonsillar crypts, vocal folds of the larynx, and esophagus. The changing 
anatomy of the cervix over the life span of women offers strong evidence 
for this anatomical characterization. As noted in Chapter 2, the trans-
formation zone of the cervix shifts proximally over time; it is on the 
ectocervix in more than 90% of younger women but on the ectocervix 
in more than 90% of women 65 years of age and older. Dysplasia occurs 
twice as often when the transformation zone is on the ectocervix, partly 
explaining the higher rates of cervical cancer in younger women.29

The consistency of evidence concerning HPV tropism encourages 
hypothesizing about other locations where the virus should exert a dis-
ease impact. For example, one site noted in the inventory of relatively 
nonkeratinized epithelial tissues, namely, the cornea/conjunctiva, has 
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attracted attention from investigators; however, the involvement of HPV 
in ocular malignancies has so far remained debatable.30

Similarly, one might be surprised at the absence of discussion about 
another area namely, the ear. Although evidence does exist of HPV 
involvement in ear diseases, the data are both modest and mixed. The 
epithelium in the auditory canal is basically an extension of the skin; 
given this fact, it is surprising that the key virus implicated in papilloma 
formation in the canal is a mucosal HPV type.31

The middle ear also presents a complex story, partly because of the 
histology allowed by the protection of the ear drum. However, while the 
epithelial tissue is dominated by low cuboidal cells, some squamous lin-
ing is also found in the middle ear. The cause of rare but serious cases of 
squamous cell carcinoma in this site appears to be twofold: (1) invasion 
of epithelial tissue via a cholesteatoma and (2) chronic infl ammation. 
HPV involvement also appears to have two aspects. The virus has been 
implicated in cholesteatoma, a benign growth of skin that can penetrate 
the ear drum. As well, certain oncogenic types (notably HPV-16 and 
-18) appear to exploit the microenvironment associated with inner ear 
infections. As observed earlier, one ingredient in the “recipe” for HPV 
pathogenesis is physical access to the relevant target cells. In the case of 
ear infections, the virus may migrate from the oropharynx to the inner 
ear via the eustachian tube.32

The discussion to this point may be summarized before proceeding 
to the details of HPV-related disease processes. The HPV life cycle plays 
out in differentiating epithelial tissue, specifi cally the category known 
as stratifi ed squamous epithelium. Particularly sensitive sites include the 
transitional areas at body openings, where distal squamous epithelium 
in effect is giving way to true, inner mucosal tissues (which in turn 
is typically composed of columnar epithelium). It is at these points of 
intermediate cellular keratinization that HPV infection, disordered cells, 
and cancerous transformation appear to occur relatively frequently.33 
Interestingly, the infected epithelial cells are marked by, among other 
features, changes in their normal keratin profi le (see section “Processes 
of Disease”).

In contrast with the list of susceptible sites, there is a relative absence 
of HPV infections in the linings found in various internal organs and 
gastrointestinal epithelia.34 One intriguing exception to this “rule” has 
been the observed association between HPV and colorectal cancer.35–37 
Of course, the colorectum is also relatively near the surface of the body, 
so there may be macroscopic and microscopic explanations for HPV 
infection that are consistent with the general story developed in this 
chapter.
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INFECTION AND IMMUNE EVASION

HPV infection requires access by the virus to the basal layer of stratifi ed 
squamous epithelia. This appears to be facilitated by a natural entry 
point (e.g., via hair follicles or the deep ridges of plantar skin) or a 
break introduced in the epithelium, possibly a small cut or some other 
microtrauma.38 While the specifi c character of the primary cellular tar-
get is still being investigated, some evidence points to epithelial stem 
cells.39,40 Another possibility proposed in the case of the cervix is the 
mucosal columnar cells that merge into the stratifi ed epithelium of the 
transformation zone.41 As noted previously, the surface lining at this 
point is quite thin, perhaps increasing vulnerability to infection. While 
still an active area of research, many aspects of immune evasion, virus–
host cell binding, internalization, and viral uncoating have begun to be 
clarifi ed. A full description will ultimately explain how viral DNA is 
transported into the host nucleus and allowed to function there without 
effective opposition.42

The topic of immune evasion and HPV carcinogenesis is especially 
important because it is precisely the persistence of infection that is con-
sidered to be an essential component of cancer development.43 As men-
tioned in Chapter 2, most HPV infections are cleared by the host within 
2 years.44,45 The rapid accumulation of infections after sexual debut is 
balanced in favor of viral clearance in women after age 25. This is why 
age-specifi c prevalence of HPV infection declines with age, at least until 
menopause. For reasons that are not well understood, some postmeno-
pausal women do not clear the virus very well, leading to a second peak in 
HPV prevalence among older women in some populations in the world.46

When clearance does not occur, disease emerges. Technically, it 
is not incident HPV infection per se but rather a successfully evaded 
immune system that is the true risk factor for carcinogenesis.47 This fact 
may help to explain the increased occurrence of HPV-related lesions 
in immunocompromised individuals.48 Another intriguing fi nding is 
the fact that oncogenic HPV types tend to persist longer than low-risk 
types.49 Full elucidation of the relationship between host immunity and 
HPV infection is ultimately vital to the development of immunothera-
pies and prophylactic vaccines.

The topic of immunity and cancer is complex. There are three cat-
egories of immune evasion required for viral carcinogenesis: mecha-
nisms to allow the HPV infection to occur in the fi rst place, mechanisms 
that prevent virally infected cells from being eliminated effi ciently, and 
mechanisms “used” by tumor cells to evade the usual counterattacks 
mounted by the immune system.50,51
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The fi rst strategy employed by HPV to avoid detection and elimina-
tion has been described as “maintaining a low profi le” or “operating by 
stealth.” There are several features of HPV-related disease that support 
this characterization:

The virus only infects epithelial cells• 
Viral proteins are produced at low levels and are not secreted• 
Viruses are produced in cells that are not lysed but are merely • 
sloughed off at the end of their life span
There is no viremia (i.e., viruses in the bloodstream), limiting anti-• 
gen presentation and thus curtailing a systemic antibody response

This initial outline of the life cycle, focusing on the passive capacity 
of the virus to remain hidden, confi rms that “HPV infection per se does 
not elicit any major damage likely to evoke the principal innate immu-
nity danger signals.”52

Immune evasion also involves more proactive measures. To fully 
appreciate the capabilities of HPV, it is important to acknowledge the 
defenses faced by the virus. The mucous membranes covering the uro-
genital and aerodigestive tracts (as well as the eye conjunctiva, the inner 
ear, and the ducts of all exocrine glands) have both mechanical and 
chemical cleansing mechanisms that manage to exclude most intrud-
ers. Furthermore, “a large and highly specialized innate and adaptive 
mucosal immune system protects these surfaces, and thereby also the 
body interior, against potential insults from the environment.”53 In an 
immunocompetent adult, the mucosal immune system, localized in 
various mucosa-associated lymphoid tissues, accounts for 80% of the 
body’s immune cells.

Viral gene expression, in addition to driving viral production, helps 
HPV to evade the local immune system in its target tissue. In particular, 
E6 and E7 interrupt interferon pathways and regulate the production of 
certain chemokine factors involved with any infl ammatory response. As 
well, by a variety of subtle means that are still being elucidated, HPV 
seems to directly disrupt the generation and delivery of cell-mediated 
adaptive immunity. This has been well documented in cervical cancer, 
but similar mechanisms have been found in viral skin lesions related to 
the genetic disorder known as epidermodysplasia verruciformis.54

One aspect of the immunity “battlefi eld” may be a reduced num-
ber of Langerhans cells (LCs) in cervical epithelium marked by dys-
plasia, though recent research has raised questions about the evidence 
for this phenomenon.55,56 The LC is an essential component in adaptive 
immunity, functioning as an antigen-presenting cell during an adaptive 
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immune response. A potentially important part of this story is the obser-
vation that LC distribution is affected by cervical cancer cofactors, such 
as HIV infection and smoking (see Chapter 4). A further consideration 
is the observation that the transformation zone itself has a lower den-
sity of LCs than found in the adjoining cervical epithelia.57 The most 
signifi cant mechanism may involve the role of E6 and E7 in decreasing 
the migration of LC and thereby compromising the immune response 
to infection. A 2009 study reported that experimentally silencing those 
two oncoproteins allowed LC migration to increase.58

Mutation of HPV types is another viral mechanism related to 
immune evasion. In particular, innate immunity that combats cervical 
cancer appears to be subverted by mutations in HPV capsid proteins.59 
This evolutionary process creates a continuing balance between host 
protection and viral persistence, so that both entities remain viable. 
This phenomenon is very common in the natural history of viruses; the 
ultimate “strategy” is to not kill the host nor impair its reproductive 
fi tness.60

Host genetic makeup also appears to affect immune responses. The 
major histocompatibility complex (MHC) is pivotal in the functioning 
of the immune system. Genetic polymorphism in the host organism that 
may in turn infl uence the MHC is thought to predispose individuals 
toward cancer, especially when it is related to pathogenic infection.61 
This molecular variation in disease susceptibility has been examined in 
cervical cancer in particular.62–64 The complexity of the story involves 
more than the host genome; certain viral genetic variations seem to 
exploit MHC polymorphisms to further increase the risk of cancer 
development.65

In sum, many HPV mechanisms (and host tissue conditions) appear 
to provide the foundation “for promoting viral persistence and avoid-
ing innate immunity and the consequential activation of adaptive 
immunity.”66

Finally, one intriguing observation is specifi c to unique immunologi-
cal features of the cervix. In short, the phenomenon known as immune 
privilege could apply to this part of the female body; immune privilege 
refers to counter-regulating processes where destructive infl ammation is 
attenuated and tissue function is preserved. The paradigm of such immu-
nological exceptionalism is the eye. Researchers have postulated that 
the immune system could be similarly suppressed in the cervix, in part 
“to protect the integrity of the reproductive function.”67 A seemingly 
contrary result is the fact that certain mediators of immunity appear to 
be concentrated in the transformation zone between the ecto- and endo-
cervix, a phenomenon that may increase susceptibility to HIV infection 
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and ultimately immunosuppression.68 Thus, although these proposed 
immunological features are heterogeneous, they actually lead to a simi-
lar result, that is, the cervix exhibiting a special propensity for cancer 
development.

PROCESSES OF DISEASE

Many aspects of the HPV carcinogenesis story have been worked out at 
a molecular level over the last two decades,69–71 mostly based on cervical 
cancer as the prototypical malignancy.72 Analysis of virus–host interac-
tions has provided insight into the genes and pathways involved in the 
development of neoplasia. Viral proteins E6 and E7 are particularly key 
to such processes, though recently the role of E5 in disrupting cellular 
functions has also been elucidated.73,74 Collateral benefi ts of this basic 
research on disease mechanisms include a growing understanding of 
normal cellular functions and the development of therapeutic and pro-
phylactic vaccines that are designed to prevent or reverse the pathogenic 
disruption of those functions (see Chapter 7).75,76

As described earlier, all papillomaviruses have a parasitical relation-
ship to their host. In each case of infection, they act as “obligatory intra-
nuclear organisms” with tropism (i.e., affi nity) for keratinocytes in the 
specifi c animal in question. Three possible courses of events can follow 
successful papillomavirus entry into target cells77:

Maintenance of viral DNA in an extrachromosomal form that 1. 
replicates synchronously with the host cell; this basically consti-
tutes a latent infection, where host epithelial cells (with their load 
of viral DNA) proliferate but new viruses are not produced
Conversion from latent into a productive infection that involves 2. 
genome amplifi cation and the assembly of complete virions, 
which ultimately may be transmitted to other hosts
Integration of viral DNA into host cellular genome, which is 3. 
thought to be associated with malignant transformation

This section provides a brief synopsis of each of these expressions of 
HPV disease.

Proliferation Phase

The expression of viral gene products is closely regulated as the infected 
basal cell migrates toward the epithelial surface. The viral “strategy” 
at this point involves maintaining a molecular environment that is 
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conducive for both viral genome replication and host cell proliferation.78 
Proliferation is marked by the expression of the initial “early” gene 
products that typify HPV. As noted earlier, these products are named 
after their controlling gene: E1, E2, etc. The E1 and E2 proteins appear 
to suppress viral replication when the infection is latent, so that only a 
low copy number of the virus genome is maintained in affected keratino-
cytes. Interestingly, this sort of controlled viral function is not restricted 
to human epithelia but can occur in other types of cells.79 On the other 
hand, there is a so-called proliferation phase that is unique to disease in 
human keratinocytes; it is launched by E7, with E6 joining in. Both pro-
teins have been implicated in mechanisms of cell immortalization, or the 
process of extending a cell’s life, and increasing the number of its divi-
sions, but without risk of developing into a tumor. Specifi cally, E7 has 
been associated with a reduction of retinoblastoma-associated protein 
(pRb), a substance that normally suppresses the cellular growth cycle. 
Similarly, E6 is involved with the interruption of p53, normally a media-
tor of growth suppression and cell death (=apoptosis).80,81 A consistent 
interaction between E6 and the p53 pathway has been demonstrated 
across many oncogenic HPV types.82 Another recent report described 
a reduced impact of E7 from HPV-26, 53, and 66, offering an elegant 
confi rmation of the intermediate risk status of these viral types.83 The 
immortalization role of E6 and/or E7 has also been demonstrated in skin 
neoplasia related to HPV types 8 and 38.84,85

Researchers have discovered several other molecular targets affected 
by E6 and E7, many having a direct role in malignant transformation 
(see below).86–88 Interestingly, some dysregulation effects seem to differ 
across the range of HPV-16 E6 variants, suggesting the existence of viral 
phenotypes that are particularly “benefi cial to carcinogenesis.”89 When 
viral functions are fully operational, the normal terminal differentia-
tion of keratinocytes is disrupted, allowing them to continue proliferat-
ing in the affected epithelium. This microscopic feature of HPV disease 
accounts for the distinctive macroscopic feature, namely, the protuber-
ances known as papilloma.

Evidence continues to emerge concerning the molecular mecha-
nisms of HPV-related disease beyond the cervix. Recently, the prolif-
erative capacity of oral keratinocytes (as driven by E6 and E7) was 
found to be enhanced when coinfected with HPV and HIV.90 There is 
a suggestion of direct interaction between the two viruses; this phe-
nomenon may become a more substantial concern given the grow-
ing understanding of oral-genital HIV transmission and the apparent 
ability of the virus to directly infect (and independently affect) oral 
mucosal cells.91,92
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Keratinization as Mark and Marker

Adjustments of the keratin profi le are an important part of the cellular 
change instigated by infection. Different types of keratin and various 
degrees of keratinization are exhibited in HPV-related disease states, 
including cancer.93–96 The umbrella technical term for abnormal kera-
tinization is dyskeratosis. The basic pattern of dyskeratosis involves an 
overall intensifi cation of certain types of keratin in affected cells.97 Such 
changes are distinct and generally observable when cells are examined for 
HPV-related disease, for example, in secondary prevention programs.

It is important to note that the conditions found in some normal tissues 
(e.g., parakeratosis, where the nucleus remains intact) can become hall-
marks of disease in certain situations. A good example of this histologi-
cal ambiguity is the presence of epithelial thickening. Hyperproliferative 
epidermis is perfectly natural where required for normal functioning 
(e.g., on the palms and soles). The same overproduction of keratinized 
cells, however, can become an expression of disease (technically desig-
nated as hyperkeratosis). Disorders of the epithelium involving this sort 
of condition include warts, corns, calluses, eczema, and psoriasis. It is 
notable that particular HPV types are strongly implicated in the hyper-
keratosis associated with warts.

Warts are of course a clinically visible sign of HPV infection. But 
even preclinical, microscopic lesions can often be visually detected; 
low-level magnifi cation provided by a colposcope, combined with the 
whitening effect produced by the application of acetic acid, routinely 
makes this possible in the case of the cervix. While the exact mechanism 
of the effect of acetic acid on epithelial cells is not clearly understood, 
the current consensus points to a process of cellular dehydration and 
the concomitant transformation of cellular proteins. This results in the 
reduction of surface transparency; the observed whitening is explained 
as a blockage of the underlying reddish color of vascular tissue.98 In 
diagnostic terms, it is important to note that the proteins of abnormal 
cells are more dense, so an acetic acid wash yields more pronounced 
areas of white (often labeled as “acetowhite”).99,100 There are various 
opinions among researchers as to which cellular protein is most impli-
cated in this telltale reaction of infected epithelium; some favor the role 
of nucleoproteins, whereas others look to cytokeratins.101,102

The fact that specifi c forms of keratin are generated during the pro-
liferation of infected epithelial cells makes keratin typing a potentially 
useful diagnostic tool. In fact, “keratin fi lament proteins are regarded 
as the single invariable characteristic of epithelial cells, persisting even 
in metastatic tumors where all other identifying features are lost.”103 
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Consequently, the role of keratin as a biomarker for tracking the pres-
ence and progression of epithelial disease has garnered increasing 
attention. This topic will be revisited in Chapter 6.

In sum, cellular proliferation and unique keratinization mark the 
fi rst stage of the HPV infection life cycle. An important characteristic of 
this stage is the maintenance of the viral genome at a low copy number, 
which is mediated by the functioning of certain early viral proteins.104

Productive Infection and Virion Release

The daughter cells of dividing keratinocytes, each with a low copy num-
ber of replicated viral DNA, migrate “upward” and eventually reach the 
outer layers of the epithelium; at some point, the pattern of cellular regu-
lation needs to change to allow the synthesis of new viruses. The basic 
molecular prerequisite of this phenomenon is amplifi cation of the viral 
genome. All of the early viral proteins have been implicated in this process, 
though the precise roles of E4 and E5 are still being elucidated.105,106

As stated earlier, HPV encodes two structural proteins that are 
expressed once the process of genome amplifi cation is completed. This 
occurs in the outermost layers of infected tissue. Multiple copies of the 
two late proteins, L1 and L2, combine into a viral capsid with icosahe-
dral geometry.107 Infected cells are not lysed; thus, to successfully com-
plete its life cycle, the virus must reach the epithelial surface, be released 
within an exfoliated cell, and then survive until contact transmission 
and reinfection occurs.108

Malignant Transformation

The beginning of the development of cancerous cells constitutes in one 
sense a random accident; it may also be considered a “failure” for the 
virus as much as for the host. The viral life cycle, up to now closely linked 
to the epithelial differentiation process, is essentially disrupted during the 
development of malignancies. Sometimes this process is referred to as an 
abortive infection, that is, a manifest departure from a normal HPV life 
cycle. The sporadic nature of the initiating event accounts for the fact 
that the number of lesions leading to malignancies remains very low 
compared with the rate of HPV infection in the general population.

It has already been noted that proteins coded by the E6 and E7 genes 
are multifunctional; they interfere with a variety of important regula-
tory pathways in the cell cycle. In fact, E6 and E7 are also required for 
the initiation and maintenance of the malignant phenotype in HPV-
positive cancers.109 There is evidence, at least in the case of cervical 
cancer, that E5 may also play a critical role in the initiation of neoplasia, 
but a lesser role in cancer progression.110
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Certain tissue sites seem to promote virus-induced malignancy. For 
instance, it is apparent that high-risk viral types such as HPV-16 “can-
not reliably complete their life cycle” in the transformation zone of the 
cervix. In other words, rather than moving toward viral replication and 
release, the infection progresses in the direction of more profound cel-
lular transformation and cancer.111

Expression of viral oncogenes such as E6 and E7 is normally tightly 
controlled in nondifferentiated keratinocytes. This is accomplished by at 
least two signaling pathways in the cell.112 The initial factor that triggers 
carcinogenesis seems to be related to the viral genome itself. As a result of 
defects in HPV DNA, the expression of E6 or E7 is deregulated, leading 
to even greater cell proliferation. But this by itself would not be enough 
to generate malignancy. As one researcher has summarized: “While viral 
infection is a necessary prerequisite for the development of most cervical 
cancers, it is not by itself suffi cient, indicating that secondary mutational 
events are also required.”113 Presumably, this is where cancer cofactors 
such as smoking may play a role. An important recent result showed that 
only one or two genetic changes are required in host cells after deregula-
tion of HPV oncogenes for development of cervical cancer.114

This is not to say that the virus ever becomes a passive bystander. 
Abnormal viral protein expression helps to generate the susceptibility 
conditions related to cancer. In fact, the virus, especially one tuned to 
oncogenesis, promotes a triple threat: (1) increasing the incidence of host 
cell mutations, (2) interrupting DNA repair pathways in host cells, and 
(3) subverting intracellular safeguards “intended to eliminate cells that 
have acquired abnormalities that interfere with normal cell division.”115 
In fact, one study described the impact on host cells of oncogenic HPV 
infections as “genomic chaos.”116 These manifest secondary changes in 
the host DNA, sometimes involving whole chromosomes, are critical 
contributors to cancer development.

In the normal HPV life cycle, the viral genome is maintained sepa-
rately from that of the host. The fi nal shift toward anogenital and oral 
carcinomas, especially those that become invasive, usually requires the 
integration of viral DNA into the host genome. Again, this phenomenon 
may be characterized as a form of molecular accident; it is essentially 
a terminal event interrupting the viral life cycle.117 The uncontrolled 
expression of the E6 and E7 proteins that results from viral integration 
and the concomitant disruption of cell cycle regulators such as E2 is 
critical for progression toward a fi nal carcinogenic state. 118,119

This brief review of viral proteins in the development of malignancy 
underlines two potential cancer control levers at the molecular level: 
(1) the employment of biomarkers and (2) the development of therapies 
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related to viral gene products.120–122 Both areas have been the subject 
of intense investigation, as will be described in subsequent chapters. In 
addition, an understanding of disease mechanisms at a molecular level 
allows for better interpretation of emerging epidemiologic data, suggest-
ing a causal role for HPV in malignancies beyond cervical cancer.123
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4
HUMAN PAPILLOMAVIRUS: 

ASSOCIATIONS WITH 
CERVICAL CANCER

Beyond any doubt, oncogenic HPV types are the single most important 
etiological agents of cervical cancer and CIN lesions.1

T  he investigation of infections associated with cancer has been 
strongly infl uenced by the story of human papillomavirus (HPV), 
dating from even before the virus was isolated and characterized. 

Indirect evidence of possible cancer causation was accumulated over many 
decades at a macro- rather than a microscopic level. Early insights were 
based on the connection between cervical cancer and sexual behavior.2–4 
As early as 1842, it was noticed that cervical cancers occurred only in 
married women5; in a similar vein, the low cervical cancer rates among 
nuns pointed to a connection with coitus. In general, cervical cancer was 
found to share “many characteristics with communicable diseases that 
follow a venereal mode of transmission.”6 The suspected sexually trans-
mitted agent was eventually identifi ed as HPV. As introduced in Chapter 2, 
the pool of cancers associated with HPV has greatly expanded since the 
discoveries about cervical cancer, although cancer of the cervix contin-
ues to occupy the majority of research attention.

Globally, cervical cancer is the second most common female cancer. 
Thus, it is of particular importance that vital information is available 
concerning its etiology. HPV in fact occupies a unique position in this 
regard. As Walboomers and colleagues famously concluded in 1999, 
“the presence of HPV in virtually all cervical cancers implies the high-
est worldwide attributable fraction so far reported for a specifi c cause 
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of any major human cancer.”7 In short, HPV has been proposed as the 
fi rst necessary cause of a human cancer ever identifi ed, accounting for 
its dominant status in biological and clinical studies of infection and 
cancer, and its high profi le in the present book.8

Adding to the important etiologic role of the virus, public health 
and clinical concerns about cervical cancer have also helped to propel 
HPV to the forefront of research agendas related to infection and cancer. 
In fact, only one or two other infectious agents compete with HPV in 
terms of the intensity of investigation. One by-product of the substantial 
research focus on HPV has been the growing understanding of the role 
of the virus in many other diseases, both malignant and benign.

HPV INFECTION AND CANCER

While it is clear that cervical cancer dominates the story, it is important 
to understand from the start the full range of cancers associated with 
the virus. These malignancies notably include other genital carcinomas, 
such as those affecting the vulva or penis. The fraction of these cancers 
attributable to HPV infection is quite substantial, as high as 50%.9 The 
HPV-related cancers also comprise various mucosal neoplasms of the 
head and neck and certain skin tumors.10–12 A particularly serious can-
cer connected to HPV, especially in high-risk male subpopulations, is 
squamous cell carcinoma of the anus.13

Other HPV–cancer associations are being actively investigated, 
including lung tumors.14 The main benign disorders associated with 
HPV are different types of genital and cutaneous warts and recurrent 
respiratory papillomatosis.

For the balance of the present chapter, the focus will be on the con-
nection between HPV and cervical cancer. The growing information in 
this area has offered a basic paradigm for understanding the other HPV-
related cancers, which will be the topic of Chapter 5. The main agenda 
in each case will be to describe and, as much as possible, quantify the 
connection between these cancers and HPV infection.

For cervical cancer, an overview of disease burden in the United 
States and Canada will be provided, with the information being situated 
within a global context. Tracking cervical cancer statistics is a particu-
larly appropriate exercise for understanding the impact of HPV, given 
the close association between viral infection and malignancy. In this situ-
ation, combining this comprehensive insight about disease burden and 
viral etiology may directly shape prevention priorities and strategies.
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BURDEN OF CERVICAL CANCER

As noted above, cervical cancer represents the second most common 
malignant neoplasm in women worldwide; the annual number of inci-
dent cases approaches half a million. It is second only to breast cancer 
in terms of the global incidence of female cancers.

Global Variation

The burden of cervical cancer relative to all female malignancies is 
generally higher in the developing world. Indeed, in certain develop-
ing countries, such as Mexico and India, it is the most common female 
cancer.15,16 The distribution of cervical cancer impact according to a 
crude stratifi cation by level of national development is summarized in 
Table 4.1; the information was compiled by the International Agency 
for Research on Cancer (IARC) from numerous national and regional 
cancer registries.17 The mortality due to cervical cancer, which continues 
to rise in global terms, is particularly high in South Asia, sub-Saharan 
Africa, and parts of Latin America.

On the basis of the aggregate data, a strong case can certainly be made 
for prevention initiatives in the developing world. A number of other 
statistics may be marshaled to further motivate such an effort, including 
the fact that cervical cancer is the largest contributor to years of life lost 
due to cancer in two highly populous regions, sub-Saharan Africa and 
south-central Asia; even more, it is the most important cause of years of 
life lost due to any cause in Latin America and the Caribbean.18

It is clear that most developed countries are at an advantage in terms 
of cervical cancer burden. As an illustration of this, the rates of cervical 
cancer in the United States and Canada are compared against incidence 
data from selected countries in Figure 4.1.19

United States and Canada

The United States and Canada boast cervical cancer rates that are among 
the lowest in the world. In contrast with the sizeable global burden, the 

Table 4.1. Cervical Cancer in the World (2002)

 Cases Deaths 5-Year Prevalence

World 492,800 273,200 1,409,200
More developed countries 83,400 39,500 309,900
Less developed countries 409,400 233,700 1,099,300

Source: Sankaranarayanan, International Journal of Gynecology & Obstetrics, 2006. 
Used by permission.
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number of new cases in the United States was estimated at only 12,000 
in 2004, whereas 3,850 deaths were attributed to the disease. An even 
more modest 1,350 new cases of cervical cancer occurred in Canada 
in 2007 (making it the 11th most common cancer diagnosed among 
Canadian women); there were an estimated 390 deaths due to cancer of 
the cervix in the country that year.20 While small on a global scale, the 
fi gures in the United States and Canada still demonstrate that cervical 
cancer is an important prevention target. Even more urgent is the need 
to learn from the successes in controlling incidence and mortality in 
developed countries, and to enhance prevention efforts in other parts of 
the world. This perspective is strengthened by the existence of relatively 
simple prevention strategies that were proven and in use long before the 
advent of HPV vaccines.

Although the relatively modest disease burden is enjoyed across both 
countries, important regional variations do exist in terms of incidence 
and mortality. In the United States, incidence and mortality rates for 
cervical cancer tend to be higher in the South, Appalachia, and areas 
bordering Mexico.21–23 Intraregional variation also exists, for example, 
among the fi ve Appalachian states.24

A pattern of variability may be seen across the provinces of Canada, 
as detailed in Figure 4.2.25 For example, in 2003, incidence rates per 
100,000 population ranged from a low of 6.0 in British Columbia to a 
high of 11.2 in Nova Scotia, and mortality rates from 1.3 in Quebec to 
3.9 in New Brunswick. The favorable situation in British Columbia may 

Figure 4.1. Cervical cancer incidence, by country, 2003. Source: Steckley et al., 
Biomedicine & Pharmacotherapy, 2003.
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refl ect the fact that, in 1949, the province became the fi rst jurisdiction 
in the world to implement an organized, population-based program to 
screen for cervical cancer.26

Trends and Target Groups

Not only are the incidence and mortality rates for cervical cancer in the 
United States and Canada low by global standards, the current status 
is the result of a positive trend over several decades. Table 4.2 provides 
average age-adjusted incidence rates for two important female cancers 
in the United States for selected 5-year time periods; it is clear that there 
has been opposing developments with respect to cervical cancer and 
breast cancer at the population health level since the 1970s.27 Breast 
cancer incidence has steadily risen, whereas cervical cancer occurrence 
has declined.
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Figure 4.2. Age-standardized incidence and mortality rates for cervical cancer, 
Canada and the provinces, 2003. Source: Canadian Cancer Statistics, 2007.

Table 4.2. Female Cancers in the United States, by Time Period Average 
Age-adjusted Incidence Rates (per 100,000)

 1974–1978 1979–1983 1989–1993 1999–2003

Breast 104.1 105.7 130.6 134.1
Cervix 13.9 11.4 10.2 7.6

Source: SEER Cancer Registry as cited by Hayat et al., The Oncologist, 2007.
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A similar situation for cervical cancer occurs in Canada. As seen in 
Figure 4.3, between 1978 and 2007 the age-standardized incidence rate for 
cervical cancers decreased from 14.8 cases per 100,000 to 7.3. The age-stan-
dardized mortality rate also declined, shifting from 4.7 to 1.8 per 100,000.28 
This pattern is repeated in the provinces. For instance, a 2008 analysis in 
Manitoba revealed that cervical cancer had shifted from being the 5th most 
frequent cancer diagnosis for women in 1970 to the 11th by 1999.29

The already low and, up to now, steadily declining rate of cervi-
cal cancer in the United States and Canada needs to be taken into 
consideration when planning new prevention investments to combat 
HPV-related disease. This is not to say that public health efforts should 
not be maintained or even increased, especially to guard against any 
exceptions or reversal in the positive general pattern and to make 
equitable progress among groups not well served in terms of cervical 
cancer prevention. There are examples of the latter concern in many 
developed countries, including Aboriginal peoples in Canada (see sec-
tion “Canadian Aboriginal Groups and Cervical Cancer”) and ethnic 
and low-income groups in the United States. Results from one recent 
study in the U.S. context are summarized in Table 4.3.30 While differ-
ent methods of collecting data seem to generate deviations from the 

Figure 4.3. Age-standardized incidence and mortality rates for cervical cancer, 
Canada 1978–2007. Source: Canadian Cancer Statistics, 2007.
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overall population totals presented in Table 4.2, the basic phenom-
enon of ethnic and socioeconomic variation is still evident. Indeed, 
the results immediately point to some important demographic targets 
for enhanced prevention initiatives among, for instance, Hispanic and 
African American populations; this conclusion is consistent with results 
from other recent studies.31–35

Other statistical reports indicate that the picture for Asian-Americans 
is complex.36 Vietnamese and Korean groups demonstrate notably high 
incidence, a phenomenon that seems to be driving the cervical cancer 
rate for all Asian and Pacifi c Islanders higher than that of non-Hispanic 
whites.37 This trend, which is contrary to that seen in Table 4.3, may 
refl ect recent shifts in Asian immigration patterns, variations in cervi-
cal cancer susceptibility, and low rates of cervical cancer screening and 
precursor control among certain ethnic populations. On the other hand, 
some Asian groups, such as Chinese- and Japanese-Americans, appear to 
continue to enjoy a lower cervical cancer incidence rate compared with 
non-Hispanic white women. Older research from British Columbia, 
Canada, suggests a different picture, with incidence (and mortality) of 
cervical cancer elevated among the Chinese population.38 This is similar 
to the pattern seen for Chinese Americans in Los Angeles reported in 
the same era (the early 1990s).39 Interestingly, this was part of a period 
where Asian and Pacifi c Islander groups as a whole did not enjoy an 
advantage compared with U.S. Caucasians in terms of cervical cancer 
rates.40

In sum, it appears that three cautions should be observed when draw-
ing conclusions about specifi c ethnic populations and cervical cancer, at 
least in North America: the information sometimes is quite limited, it is 

Table 4.3. Average Age-adjusted Incidence Rates for Cervical Cancer, by 
Social Category (United States), 1998–2001

 Rate (per 100,000) 95% C.I.

Overall 12.0 (11.9–12.2)
Non-Hispanic white 11.6 (11.5–11.7)
Hispanic 16.6 (16.2–17.1)
African American 17.1 (16.7–17.6)
Asian or Pacifi c Islander 9.9 (9.3–10.5)
American Indian or Alaskan Native 7.2 (6.2–8.4)
<20% below poverty line 11.6 (11.5–11.7)
≥20% below poverty line 16.7 (16.2–17.1)

Source: United States Cancer Statistics: 2001 Incidence and Mortality as cited by Benard et al., 
Obstetrics & Gynecology, 2007.
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often dated, and apparently the data are subject to fl uctuations over a 
relatively short period of time.

While remaining cognizant of the challenges regarding the underly-
ing data, at least some information indicates that the cervical cancer 
picture for Aboriginal groups in the United States may be the reverse 
of that found in Canada. For example, the recent study summarized 
in Table 4.3 found an incident rate of approximately 7 per 100,000 
American Aboriginal women compared with 12 per 100,000 in the gen-
eral population; indeed, some ethnic groups demonstrated a rate more 
than double that of American Indians.41 By contrast, cervical cancer inci-
dence (and mortality) is known to be higher among Aboriginal women 
of Canada.42 This important topic will be explored in some detail in 
the next section, including a review of alternate information concerning 
Aboriginal groups in the United States. The ultimate aim is to provide 
a comparison for other countries assessing and responding to cancer 
among indigenous populations.

Canadian Aboriginal Groups and Cervical Cancer

The various Aboriginal groups of Canada, referred to collectively as 
First Nations, Inuit, or Métis, appear to be an exception to the generally 
favorable national statistics concerning cervical cancer. The most exten-
sive research on cervical cancer among Aboriginal women in Canada has 
been conducted in Ontario, Manitoba, Saskatchewan, British Columbia, 
and northern regions. The inclusion of Manitoba and Saskatchewan in 
this list is not surprising, as Aboriginal women (at 14%) represent the 
largest share of the overall female provincial population compared with 
other jurisdictions in the country. The proportions in the northern territo-
ries are even more dramatic; for example, 87% of women in Nunavut are 
Aboriginal. Shifting to absolute terms, the largest numbers of Aboriginal 
women live in Ontario, 20% of the national complement; not far behind, 
17% of Canadian Aboriginal women live in British Columbia.43

The available research, which is somewhat dated, indicates that 
Aboriginal women tend to have higher rates of cervical cancer than 
the general female population in Canada. For instance, the age-stan-
dardized incidence rate of invasive cervical cancer from 1984 to 1997 
among Aboriginals in Manitoba was 3.6 times that for non-Aboriginal 
women.44 The elevated rate of cervical cancer was consistent with an 
earlier report examining Manitoba First Nations reserves.45 Citing a 
1991 Canadian cancer statistics report, Franco et al. noted that 29% of 
all malignancies among Saskatchewan Aboriginal women were cancers 
of the cervix, refl ecting an age-standardized incidence rate six times the 
national average.46
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A study of 437 women with cervical cancer in British Columbia 
(detected from 1985 to 1988) indicated that 10% of invasive cervical 
cancers were found in Aboriginals, even though they only constitute 
4% of the women in the province.47 An oft-cited report from the same 
period demonstrated substantially higher cervical cancer mortality 
among Aboriginals in the province. While this introduces the possibil-
ity of elevated occurrence, it is only one among many potential explana-
tions (such as poor access to detection services and follow-up care).48

Women from the Inuit and possibly other Aboriginal groups in the 
Northwest Territories also demonstrate higher cervical cancer rates than 
the general Canadian population—up to three times higher.49,50 According 
to 1991–1996 statistics, cervical cancer was the most common female 
malignancy in the region.51 A parallel result seems to apply among the 
Inuit women of northern Quebec (the so-called Nunavik region), where 
cervical cancer was second only to lung cancer as the leading cause of can-
cer-related deaths from 1984 to 1993.52 It should be acknowledged that, 
especially in the northern territories, the absolute number of Aboriginal 
patients underlying most cancer statistics is very small.

The general picture of cancer among Aboriginal peoples that has 
been described so far in this section was confi rmed in a meta-analy-
sis of data up to 1991 in North Americaas a whole. It showed that, 
in the case of most cancers, incidence rates among Aboriginals actu-
ally tend to be lower than the general population (although this varies 
geographically).53 Cancer of the cervix was one of the notable excep-
tions. The meta-analysis of data from the United States and Canada 
suggested that cervical cancer rates are elevated among Aboriginal 
females.54 More recent research seems to support this conclusion in the 
U.S. context, contrary to the picture described earlier based on Table 
4.3. In short, the balance of evidence indicates higher cervical cancer 
incidence rates among Aboriginal groups compared with non-Hispanic 
whites and the U.S. general population.55,56 Interestingly, among Indian 
Health Service regions in the United States, the highest rates for cervical 
cancer are found in the Northern and Southern plains, a result that may 
relate in part to HPV prevalence.57

Whereas most data indicate a consistent cervical cancer situation in 
Canada and the United States, suggesting the need for increased preven-
tion efforts directed toward Aboriginal females, there are also some 
positive trends. First, recent secondary prevention efforts targeted at 
Aboriginal communities appear to be gaining traction. In fact, cervical 
cancer screening utilization rates among some Aboriginal groups now 
exceed those in the general Canadian population,58,59 although this is 
not likely to be typical for Aboriginal women who live off-reserve.
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Second, and likely a refl ection of the fi rst point, cervical cancer rates 
in Canadian Aboriginal women are decreasing. For instance, incidence 
declined sharply between 1992 and 1998 in what is now the Nunavut 
territory.60 In Ontario, the incidence of cervical cancers in Aboriginal 
women has declined from an average annual 33.6 cases per 100,000 
population between 1968 and 1975 to 14.2 cases per 100,000 between 
1992 and 2001 (Table 4.4). While this decrease is substantial and 
important, it should be noted that the most recent incidence rates are 
still higher than in the general population.61

Care must be taken in attributing recent changes in cervical cancer 
rates among Aboriginals to targeted secondary prevention efforts rather 
than changes in underlying primary causes such as HPV infection and 
smoking, or increases in the prevalence of hysterectomy.62 Nonetheless, 
the fact that there appear to have been improvements in cervical cancer 
incidence is certainly positive and worthy of further investigation as to 
underlying factors.

HPV AS A NECESSARY CAUSE OF CERVICAL CANCER

For all practical purposes, a one-to-one connection exists between cer-
vical cancer and the presence of HPV DNA in disease tissue. This dis-
covery has generated a great deal of excitement, especially related to the 
implied promise that “the prevention of HPV infection would virtually 
eliminate cervical cancer.”63

There is a strong evidence base specifi cally implicating so-called 
high-risk (i.e., oncogenic) HPV types as the main risk factor for the 
development of cervical cancer. Extensive epidemiologic data on the 
association between the virus and cervical cancer has been confi rmed 
by molecular biological research. For example, a recent study suggested 

Table 4.4. Cervical Cancer and First Nations, by Time Period Ages 15–74, 
Ontario, Canada

Incidence (per 100,000) Incidence Rate Ratio

Year of Diagnosis
First Nations 
Population

General 
Population

First Nations vs. 
General Population

1968–1975 33.6 (22.9–47.6) 24.5 1.37 (0.93–1.94)
1976–1983 23.6 (15.9–33.9) 16.4 1.43 (0.96–2.05)
1984–1991 22.8 (17.6–29.1) 13.4 1.69 (1.30–2.15)
1992–2001 14.2 (8.5–22.4) 11.2 1.26 (0.75–1.98)

Source: Cancer Care Ontario, Dr. L. Marrett, personal communication.

Note: 95% confi dence interval in brackets.
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that the presence of integrated HPV-18 genome in tumor-free mucosal 
tissue is a strong marker of adjacent tumor development.64

The gradually increasing disclosure of the natural history of HPV 
infections within cervical tissues has been an important part of the sci-
entifi c evidence uncovered to date. The present conclusion is unequivo-
cal: high-grade cervical intraepithelial neoplasia (CIN) develops as a 
result of persistent oncogenic HPV infections.65 The same type of infec-
tions put women at a signifi cantly increased risk of invasive cervical 
cancer.66

It is important to recognize that cervical cancer occurs in three main 
histological categories: squamous cell carcinoma, adenocarcinoma, and 
adenosquamous carcinoma. Squamous cell carcinoma clearly domi-
nates. For example, of nearly 8,500 cases of invasive cervical cancer 
recorded in the Michigan cancer registry from 1985 to 2003, 72% were 
squamous cell carcinoma, 17% were adenocarcinoma, and 4% were 
adenosquamous carcinoma.67

Sometimes multiple histologies present at the same time.68 While evi-
dence has suggested that squamous lesions coexisting with glandular 
lesions have a different etiology than squamous lesions appearing on 
their own,69,70 the most critical observation is that HPV has been clearly 
implicated in all three forms of cancer of the cervix. For example, a 2006 
study revealed a connection between HPV infection in the underlying 
squamous epithelium and the development of cervical adenocarcinoma.71 
Only a few rare histological variants of cervical adenocarcinoma seem 
unrelated to HPV infection.72 For the rest of cervical cancer cases, HPV 
is the clear culprit. Intriguingly, there appears to be a differential pattern 
of HPV-type involvement with the various forms of cervical cancer, as 
will be described below. It is useful to note that the histological speci-
fi city related to cervical cancer parallels the broader patterns of tissue 
tropism seen with HPV types. As seen in Chapter 2, various viral types 
beyond HPV-16 and 18 preferentially cause different forms of malignant 
and nonmalignant disease in the human body. A notable example is the 
essential connection between genital warts and HPV-6 and 11.

High-Risk Viral Types

A clear pattern has emerged in terms of HPV types and the propen-
sity for cancer occurrence. The “high-risk” label has traditionally been 
defi ned in terms of the probability of development of cervical cancer, as 
that malignancy stands out in the inventory of HPV-related cancers. For 
the most part, however, the key HPV types implicated in cervical cancer 
reappear for the other HPV-related malignancies; the main exception is 
skin cancer, which involves an additional set of HPV types.
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Of the more than 40 HPV types transmitted through sexual contact 
and infecting the anogenital region, a handful is found most frequently 
within malignant cells. According to pooled data from 1,700 HPV-
positive cervical cancer patients in nine countries from different parts 
of the world, HPV-16 dominated the spectrum, being detected in more 
than half the cases; types 18, 45, and 31 together accounted for another 
27% of cervical cancer incidence (Figure 4.4).73–75 Other high-risk HPV 
types implicated in cervical cancer were (in descending order) 33, 52, 
58, 35, 59, plus several other proven or candidate forms.76

A meta-analysis published in the same year yielded very similar 
results, with HPV-16 and 18 observed at the highest rate in 8,500 cer-
vical cancer patients (at 54.3% and 12.6%, respectively). The next 
fi ve types were comparable to the pattern observed in the other study, 
though in a different order: HPV-33, 45, 31, 58 and, fi nally, 52.77

A further project examined 55 reports (dated 1996–2004) from 
across the world, with a specifi c focus on HPV typology associated 
with low-grade squamous intraepithelial lesions (LSIL) of the cervix. In 
addition to demonstrating geographical variation in HPV type-specifi c 
distribution, the research showed that infection rates for high-risk types 
were lower in patients with low-grade dysplasia compared with the 
known occurrence in individuals with full cancer; in other words, there 
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is a disproportionate involvement of these viral types in malignancy, 
confi rming their status as high-risk types. This was especially notable 
for HPV-16 and 18, “highlighting the importance of HPV genotype in 
the risk of progression from LSIL to malignancy.”78

Other papers have also reported variations in HPV association with 
cervical cancer and its precursors. For example, in a 2005 study, 5,060 
women with equivocal cytology (i.e., atypical squamous cells of unde-
termined signifi cance, or ASCUS) or mildly abnormal results (i.e., LSIL) 
were tested for HPV DNA. The prevalence of HPV-16 among these 
cases was much lower than observed in high-grade lesions or full cer-
vical cancer.79 The conclusion was that there was a marked difference 
between HPV-16 and all other viral types in terms of their propensity to 
move tissue from mildly dysplastic to the most serious grade of precur-
sor (Table 4.5).

In sum, HPV-16 is the most common type found in cervical neo-
plasia and cancer, a fi nding that holds across all parts of the world.80,81 
Putting it in different terms, HPV-16 demonstrates the highest risk for 
disease progression,82 and equivalently the lowest propensity for spon-
taneous tumor regression.83 Additional research has shown that patients 
with cervical HPV-16 have a higher risk for recurrent or residual CIN3 
after treatment for neoplasia.84 Such results reinforce the conclusion 
that HPV-16 is the most critical focus of any preventive, therapeutic, or 
surveillance initiative.

Tumor Histology and HPV Types

The preceding conclusions apply in particular to squamous cell car-
cinomas and precursors; a different story emerges when other tis-
sues are considered.85–87 For example, in certain jurisdictions, HPV-18 
appears to be equally or even more prevalent than HPV-16 in cervi-
cal adenocarcinomas.88–90 This was recently demonstrated in a dramatic 

Table 4.5. Risk Factors Over 2 Year Follow-up for Cervical Cancer 
Progression, by HPV Type

Viral Type
% of ASC-US Cases 
Leading to CIN3

% of LSIL Cases 
Leading to CIN3 

Odds Ratio of 
Progressing to 
CIN3 (Compared 
to HPV-Negative 
Cases)

HPV-16 32.5 (28.4–36.8) 39.1 (33.8–44.7) 38 (22–68)
All other HPV types 8.4 (6.9–10.4) 9.9 (8.0–12.0) 7.2 (4.2–13)

Source: Castle et al., Journal of the National Cancer Institute, 2005. Used by permission.

Note: 95% confi dence interval in brackets.
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way among cervical adenocarcinoma patients in Indonesia.91 Likewise, 
HPV-18 appears to predominate in the presentation of adenosquamous 
carcinoma of the cervix.92 Such results have serious implications for 
prevention efforts. Adenocarcinoma and adenosquamous carcinoma 
precursors are not as easily detected by Pap smears. This may be part of 
the reason for a worldwide increase in the prevalence of cervical adeno-
carcinoma; currently, it may represent a quarter of all cervical cancers.93 
As a consequence, the benefi t of molecular screening or a vaccine target-
ing HPV-18 becomes elevated as a way to compensate for the limita-
tions of the Pap smear.94–96 Research has been conducted on the etiology 
of very rare malignancies of the cervix. In some cases these appear to 
be associated with HPV, although there is a “greater tendency toward 
more unusual HPV types.”97 Because of low prevalence and the resulting 
challenges of epidemiologic studies, the etiology of many of the more 
unusual cervical tumors has not been elucidated.98

As noted earlier, declining cervical cancer incidence rates ought not 
to lead to complacency in public health initiatives in developed coun-
tries. Reinforcing this perspective, it seems that while the incidence of 
squamous cell carcinoma of the cervix has been declining in recent 
decades, adenocarcinoma has been on the rise.99 For example, the inci-
dence rate of adenocarcinoma in Canada has increased since 1970.100 
The upward trend-line related to adenocarcinoma is true both in absolute 
terms, presumably driven by factors such as high-risk HPV infections, 
and relative to squamous cell carcinoma rates; the explanation for the 
latter pattern usually involves the lower sensitivity of screening tests with 
respect to adenocarcinoma precursors (see Chapter 6). Regions within 
Canada offer evidence of these phenomena. For example, according to 
a 2008 study, the proportion of cervical cancer cases in the province of 
Manitoba that were adenocarcinomas rose from 7% to 22% between 
1970 and 1999.101 On the other hand, improved screening techniques in 
the province of Ontario during the late 1990s seem to have reversed the 
rising incidence of cervical adenocarcinoma.102

Multiple Viral Types

Several studies have demonstrated a high frequency of multiple HPV 
infections in cervical carcinomas.103–105 For the most part, coinfections 
seem to refl ect random combinations of HPV types.106 There has been 
some evidence that multiple infections are found more often in ade-
nosquamous carcinomas of the cervix.107,108

Details about the pattern of multiple infections have begun to emerge. 
While detecting different HPV types may ultimately be traced back to 
more than one lesion on the cervix, multiple types have also been clearly 
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isolated from a single lesion.109 Some research has even suggested that 
single tumor cells can contain multiple HPV genomes.110 The physical 
status of the multiple types of HPV DNA may vary from tumor to tumor. 
In a recent study of three cervical cancers demonstrating HPV-16 and -18, 
integration of only one genome was seen in two cases (HPV-16 in one, 
and HPV-18 in the other), whereas in the remaining case both genomes 
remained in an episomal state.111

There is mixed evidence concerning the pathological implications 
of simultaneous HPV infections. Some authorities have suggested that 
“each genotype of HPV acts as an independent infection, with differing 
carcinogenic risks linked to evolutionary species.”112 However, coinfec-
tions with two or more viral types have also been associated with a 
higher risk of CIN or cervical cancer. For example, a 2006 study of a 
Brazilian cohort concluded that “infections with multiple HPV types 
seem to act synergistically in cervical carcinogenesis.”113 Other research 
has suggested that there is no increased risk with multiple types com-
pared with situations with single HPV infections.114 One recent study 
even suggested that the frequency of single infections increased with the 
severity of the cervical lesion.115

The complex interactions between HPV types in carcinogenesis 
remain an important topic of research, with potential implication for 
prevention measures such as prophylactic vaccination. For example, 
there may be lower prevalence of HPV-16 integration in the presence 
of HPV-18 coinfection, possibly indicating lower oncogenicity.116 Such 
intratypic modulation in tissues with multiple infections may partially 
account for the difference between vaccine effi cacy under experimen-
tal conditions and more recent effectiveness data related to real-world 
reductions in high-grade cervical lesions.117

Geographical Variation

The HPV-type distribution associated with cervical cancer varies geo-
graphically. The disease-related patterns of infection appear to parallel 
the differences in HPV prevalence in the general female population (see 
Chapter 2).118 IARC and other agencies have analyzed the many studies 
that establish the distribution of HPV types in cytologically abnormal 
cervixes. Substantial meta-analyses were published in 2003 and 2005, 
in each case covering a decade worth of reports.119–121 A 2007 update by 
Smith et al. of data gathered from different parts of the world yielded a 
further summary of oncogenic types most frequently observed in cervical 
cancer patients (Figure 4.5).122

The various meta-analyses confi rm that HPV-16/18 dominate the 
inventory of viral types detected in cervical cancer in all parts of the 
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world. One notable regional difference is the lower proportion of 
HPV-18-related cases in the developing world as compared with North 
America, and the higher prevalence of cervical cancer cases featuring 
HPV-52 and 58 in Asia and South/Central America. This type profi le 
for cancer in such regions may impact the effectiveness of any vaccine 
targeting only two oncogenic types, that is, HPV-16/18. On the other 
hand, the absolute numbers of cervical cancer cases in developing coun-
tries is much higher; thus, a vaccine against HPV-16/18, whatever the 
variation in its impact in different regions of the world, will arguably 
prevent a large number of cervical cancers wherever it is deployed.

Meta-analyses suffer from a standard set of limitations, including 
variable detection methods and different sample sizes (e.g., the number 
of patients from sub-Saharan Africa available to Smith et al. was less 
than 25% of the combined sample used to generate European informa-
tion). As a counterpoint, the comparison of recent data from four repre-
sentative countries provided in Table 4.6 was designed to refl ect similar 
sample sizes.

The information in Table 4.6 confi rms previously discussed points 
about the preferential involvement of HPV-16 in higher grade lesions, 
and about geographical variation of disease specifi c types. Certain HPV 
types appear to have a proportionately higher impact on carcinogenesis 
outside of the West. This is especially true of the family of viral types 
related to HPV-16, known collectively as genus α, species 9 (or α9). For 
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HPV Types Categorized 
by Species

Italy (2006) N = 231 Taiwan (2006) N = 552 Costa Rica (2006) N = 682 Senegal (2003) N = 172

LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%)

n = 101 n = 130 n = 241 n = 311 n = 391 n = 291 n = 86 n = 86

α9
HPV 16 37 52 8 32 7 32 8 23
HPV 31 3 4 1 2 5 9 1 6
HPV 33 2 5 2 12 1 1 2 8
HPV 35 0 1 2 1 1 1 3 1
HPV 52 1 0 18 19 4 2 3 8
HPV 58 1 2 7 20 6 8 9 13

α7
HPV 18 0 6 5 2 2 2 5 5
HPV 39 0 0 6 1 5 1 0 1
HPV 45 1 0 2 1 0 0 0 0
HPV 59 – – 4 2 1 1 2 0
HPV 68 1 0 3 0 1 1 0 1
HPV 70 0 1 0 0 8 0 – –

(Continued)

Table 4.6. Geographic Variation in Oncogenic HPV Genotypes, by Cytological Grade



HPV Types Categorized 
by Species

Italy (2006) N = 231 Taiwan (2006) N = 552 Costa Rica (2006) N = 682 Senegal (2003) N = 172

LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%)

n = 101 n = 130 n = 241 n = 311 n = 391 n = 291 n = 86 n = 86
α5

HPV 51 1 0 10 3 5 4 1 3
HPV 82 0 1 – – 0 0 0 2

α6
HPV 53 2 2 11 2 5 5 3 2
HPV 56 0 1 2 0 6 0 1 1
HPV 66 2 0 7 0 3 0 1 2

% of n cases 50 74 89 97 60 68 42 78

Sources: Italy: Tornsello et al., Journal of Medical Virology, 2006. Taiwan: Chen et al., International Journal of Gynecological Cancer, 2006. Costa Rica: Kovacic et al., 
Cancer Research, 2006. Senegal: Xi et al., International Journal of Cancer, 2003.

Table 4.6. (Continued)
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example, the high prevalence of HPV-52 and 58 stands out in cervical 
cancers among the Chinese population in Taiwan, a phenomenon also 
identifi ed in several other studies.123–128 The importance of these two 
types has also recently been noted in Singapore and Hong Kong.129

Given the national and regional variations in HPV distribution 
related to cervical disease, there may be concerns related to immigra-
tion and potential health care costs. For instance, certain West African 
immigrants in south Italy have been shown to have very high HPV prev-
alence, with the most common types being those other than HPV-16 
and 18. In other words, apart from the effect of any cross-protection, 
the viral types involved may not be prevented by the vaccines currently 
on the market.130 A recent Canadian study further underlined this con-
cern; HPV-31 was found to contribute more signifi cantly to cervical 
cancer in the province of Saskatchewan than type 18, the signifi cance of 
which “will depend on the level of cross protection offered by the new 
vaccines.”131 In sum, many authorities have suggested that the knowl-
edge of unique HPV genotype distribution patterns in CIN or cervical 
cancer should inform effectiveness and cost-effectiveness analyses and 
national guidelines for both screening and vaccine deployment.132,133 
When there is substantial involvement of nonvaccine HPV types in 
cancer development within a particular population, it can raise doubts 
about the degree of protection afforded by vaccination.134

Whatever the fi nal conclusion concerning HPV-type distribution in 
cervical lesions in a particular jurisdiction, it is important to also incor-
porate the effect of HPV-type variation in the general female population 
(as described in Chapter 2). As an IARC-led study group acknowledged 
in 2003, the “heterogeneity in HPV-type distribution among women 
from different populations should be taken into account when develop-
ing screening tests for the virus and predicting the effect of vaccines on 
the incidence of infection.”135

Subtypes and Variants

Complexity is multiplied when HPV types are further divided into sub-
types or variants based on diversity in one or more viral genes.136 Several 
reports have been recently published on the variations within HPV-16/18 
and other types from the same HPV species.137–142 Some researchers are 
attempting to map the fascinating story of human migrations over the 
last four centuries by tracking the mutation and geographic spread of 
specifi c HPV genotypes. As part of this work, investigators have identi-
fi ed European, Asian, American-Asian, and African forms of HPV-16.

Most pertinent to the prevention theme is the implication of HPV-
type variation on vaccine effi cacy. Questions have been raised, but few 
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conclusions advanced, about this topic for over a decade.143 Even the 
most recent studies continue in a speculative vein, suggesting that fur-
ther research will be required to fully elucidate the impact of genetic 
variation within HPV types on both prophylactic and therapeutic 
strategies.144–151 Only two informative reports were found in the review 
for this book; both were related to genetic variations in the L1 capsid 
gene of HPV-16, and both were reassuring. The suggestion from a 2006 
study was that there was little impact from a known variant on the anti-
genicity of the virus-like particle (VLP) that is the foundation of current 
prophylactic vaccines.152 An earlier paper went further, concluding that, 
from vaccination perspective, HPV-16 variants belong to one serotype; 
this creates the potential for VLP-generated antibodies that “confer a 
similar degree of protection against all known branches of HPV 16.”153

Also potentially relevant to prevention, researchers have investigated 
variations in viral genomes that may account for higher cervical cancer 
rates in specifi c populations.154 For example, the prevalence of highly 
carcinogenic variants of HPV-16 and related types may explain the ele-
vated cervical cancer burden in Mexico.155 The research examining the 
relative carcinogenicity of HPV-16 variants has yielded mixed results. 
One older study showed that non-European viral types are more persis-
tent in the human body.156

Clinical Utility of HPV Genotyping

Implications of the data concerning type-specifi c disease development 
extend beyond vaccine effectiveness to the potential utility of HPV DNA 
testing.157 While comprehensive screening applications are still being 
evaluated, there is already compelling evidence for the cost-effectiveness 
of HPV testing following equivocal Pap smears or detection and treat-
ment for CIN.158–162

Consideration of future HPV testing programs raises three impor-
tant areas of practical discussion. First, a “double negative” result, that 
is, a normal Pap smear combined with no detected HPV, may allow for 
“the safe extension of the interval between cervical screenings.”163

More pertinent to genotyping, the detection of high-risk HPV as a 
result of primary screening using HPV DNA testing could be used to 
guide more intensive follow-up.164

Finally, the detection of specifi c genotypes, in turn allowing predic-
tions concerning progression to cancer or prognosis after cancer, could 
further clarify management approaches.165 For instance, infection with 
HPV-31 has been associated with better survival, and HPV-18 with 
worse survival, in cervical cancer patients,166,167 although this fi nding has 
been questioned in a more recent study.168 On the other hand, there is 
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little doubt about the connection between HPV-18 and the development 
of adenocarcinoma; thus, testing for this particular viral type, followed 
by targeted management, could reduce the incidence of cervical adeno-
carcinoma worldwide.169

A more complete coverage of the topics of HPV vaccination and test-
ing will be offered in subsequent chapters.

AGE, OTHER RISK CORRELATES, AND TARGETED PREVENTION

Cervical cancer is extremely rare in women under the age of 20; for 
example, there were no cases diagnosed in this age group in the United 
States between 1998 and 2002.170 This phenomenon is presumably 
attributable to the timing of high-risk HPV acquisition and the typical 
latency period involved with cancer development. Similar mechanisms 
are at work in creating a peak in cervical cancer incidence around age 40. 
Interestingly, a second peak in the number of cases is observed among 
older women in some populations, including the United Kingdom.171 
The bimodal pattern may refl ect the distribution of HPV infection in 
the population ; this in turn may be related to endogenous host fac-
tors or increasingly liberal sexual activity in older adults. It was noted 
in Chapter 2 that some countries demonstrate a second peak in HPV 
prevalence in women over age 55. Indeed, relatively high acquisition 
and persistence of HPV infection in postmenopausal women have been 
reported in various studies,172,173 as well as a tendency to progress toward 
single-type infections and select for an integrated viral clone that can 
aggressively move toward malignancy.174 Compounding the impact of 
current high-risk infection, older women, especially after menopause, 
sometimes participate less frequently in cervical cancer screening and, 
even when they do, the test proves to be less sensitive.175

A general correlation between sexual activity and cervical cancer 
incidence would be expected given the involvement of a sexually trans-
mitted infection (STI) such as HPV. Important factors in this regard 
include the number of sexual partners (lifetime and recent), young age 
at fi rst sexual intercourse, and risky sexual behavior in a woman’s male 
partners.176–178 A recent pooled analysis of studies covering more than 
11,000 women confi rmed that certain factors related to risky sexual 
behavior are associated with HPV positivity.179

Sexual debut is particularly critical; research has shown that the 
earlier HPV infection occurs in young women, the higher the risk of 
developing cervical malignancies.180 This phenomenon persists even 
when the latency period is controlled for, indicating that there is some 
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independent effect of sexual activity at a young age; this may involve 
the continuous metaplastic changes that happen at the junction between 
the endocervix and ectocervix, a process that is more active at puberty 
(and in pregnancy), thus producing increased susceptibility to HPV 
infection.181–183

Past or current STIs with a microbe other than HPV provide another 
obvious correlation with cervical cancer occurrence. Consistent with the 
earlier suggestions about sexual behavior in seniors, there are indica-
tions that the rate of STIs in older cohorts has been increasing.184

The associations under consideration in this section raise the prom-
ise of identifying high-risk cohorts, such as commercial sex workers, 
and targeting prevention activities accordingly.185 Unfortunately, effec-
tive strategies related to lifestyle interventions (including sexual health 
promotion and counseling) that might reduce the risk of cervical cancer 
development have been slow to emerge and be disseminated.186,187

On a related (and controversial) front, a recent U.S. study did not 
demonstrate increased oncogenic HPV infection in women of low socio-
economic status, once the researchers had controlled for age, number 
of sexual partners, and smoking history.188 The implication is that pov-
erty does not offer a consistent marker of HPV prevalence and related 
disease risk. This topic continues to be studied in other jurisdictions, 
sometimes with different results.189

Incidence and mortality need to be distinguished when assessing 
cervical cancer burden and its correlation with risk factors, including 
socioeconomic status. Thus, income-related disparities in cervical can-
cer mortality rates have been observed in Canada, though these have 
declined markedly since 1971. While more equitable cervical cancer 
screening probably accounts for most of the narrowing gap, favorable 
changes in disease cofactors (see section “Disease Cofactors”) may also 
be involved; candidate infl uences in this regard include declines in parity 
and improved diets.190

DISEASE COFACTORS

While HPV has been identifi ed as a necessary cause of cervical cancer, 
the fact that a large percentage of women infected with high-risk HPV 
types do not progress to cancerous states demonstrates that the pres-
ence of the virus is not a suffi cient cause of disease.191 This conclusion is 
reinforced on an epidemiologic level; while varying cervical cancer rates 
sometimes can be traced to varying HPV prevalence192; the relation-
ship does not seem to hold for every country.193 The implication is that 
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other risk factors, possibly causal ones, are at work in such situations. 
In fact, several cofactors have been posited to interact with the natural 
history of HPV infection and related carcinogenesis.194–196 Some of the 
suggestions continue to be controversial, including smoking and oral 
contraceptive use.197

The mechanisms related to increased susceptibility may be classifi ed 
as follows:

Creation of the conditions for persistent HPV infection1. 
Reactivation of a latent infection2. 
Enhancement of the carcinogenic potency of HPV molecular 3. 
products
Promotion of malignancy in the target tissue in some other way4. 

The most robust form of the fi rst three mechanisms would be the 
existence of another necessary cause of cervical cancer, that is, a full 
and formal instance of cocarcinogenesis. Such a factor has not yet been 
identifi ed in cervical cancer. On the other hand, the most substantial 
expression of the fourth category would be a factor that could cause 
cervical cancer independently of HPV infection. Again, no such factor 
has been identifi ed. Smoking offers an example of limitations affect-
ing candidate risk factors. While apparently increasing the risk of cer-
vical cancer (see below), use of tobacco products is neither required 
for carcinogenesis nor able to cause cervical tumors apart from HPV 
infection.

Unless otherwise noted, the brief overview that follows will focus on 
factors involved with squamous cell carcinoma in particular. One excep-
tion will involve pointing out where the etiologic impact of a risk factor 
varies with respect to adenocarcinoma and adenosquamous carcinoma. 
In fact, the main forms of cervical cancer share most risk factors, with 
the exception of smoking.198,199

Genetic Factors

Endogenous factors, notably the genetic susceptibility of the host, have 
been an area of intense research interest. It is part of the ongoing quest to 
explain why only a subset of women infected with HPV develop cervical 
cancer.200,201 In particular, polymorphisms of the p53 gene in the host 
have been investigated, although with somewhat divergent results.202,203 

Various genes have also been studied with reference to possible gene–
gene interactions.204 The fact that some of the host genetic variation 
may have a link to ethnic or geographic differences only adds to the 
complexity.205,206
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Refl ecting the important role of immunologic responses in control-
ling HPV infection, research has also focused on differences in the 
major histocompatability complex. This is a region of the host genome 
responsible for generating immune system proteins known as human 
leukocyte antigens.207–209

The story becomes even more complicated when the subtle vari-
ants within HPV types are factored into the equation. For example, 
polymorphisms of the p53 gene in the host seem to interact most 
intensely with certain variants of HPV-16 in the modulation of disease 
progression.210,211 Likewise, polymorphisms of the human leukocyte 
antigen have been shown to interact with HPV-16 variants and thereby 
modify cervical cancer risk.212 Even as such information continues to 
accumulate, it must be acknowledged that the relationship between 
host polymorphisms and HPV variants remains “poorly understood.”213 
Nonetheless, the promise is held out of one day routinely screening for 
genetic predisposing factors that may help to predict the persistence of 
HPV infection and the probability of tumor development.214

Smoking

Of all the non-HPV candidates introduced into multifactorial explana-
tions of cervical cancer, smoking stands out. Over two decades of epide-
miologic studies, including several multicenter projects, have established 
that smoking increases the risk of cervical cancer.215–217 Sometimes such 
results have been interpreted as an artifact of the association between 
smoking and risky sexual activity. As recently as 2008, Syrjanen reported 
that elevated cervical cancer rates among smokers could be attributed to 
increased HPV acquisition that is ultimately traceable to sexual behav-
ior patterns.218 It should be noted that this author and colleagues have 
posited similar mechanisms for the connection between drug addiction 
and cervical cancer.219 However, several studies on smoking and cervi-
cal cancer have specifi cally controlled for such confounding effects.220 
A recent reanalysis of results involving 13,541 cervical squamous carci-
noma cases confi rmed that there was a signifi cant and substantial relative 
risk (1.95, 95% C.I. 1.43–2.65) of cervical cancer incidence in current 
smokers compared with never smokers; control data included age, age at 
fi rst intercourse, duration of oral contraceptive use, number of full-term 
pregnancies, and lifetime number of sexual partners.221 Interestingly, an 
association with smoking was not found for adenocarcinoma in this and 
other studies,222 reinforcing the suggestion of direct mechanisms rather 
than an artifact of risky sexual behavior.

Recent studies have confi rmed a true synergistic effect between 
smoking and infection, which may be particularly strong for HPV-16. 
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The potential etiologic mechanisms related to tobacco smoke are still 
under investigation. The suggested interactions include localized immu-
nosuppression, a direct infl uence on malignant transformation of HPV-
infected cells, and the creation of genotoxic DNA adducts in the cervical 
epithelium.223,224 The immune effects of smoking related to HPV have 
been shown to apply mostly to women under 30 years of age, suggesting 
that preventing smoking initiation and promoting cessation in younger 
women may be particularly important.225 In regard to genotoxicity, it 
is known that certain smoking-related carcinogens do accumulate in 
cervical tissues.226 Indeed, researchers have suggested that some cancers 
arise specifi cally due to an interaction between oncogenic viruses and 
tar exposure in the cervix. Smoking is not the only culprit in such cases. 
In addition to tobacco use, tar exposure can result from application of 
certain vaginal douches and using fossil-fuel burning stoves in poorly 
ventilated dwellings.227

This area continues to be an intensive focus of study. As with many 
other cancers, researchers are interested in genetic polymorphisms 
that may increase cervical cancer susceptibility in the presence of 
smoking.228–230 Another growing area of research involves second-hand 
or environmental smoke. Several recent studies have demonstrated 
a link between CIN and passive or involuntary exposure to cigarette 
smoke.231–233 Furthermore, an association between passive smoking and 
certain genetic polymorphisms in the causation of cervical cancer has 
been reported by a research team in India.234,235

Oral Contraceptives and Parity

Sex hormones have received a great deal of attention as potential cofac-
tors in cervical carcinogenesis. Suggested mechanisms of action include 
the induction of metaplasia in the cervical transformation zone, direct 
interaction with HPV gene expression, and modulation of the local 
immune microenvironment.236,237 The classic infl uences on sex hor-
mone levels have not always been implicated in cervical cancer risk. For 
example, it seems that age at menarche is not an independent risk factor 
for high-risk HPV infections or cervical lesions.238 On the other hand, 
there have long been suggestions that extended hormonal contraceptive 
use, a high number of pregnancies, and an early age at fi rst pregnancy 
increase the risk of cervical cancer development. Many studies on these 
relationships have been published, allowing for a meta-analysis across 
large datasets.

Oral contraception continues to be a controversial topic. The current 
conclusion, based on research from 14 regions in the world, is that long-
term use of oral contraceptives is not associated with HPV prevalence, 
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although it might be implicated in the “transition from HPV infection 
to neoplastic lesions.”239 While this result is consistent with earlier sys-
tematic reviews,240,241 the latest studies have generated further questions 
about oral contraceptive use, HPV infection, and related disease.242,243 
Recent research has landed on either side of the debate concerning dis-
ease progression. For example, a 2005 study in the United States found 
no association between oral contraceptive use and CIN3 incidence.244 
In contrast, research published in 2007 implicated longer term use in 
cervical cancer risk.245 Similar to active and passive smoking, attention 
has been focused on genetic polymorphisms that may increase cervical 
cancer susceptibility with oral contraception.246,247

The potential mechanisms of a causal connection between oral 
contraceptive use and cervical neoplasia are still being investigated. 
Explanations involving a particular hormonal profi le and the accelera-
tion of carcinogenesis are similar to those sometimes advanced in the 
context of parity. A recent hypothesis suggested that oral contraceptives 
might affect the structure of the mucous barrier in the female reproduc-
tive tract, accounting for differential responses to HPV infection.248

The fi ndings from research on reproductive history have perhaps 
been more consistent. A 2006 reanalysis of studies covering a total of 
16,563 cases of cervical cancer and 33,542 controls showed an increased 
risk of cervical carcinoma in women with seven or more full-term deliv-
eries (compared with one or two). A similar result was found when the 
fi rst birth occurred at age less than 17 years, compared with 25 years or 
more. Such conclusions have been traditionally challenged in the face of 
the notorious “diffi culty of disentangling the effect of reproductive vari-
ables from sexual behavior and HPV infection.”249 However, research 
where these confounding variables have been controlled has confi rmed 
the associations between pregnancy and cervical cancer.250 It is discon-
certing from a public health standpoint that the biological forces at work 
in breast cancer may move in the opposite direction; thus, multiparous 
women or those giving birth at a young age appear to have a reduced 
risk of breast cancer.251

Again, the increased risk related to a woman’s reproductive history 
seems to focus on cancer development per se rather than high-risk HPV 
positivity.252 In other words, an explanation for elevated risk due to 
early or many pregnancies cannot necessarily be attributed to increased 
susceptibility to HPV infection but rather to factors that come into play 
after infection has occurred. Adding complexity to the discussion, past 
IARC research across multiple study centers suggested that increased 
risk of disease pertains to squamous cell cancers, not adenocarcinoma 
or adenosquamous carcinoma.253 A recent pooled analysis of eight 
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papers arrived at a contrary conclusion.254 At the other extreme, one 
2005 study questioned whether number of pregnancies or age of fi rst 
pregnancy are actually associated with an increased risk of CIN3 at all, 
demonstrating again that this area of research remains very fl uid.255

Coinfection

Coinfections with two or more types of agents is a complex topic in epi-
demiology, and one that has a particular relevance to understanding the 
infectious mechanism of cancer. Several forms of infection beyond HPV 
have been implicated in cervical cancer development. While modest 
attention has been paid to human T-cell lymphotropic virus type 1 and 
other agents that are endemic to specifi c regions,256 the dominant focus 
has been on more universal STIs, such as herpes simplex virus (HSV), 
Chlamydia trachomatis, and human immunodefi ciency virus (HIV). A 
recent comprehensive review identifi ed three other viruses that may also 
infl uence cervical cancer development: cytomegalovirus, Epstein-Barr 
virus, and adeno-associated virus.257

Before HPV was established as the key pathogen involved with 
cervical cancer, HSV was actively examined as a causative agent.258,259 
Although some recent research supports the notion of HSV type 1 or 
2 infection acting in concert with HPV to increase the risk of cervical 
malignancy,260,261 the balance of evidence raises doubts about such an 
association.262–266

There also has been extensive research with respect to C. trachomatis 
and cervical cancer. A pooled analysis of studies up to 2004 suggested 
that there was an association between C. trachomatis and squamous cell 
carcinoma, but not adenocarcinoma or adenosquamous carcinoma.267 
Increased risk of cancer in women infected with Chlamydia may be 
mediated by chronic infl ammation.268 This is consistent with established 
and investigational models emphasizing the carcinogenic role of infl am-
mation in tissue microenvironments affected by infection.269–271 Despite 
the plausibility of the underlying biological mechanism, it is important 
to note that recent studies have been more equivocal about a causal con-
nection between C. trachomatis and cervical cancer.272–275 An intriguing 
result from one study suggested that multiple HPV infections may oper-
ate antagonistically in the presence of C. trachomatis, actually reducing 
the incidence of cervical cancer.276

The topic of HIV and HPV coinfection is a large and complex 
one in its own right. While the mechanisms are certainly not fully 
understood,277 the prevailing understanding is that HIV is not a direct 
causal factor in cervical cancer but that it does interact somehow with 
HPV infection to increase the risk of dysplasia.278,279 For example, in a 
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recent South African study, women infected with both HIV and high-
risk HPV had a 40-fold higher risk of developing intraepithelial lesions 
compared with women infected with neither virus.280

Having accounted for the confounding impact of exposure to com-
mon lifestyle factors such as smoking and unsafe sexual activity, the 
remaining potential mechanisms related to HIV fall into two catego-
ries. The fi rst and most obvious involves immunodefi ciency, the sig-
nature effect of HIV that allows other infections to take hold and/or 
carcinogenic processes to continue uncontained. Of the sequelae related 
to HIV, the persistence of HPV infection in the face of HIV infection, 
while certainly observed,281 appears not to be a dominant outcome; this 
may partly explain why cervical cancer rates have not reached more epi-
demic proportions in HIV-positive women. Incident HPV rates, however, 
do appear to be elevated with HIV coinfection, some of which “may 
refl ect HPV reactivation.”282 Other phenomena related to immunodefi -
ciency remain unexplained. For instance, HPV-16 has been found to be 
underrepresented in HIV-positive women, whereas higher levels of other 
HPV types, single and multiple, are detected.283 Whatever the impact 
on infection per se, the main immunity impact of HIV seems to be the 
suppression of tumor surveillance and control. In short, HIV infection 
facilitates a hospitable environment for both the initiation and progres-
sion of certain forms of cancer, leading in particular to so-called AIDS-
defi ning malignancies.

The second category of possible disease-increasing interactions is 
driven by an even more complex epidemiologic relationship between 
HIV, HPV, and cancer. The circumstantial evidence for the existence of 
an alternate type of impact is the fact that acquired immunodefi ciency 
caused by HIV has a cancer risk profi le that differs from other immu-
nosuppressed conditions (such as created by transplantation).284 Various 
models have been put forward to explain a higher risk for cancer that 
is not related to a compromised immune system per se. The proposals 
include direct effects of HIV on different stages of tumor development, 
and direct effects of HIV on other carcinogenic viruses.285 Evidence for 
such pathways is beginning to emerge in the context of HPV, including 
the cytokine-mediated impact of HIV-infected cells circulating below the 
basement membrane of the epithelium, and the modulation of HPV gene 
expression via the HIV-encoded Tat protein.286

A fi nal intriguing aspect of coinfection is offered by the adeno-
associated virus (AAV), which in fact is negatively associated with cer-
vical cancer.287 The protective effect seems to be mediated by complex, 
bidirectional interactions between AAV and HPV.288
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Micronutrients, Diet, and Obesity

The effect of plasma micronutrients on cervical cancer has been an 
intensive area of investigation.289 Perhaps not surprisingly, the evi-
dence to date has been mixed. A key focus has been the impact on HPV 
clearance. In one 2007 study from Hawaii, cis-lycopene, β-carotene, 
and several other micronutrients were associated with a “signifi cant 
decrease in the clearance time of type-specifi c HPV infection, particu-
larly during the early stages of infection.”290 The Ludwig-McGill study, 
which is following a Brazilian cohort, also found results suggestive of 
potential prevention, but for a more modest range of micronutrients.291 
Sometimes the data for a particular vitamin, such as B12, may diverge 
when the target outcome is shifted from persistent HPV infection to 
cervical dysplasia.292,293 Folate supplementation, on the other hand, has 
been associated with reductions in the development of CIN.294

Data related to nutrient intake and energy balance is much sparser. 
One recent study suggested that total fruit and vegetable intake may 
protect against cervical cancer; this was consistent with the evidence of 
a preventive effect for various plant-based micronutrients.295 The few 
studies related to obesity may point to an impact on cervical adeno-
carcinoma incidence.296 The evidence for an unfavorable infl uence on 
cervical cancer mortality is stronger; while a mediated effect by way of 
risky sexual behavior seems to have been ruled out,297 there is a defi nite 
possibility that higher mortality is related mostly to poor screening rates 
among obese women.298,299

Public Health Implications

While the vital role of HPV in cervical carcinogenesis will inevitably 
dominate both research agendas and preventive interventions, the evi-
dence for a multifactorial etiology for most if not all cases of cervical 
cancer continues to generate other options to potentially reduce the risk 
of tumor development. Based on a review of the literature, the strongest 
candidates for such efforts are smoking cessation (or avoiding tobacco 
use in the fi rst place) and preventing or treating other STIs. Targeted 
screening and management programs for HIV-positive women would 
appear to be particularly relevant. The challenge that remains for even 
such well-established categories is the large number of at-risk women 
that would need to be the target of prevention programs and the rela-
tively modest reduction in cervical cancer risk that is achievable.

The evidence base for other potential intervention categories is equiv-
ocal. For instance, initiatives to curtail the use of hormonal contraception 
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“depend largely on the extent to which the observed associations remain 
long after use [is ended], and this cannot be evaluated properly from 
published data.”300 Other intriguing associations remain investigational, 
including the apparent increase in HPV infection and detected cervical 
dysplasia in summer months in the northern hemisphere, with differ-
ent indirect effects of light on HPV infection and cancer development 
being suggested as an explanation; an argument has been advanced that 
screening and follow-up should occur mostly in seasons other than sum-
mer in order to minimize false-positive PAP smear rates.301
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5
HUMAN PAPILLOMAVIRUS: 

ASSOCIATIONS WITH 
NONCERVICAL CANCER

Papillomaviruses have attracted increasing scientifi c attention, as they are 
quantitatively the most important group of viruses associated with benign 
and malignant neoplasia in humans.1

Although the evidence for a human papillomavirus (HPV) con-
nection to cervical cancer is the most extensive and compelling, 
there are clear indications that the virus is involved in malignan-

cies at many other sites. Indeed, the annual incidence of HPV-associated 
noncervical cancers approximates the number of cervical cancers in the 
United States, with similar numbers of noncervical cases for men and 
women.2 In contrast with cervical cancer, the incidence of anal and 
oropharyngeal cancers, some of which are traceable to HPV infection 
and for which there are no effective or widely used screening programs, 
has actually been increasing. This has focused greater attention on the 
possible utility of new HPV vaccines in reducing this burden, including 
the associated economic costs to society.3,4

As detailed in Chapter 2, HPV demonstrates a remarkable tropism 
for cutaneous and mucosal epithelia. Oncogenic HPV types appear to 
target the basal cells of squamous linings at or near the surface of the 
body; these epithelia demonstrate limited “natural” keratinization com-
bined with the potential for keratinization to increase as part of certain 
disease processes. Precise knowledge of HPV tropism allows for the 
logical characterization of an inventory of tissues and body sites with 
susceptibility to both infection and carcinoma development. The clear 
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evidence of tropism also may explain the apparent skepticism in the litera-
ture about fi nding a direct role for HPV in tumor formation beyond the 
world of squamous epithelia, for instance, in breast cancer or cancer of 
the urinary bladder.

Lesions at the predictable sites of susceptibility are typically broken 
into two major categories: anogenital cancers (which include cervical 
cancer) and head and neck cancers. In addition to these two groups, the 
known link between HPV and skin cancer will be considered; as well, 
a brief review will be offered concerning other locations and cancers 
where the HPV association is under investigation. The main agenda 
in each section is to describe the HPV involvement with the various 
cancers. An important fi nding that emerges over and over in the follow-
ing commentary is the dominance of HPV-16 in malignant phenotypes, 
“regardless of the organ of origin.”5

ANOGENITAL CANCERS

The best known category of HPV-related malignancy after cervical 
cancer comprises the other susceptible sites in the anogenital region, 
including the vulva and vagina. These cancers are generally much rarer 
than cervical cancer. As suggested above, however, there are indications 
in some populations that the burden may be expanding. For example, 
a 2008 report indicated that the incidence of anal cancer in women 
and of vulvar cancer had increased in the province of Quebec; survival 
rates for penile cancer and male anal cancer have also shown a recent 
decline.6

The relevant noncervical gynecological cancers will be the fi rst focus 
of this section, followed by penile cancer; the latter will offer a good 
opportunity to revisit the topic of HPV infection in males. Finally, can-
cer of the anus, a malignancy of increasing concern, will be considered. 
A key fact emerging from the following overview is that there is sub-
stantial overlap between the role of HPV in the cervix and its impact 
in other anogenital sites. Indeed, the close relationship between these 
malignancies has been traced to the molecular level, specifi cally to the 
genetic perturbations involved with carcinogenesis.7

Cancer of the Vulva

Vulvar8 and vaginal cancers are rare, together accounting for only 7% 
of cancers of the female genital tract in the United States9 Consequently, 
the research attention paid to these diseases has been quite limited, espe-
cially compared with the fl ood of literature on cervical cancer.10 This 
situation may change, as there are indications of increased incidence in 
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the United States for in situ vulvar carcinoma and, to a lesser extent, for 
invasive cancer.11 Similar trends have recently been reported for vulvar 
cancer in Germany.12

HPV has been implicated in a variety of lesions in the vulva, includ-
ing genital warts, vulvar intraepithelial neoplasia (VIN), and malignan-
cies.13 About 75–90% of vulvar cancers are squamous cell carcinomas, 
with the balance including melanoma, adenocarcinoma, and other rarer 
forms.14–16 In recent years, researchers have discovered that vulvar car-
cinomas and related VIN represent two distinct disease pathways.17,18 
One form involves differentiated, keratinizing squamous cell tumors, 
likely developing from VIN that are sometimes related to other epi-
thelial disorders (e.g., lichen sclerosus).19 Such tumors usually occur in 
patients of advanced age, and are characterized by poor prognosis.20,21 
Signifi cantly, HPV is rarely detected in these lesions.

In contrast, the other type of vulvar cancer (and associated VIN) does 
appear to involve HPV infection. These lesions, sometimes referred to as 
the “classic type,” tend to be nonkeratinizing carcinomas, characterized 
as basaloid or warty.22,23 Biomarkers, especially p16 expression, are being 
investigated to help distinguish the two types of vulvar cancer at an early 
stage so that so that the appropriate therapies can be applied.24–29

As already suggested, age is associated with the HPV status of vulvar 
cancer; patients with HPV-positive cancers tend to be younger.30,31 This 
pattern was confi rmed in a 1999 study of about 300 women with VIN 
or stage I vulvar carcinoma; 61.5% of the younger women (under age 
45 years) demonstrated an HPV infection, compared with only 17.5% 
of the older subset.32

There are variable estimates of the breakdown between HPV-related 
and other forms of vulvar cancer. Older clinical studies detected HPV 
DNA in 20–80% of tumors (with a median fi gure of around 40%).33 
Variation is also evident in more recent data. Thus, the fi gure reported 
by Ngan et al. (1999) was 48%, by Menczer et al. (2000) 64% (for 
HPV-16 and -18 only), by Koyamatsu et al. (2003) only 13%, and by 
Huang et al. (2005) 75%.34–37 At least two factors may be infl uencing 
the wide range of results: small sample sizes and changes in the detec-
tion technology applied in each study.

A fi nal example from research published in 2006 demonstrated HPV 
positivity in vulvar cancer of about 60%. A summary of the study results 
is provided in Table 5.1, demonstrating the different data according to 
lesion progression, including average patient age at diagnosis.38 Note 
that, at 92%, HPV-positivity was substantially higher in VIN than in 
vulvar cancer. This suggests that the propensity to progress to cancer is 
actually lower in cases involving HPV infection compared with women 
with HPV-negative vulvar lesions.
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High-risk HPV is the viral category most often found in vulvar 
cancer or high-grade precursor lesions. In other words, the pattern for 
vulvar neoplasia matches that seen in cervical tumors. For example, a 
recent study of 30 VIN patients found that 80% demonstrated high-risk 
viral types, with HPV-16 clearly in the lead.39 Other research among 
VIN patients has found even higher prevalence rates for HPV-16—up 
to 90%.40,41 A 2006 study drew a clear distinction between low-grade 
and high-grade lesions, with low-risk HPV being more prevalent in the 
former and HPV-16 dominating in the latter.42

Turning to cancer proper, the 1999 study by Ngan et al. (noted ear-
lier) suggested that HPV-16 and -18 accounted for 96% of the cases 
involving viral infection. This result is comparable to an earlier study 
that focused on one viral type, ultimately detecting HPV-16 in 83% of 
the total vulvar cancer patients infected with the virus.43 Overall, these 
data suggest that the fi rst proposed HPV vaccination programs (which 
in fact target HPV-16 and -18) could have a substantial impact on vul-
var cancer.44 While promise is also held out for therapies that target 
infection,45 it is the prevention potential that truly excites health care 
planners. Indeed, one study has suggested that a prophylactic vaccine 
could prevent about half of the vulvar cancers that occur in younger 
women.46 The fi nal impact may depend on the true distribution of viral 
types in HPV-related cancer.47 A recent systematic review suggested that 
HPV-33 rather than -18 is the second most frequent cause (after HPV-16) 
of virally related vulvar cancer.48

HPV is important not only in the origin, prevention, and early treat-
ment of certain vulvar cancers but also in long-term follow-up. Patients 
who are HPV positive are more likely to experience recurrent VIN, a fac-
tor that should be considered when establishing a surveillance plan.49

It should be acknowledged that “the presence and role of vari-
ous oncogenic types of HPV in vulvar intraepithelial neoplasia and 

Table 5.1. HPV Infections in Women with Vulvar Intraepithelial Neoplasia 
and Carcinoma

 VIN 2/3 Vulvar Carcinoma

Subjects 168 48
Samples 183 48
Mean age at diagnosis 47 years 55 years
HPV-positive samples 169 (92.3%) 29 (60.4%)
 Mean age at diagnosis 46 years 51 years
HPV-negative samples 14 (7.6%) 19 (39.6%)
 Mean age at diagnosis 55 years 61 years

Source: Hampl et al., Obstetrics and Gynecology, 2006.
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in the promotion and development of vulvar carcinoma is still under 
discussion.”50 The growing evidence base admittedly is drawn from 
quite variable data that may in part refl ect ongoing challenges in clas-
sifying different types of vulvar lesions.51 The International Society for 
the Study of Vulvar Disease has formulated new terminology that may 
help to distinguish forms of cancer related to HPV, but the proposals are 
still being evaluated.52,53

The research obstacles notwithstanding, the involvement of HPV 
in the etiology of vulvar malignancy is now quite well established. The 
known etiologic pattern both differs from and parallels cervical cancer. 
Since HPV is only implicated in 40–60% of vulvar cancers, the virus 
cannot be construed as a necessary carcinogen.54 It is not a suffi cient 
agent either. Thus, it is clear that, like cervical cancer, vulvar tumors 
have a multifactorial origin. The implicated correlates and cofactors 
are now also familiar, including multiple sexual partners, early sexual 
debut, and smoking.55–57 There are defi nitely other factors involved; 
a notable proportion of older women with vulvar cancer are neither 
infected with HPV nor are they smokers.58

Local spread of gynecological cancers complicates the epidemio-
logical picture; such extensions must be distinguished from truly new 
cancers. There is a high risk of current cervical cancer spreading to 
the vulvar area. Cervical tumors tend to spread locally before metas-
tasizing; this phenomenon probably has even more relevance for the 
development of vaginal cancer (see section “Cancer of the Vagina”).59,60 
An intriguing pathway potentially explaining local advancement of can-
cer involves HPV-infected, transformed cells in one site disseminating 
throughout the genital mucosa.61,62 Multiple locations of cancer, even 
in adjacent sites, are not always considered to be a local extension. In 
fact, when tumors in different sites occur more than 2 months apart, 
the new occurrence is usually defi ned as a second primary cancer (SPC). 
Different mechanism may be at work to generate an SPC related to HPV, 
from the simple reality of an underlying infection in multiple sites to 
shared exposure to risk factors that promote reinfection. For example, a 
primary cancer in the vulva following cervical cancer may be explicable 
in terms of ongoing exposure to a number of social or lifestyle factors 
that are known to increase persistent HPV infection.63,64

Whatever the fi nal explanation for multiple cancers in the female 
lower genital tract, it is important to recognize that a history of cervi-
cal intraepithelial neoplasia (CIN) or cervical cancer elevates the risk 
of second primary vulvar cancers.65 Having a history of VIN operates 
in a similar way; lesions in the vulva demonstrate an association with 
recurrent and/or multifocal HPV infection elsewhere in the female lower 
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genital tract, which can lead to SPC.66 The topic of second primary 
malignancies related to HPV will be revisited in a later section.

Coinfection with other microbes appears to elevate the risk of vul-
var cancer. In particular, there is limited evidence that HIV increases 
the risk of persistent HPV infection and, as a result, vulvar disease 
progression.67,68 The recent increase in high-grade VIN and vulvar 
cancer among young women is still not well understood; it has been 
attributed to rising HPV infection rates, as well as to the impact of 
HIV coinfection.69–71 Finally, recent research has found no correlation 
between herpes simplex virus type 2 (HSV-2) or Chlamydia trachoma-
tis and HPV infection in the vulva.72 Interestingly, some earlier studies 
did support the idea of HSV-2 as an independent risk factor for vulvar 
cancer development.73

Other common risk factors for carcinomas may not increase the 
occurrence of the subset of vulvar lesions related to HPV. In fact, there 
is evidence that exposure to solar radiation, in particular ultraviolet-B 
(UVB), protects against vulvar cancers. The mechanism of effect must be 
systemic, as the vulva is not typically exposed directly to sunlight; the 
most likely candidate is vitamin D production.74 Although not likely to 
be related to HPV infection, there is evidence of a different pattern of 
melanoma occurrence in the vulva, one that is also traceable to levels 
of solar exposure; purported mechanisms include the protective effect 
of some form of sun-induced melanoma-inhibitory factor and melanin 
interference with carcinogenesis.75 Discussion has arisen on whether 
the increase in sunbathing and nude artifi cial tanning will infl uence the 
incidence of vulvar melanomas.76 Again, HPV is not thought to be con-
nected to the occurrence of melanoma, and so is not implicated in this 
changing picture.

Cancer of the Vagina

Partly because of the rarity of vaginal lesions (both absolute and relative 
to other sites in the female lower genital tract),77 the evidence of HPV 
association has been only gradually emerging. A study in 1997 found 
an 83% HPV positivity rate across 71 cases of vaginal intraepithelial 
neoplasia (VaIN). Over 20 types of HPV were detected.78 A more recent 
and larger study showed similar results for malignancies, with 82% 
positivity for in situ cancers and 64% for invasive cancers. Although 
a variety of HPV types were again detected, HPV-16 was dominant, 
showing up in over half the cases.79 This result may be compared with 
a report published in 2003 that detected HPV-16 or 18 DNA in 44% 
of a small series of vaginal tumors.80 Finally, a 2006 study found HPV 
in 76% of VaIN 1 and 94% of VaIN 3 cases, with 15 different types 
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ultimately detected.81 A spectrum of HPV types has also been found 
in vaginal specimens from women without lesions; the affi nity of HPV 
for vaginal and cervical epithelium appears to be similar, though non-
oncogenic viral types may be found more frequently in vaginal samples 
from a general population.82

The other risk factors connected to HPV-related lesions are similar to 
those seen in the vulva and the cervix. A population-based study found 
that lifetime number of sexual partners, early age at fi rst intercourse, and 
smoking were all associated with an increased risk of in situ and invasive 
vaginal cancer.83 The role of smoking in high-grade VaIN was recently 
confi rmed in a U.S. study.84 Beyond personal lifestyle factors, there is 
also some evidence for an effect of host genetic susceptibility, and pos-
sibly chemical carcinogens, especially in early life.85 The best known 
example of the latter is prenatal exposure to the medication diethylstibe-
strol, or DES, which was once used as a treatment during pregnancy.86,87 
It is unlikely that this (now discontinued) iatrogenic source of a very 
rare vaginal cancer has any connection to HPV infection. Finally, HIV 
infection appears to increase the incidence of vaginal lesions, though the 
specifi c relationship to HPV coinfection has not been clarifi ed.88

The general conclusion is that vaginal neoplasia, as with other geni-
tal tract tumors, shares many risk factors and cytological markers with 
lesions of the cervix.89,90 In particular, a common susceptibility to HPV 
infection may help to explain the elevated risk for vaginal cancer in 
women previously treated for CIN or for cancer of the cervix.91,92 This 
phenomenon alone should motivate intensifi ed detection of HPV infec-
tion and surveillance for new primary lesions in survivors of cervical 
cancer.93 High-risk HPV has also been associated with vaginal cancer 
recurrence, again underlining the potential value of HPV DNA tests in 
focusing a surveillance program.94

As HPV-16 and -18 seem to be the dominant types found in VaIN 
and vaginal carcinomas,95,96 currently available prophylactic vaccines 
will likely decrease vaginal cancers, though the rarity of these tumors 
means the impact on total cancer incidence will be small. Important 
reductions may be seen in the subset of cases comprising second primary 
vaginal cancers following other anogenital tumors. In fact, emerging evi-
dence suggests that high-grade tumors in the female lower genital tract, 
including those in the vagina, are mostly “monoclonal lesions from a 
transformed cell population derived from the uterine cervix,” which in 
turn may be traced to high-risk HPV infection.97 This and other aspects 
of vaginal neoplasia continue to be investigated, including the evidence 
for variations in the natural history of disease depending on the specifi c 
subsite of HPV-related VaIN.98
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Cancer of the Penis

Penile cancer is an “aggressive and mutilating disease that deeply affects 
the patient’s self-esteem.”99 The malignancy is much more common in 
emerging economies such as Brazil and India compared with the devel-
oped world. While there is variability across ethnic groups, the incidence 
of penile cancer in the United States is generally very low, and perhaps 
even on the decline.100–102 This may explain why the impact of HPV 
in males has not been as intensively investigated by researchers as the 
involvement of the virus with female genital cancer.103 Nonetheless, in the 
studies that have been conducted, researchers consistently detect HPV 
DNA in lesions of the male genitals.104,105 Although the evidence is accu-
mulating in this way, an etiological connection between HPV and penile 
cancer is not yet fully established.106–108 Indeed, alternate causal factors 
continue to be proposed that are independent of HPV infection.109

Earlier reports suggested that HPV DNA is present in 75–100% of 
penile intraepithelial neoplasia (PIN).110,111 This result, which has been 
confi rmed in recent studies, would be more compelling were it not for 
the fact that PIN does not seem to be a precursor for all penile cancer, 
but only for a subset of carcinomas characterized as basaloid or warty.112 
Consistent with this observation is the fact that, among all forms of 
penile cancer, these tumors typically demonstrate the highest prevalence 
for HPV infection (47–80% for basaloid and 75–100% for warty).113,114 
By contrast, while HPV has in fact been detected in the most common 
type of penile cancer (i.e., keratinizing or verrucous carcinoma), it is 
consistently found in much lower proportions than seen either in PIN or 
in the other two forms of penile cancer just noted.115

The variation in HPV association with different types of penile 
lesions suggests the existence of more than one causal pathway. This 
is similar to the situation for vulvar cancer described earlier, as is the 
fact that cases of penile cancer related to HPV tend to occur in younger 
patients and to demonstrate better prognosis.116–118 Proposals have 
been offered to explain the better survival in HPV-positive penile can-
cers; these include the “lower degree of gross genetic alterations” in 
such cancers (a phenomenon also seen in head and neck carcinomas), 
as well as increased immune surveillance prompted by the presence of 
infection.119

Taking penile cancers together (i.e., regardless of etiologic path-
way) and excluding PIN, the HPV prevalence in carcinomas has 
been reported as anywhere from 15% to 82%.120–127 The variation 
may refl ect the sensitivity of detection methods, different defi nitions 
of penile cancer, or geographical diversity in the prevalence of HPV 
infection.128,129 Despite the research challenges, a consistent picture has 
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begun to emerge. According to various older reviews, HPV prevalence 
in penile cancer falls between 40% and 50%.130–132 This aligns well 
with the weighted average of 44% for HPV positivity across penile 
cancer patient series from 1993 to 2001, all of which were studied 
using the same detection method (i.e., polymerase chain reaction).133 
Finally, a 2008 systematic review of 30 studies yielded an unadjusted 
overall HPV rate of 47.9%, which is likely the best assessment of the 
matter at the current time.134

As with other anogenital cancers, a variety of HPV types have been 
detected in penile lesions.135 However, HPV-16 once again dominates 
the spectrum in both premalignant and malignant lesions, a fi nding 
that is consistent across the spectrum of patient ages and histological 
categories.136,137 HPV-18 is usually a distant second in terms of preva-
lence (but see the exception discussed below). The precise distribution 
has varied considerably, as seen in the summary of larger patient series 
in Table 5.2. The percentages in the table were derived by using the 
total number of cancer cases as the denominator. If the analysis were 
restricted to HPV-positive cases, then the percentage of type 16 would 
range higher, between 52% and 95%. The results shown by Senba et 
al. in Thailand (where incidence of penile cancer is much higher than in 
North America) indicate that type 18 was the most prevalent, followed 
by HPV-6. This population also showed the incidence of high-risk HPV 
increasing signifi cantly with age. This unusual pattern further underlines 
the need to carefully consider geographical variation when shaping pub-
lic health policy in reference to HPV infection.138

Summarizing the epidemiological evidence to date, a conservative 
estimate would be that HPV infection is involved with just under 50% 
of penile cancer cases, with well over half of HPV-positive cases dem-
onstrating the presence of viral type 16 specifi cally. This certainly posi-
tions the malignancy as another appropriate target for emerging HPV 
vaccine technologies.

It should be noted that multiple HPV types are commonly found in 
penile tumors. For instance, in the study by Rubin and others noted in 
Table 5.2, only 30% of the cases presented with a single HPV type.139 
Surprisingly, the mixed infections sometimes involved low-risk types 6 
and 11, usually associated with benign genital warts.140 Highly specifi c 
cancer associations have been reported in the literature. For example, 
coinfection with HPV-8 has been strongly linked to erythroplasia of 
Queyrat (or Bowen disease of the glans penis), a form of squamous cell 
carcinoma that almost exclusively affects uncircumcised males.141 There 
is also emerging evidence of an association between low-risk HPV types, 
such as 6 and 11, and penile cancer in South America.142
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Table 5.2. Prevalence of HPV Types in Penile Cancer

Study
Cancer 
Cases

HPV-16 
(%)

HPV-18 
(%)

HPV-16 
and -18 
(%)

Other High-
Risk Types 
and/or HPV-6 
and 11 (%)

McCance et al. 
(1986)

53 51   International 
Journal of Cancer

Iwasawa et al. (1993)
123 57 2   Journal of Urology

Cupp et al. (1995)
42 40 5  12Journal of Urology

Levi et al. (1998)
50 32 6  24International 

Journal of Cancer

Bezerra et al. (2001)
82 16 5 1 9Cancer

Carter et al. (2001)
33 70 3  21Cancer Research

Rubin et al. (2001)
142 25 1  11American Journal of 

Pathology

Daling et al. (2005)
94 69   8International 

Journal of Cancer

Senba et al. (2006)
65  55  43 (HPV-6)Journal of Medical 

Virology

Lont et al. (2006)
171 22 2 >1 5International 

Journal of Cancer

Pascual et al. (2007)
49 65 8   Histology and 

Histopathology

Scheiner et al. (2008)
45 27 2  International Braz 

J Urol

Tornesello et al. 
(2008) 41

 
44

   

International 
Journal of Cancer
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Finally, there appear to be variants of HPV-16 that show a higher 
risk of progression to penile cancer, which parallels the pattern seen in 
cervical cancer etiology.143,144

Other risk factors for penile cancer include number of sexual part-
ners, penile trauma, phimosis (i.e., an unretractable foreskin), poor 
penile hygiene, and smoking.145–149 There is an increased risk of penile 
squamous carcinoma in men with a history of anogenital warts, which 
seems plausible.150 Some posited risk factors remain equivocal, includ-
ing race, herpes simplex virus infection, a family history of penile can-
cer, and cervical cancer in sexual partners.151,152 Coinfections of other 
microbes and HPV, as well as UV radiation (used in the treatment of 
psoriasis), may play a role in carcinogenesis.153,154 Surveillance to allow 
early detection of lesions has been recommended by some authors in 
the case of HIV infection,155 even though it seems that only a handful 
of penile carcinoma cases have been observed in HIV-positive males.156 
While PIN is frequent in HIV-positive men with anal dysplasia, penile 
carcinoma may only be modestly elevated in such patients.157

Circumcision. Lack of neonatal circumcision is consistently revealed to 
be the strongest risk factor for cancer of the penis, though the practice 
and its implications have a long history of controversy.158–164 Although 
penile cancer does occur infrequently among circumcised males, a 
review by Moses et al. concluded that neonatal circumcision reduced 
the risk by at least 10-fold.165 Squamous cell carcinomas of the penis are 
particularly rare among males circumcised as neonates, though recent 
instances have been reported.166,167 Despite (rare) counterexamples and 
an understandable reluctance to support an invasive (and painful) pro-
cedure in neonates, the most recent studies continue to indicate a pro-
tective effect for circumcision against all categories of HPV infection, at 
all subsites on the penis.168–171

It is fair to say that, regardless of the evidence, many authorities are 
reluctant to classify or promote circumcision as a preventive measure, 
especially later in life. In fact, there are questions about whether adult 
circumcision is protective.172 But the reluctance to advocate circumci-
sion cuts across all client ages. Instead, prevention planners have been 
focusing on less invasive strategies related to sexual health and hygiene, 
with their obvious benefi ts in terms of avoiding sexually transmitted 
infections (STIs) such as HPV. In keeping with this conservative bent, 
there are contemporary movements to limit prepuce (foreskin) removal 
to cases of phimosis, that is, an abnormal constriction or tightness pre-
venting its retraction over the glans.173,174 As noted above, phimosis is 
in fact another risk factor for penile cancer development, which has 
focused attention on the idea “that factors within the inner preputial 
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environment promote carcinogenesis.”175 Intense debate will no doubt 
continue concerning the rationale for circumcision, in part fuelled by the 
contrary evidence from countries such as Denmark. The Danes, though 
they demonstrate a very low circumcision rate (of about 1.6%), also 
enjoy a declining incidence of penile cancer.176 Furthermore, a recent 
study has raised questions about the value of circumcision in protect-
ing against HIV, HPV, and other STIs in men who have sex with men 
(MSM).177

Potentially fruitful insight on this complicated topic may found by 
studying the impact of circumcision on histological mechanisms that 
have a connection with HPV. The starting point is to recognize that the 
penile cancer that does occur in circumcised males tends to be the type 
not associated with HPV. In fact, such tumors often emerge in conjunc-
tion with the mild form of dysplasia known as lichen sclerosus, which 
matches the pattern seen with vulvar cancers that are also unrelated to 
HPV infection.178–180 This fact raises the following question: Is it pos-
sible that the preventive effect of circumcision in penile cancer is mostly 
tied to HPV-driven disease, which might be expected to show a tropism 
for mucosal sites such as the prepuce and glans penis? If this were true, 
then the preventive mechanism of circumcision might simply relate to 
removal of HPV-susceptible tissue, specifi cally the inner layer of the 
prepuce, which is histologically continuous with the mucosal epithelium 
of the glans penis.181,182

Nothing is straightforward when the topic is circumcision. The 
very localization of HPV infection on the penis is a matter of some 
controversy.183,184 Studies in 2006 and 2007 concluded that the penile 
shaft was the subsite most likely to be HPV positive.185,186 But other 
recent research has suggested that there are few instances where HPV is 
found on the penile shaft alone, that is, apart from concurrent infection 
on the glans/coronal sulcus.187 Likewise, while there is a known associa-
tion between HPV and urethral lesions,188 there have been no examples 
of infection detected at this subsite but not on the glans.189

In sum, the glans, combined with the foreskin mucosa, appears to 
be a key zone for primary HPV infection; these tissues also refl ect a 
high degree of HPV-related disease susceptibility. This is not surprising, 
given that the inner surface of the foreskin is “lined by variably kerati-
nized squamous epithelium similar to frictional mucosa of the mouth, 
vagina, and esophagus.”190 As such, it is plausible that simply reducing 
the availability of such tissue could limit penile cancers, whatever the 
indirect effects due to lower infection rates may be. Not coincidentally, 
one practical by-product of circumcision involves the harvesting of fore-
skin keratinocytes, which have offered the best in vitro system for the 
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“production and amplifi cation of the large quantities of infectious HPV 
that are required for reinfection and passage studies.”191

Also of relevance to HPV infection and disease are any protective 
changes in the surface tissues of the penis after circumcision. As with all 
aspects of this topic, the concept of such changes is surrounded by con-
troversy. Some authorities maintain that the epithelium of the glans and 
distal shaft of the penis is not keratinized in uncircumcised males but 
becomes keratinized (and thus less susceptible to HPV infection) after 
circumcision, while others offer contrary evidence.192,193 Circumstantial 
evidence supporting the idea of histological changes may be found in 
the fact that circumcision does not alter the risk of HPV infection in 
the urethral mucosa; however, this is exactly as one might expect, since 
foreskin removal does not generate additional physical exposure and 
subsequent keratinization in the urethral opening.194

Despite the preceding analysis, the main conclusion probably should 
be that more research is required. As if to confi rm this situation, two 
recent reviews of the same body of literature drew diametrically oppo-
site conclusions, one questioning and one supporting the premise that 
circumcision reduces the risk for genital HPV infection in men.195,196

Finally, it is important to note that the protective effect of circumci-
sion on HIV infection has also been traced in part to histological fea-
tures in the foreskin.197–200 Not surprisingly, the role of circumcision in 
HIV prevention has engendered similar lively debate, combined with 
intensive ongoing investigation.201,202 If the preventive effects with 
regards to HIV and other STIs are ultimately confi rmed, then there 
could be additional positive implications for penile cancer in light of the 
synergies between coinfections and HPV that were noted above.

HPV Infection in Males

This is an opportune point to review the topic of HPV infection in 
males. The prevalence of the virus in asymptomatic men has not been as 
intensively studied; females have been the main focus of HPV research-
ers, presumably due to higher rates of associated disease.203 Indeed, 
most of the studies taking males into account have been concerned with 
HPV transmission to women from men with genital infections.204,205 
Although the evidence is not uniform,206 several recent studies have sug-
gested that HPV infection and penile lesions are frequent in the male 
sexual partners of women with CIN and VIN.207–210 There is evidence 
that male partners may constitute a reservoir for high-risk HPV, possibly 
localized in fl at penile lesions that are sometimes diffi cult to detect.211 
One 2002 study generated much comment (and even some controversy) 
when it concluded that circumcision in men, even those with a history 
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of multiple sexual partners, led to a reduced risk of cervical cancer in 
current female partners.212 The fact fi rst described in Chapter 2 should 
be repeated here, namely, that there is little evidence for oral sex leading 
to oral HPV infection in men or women.

Research on HPV infection in general male populations has mainly 
focused on the anogenital region, and especially on the penis. Two sys-
tematic reviews of HPV infection in asymptomatic males were completed 
in 2006. There has been very little publishing relevant to the topic since 
that time. In seven of the relatively recent reports, the rate of detection of 
any HPV type varied from 33% to 70%. Although two studies reported 
only a single-digit detection rate, the general consensus remains that 
“HPV infection is highly prevalent in sexually active men.”213 This has 
been confi rmed in the few very recent studies not covered in the 2006 
reviews; this research, which has covered several different parts of the 
world, yielded HPV prevalence data of 50–65%.214–216 One recent study 
focusing on anal HPV infection suggested that rates might be lower in 
this site, at least in a cohort restricted to men who had not had sex with 
men (see section “Cancer of the Anus”).217

HPV-16 seems to be the most common type detected. One study 
looked at viral loads for HPV-16; there was a correlation in data from 
proximal sites (e.g., perianal and anal, scrotum, and penile shaft), sug-
gesting a role for autoinoculation.218 There is some evidence that rarer 
or undetermined HPV types, as well as multiple types, may be found 
more often in men than in women. Detection of more than one HPV 
type has also been associated with the important etiologic variable of 
viral persistence.219,220

The factors that increase the risk of HPV infection in males gener-
ally appear to parallel the experience in females. The categories include 
number of sexual partners, history of STIs, and smoking. However, it 
should be noted that the data related to increasing risk of infection are 
highly variable; the infl uence of each posited risk factor has been ques-
tioned by recent studies.221 The research varies in quality, with only 
a subset of studies controlling for confounding by using multivariate 
analysis.222 An intriguing recent result from Jamaica demonstrated that 
a decrease in poverty was correlated with a decrease in penile (and vul-
var) cancer; since the type of screening program used for cervical cancer 
does not exist for these cancers, the decline in cases suggests an actual 
improvement in underlying causes, such as HPV rates.223

One of the most consistent risk factors for HPV acquisition in men 
appears to be HIV coinfection. There is a high prevalence of HPV in HIV-
positive men; this is especially true of high-risk HPV in the anal region of 
MSM.224–227 Generally, HIV appears to be more strongly associated with 
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viral persistence or reactivation of latent infection rather than acquisi-
tion of new HPV infections.228 MSM who are HIV-negative also dem-
onstrate high prevalence of anal HPV infection across all age groups.229 
This fact likely accounts for the high frequency of anal intraepithelial 
neoplasia (AIN) among the HIV-negative cohort.230 The topic of anal 
lesions will be considered more fully in section “Cancer of the Anus.”

It is clear that further investigation of HPV infection in males is 
required, preferably based on comprehensive sampling across all ano-
genital sites and sensitive detection of a wide range of HPV types.231,232 
The topic of HPV detection in men will be touched on again in Chapter 
6. There seems to be a growing understanding of the importance of this 
subset of the HPV topic. Expanding the information on male infections 
may ultimately have implications for “modeling the potential impact of 
a prophylactic HPV vaccine.”233 Certainly, the calls to consider HPV 
vaccination in males have only intensifi ed as the campaign to vaccinate 
females has been launched in different jurisdictions.234,235

Cancer of the Anus

Anal cancer occurs at a higher rate than found in vulvar, vaginal, or 
penile tumors. This is especially true in certain well-defi ned subpopula-
tions. Whereas vulvar, vaginal, and penile cancers must be classifi ed as 
rare malignancies, and even anal cancer is relatively uncommon in a 
general population,236 the incidence of anal cancer among high-risk male 
groups approaches the rate of cervical cancer in the developing world 
and eclipses the current rate in developed countries.237,238 Furthermore, 
anal cancer incidence continues to rise in some developed countries, 
especially among men. For example, between 1973 and 2004, the rate of 
anal cancer increased in the United States from 0.5 to 1.3 per 100,000.239 
This trend was initially paralleled by the growing impact of HIV infec-
tion and related acquired immunodefi ciency.240–242 Most alarmingly, the 
pattern has not been reversed by the introduction of medical treatments 
for HIV. In fact, antiretroviral therapies may be worsening the situa-
tion, as the survival of HIV-positive patients now makes subsequent 
anal cancers a potential problem.243–246 Such data highlight the urgency 
of learning as much as possible about cancers of the anus, especially 
insights about prevention; it also explains the fact that the volume of 
publishing on the topic of anal HPV infection is second only to that seen 
for HPV and the cervix.247

Particularly salient to the prevention theme is the conclusion that anal 
malignancies are etiologically more related to cancers of the genital region 
than to those of the digestive tract.248 Consequently, theories about the 
cause of anal cancer have steadily shifted away from chronic irritation 
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(due to hemorrhoids, infl ammatory bowel disease, etc.) toward a carci-
nogenic, sexually transmitted agent, namely, HPV.249,250

The true prevalence of anal HPV infection in the general population 
is not well characterized, but it seems to range between 5% and 15% 
in women; data for men have been heterogeneous, sometimes appear-
ing to be less than the rate for women, but with one study generat-
ing a fi gure close to 25%.251,252 Research has shown that the rate of 
HPV infection can range much higher in HIV-positive women, as well 
as in those who are HIV-negative but engage in high-risk lifestyles.253 
As introduced in section “HPV Infection in Males,” the same pattern 
holds for HIV-positive men and MSM, where the prevalence of HPV 
can exceed 50%.254

Research on the detection rate of HPV in anal cancers has also been 
modest. The data varied widely in older studies (from 0 to 85%).255 
As seen in Table 5.3, more recent research has consistently pegged the 
rate at 80–90%. In turn, the HPV-16 proportion of cases positive for 
HPV runs between 73% and 93%, which translates into 50–60% of all 
cancer cases. This strong involvement of HPV-16 has been confi rmed in 
molecular analyses of gene expression.256

In sum, the very high proportion of neoplasia with detectable virus 
suggests that infection with high-risk HPV is likely to be a necessary 
cause of anal cancer.257 In short, there appears to be epidemiological 

Table 5.3. Prevalence of HPV Types in Anal Cancer

Study
Cancer 
Cases

HPV 
Positive 
(%)

HPV-16 HPV-18
Other 
Types

Percent of Positive Cases

Holm et al. (1994) 99 81 93   
Modern Pathology   
Frisch et al. (1997)

388 88 73 6 11New England Journal of 
Medicine

Daling et al. (2004)
306 88 73 7

 
Cancer  
Varnai et al. (2006)

47 81 87 3 10International Journal of 
Colorectal Disease

Tachezy et al. (2007) 22 81 82   
Acta Pathologica, 

Microbiologica, et 
Immunologica Scandinavica

   



HPV: Associations with Noncervical Cancer  145

parallels between cervical and anal cancer. One explanation for this is 
the presence of a transitional area between different types of epithelium 
in both the cervix and the anus; as noted earlier, this type of tissue “is 
suggested to be more susceptible to HPV-mediated transformation.”258 
The so-called transformation zone is precisely where the majority of 
AIN and anal cancers develop.259 A more generalized form of HPV tro-
pism may pertain to this phenomenon; studies have revealed a higher 
rate of HPV infection in cancers of the mucosal epithelium in the anal 
canal proper as opposed to cutaneous tumors at the anal margin (which 
may be better defi ned as skin cancers). Distinguishing these two areas 
of the anal region becomes an important part of accurately gauging the 
true role of HPV in anal cancer.260

Another similarity with the cervix is the fact that anal HPV infec-
tion commonly clears, or remains latent with no disease development. 
There is also the observation that AIN often regresses; this once again 
indicates that necessary is not the same as suffi cient for causation.261,262 
In short, factors beyond HPV infection are likely involved with the emer-
gence of both AIN and the progression to malignancy. The impact of 
HIV-positivity on persistent, active HPV infection of the anal region was 
already noted in the previous section. Being HIV-positive also increases 
the likelihood of having infections involving multiple HPV types and of 
developing precursor lesions, high-grade AIN, and full cancer.263–268 In 
fact, studies have shown that HIV-positive MSM develop AIN about six 
times more often than MSM who are HIV-negative. A plausible related 
fi nding is the fact that the risk of AIN is inversely correlated with CD4 
counts, which is a measure of immune competence.269 The probability 
of developing anal cancer per se has been reported as 2–14 times higher 
in HIV-positive MSM compared with those who are HIV-negative.270 
Comparisons with the general population are even more dramatic, yield-
ing a relative risk for anal cancer as high as 37 among HIV-positive 
men.271 Anal tumors also arise at an earlier age than in HIV-negative 
individuals.272 Given these sorts of data, it is not surprising that there 
have been calls to “upgrade” anal cancer from an AIDS-associated malig-
nancy to the AIDS-defi ning category. It also explains why screening for 
HPV-related anal dysplasia among HIV-positive individuals (or those at 
risk of being infected with HIV) is being increasingly investigated and 
promoted.273,274

Some research has shown that being immunocompromised by any 
cause (including transplantation regimens) may be as important in medi-
ating higher risks for infection and disease progression as any specifi c 
behaviors, including anal sex.275–280 Nonetheless, engaging in receptive 
anal intercourse continues to stand out as a strong independent risk 
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factor for progression to anal cancer, especially in men.281 The idea that 
microtraumas caused by anal intercourse contribute to both HPV infec-
tion and disease development remains a distinct possibility.282

The evidence related to specifi c sexual practices in women has 
been more mixed. For example, recent research noted a lack of asso-
ciation between anal intercourse and anal HPV infection in adolescent 
females.283 In contrast, a 2005 study of a large sample of women con-
cluded that HPV infection in the anal region was common among sex-
ually active females, and that concurrent infection of the cervix often 
involved the same viral subtype. This genotype concordance suggests 
a common transmission pathway, such as engaging in vaginal and anal 
intercourse with the same infected partner(s).284 In another recent study, 
the odds ratio of anal cancer in women practicing receptive anal inter-
course was 2.2 (95% C.I. 1.4–3.3).285 This is consistent with the results 
of earlier research that focused on anal sex in women and the prevalence 
of AIN.286

Several other risk factors may be correlates or even play a direct role 
in HPV infection and related disease in the anal region. These include 
various measures of sexual activity, history of anal warts, history or 
presence of other anogenital lesions, sexually transmitted coinfections 
(other than HIV), and smoking.287–292

Second Primary Cancers

A recent case report described two patients with HPV-related anal carci-
noma who subsequently developed oral squamous cell carcinoma.293 The 
latter represents an SPC. These are malignancies occurring in a person 
with a history of cancer, but originating in a site different than that of the 
fi rst primary. The phenomenon is of both clinical and preventive inter-
est when the risk of the second primary is greater than what one would 
expect for that type of cancer in a general population. Explanations for 
the increased risk fall into three categories: (1) a common genetic path-
way for the fi rst and second primary, (2) an iatrogenic effect of treatment 
(e.g., radiation) for the fi rst primary, and (3) a common environmen-
tal factor (such as exposure to a viral infection).294 For the purposes of 
this book, two potentially HPV-related cancers developing in the same 
person would be of interest. One implication is the potential for pri-
mary prevention efforts and/or intensive surveillance following the fi rst 
primary.295

Given the fact that data from large cohorts of patients are required 
to detect elevated SPC risk, and that cervical cancer is the fi rst primary 
with an HPV link that occurs in sizeable numbers, most of the relevant 
information has been gathered on that malignancy. As well, because 



HPV: Associations with Noncervical Cancer  147

HPV tends to be a localized rather than a systemic infection, one might 
hypothesize that the HPV-related SPCs following cervical cancer would 
also be localized. This turns out to be the case. At least six studies of SPC 
following cervical cancer have been published in the last decade. The 
results consistently showed that the sites of greatest excess cancer risk 
following cervical cancer were found in the anogenital region.296 One 
of the most recent (and largest) studies examined over 100,000 women 
with cervical cancer, analyzing rates of SPC. There was an almost fi ve 
times higher risk of a cervical cancer survivor being diagnosed with a 
cancer of the female genitals (i.e., vulva, vagina) compared with the 
general population.297 This coincides well with the elevated rates of 
vaginal lesions found in series of patients who underwent hysterectomy 
for cervical cancer.298,299 It seems highly likely that susceptibility to a 
latent or incident HPV infection is driving at least part of this phe-
nomenon, though clonal propagation of transformed cervical cells is 
another mechanism that is suspected.300 The risk of anal cancer is also 
elevated following cervical cancer, as much as six times.301,302 This result 
is consistent with the higher prevalence of anal HPV found in women 
with cervical HPV infections and lesions.303,304 While far less researched, 
there have been indications that HPV (and especially HPV-16) can drive 
the development of multiple lesions in the anogenital region of men 
as well.305

Although a history of cervical cancer has generally been associated 
with a protective effect against breast cancer, HPV DNA has actu-
ally been detected in breast cancers in cervical cancer survivors306,307; 
this opens up the controversial topic of possible HPV involvement in 
breast malignancies, which will be addressed below. As will become 
clear in the next section, the observed excess of SPCs found in head and 
neck sites following cervical cancer could be deemed a more expected 
result.308 Common HPV infection is again the proposed explanation, 
notwithstanding the ongoing uncertainties about HPV transmission 
involving the cervix and the oral cavity, oropharynx, etc. One of the 
most dramatic indications of a potential common etiology between ano-
genital and head and neck cancers emerged in a recent case report of a 
woman with synchronous cervical, vaginal, and laryngeal carcinomas, 
who was found to be seropositive for HPV-16.309 Similar to the dis-
cussion of HPV detected in breast cancer (see below), the possibility 
must be acknowledged that the virus is only a benign “passenger” in 
such cases.310,311 In other words, rather than being an etiologic agent, 
HPV in certain tissues may be a sign of reduced immune function in the 
host, with poor cancer control in turn being the true explanation for 
emergence of tumors in multiple sites.
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The preceding qualifi cation is not meant to take away from the 
growing evidence that HPV does in fact play a causative role specifi -
cally in cancers of the larynx and many other head and neck sites. The 
next section will provide an overview of HPV involvement in head and 
neck cancers.

CANCERS OF THE HEAD AND NECK

HPV has been detected in a wide variety of nongenital human cancers. 
In particular, there is a growing appreciation of the role of HPV as an 
explanation for a subset of head and neck cancers that lack the classic 
risk factors of tobacco and alcohol use.312 While smoking perhaps domi-
nates in the larynx and alcohol use in the oral cavity, even in “never 
smokers” and light drinkers there may be up to a 30-fold increased risk 
of oropharyngeal cancer in people who are seropositive for HPV-16.313 
Indeed, epidemiologic data supporting a connection between HPV and 
oropharyngeal (especially tonsillar) cancers are compelling.314–316

Despite the available evidence, a decisive conclusion remains to be 
reached about the etiologic link between HPV and such cancers.317,318

The HPV types associated with head and neck cancers are similar 
to those implicated in cervical cancer; HPV-16 dominates, with HPV-18 
a distant second.319,320 These facts immediately suggest the potential 
impact for current prophylactic HPV vaccines, which target HPV-16 
and -18. It will be important to monitor the effect that HPV vaccines 
have on the incidence rates of such cancers in coming years.321,322 Other 
viral types appear to be involved in some head and neck cancers. This 
includes HPV-6, best known for causing benign genital warts; one study 
showed that HPV-6, operating independently of HPV-16, doubled the 
risk of oropharyngeal cancer.323

Among the main categories of human malignancy, the survival 
rate for head and neck cancers is one of the worst. Mortality results 
from early signs of cellular transformation being missed, so that the 
malignancy presents in an advanced stage that is not very amenable to 
treatment. Further, the recurrence rate even for lesions with adequate 
treatment is very high. On the other hand, HPV involvement with can-
cers in head and neck sites has been linked to better prognosis.324 This 
pattern, which matches the survival profi le in some anogenital cancers 
associated with the virus, may be mostly driven by clinical experience 
in the oropharyngeal subregion.325,326 One explanation may be that the 
irritation associated with infection is prompting detection of lesions at 
an earlier stage. However, researchers have found that even patients 
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with metastases, specifi cally involving HPV-positive lymph nodes, enjoy 
better survival than those with advanced head and neck cancers not 
caused by the virus.327

The differential etiology and disease course and prognosis makes it 
very important to detect HPV directly or indirectly in head and neck 
cancer patients.328 Confi rming oncogenic viral types such as HPV-16 
offers increased possibilities for secondary prevention among at least a 
portion of head and neck cancers.329,330 There are also decisions related 
to managing a frank malignancy; the concern is to apply the appropriate 
therapeutic responses, and especially to avoid overtreatment in the case 
of less aggressive HPV-related tumors.331 The topic of HPV detection is 
discussed in Chapter 6.

A few studies have begun the task of unraveling the viral genetic 
and host immunologic profi les of head and neck cancers related to 
HPV, which may in turn guide targeted management strategies.332,333 
The emerging understanding of cellular disease processes in the pres-
ence of the virus has confi rmed that the cancers operate differently at 
the molecular level compared with HPV-negative head and neck tumors 
(see section “Aspects of Transformation”).334,335 As a result, molecular 
interventions may need to be calibrated accordingly. It is important 
to note that not all HPV-positive tumors express the products of viral 
oncogenes, suggesting that a smaller proportion of head and neck can-
cers are caused by HPV than sometimes thought.336

The primary prevention strategies begin by acknowledging that there 
are essentially two types of cancer at work in the head and neck. Risk 
for the HPV-positive category does not respond to reductions in smok-
ing or alcohol use, but has been recently associated with practices such 
as oral sex and marijuana use.337 Furthermore, human herpes virus type 
8 has been found to potentiate the cellular effects of HPV-16, increasing 
the risk of head and neck cancer.338 The importance of this viral cofactor 
may be elevated by its multiple transmission routes, including vertical, 
sexual, blood/transplant, and especially horizontal by means of saliva.339 
Other clues about prevention emerge from an understanding of HPV 
transmission that precedes head and neck cancers caused by the virus.

Aspects of Transmission

While the natural history of oral HPV infection generally appears to 
mimic that found in the anogenital region, there are differences. For 
instance, oral HPV prevalence increases with age, compared to the 
decline with age that is seen in infections of the cervix.340 As the cause 
of head and neck cancers continues to be investigated, researchers are 
being careful to ensure that viral associations “fi t coherently within our 
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current framework of knowledge of the epidemiology and biology of 
HPV infection.”341 Consequently, the known patterns of high-risk HPV 
infection and disease development have been tested against expressions 
seen in the head and neck region, and especially in oral and oropharyn-
geal cancers. One study indicated that high-risk HPV prevalence in the 
oral cavity and oropharynx is elevated in people “whose sexual prac-
tices are typically associated with sexual transmission of the virus.”342 
HPV-16 prevalence in particular has been linked to sexual history.343 As 
well, women with genital HPV infections have demonstrated a higher 
risk of HPV infection in their oral mucosa.344 As noted in Chapter 2, 
what is not clear is how genital HPV makes it to the mouth. Adding to 
the mystery, the precise HPV types in the two regions of the body are 
routinely discordant.345,346 This is consistent with the fact that research 
has not supported the otherwise plausible idea that oral-genital contact 
itself is associated with oral HPV infection.347,348

Other potential transmission routes (e.g., sharing saliva through 
kissing, normal intrafamilial contact) demonstrate little or no support in 
the literature. The plausible pathway of vertical transmission is known 
to mostly lead to transient infections.349,350 One qualifi cation of the peri-
natal route was recently posited, namely, the potential for infection to 
remain latent in a child and be reactivated later, even in adulthood.351 
Recent studies have suggested nonsexual horizontal transmission as an 
explanation for anogenital and head and neck infections in pediatric 
cases where sexual abuse is not suspected.352,353 However, oral high-risk 
HPV infection and related disease in adolescents and adults are still 
mainly attributed to sexual activity. Unfortunately, the actual transmis-
sion mechanisms remain obscure.

Autoinnoculation via hand warts has been offered as an explana-
tion of HPV-related benign lesions in the oral cavity, as well as some 
anogenital warts in children.354,355 This pathway may explain the appar-
ent spread of oncogenic HPV types in the reverse direction, from the 
anogenital region to the hands.356 It has been hypothesized that such 
transfer could conceivably lead all the way to infections of the oral cav-
ity and even deeper into the aerodigestive tract, though recent evidence 
has contradicted this theory.357 The only real conclusion on this topic for 
now seems to be that “the mechanism of transmission of HPV to the oral 
cavity warrants further investigation.”358

Aspects of Transformation

There is some evidence that one or more distinct molecular pathways 
are involved in many of the head and neck tumors that are HPV-
positive, similar to certain genital cancers that develop in different ways 
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depending on whether the virus is implicated.359–364 HPV-related tumors 
are characterized as nonkeratinizing.365,366 The distinctive keratin pro-
fi le is sometimes traceable even in the metastases of laryngeal, nasopha-
ryngeal, and oral cancers.367 The inference is that HPV DNA may be 
implicated in the entire process of head and neck cancers, from tumor 
initiation through to lymph node involvement.368,369 Smoking and alco-
hol consumption are known to increase the risk of HPV-negative head 
and neck cancers. By contrast, there is an inverse relationship between 
smoking (with or without alcohol consumption) and HPV-positive 
tumors in the head and neck.370–372

Established or investigational sites in the head and neck region of 
the body that have been linked to HPV infection will now be examined. 
Specifi c head and neck sites of interest include the oral cavity, the tonsils, 
the larynx, and the sinonasal area.373 For convenience, ocular, aural and 
esophageal cancers will be included under this category, though they are 
often classifi ed separately. Note that there is a strong overlap between 
the head and neck region and the sites sometimes known collectively as 
the aerodigestive tract, though the latter category can include structures 
below the neck per se (e.g., the bronchus and lung).374

Oral Cavity Cancers

The fact that “oral cavity” is a nonspecifi c anatomical term presents 
some challenges. Usually a distinction is made between two important 
subregions in the head and neck: oral and oropharyngeal. Distinguishing 
the various oral cancers from oropharyngeal malignancies may be clini-
cally important (see below). Subsites typically identifi ed within the 
oral cavity include the alveolus, the gingiva (gums), the tongue (usually 
specifi ed as the oral or mobile tongue), and sometimes the fl oor of the 
mouth.375 There are terminological overlaps that create confusion; for 
example, the base of the tongue is often considered alongside the tonsils 
as an intrinsic part of the oropharynx (see below).376 A further complex-
ity in the literature is the fact that oral and oropharyngeal cancers are 
sometimes confl ated as one category for statistical purposes.377–380

When the head and neck subsites are clearly distinguished, there 
appears to be a stronger association between HPV and oropharyngeal 
cancers compared with tumors in the oral cavity. The evidence in this 
regard remains mixed for certain subsites; for example, there have been 
reports of high HPV prevalence in carcinomas of the oral (or mobile) 
tongue, but also indications that HPV is more common in the cancers 
of the base of the tongue.381–385

A review of research from 1985 to 2003 found HPV positivity rang-
ing anywhere from 0 to 100% in oral squamous cell carcinoma.386 In 
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one larger study, HPV DNA was detected in 3.9% of 766 oral cavity 
cancers; by contrast, the prevalence among 142 tumors in the orophar-
ynx (including the tonsils) was 18.3%.387 Another review from 2005 
indicated that 22% of oral cancers were found to be positive for HPV.388 
Finally, several recent studies have reinforced the evidence of HPV 
involvement in a subset of oral squamous cell carcinomas.389–392 The 
specifi c detection method used in the different studies found in the liter-
ature may account for most of the variation in prevalence results.393–395 
As noted earlier, investigations of HPV involvement in the oral cavity 
have sometimes been localized to subsites such as the fl oor of the mouth 
and especially the tongue.396,397

HPV-16 and -18 appear to be the most prevalent types involved 
with oral squamous cell carcinomas, though other types (and sometimes 
multiple types) are certainly detected.398–400 Some evidence suggests that 
HPV-16 is not as common in oral cancers compared with oropharyngeal 
tumors.401–403 When HPV-16 is detected, it has actually been associated 
with improved survival compared with HPV-negative oral cancers; this 
is consistent with the pattern suggested for head and neck cancers in 
general (see above).404

It should be acknowledged that a defi nite viral connection has not yet 
been confi rmed for the oral cavity (or even, according to some authori-
ties, for the oropharynx).405–408 According to current evidence, the most 
that can be said with complete confi dence is that HPV is one of several 
risk factors in oral squamous cell carcinomas, with differing degrees of 
importance in various populations.409–412

Notwithstanding the ongoing questions about etiology, the propor-
tion of oral carcinoma cases attributable to HPV infection appears to be 
increasing in the United States413 There is a concern that disease caused 
by HPV may be on the rise in the HIV-positive population in the United 
States, specifi cally HPV-32-associated oral warts and HPV-16-associated 
carcinomas.414

At the same time that an enlarged benefi t of vaccination is being pro-
moted, the rationale for a population program to screen for oral cancer 
is under examination. One challenge involves the identifi cation of at-risk 
cohorts that might benefi t from more intensive testing. Even if potential 
triage methods could be validated, such as detecting oncogenic HPV in 
exfoliated oral epithelial cells, their value may be limited, since factors 
other than HPV are involved in malignant transformation. Even detect-
ing HPV in the anogenital regions does not automatically drive a screen-
ing program for the oral mucosa as studies have shown that mucosal 
compartments in the human body tend to operate independently of one 
another in terms of HPV infection (see Chapter 3 on transmission).415
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So far, the search for factors to allow for risk stratifi cation has not 
yielded conclusive results.416 Whether there is infl uence from tobacco, 
alcohol, or coinfection with other viruses on HPV-related oral cancer 
remains obscure.417 Notably, there appears to be little increase in the 
incidence of HPV-related oral cancer among HIV-positive individuals.418 
This means that targeting the HIV-positive or MSM cohort of a popula-
tion, which offers a cornerstone in anal cancer screening, is simply not 
a useful option in the case of oral cancer.

In sum, evidence continues to accumulate that HPV plays a role in 
oral carcinogenesis, with the precise mechanisms still to be elucidat-
ed.419 Studies remain divided on the extent of the HPV role in cancers of 
the oral cavity proper.420,421

Oropharyngeal Cancers

Most of the evidence concerning HPV involvement in head and neck 
cancers actually relates to the oropharynx, which accounts for about 
25% of all malignancies in the head and neck region.422 This means 
that most of the results noted earlier about head and neck cancers were 
actually driven by data derived from oropharyngeal malignancies. This 
applies, for instance, to the evidence that HPV involvement in an oropha-
ryngeal cancer appears to confer a better prognosis and survival rate,423 
which in turn may generate concern about overtreatment of HPV-related 
oropharyngeal carcinomas.424 Notwithstanding the favorable mortal-
ity implications, the incidence trends are still alarming. Cancers in the 
oropharynx appears to be on the increase in the United States and in 
other jurisdictions.425,426 The suggestion is that the trend is being driven 
by rising attribution of tumors related to HPV.427

As recently reinforced by a Canadian study, the localization of HPV 
carcinogenicity may be further refi ned, ultimately focusing on two subsites: 
the tonsils (see below) and the base of the tongue.428 HPV is strongly asso-
ciated with any cancers in these subsites that are not related to smoking or 
drinking. It appears that HPV-related cancer susceptibility may be increased 
by certain host polymorphisms related to tumor suppression.429,430

HPV-16 appears to be the dominant type detected in malignancies in 
the oropharynx431; this is especially true for cancer of the tonsils.432 In 
fact, the greatest potential impact for vaccination against HPV-16 out-
side the anogenital region is assumed to be with respect to the tonsils.433 
Similar to oral cancers, the drive toward vaccine solutions is comple-
mented by occasional calls for increased surveillance for HPV in the 
oropharynx, especially in nonsmokers and nondrinkers.434 Any sugges-
tion of a screening program must be moderated by the reality that the 
cancers involved are relatively rare.
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Cancer of the tonsils. As suggested above, the most compelling evidence 
concerning HPV involvement in head and neck cancer involves the 
oropharynx, and especially the tonsils.435,436 Circumstantial evidence 
for the role of HPV is derived from the fact that the risk of tonsillar 
cancer is elevated in people with anogenital carcinomas.437 In addition, 
one study has shown that husbands of women with cervical cancer had 
an increased risk of tonsillar cancer.438

Molecular evidence has also been steadily accumulating. HPV DNA 
was fi rst detected in tonsillar squamous cell carcinoma in 1989. Based on 
many patient series since that time, it is now accepted that HPV occurs 
in about half of all tonsillar cancers—one of the highest rates of associa-
tion outside of the anogenital region.439,440 This has confi rmed the tonsils 
as a “hot spot” for viral transformation.441,442 In fact, consistent with 
the thesis developed in this book, the viral initiation of carcinogenesis is 
localized specifi cally in the tonsillar crypts, precisely where one fi nds the 
stratifi ed squamous epithelium targeted by HPV infection.443,444

The role that HPV plays in tonsillar cancer appears to vary geographi-
cally. For example, the proportion of cancers attributable to the virus is 
lower in Hong Kong than in Australia.445 Generally, Asian populations seem 
to demonstrate a lower prevalence of HPV-related tonsillar cancer.446

Epidemiology and molecular analysis have been combined in order 
to understand the rising incidence of tonsillar cancer in the United States 
and other developed countries.447–449 The increase cannot be explained 
by smoking and alcohol consumption rates, as these have generally been 
declining in the affected jurisdictions. HPV infection appears to be the 
likely culprit, as the proportion of tonsillar cancers positive for the virus 
has increased; in turn, it has been suggested that this refl ects changing 
patterns of sexual activity in recent decades.450

There is a growing understanding that HPV-related cancers in the 
tonsils are a distinct clinicopathologic entity compared with HPV-
negative tumors.451–453 In fact, the latter variety of cancer is infl uenced 
mostly by smoking and alcohol consumption,454 a pattern that was fi rst 
noted within the general category of head and neck tumors, and then 
again in the subcategory of oropharyngeal cancers. The tumors in which 
HPV is found demonstrate nonkeratinizing cellular characteristics.455 
Clinically, patients with HPV-positive cancers demonstrate better sur-
vival456–461; this effect appears to be enhanced with higher viral load.462 
On the other hand, there is mixed evidence concerning the rate of recur-
rence and of SPCs following HPV-related primary tonsillar cancer.463,464 
Overall, there are indications that tonsillar malignancy involving HPV 
can be managed with more moderate interventions, making the detec-
tion of virus a priority in such patients.465
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On the prevention front, the lack of infl uence from “classic” head 
and neck cancer risk factors, that is, smoking and excessive alcohol 
drinking,466,467 has steered researchers of HPV-positive tonsillar malig-
nancy toward other risk topics. This has included the protective effect 
of certain genetic polymorphisms.468,469

HPV-16 is the viral type that appears to be detected most frequently 
in normal tonsillar tissue,470 though the profi le in tumor-free individuals 
or in cases of benign disease is still being elucidated.471,472 The picture 
with respect to cancer of the tonsils is clearer. The complete breakdown 
for HPV types analyzed in a 2004 review is found in Table 5.4 (note 
that cases with multiple HPV types are reported redundantly, resulting 
in a total percentage higher than 100).473

Recent research supports the conclusion that HPV-16 dominates in 
tonsillar carcinogenesis.474 In a 2006 study, HPV was detected in 49% 
of cases of tonsillar cancer; type 16 was found in 87% of those cases.475 
The weight of evidence allowed a 2005 review to conclude that “thera-
peutic and preventive HPV-16 antiviral immune vaccination trials may 
be worthwhile not only in cervical cancer but also in tonsillar cancer.”476 
The trend of increasing incidence of cancers of the tonsils, which is likely 
related for the most part to HPV-16 infection, only serves to underline 
the potential value of a prophylactic vaccine targeting this viral type.477

Cancer of the Larynx

With respect to infection and cancer of the larynx, a 2002 review offered 
a succinct cautious conclusion: the “role of HPV in laryngeal carcino-
genesis remains unclear.”478 Past evidence indicated that up to 20% of 
laryngeal carcinomas contain HPV; more recent studies have measured 
25–37% HPV-positivity in laryngeal carcinoma samples.479–481

A possible reason for some variability in the rate of HPV involve-
ment in laryngeal cancer is that most studies do not distinguish between 

Table 5.4. HPV Involvement in Tonsillar Cancer

HPV Type Proportion of HPV-Positive Cases

16 84%
16/18 3
6/11 3
16/33 1
31 3
33 5
Unknown 6

Source: Syrjanen, Journal of Clinical Pathology, 2004.
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the glottic and supraglottic larynx; one subsite or the other tends to 
dominate in terms of cancer risk in different parts of the world.482,483 It 
is also possible that the different study results refl ect variations in detec-
tion methods.484

In contrast with the relatively modest involvement of HPV in laryn-
geal carcinomas, it is well established that virtually 100% of laryngeal 
papillomas contain HPV-6 or 11.485,486 Interestingly, malignant transfor-
mation of these benign lesions appears to be a rare occurrence.487 Such 
developments are more common in patients with a history of smoking 
or radiation therapy. The fact that progression sometimes occur in the 
absence of these known risk factors has suggested a possible carcino-
genic role for HPV in a patient with laryngeal papillomas; however, this 
proposal continues to be debated.488,489

The carcinomas of the larynx that are (rarely) found in laryngeal 
papilloma patients generally harbor the same type of HPV DNA seen 
in benign tumors, namely, types 6 and 11.490 In some benign and malig-
nant tumors, HPV-16 and -18 and other high-risk types have also been 
detected.491,492,493 On the whole, the association between HPV-16 and 
laryngeal cancer is not as strong as found in many other types of head 
and neck cancers,494 even though in vitro studies have demonstrated the 
carcinogenic effect of HPV-16 oncoproteins in laryngeal cells.495

In sum, present research suggests that HPV is implicated in some 
cases of laryngeal carcinoma, though involving carcinogenetic mecha-
nisms that differ from those seen in anogenital tumors.496 There are 
also some parallels with anogenital disease. The larynx demonstrates 
transformation zones between squamous and columnar epithelia that 
are similar to the well-known subsite in the cervix that is susceptible 
to HPV. There is some suggestion that the susceptible zones in the lar-
ynx may be affected by smoking habits, as opposed to HPV-positive 
oral cancers, which generally seem to be independent of tobacco use.497 
Although smoking cessation may play some role in preventing a subset 
of laryngeal cancers, there has been even greater interest in the impact 
of prophylactic HPV vaccines.498

Sinonasal Cancers

Many characteristics of cancer in the sinonasal area are similar to those 
seen with HPV-related lesions at other mucosal sites.499 For example, 
high-risk HPV types exhibit tropism for the nonkeratinizing forms of 
sinonasal squamous cell carcinoma, the same pattern seen in other head 
and neck subsites, such as the tonsils.500

A synthesis of the literature up to 2001 reported that HPV was 
detected in 70 of 322 sinonasal carcinomas (i.e., 22%). Types 16 or 18 
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(or both) were present in 80% of the HPV-positive cases.501 A 2005 
study confi rmed a 20% rate of HPV (exclusively type 16) among sinona-
sal squamous cell carcinomas. By contrast, HPV DNA was not detected 
in clinically intact mucosa or in benign nasal papilloma.502 The most 
recent research continues to produce very consistent results, albeit based 
on small patient series; for example, one 2006 study reported HPV-
16/18 in 17% of invasive tumors.503 One pathway toward malignancy 
that has been intensively investigated involves the transformation of 
sinonasal inverted papilloma; HPV has been clearly implicated in this 
process.504–506

Cancer of the Esophagus

An association between HPV and esophageal cancer was fi rst proposed 
in 1982, but the evidence developed since that time has been mixed. 
Studies using a variety of detection methods have identifi ed HPV preva-
lence rates ranging from 0 to 67% in cancers of the esophagus or pre-
cursor lesions such as Barrett’s esophagus; there is also some evidence 
of geographical variation in the prevalence pattern.507–512 Rates of HPV-
positive esophageal cancer generally appear to be higher in Asian and 
southern European populations, as well as among Alaska natives.513–515 
On the other hand, a 2008 study suggested that HPV is not associated 
with esophageal carcinogenesis in Korea.516

An example of the confl icting results seen in the literature is offered 
by two studies from Germany. Research published in 2003 found no 
association between HPV and esophageal cancer, but did identify 
Epstein-Barr virus (EBV) in about one-third of samples; in contrast, 
HPV-16 and -18 were detected in esophageal tumor samples in a 2007 
study.517,518 International interest in this topic continues to be strong. 
For example, Iranian researchers recently reported HPV prevalence of 
24% in esophageal cancers.519

HPV-16 is the most frequently identifi ed viral type connected to 
esophageal cancers, similar to head and neck cancers as a whole. One 
2007 study also suggested a role for HPV-11.520 However, unlike other 
HPV-related tumors in this part of the body, the involvement of the virus 
in esophageal cancer is not associated with better survival outcomes 
compared with HPV-negative forms.521,522 Furthermore, there is evidence 
that HPV infection and tobacco or alcohol abuse may act synergistically 
to increase the risk of esophageal cancer523; such susceptibility has also 
been related to genetic polymorphisms in the host.524

In sum, though current evidence could not be characterized as con-
clusive, the available data justify further research on the involvement of 
HPV in the etiology of esophageal cancer.525
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Cancer of the Ocular Surface

HPV has been detected in a majority of benign and malignant ocular 
lesions in some patient series; the virus is also prevalent in healthy eye 
tissues.526–528 Nonetheless, the evidence for an etiological link between 
HPV and squamous cell carcinoma of the surface of the eye remains 
mixed.529–534 A recent summary noted that “the association between 
HPV and conjunctival neoplasias is variable in different geographical 
areas and also depends on the methods of detection used.”535

Indication of the dramatic differences in the literature is offered by 
two small studies of precursor lesions; one found HPV-16 or -18 in all 
cases of conjunctival intraepithelial neoplasia, whereas HPV was not 
detected in the tumors of the other patient series.536,537

The dominance of HPV-16 and -18 in squamous cell carcinogenesis 
at the ocular surface was suggested in older studies.538 Other types of 
HPV, especially those related to the disease known as epidermodysplasia 
verruciformis (EV), have also been implicated in more recent research.539 
HPV-6 and 11 are common in benign conjunctival papilloma.540

The role of HPV in the development of other rare cancers of the eye, 
including retinoblastoma, is also being investigated; most research sug-
gests that retinoblastoma is not caused by HPV, as there is no evidence 
that it infects the retina or other neural tissue.541,542

Other Head and Neck Tumors and Lung Cancer

Tracing the complex anatomy of the head and neck identifi es addi-
tional cancer sites with possible connections to HPV. These include the 
hypopharynx, nasopharynx, and even tracheal and bronchial neoplasia 
(though the latter two are often considered cancers of the upper aerodi-
gestive tract rather than of the head and neck proper).543,544

Limited evidence has been found for HPV involvement in nasopha-
ryngeal carcinomas, a type of cancer that is also known to be strongly 
associated with EBV infection.545–547 The facts and implications of this 
phenomenon are still being elucidated, including whether HPV infec-
tion acts as a cofactor alongside EBV, with smoking offering additional 
risk modifi cation.548,549 An intriguing fi nding in one study was the pre-
ponderance of HPV-31 in nasopharyngeal carcinoma.550

A 2002 review noted that HPV DNA had been detected in a cumu-
lative 2,468 cases of bronchial carcinoma reported in the literature.551 
One of the intriguing lines of investigation considers the whole extent of 
the aerodigestive tract, from the oral cavity to different lung tissues. The 
suggestion is that oncogenic HPV originating in the anogenital region 
may somehow be transferred to the mouth and then “migrate” from one 
susceptible site to the next. In fact, versions of the squamous-columnar 
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junction (i.e., transformation zone) that has been strongly connected to 
HPV-related cancer in the cervix have also been identifi ed in the phar-
ynx, larynx, and bronchi.552

The theory of viral migration notwithstanding, there has been great 
variability in HPV detection in lung tumors, with the observed rates 
ranging from 0 to 79%.553 There are indications of both gender and 
geographic variations.554,555 However, recent teams as far apart as Latin 
America and Iran have actually found very consistent results, pegging 
HPV prevalence in lung cancer around 26–28%.556,557 This is very close 
to the global total of 24.5% derived from a 2008 meta-analysis of 4,508 
cases over 53 studies.558

The conclusion of the meta-analysis, namely, that HPV is the second 
most important cause of lung cancer (after smoking), may be prema-
ture. However, there certainly is suffi cient evidence to inspire further 
research on the potential role of the virus in pulmonary tumors.559 One 
line of inquiry will involve determining the differential impact of infec-
tion in various lung tissues.560–562 Another question revolves around the 
HPV types that are implicated in lung or upper aerodigestive tract can-
cers; as might be expected, HPV-16 and -18 dominate, but other types 
have been detected in lung cancer at varying rates depending on the geo-
graphic region.563–567 Finally, potential host risk factors and viral disease 
mechanisms are being worked out at a molecular level.568 A Taiwanese 
research team is leading the investigation of the role of HPV oncopro-
teins in lung tissues.569–571

The investigations of HPV involvement in aural cancers have not 
been very extensive, with the available information mostly drawn from 
decade-old studies. Most research has been related to ear infections and 
cholesteatoma (i.e., scar tissue from infections); evidence exists of pri-
mary transformation of mucosal tissues that have undergone this sort of 
insult. There is also indication of high-risk HPV involvement in benign 
and malignant tumors of the middle ear, but research results are still very 
mixed.572–574 One unique aspect of this topic is the physical barrier of the 
tympanum (i.e., ear drum) protecting any mucosal tissue of the ear from 
ready exposure to infection. An interesting possibility is that HPV infec-
tion and disease may access the middle ear from the pharynx by way of 
the eustachian tube, thus creating connection with the broader discussion 
of head and neck cancers.575,576 This situation parallels the modest evi-
dence for HPV involvement in lacrimal sac epithelial lesions that may, in 
rare cases, spread via the nasolacrimal duct to the nasal cavity itself.577,578

The accumulating data related to these and other investigational 
sites may play a part, albeit a modest one, in the developing HPV vacci-
nation story. If a substantial role for HPV were confi rmed in a prevalent 
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malignancy such as lung cancer, then the prevention implications would 
multiply dramatically. In this regard, the evidence for HPV involvement 
in other cancers will be briefl y reviewed, including the remainder of the 
“big four” category that generates the greatest public health impact; 
besides lung cancer, this category comprises malignancies of the pros-
tate, colorectum, and female breast. Then, in the fi nal section of the 
chapter, the state of the science will be reviewed concerning HPV and 
the most common malignancy in humans, skin cancer.

CANCER AT OTHER SITES

Given the extensive range of sites in which HPV has been detected, it is 
reasonable to wonder if there are any tissues, and especially epithelial 
ones, where the virus has not been implicated in cancer development. 
Indeed, the arena of HPV-associated cancer seems to only be getting 
larger, increasing the potential effi cacy of any vaccination program. The 
list of investigational interests includes gender-specifi c sites such as the 
ovary and the prostate gland. While there has been evidence offered 
for HPV (especially type 16) involvement in ovarian carcinomas,579–581 
the preponderance of recent research has pointed to explanations other 
than primary infection/disease for any weak HPV DNA signal.582–585 
Results for endometrial tissues, though limited, have been more com-
pelling, with evidence of HPV involvement being particularly strong for 
adenosquamous carcinomas.586,587 On the male side, results for prostate 
cancer have also been consistent, though in the opposite direction; there 
has been essentially no research evidence supporting a role for HPV in 
tumors at this site.588–590 This conclusion was recently confi rmed in a 
brief review of the latest research.591

As noted earlier, a key approach to understanding HPV and disease 
development involves tracing the physical access of the virus to suscep-
tible tissues. For this reason, much of the focus has been on body sites 
that are adjacent to the surface, or that otherwise communicate with 
the outside world relatively easily. This is also why microabrasions and 
other forms of trauma are sometimes regarded as plausible mechanisms 
in HPV exposure and infection.592 Access to susceptible tissues is the 
theme that links these ideas together. In this way, a perspective may 
be offered on HPV involvement in malignancies such as renal carci-
noma and colorectal cancer. The balance of evidence suggests no HPV 
involvement in cancers of the kidney, but a potential role in the case 
of the colorectum.593–595 The kidney is simply less accessible physically, 
whereas the colorectal area offers both a direct route to the surface of 
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the body and the type of epithelial tissue that may be more susceptible 
to HPV infection and carcinogenesis.

Such considerations also may inform the understanding of the role 
of HPV in cancers of the urinary bladder and the female breast. As 
is often the case, the evidence is controversial. Routine involvement of 
HPV in the (unique) transitional epithelium of the (relatively inacces-
sible) urinary bladder does not seem likely. In fact, the available evi-
dence in this regard has proven to be insuffi cient and/or confl icting, 
notwithstanding the suggested interaction with another infection-based 
risk factor for bladder cancer, namely, schistosomiasis.596–600 In sum, the 
evidence is inadequate to confi rm or contradict ideas about the role of 
HPV infection, but both the location of the bladder and its tissue type 
points toward a negative conclusion.

A number of studies have supported the involvement of HPV in at 
least the progression of breast carcinoma,601,602 though the most recent 
analyses have been more equivocal.603–605 Research in this area is plagued 
by a familiar problem: the detection of virus in a tissue is not proof 
of etiology.606 If primary carcinomas are found to be caused by HPV, 
then the following mechanisms may be important: (1) viral transmission 
from the anogenital region to the mamillae and ductal tissue by hand 
(i.e., autoinoculation)607,608 or possibly by the bloodstream609,610; and (2) 
mammary epithelial cells that “partly lose control in proliferation” and 
thus are more susceptible to persistent HPV infection.611 Recently, the 
involvement of HPV in breast cancer has been explored in terms of plau-
sible molecular mechanisms, including viral oncoproteins, host genetic 
polymorphisms, and estrogen function.612–614 Intriguingly, the basal-like 
and similar aggressive breast carcinomas that have recently been char-
acterized demonstrate a microscopic histology and a molecular pheno-
type that resembles HPV-related carcinomas.615

Whatever the eventual fate of these hypothesized linkages, there is 
no doubt that clarifi cation of the role of HPV in female breast tumors 
could have a substantial bearing on both the primary and second-
ary prevention of cancer. As such, it is not surprising that investiga-
tions of HPV involvement in breast cancer continue at a high pace, 
with the evidence trending away from a likely role for the virus in 
carcinogenesis.616–619

SKIN CANCER

Cutaneous malignancies have also received substantial attention among 
researchers of HPV, though it is not the only infectious agent investigated 
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in connection with skin cancer.620 Viral skin infections are especially 
found in immunosuppressed individuals, including organ transplant 
patients.621,622 For example, all eight of the known human herpes viruses 
have been studied in the context of transplantation.623 Human herpes 
virus 8, the causative agent in Kaposi sarcoma, is notable because of 
its connection to the immunodefi ciency condition associated with HIV. 
As well, human T-cell lymphotropic virus type 1 has also been known 
to cause skin eruptions that share some features with cutaneous T-cell 
lymphoma.624 Recently, a melanoma-associated retrovirus has been 
identifi ed in mice and humans.625 These examples notwithstanding, it 
is fair to say that most of the research on infections and skin cancer has 
focused on HPV.

As the fi nal part of the long account of HPV-related carcinogen-
esis, the key information on skin cancers will be reviewed, focusing on 
the epidermis that lies outside of the anogenital region. The latter dis-
tinction is important, as consideration of the anogenital epithelia on or 
near the surface of the body clearly overlaps with the topic of the skin. 
An example of this overlap is the recent report of HPV involvement 
with VIN that in turn demonstrated a connection with the skin disease 
known as lichen sclerosus.626

Research Complexity

There are two immediate challenges encountered when investigating 
skin cancer and infections:

Dealing with the wide range of lesions (both benign and malig-• 
nant) found on skin surfaces—though the ultimate interest is 
squamous cell carcinomas
Distinguishing the viruses and other agents that may be accidentally • 
present in or near a lesion from those that are a causative factor

The fi rst category of complexity is generated by both histological and 
terminological confusion. Thus, in addition to the diffi culty involved 
with placing a skin lesion accurately within the multistep sequence of 
neoplastic progression, the many labels for skin lesions have been incon-
sistently applied.627 This is true of a term such as actinic keratosis (also 
known as solar keratosis), which is sometimes defi ned so that it essen-
tially overlaps with Bowen’s disease. Clinical classifi cation of keratoses 
depends almost on a philosophical decision: either a keratosis is a late 
stage of cancer precursor that has not yet spread to the dermis, and 
therefore (by analogy with cervical lesions) a type of keratinocytic intra-
epithelial neoplasia or it is an early form of cancer (usually referred to 
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as squamous cell carcinoma in situ). If any distinction is made between 
actinic keratoses and Bowen’s disease, it is usually along these very 
lines—the fi rst lesion is nonmalignant (perhaps stabilizing as a benign 
tumor, or even regressing) and the second is a premalignant form that 
may progress to a true cancer.Thus, it may be diffi cult to apply the 
proper label to a particular lesion because of uncertainty about how it 
will progress.

Adding to the confusion of defi nitions, sometimes the term Bowen’s 
disease is simply reserved for that subset of actinic keratoses not exposed 
to sunlight. As noted in the earlier section “Cancer of the Penis”, such 
lesions have a special label when found on the glans penis, namely, 
erythroplasia of Queyrat. Keratoses at different sites have been traced 
to arsenic exposure; this cause is actually suspected when the lesion is 
on a cutaneous surface not normally exposed to UV radiation. All of 
these distinctions become important when ascertaining whether HPV 
is involved with the malignant transformation of skin cells. As a fi nal 
consideration, all malignant or potentially malignant lesions of the ker-
atotic sort need to be distinguished from the (usually) benign Bowenoid 
papules628 that also appear to have an HPV connection. Interestingly, 
when Bowenoid papulosis does progress to squamous cell carcinoma, 
the HPV types detected are often the high-risk mucosal types.629

The second category of research challenge, that is, interpreting the 
detection of HPV, is no less complex. Most HPV types may be found on 
the skin of both healthy and (especially) immunocompromised individu-
als.630 They seem to be part of the “normal fl ora,” sometimes existing as 
infections within hair follicles.631 However, there is increasing evidence 
that conditions such as impaired immunity and sun exposure may move 
HPV beyond a routine life on the surface of the body toward various 
disease involvements, from proliferative lesions to premalignancies and, 
ultimately, nonmelanoma skin cancer (NMSC).632,633 Given its very high 
incidence, NMSC is a serious public health concern. In fact, NMSC is 
the most frequent cancer in Caucasian populations (100–150 annual 
cases per 100,000).634 Viral involvement turns out to be a mitigating 
factor in skin cancer. HPV-related squamous cell carcinomas appear to 
be less aggressive than other forms of skin cancer.635,636

HPV Types and Skin Diseases

Although HPV types that populate the skin were the fi rst to be identi-
fi ed, knowledge of how they function has not kept pace with the inves-
tigation of mucosal HPV types (HPV-6, -16, etc.).637 Of just over 100 
HPV types that have been fully characterized to date, almost half seem 
to have a specifi c tropism for the skin. While fully 34 types come from 
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the beta (β) and gamma (γ) genera alone, even a few well-known alpha-
papillomaviruses also exhibit cutaneous disease involvement (e.g., types 
2, 7, and 10). Figure 5.1 indicates the distribution of types with known 
skin tropism. HPV-101 and -103 have been recently classifi ed as gam-
mapapillomaviruses, and therefore are destined to join this skin-related 
inventory.638 In whatever way HPV typology evolves, it is clear that for 
now the beta (β) genus dominates in skin cancer.

The beta and gamma categories of HPV are characterized as low risk 
from the point of view of mucosal oncogenesis; this follows by defi ni-
tion since the HPV types in question tend to infect the skin rather than 
mucosal surfaces anyway. Aligning with that pattern, a recent study 
reported that 133 putative beta and gamma types (defi ned as having 
a genome >10% different than any other type) have been detected on 
human skin.639 This means that the number of skin-related HPV types 
is triple that found on mucosal surfaces, which suggests that this area of 
research will expand in the near future.

There are also nonmalignant skin lesions related to a subset of the 
αgenus, and to certain HPV types from the other genera. Some of the 

Figure 5.1. Skin disease characteristics of HPV genera and species. Source: de 
Villiers et al., Virology, 2004. Used by permission.
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γ papillomavirus 1 HPV-4 HPV-65 HPV-95
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µ-papillomavirus 1 HPV-1
2 HPV-63
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4 HPV-92

υ papillomavirus 1 HPV-41
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Other skin lesions  HPV type

Legend

Other types
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best-characterized cutaneous associations of this sort (essentially involv-
ing various types of skin wart) are summarized in Table 5.5.640

In addition to these conditions, a wide range of HPV types has 
been detected in the skin of patients with NMSC.641,642 The fi rst evi-
dence of an HPV connection was reported in patients with epider-
modysplasia verruciformis (EV), a rare autosomal recessive disorder 
that demonstrates distinctive skin lesions. Infection with more than 20 
types of HPV from the betapapillomavirus genus (specifi cally species 1 
and 2) is associated with EV.643 These so-called HPV-EV types include 
HPV-5, -8, -9, -14, -23, -24, and -25, among others. They appear to 
have a tropism for sun-exposed skin, a pattern revealed in both healthy 
and diseased surfaces.644,645 Investigation of the HPV-EV linkage with 
disease is still at an early stage of development. Emerging research has 
connected certain HPV-EV types to psoriasis and other similar non-
malignant skin conditions, though possibly not as causal factors.646–649 
Most important, the EV condition appears to lead to squamous cell 
carcinoma, most likely under the infl uence of HPV infection.650,651

Of the EV types, HPV-5 and -8 have been especially related to the 
development of carcinomas in EV exposed to UV radiation, though the 
activating effect of UV is not consistent across the HPV-EV spectrum.652,653 
A recent study suggested that these and other species 1 types of the beta-
papillomavirus genus tend to cause squamous cell rather than basal cell 
carcinomas.654 Other research has indicated that species 1 types such as 
HPV-5 and -8 may be mostly restricted to benign presentations, with 
species 2 actually predominating in skin cancer.655 Other 2008 studies 
seemed to confi rm the important role of species 2 betapapillomaviruses 
(as well as the gamma genus) in the etiology of skin cancer.656–658 This 
continues to be an active area of research, which is being pursued on 
multiple fronts. For instance, biopsy assays and in vitro research have 
suggested that types from both species 1 and 2 demonstrate transform-
ing potential.659,660

Table 5.5. HPV Types and “Benign” Skin Lesions

HPV Type Skin Lesion

HPV-1, -2, -3, -4, -27, -29, -57 Common wart
HPV-1 (especially) Deep palmoplantar wart

HPV-3, -10, -28 Flat wart

HPV-7 Butcher’s wart

HPV-60 Cystic wart
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On a fi nal note, EV is a model of a group of genetic syndromes with 
skin manifestations that are linked in some way with HPV. A summary of 
several other genetic conditions that have been implicated in HPV-related 
skin lesions (from dysplasia to full carcinomas) is found in Table 5.6.661

Complex Disease Processes

As with investigations of other infectious diseases, the mechanism of trans-
mission involved with HPV-related skin disease is of paramount interest. 
Family members tend to display a similar spectrum of HPV types, a phe-
nomenon that is fi rst observed in infants. On the basis of this observation, 
it seems clear that cutaneous transmission results from close domestic 
contact of a routine nature. However, regular exposure to any one viral 
type does not automatically lead to persistent infection. This implies a role 
for certain “type-specifi c susceptibilities of different individuals.”662

Even when an infection does persist, it is not carcinogenic by itself. 
UV radiation, sometimes interacting with genetic promoters, is an 
important causative risk factor in cutaneous cancers. Although the 
mechanism has not been completely elucidated, the best understand-
ing may be that HPV is a co-carcinogen with UV in the development 
of some cases of NMSC.663–666 One pathway that may be involved is 
UV-induced immunosuppression, as it may permit HPV infection to 
persist. HPV may then complete the pathogenetic cycle by interfering 
with normal DNA repair responses to any UV-induced mutations.667 
Evidence related to the immunosuppression theory is mixed. Individuals 
who have experienced sunburn do seem to exhibit a higher prevalence 
of infection with HPV-EV types, whereas those with increased lifetime 
sun exposure are associated with a lower risk of HPV infection.668 This 
reinforces the reality that a full understanding of the relationship among 
UV, HPV, and skin cancer remains elusive.

The connection with EV also continues to be elucidated at the molec-
ular level.669–673 Intriguingly, EV-specifi c HPV types are defective for an 
important growth-promoting function (normally encoded by an E5/E8 
gene present in other HPV types); moreover, the inactivation of so-called 
EVER proteins (a distinctive aspect of the EV disorder) precisely compen-
sates for the missing viral function.674 While the entire relationship con-
tinues to be worked out, this appears to be part of the synergy between 
EV and HPV that creates susceptibility to skin cancer formation.675

It is important to reiterate that the HPV types involved with skin 
neoplasia are not restricted to the HPV-EV types, or even to the classic 
cutaneous genera. In short, mucosal HPV types have also been impli-
cated in skin pathogenesis.676,677 One of the clearest associations identi-
fi ed exists between HPV-16 and Bowen’s disease.678–680 Acknowledging 



Table 5.6. Genetic Syndromes with Skin Involvement and Possible HPV Association

Syndrome Inheritance Features Skin Manifestation HPV Association Lead Author

Xeroderma 
pigmentosum

Autosomal 
recessive

Rare; predisposes chil-
dren to skin cancers; 
causes DNA repair 
defi ciency

Hypersensitivity 
to ultraviolet 
irradiation

Half of 40 squamous 
cell carcinomas 
from patients tested 
positive for HPV

Luron (2007)

Cowden 
syndrome (CS)

Autosomal 
dominant

Rare (1 in 200,000 
affected); associated 
with cancer; 
symptoms typically 
appear by late 20s

Hamartomas 
(benign tumours);
 facial 
trichilemmomas 
(benign hair 
follicle tumours); 
other lesions

Majority of cutaneous 
lesions in CS 
contain HPV DNA

Schaller (2003)

Netherton 
syndrome

Autosomal 
recessive 

Rare, causes complex 
immunological 
dysfunction

Ichthyosis, eczema, 
and alopecia with 
abnormal hair 
shafts 

Immunodefi ciency 
leads to HPV 
infection; 7 of 22 
biopsies positive for 
HPV DNA

Weber (2001)

Hailey-Hailey 
disease

Autosomal 
dominant 

Manifestation in late 
teenage years or in 
adulthood

Uncomfortable 
skin plaques, 
which may smell 
unpleasant

HPV-16 and -39 found 
in squamous cell 
carcinoma adjacent 
to Hailey-Hailey 
lesions

Ochiai (1999)

Fanconi anemia Autosomal 
recessive 

Rare bone marrow 
failure syndrome

Development of 
squamous cell car-
cinomas observed

HPV DNA detected in 
84% of squamous 
cell carcinoma 
specimens from case 
subjects

Kutler (2003)
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the previous discussion of somewhat fl uid terms such as Bowen’s disease, 
a lesion positive for HPV-16 usually is assumed to be on the malig-
nancy spectrum, rather than being classifi ed as a benign manifestation. 
That said, such characterizations are not straightforward; molecular 
evidence concerning HPV-16 involvement in skin disease continues to 
be an emerging area of science.681 In fact, some research has pointed to 
mechanisms involving HPV-16 that may work against the development or 
maintenance of skin dysplasia. Thus, in suspected precancerous tumors, 
the so-called transient stage682 may contain keratinocytes immortal-
ized by HPV-16 that are actually susceptible to UV-induced apoptosis 
(i.e., cellular death).683 This counteracts the general tendency for 
UV-affected tissues to resist apoptosis of damaged cells, which in turn 
increases the risk of skin cancers.684 Other research has suggested that the 
effects on apoptosis may vary according to other molecular factors.685 
Thus, some evidence points to an antiapoptotic impact of infection, 
including (at least under certain conditions) infection with HPV-16.686 
A similar effect has been recently seen with species 1 betapapillomavi-
rus types.687 The increased keratinocyte survival that is a consequence of 
reduced apoptosis in turn allows HPV infection to persist, which is a pre-
requisite for the now familiar carcinogenic pathway induced by the virus. 
Summing up these apparently countervailing molecular forces, it seems 
that an individual may get skin cancer due to UV radiation, HPV-16 
infection, or some complex interaction between these two factors.

Future Research

Beyond the general research challenges already described, there are several 
technical obstacles involved with establishing a clear association between 
skin cancer and HPV. For instance, it can be diffi cult to determine where 
best to obtain a control sample, especially to overcome the low copy num-
ber normally associated with HPV infection of the skin.688 The current 
signifi cance of detected virus is also unclear. A recent study demonstrated 
that HPV is not only present on healthy skin but can persist there for sev-
eral years.689 Another complication is the suggestion that some HPV types 
are inversely associated with lesions of the skin induced by UV, apparently 
offering a kind of protective effect.690,691 As well, there is some limited 
evidence of HPV involvement in melanomas of the skin; given the high 
mortality rate of this cancer, the public health implications of any new 
information on causation would be far-reaching.692 In sum, the full role of 
HPV in skin cancers is clearly not yet determined. It will continue to be a 
subject of serious investigation, possibly leading to improved understand-
ing of the full benefi ts of prophylactic vaccine applications.693
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6
HUMAN PAPILLOMAVIRUS: DETECTION 

OF INFECTION AND DISEASE

In addition to testing the feasibility of various optional screening tools in 
early detection . . . [and] ongoing clinical trials with prophylactic HPV vac-
cines, another major focus of current HPV research includes the intense 
screening of new biomarkers as potential predictors of disease progression 
and outcome of oncogenic HPV infections.1

Disease prompted or promoted by HPV tends to develop slowly. 
The development of cancer is commonly a multistage process, 
and precursors of malignancies often take a long time to emerge. 

The benefi t of a gradual natural history is that multiple opportunities 
are afforded for screening and intervention before HPV-related disease 
is fully expressed.

In this chapter, conventional screening methodologies for HPV-
related disease and new detection and monitoring approaches based 
on HPV DNA and other biomarkers will be reviewed. In the follow-
ing chapter, primary prevention approaches related to HPV will be 
covered.

While addressing a secondary prevention topic such as screening 
before dealing with primary prevention seems logically out of order, it 
does refl ect the historical progression of interventions related to HPV. 
The earliest population approaches were dominated by screening pro-
grams, notably based on the well-known Pap smear (as discussed later) 
for the detection of cervical dysplasia now known to be caused by HPV. 
On the other hand, vaccination represents a more recent innovation, 
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and one that has relevance for a wider range of HPV disease sites. 
Therefore, the ordering of the last two chapters on HPV—screening 
fi rst and vaccination and other prevention efforts second—makes sense 
chronologically. It also anticipates the growing understanding of the 
scope of diseases caused by HPV, which has increased the demand for 
novel prevention efforts that go beyond Pap smears and cervical cancer. 
Nonetheless, it will become evident that cervical cancer continues to 
dominate even within the emerging story of screening and prevention, 
refl ecting the relative importance of this disease in the world.

INTRODUCTION TO DETECTION AND SCREENING: 
A SUCCESS STORY

There are a number of reasons why public health leaders, clinicians, and 
researchers want to detect HPV infection. It is important to note that the 
various motivations of these domains, from population health screening to 
diagnostic/prognostic testing to follow-up after treatment, represent related 
but distinct aims. Monitoring HPV for epidemiological research purposes 
arguably defi nes a further domain in the world of viral detection.

The ultimate objective of screening for cervical cancer or other HPV-
related conditions is to reduce the incidence of advanced disease and the 
morbidity and mortality associated with it. In general, screening has his-
torically been accomplished by identifying the precursor lesions associated 
with HPV infection, which then prompts various intervention measures. 
There is extensive and strong evidence that the identifi cation of abnormal 
or suspicious cells can be achieved by cytology-based screening programs. 
These efforts continue to be the foundation of global prevention efforts, 
despite service delivery challenges that seem to be especially relevant in 
resource-poor settings. Indeed, there are many countries in the world 
where the majority of women have never had a pelvic examination.2

The great majority of developed countries, including the United States 
and Canada, clearly promote screening for HPV-related cervical dis-
ease; but, even in these settings, real-world practice can be inconsistent. 
Adding to the diffi culty of maintaining adequate screening programs 
is the lack of consensus between medical bodies on specifi c screening 
guidelines, a challenge that has only increased with the advent of new 
technologies.3,4 Variation in population health practices is also a concern. 
For example, screening protocols differ among Canadian provinces and 
territories; similarly, inter- and intrastate variation in selection and use 
of screening guidelines has been reported in the United States.5 Not sur-
prisingly, the Pap smear uptake rate in the United States is lowest among 
women with no health insurance; on the other hand, screening rates 
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are highest among those with private insurance.6 Proactive campaigns 
among health management organizations and Medicaid may explain 
the counterintuitive evidence that Pap test rates in the United States are 
actually higher than those in Canada for all ages, that is, despite the 
existence of a universal health plan in Canada.7

Most of the cervical cancer screening in Canada is opportunistic. 
Recommendations exist that encourage women to have Pap smears every 
1–3 years, but few population health measures are in place to ensure that 
these guidelines are followed. Commonly, it is up to the individual to 
keep track of their own records and to make efforts to update their test-
ing. This leads to population underscreening, thereby increasing the risk 
of disease progression and resulting in higher societal costs for medi-
cal treatment. Some form of registry and recall system could potentially 
increase utilization of screening and further reduce disease incidence. It 
could also facilitate adequate screening among high-risk women, though 
such groups are sometimes diffi cult to contact and track. Adding to the 
many calls for a registry system, Franco et al. recently suggested that the 
advent of routine HPV-DNA testing could help to launch a program that 
comprehensively tracks women and their screening history over time.8 It 
is not immediately clear how HPV-DNA testing, with its high false posi-
tive rate (discussed later), will provide the extra incentive needed to cre-
ate a comprehensive cervical cancer surveillance program. For example, 
moving from the current administrative record systems maintained by 
Canadian provinces to a population-level HPV infection registry would 
require a very large infusion of new resources; a cost–benefi t analysis 
would likely be a prerequisite for any such initiative.

As suggested earlier, cervical cancer screening based on the techniques 
of cytology (i.e., examination of cellular structure) has had a much longer 
history than the development of HPV-DNA testing, vaccination against 
the virus, and other prevention innovations. Despite the challenges of 
client uptake, this arena of public health represents a well-known “good 
news” story. Pap smear programs have substantially reduced the inci-
dence of cervical cancer. One recent UK report concluded that screen-
ing prevented an epidemic that would have killed about 1 in 65 British 
women born since 1950. At least 100,000 women born between 1951 
and 1970 have been spared premature death in that country.9

In Canada, the reduction in deaths due to cervical cancer is just as 
striking as in the UK, the United States, and elsewhere in the developed 
world. In recent decades, the rates of both incidence and mortality 
related to cervical cancer in Canada have declined steeply, as detailed in 
Chapter 4. The largest decrease occurred in the 1970s and early 1980s 
(apparently correlating with the expected latency period following the 
advent of screening programs).10,11
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CERVICAL PAP SMEAR

Other than a basic gynecologic examination, the most common screen-
ing test related to cervical HPV infection is the so-called Pap smear. 
“Pap” is an abbreviation based on the surname of its originator, G.N. 
Papanicolaou.12 He published a foundational paper in 1941 that dem-
onstrated a correlation between cervical cancer onset and abnormalities 
observed microscopically in scraped cells. The eventual result of the 
relatively simple screening test that followed involved saving “millions 
of women who would otherwise discover their cancer of the cervix uteri 
at a noncurable stage.”13 As already noted, precursor lesions usually 
appear a considerable length of time before any carcinoma; thus, early 
detection and prompt management can lead to effective prevention of 
the disease. The reduced morbidity and mortality in developed coun-
tries over the past few decades may be directly attributed to the inven-
tion of the Pap smear and the development of conventional cytology 
programs.

Pap smears should be thought of as a screening method rather than 
a full diagnostic test. This means that the detection of any abnormal 
cells, from various types of dysplasia to cervical intraepithelial neopla-
sia (CIN), generally must be followed up with further tests or examina-
tions. The aim of any follow-up is to more precisely determine whether 
cancer or its precursors are present or threatening to appear. Depending 
on additional information, an abnormal Pap smear can be managed 
in a variety of ways. These may include conservative monitoring over 
a period of months to see if the affected part of the cervix returns to 
a normal state, cryosurgery that freezes and destroys affected cells, or 
other procedures that lead to the excision of diseased tissue.

Test Accuracy

Despite the remarkable impact of Pap smears on population health, 
there has been steady motivation to advance the deployment of HPV-
DNA testing and/or vaccination strategies. The quest for alternatives 
or improvements to conventional cytology is partly attributable to the 
false-negative rate of 5–30% found with Pap smears.14 The relatively 
low sensitivity of the test contributes to the signifi cant number of rou-
tinely screened women who still are eventually diagnosed with cervical 
cancer.

It is important to emphasize that such experiences do not negate 
the value of the Pap test. The incidence of cervical cancer is far lower 
in those who are regularly screened than in those who have never, or 
rarely, had a Pap test. In the United States, Leyden et al. found that 
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56% of invasive cervical cancers were due to inadequate screening, 32% 
due to Pap test detection failure, and 13% due to follow-up failure.15 
The pattern is very similar in Canada, where about 70–80% of women 
aged 18–69 years report receiving a Pap test at least once every 3 years 
(Figure 6.1); approximately 60% of invasive cervical cancers occur 
in the remaining 20–30% who do not receive adequate screening.16 
Consistent with these results, Nygard and colleagues found that inad-
equate screening increased the risk of invasive cervical cancer by 3.4 
times among Norwegian women.17 A recent study in Australia showed 
that even irregular screening can signifi cantly reduce the risk of devel-
oping invasive cervical cancer.18

In addition to perceived problems with test accuracy, there are a 
number of specifi c technical issues related to Pap smears. For instance, 
cervical adenocarcinomas in younger women are especially hard to 
detect by means of conventional cytology.19,20 This fact may account for 
the increased incidence for this subset of cervical cancer in the United 
States, Canada, and other countries in recent years.21,22 Undetected can-
cer, which is the most serious sequelae of false negative results in Pap 
smears, has generated signifi cant litigation and large court awards in 
recent decades.23

False-positive results with Pap smears, though occurring less fre-
quently, are also of concern. It is true that some degree of anxiety is 
produced by any kind of positive medical test. In the case of Pap smears, 
this consequence pertains whether the positive test result is true or false. 
Fear and stigma are common experiences, even though, in the vast 
majority of cases, both HPV infection and any cellular changes resolve 
spontaneously. Of course, challenges related to psychosocial manage-
ment of a positive screening or diagnostic result apply equally to the 
other HPV tests that will be introduced in this chapter.24,25

Innovations

Practitioners may have reached the limit of human ability to derive 
appropriate and reproducible information from the microscopic exami-
nation of cervical tissue; some element of subjective interpretation will 
always be involved, and thus some degree of potential inaccuracy. This 
may explain why recent technical efforts to increase the sensitivity of 
Pap screening have focused on the collection, handling, and processing 
of specimens. For example, a Cochrane review of over 40 studies con-
fi rmed that extended tip spatulas appeared to be superior for collecting 
samples from the cervix, especially when combined with a cytobrush.26

Innovations such as thin-layer or liquid-based cytology (LBC) involve 
collecting material with a soft brush and then rinsing it into a special 
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fl uid preservative; a thin-layer slide may then be prepared that offers 
several improvements in terms of the quality of examination results. 
This method also promises to provide useable material for any sub-
sequent HPV DNA test or other forms of bioassay, though technical 
challenges still need to be overcome.27 Some comparisons of LBC with 
conventional Pap have confi rmed the advantages of the new technology, 
though not consistently across all populations.28–30 A recent systematic 
review and meta-analysis raised serious questions about whether LBC 
is more sensitive and specifi c than conventional Pap smears.31 Another 
important concern is that LBC is more expensive than conventional 
cytology and requires more highly trained laboratory staff.32,33

Notwithstanding the risks and consequences of false-negative test 
results, there may also be drawbacks to devising the “perfect” Pap 
smear; in short, the methodology may simply become too sophisticated 
or costly to deploy at a population health level, particularly in low-
resource settings. There is a potential for reduced screening accessibil-
ity if the currently inexpensive Pap smear protocol becomes superseded 
by more specialized specimen collection and preparation, computerized 
rescreening, etc. The outcome may paradoxically be increased can-
cer incidence.34 A crucial fact should be recalled in this context: more 
women experience the development of cancer because of the failure to 
have a regular Pap smear than because of any errors or misinterpreta-
tions in cytological testing.35 A similar public health concern pertains to 
the potential for lower screening rates in a postvaccination era.

It should also be noted that the moderate physical irritation produced 
by the Pap smear appears to generate an immune response that itself 
affords some protection against cervical cancer development,36,37 which 
could offer another reason to maintain conventional screening. Other 
methods of collecting samples for testing (e.g., urinalysis), or depen-
dence on vaccination, would not offer this extra protective benefi t.

An extended application of Pap smears has been investigated that coin-
cides with the broader theme of this book, namely, the prevention of can-
cers related to infections other than HPV. Several of the microbes indirectly 
detectable through Pap smears have been implicated as factors or cofactors 
in carcinogenesis. These include Chlamydia trachomatis and herpes sim-
plex viruses. At this point, Pap testing does not appear to be a strong con-
tender as a primary screening methodology for such infections.38 On the 
other hand, there may be a public health benefi t in combining specialized 
tests for agents such as Chlamydia with scheduled Pap smears.39,40 Finally, 
some researchers are investigating the possibility of screening for osteope-
nia and osteoporosis in women by means of Pap tests, based on the fact 
that atrophic smear patterns are correlated with these conditions.41
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Self-collection of samples for Pap smear testing may be an attractive 
option in public health, especially because of its potential to improve 
screening rates in any population with inadequate uptake rates due to 
low resources or other barriers (see the following section).42 However, 
as described later, most research seems to be directed toward the role 
of self-collection for HPV-DNA testing rather than for Pap evaluations 
per se.43 The evidence for the utility of self-collection for traditional 
cytological analysis remains mixed.44,45

Cervical Cancer Screening Disparities

While both incidence and mortality rates of cervical cancer in the United 
States and other developed countries have decreased dramatically with 
the advent of Pap screening in the 1940s, the results have not been iden-
tical across groups within these countries.46 A growing body of evidence 
suggests that immigrants and ethnic minorities are particularly vulner-
able to disparities in screening.47 This is a likely explanation for the fact 
that more than half of cervical cancer mortality occurs among foreign-
born women in the United States.48 The public health response to this 
situation must take into account the fact that disparities differ among 
immigrant populations according to country of origin, duration in the 
United States, and so on.49–51

In Canada as a whole, Pap smears have been an effective screen-
ing tool , as evidenced by the decrease in incidence and mortality rates 
related to cervical cancer (see Chapter 4).52 Nonetheless, there are prov-
inces that exhibit substandard screening levels, and no region is exempt 
from the challenge of improving on the current rate of women receiving 
regular Pap smears. Data from June 2005 show that 11.5% (1.3 million) 
of all women in the country between the ages of 18 and 69 have never 
had a Pap smear. The shortfall in screening uptake was largest for the 
youngest women.53 While this may partly refl ect the lower cumulative 
years of opportunity to be tested, another study based on 2002–2003 
data confi rmed that Canadian women aged 18–29 years also report the 
lowest rate of being screened less than 3 years ago.54 Also of concern is 
the fact that women over 50 years, even though they are at the greatest 
risk of developing cervical cancer, have consistently demonstrated less 
compliance with screening guidelines than middle-aged women.55

Data from a number of countries demonstrate that factors other 
than age have an infl uence on screening trends. For instance, cultural 
and/or socioeconomic barriers to testing are thought to account for dis-
parate cervical cancer incidence in the United States56–60 Such barriers 
and related disparities seem to have been mitigated to some degree in 
Canada, probably due to the universal health insurance system.61 Despite 
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apparent improvements in prevention services to underserved groups, 
however, evidence of lower screening and higher disease rates does per-
sist among low income, poorly educated, and (possibly) rural popula-
tions in various regions and in Canada as a whole.62,63 Ethnic groups 
also demonstrate variation in Pap smear participation, with lower rates 
seen, for example, among Vancouver Chinese groups and Nova Scotian 
Black communities.64,65

The situation for Aboriginal peoples in Canada appears to be more 
complex. There is some evidence that Pap screening rates are lower 
for Aboriginal people in certain provinces.66,67 This pattern correlates 
with some older evidence of higher cervical cancer incidence and mor-
tality rates among native women (see Chapter 4).68 For example, one 
study suggested the mortality rate in the past for Aboriginal women 
has been six times higher than that for the general population in British 
Columbia, though other provinces suggest more modest disparities.69,70 
It is perhaps not surprising to discover that Hislop et al. reported lower-
than-average cervical cancer screening rates for Aboriginal women in 
all age categories in that province (albeit using data from a few years 
later).71 In contrast, a 1994 study of an Inuit population in what is now 
Nunavut found a higher screening rate than the average seen among 
Quebec women.72 This result was attributed to an organized program 
of tracking and recall, which may in fact be more feasible in remote 
communities and reserves than in large cities. The circumstantial evi-
dence for the effi ciency of mounting screening programs in close-knit 
communities (such as those in the north of Canada) is borne out by pro-
vincial and territorial self-reported screening data from 2002 to 2005. 
As Figure 6.1 demonstrates, all three northern territories in Canada 
(Yukon, Northwest Territory, and Nunavut) had higher screening rates 
than most other provinces in that country. However, further research is 
required to see whether apparent screening advantages in certain popu-
lations in the country have actually translated into lower rates of cer-
vical cancer. As a counterpoint to the argument about the advantage 
of living in a highly bounded community, Hislop et al. observed (in 
their study cited earlier) that there was no clear difference in screening 
rates for aboriginal women living on or off reserve in British Columbia, 
including for those residing in downtown Vancouver.73

Any proven instance of underscreening is a cause for concern,74,75 
especially given that roughly half of all cervical cancer occurs in the 
subset of women who have not had regular Pap smears. Even making 
allowances for the high proportion of false negatives, the clear protec-
tive value of Pap smears as a screening modality should prompt an 
increased focus on reaching all groups of women with appropriate 
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screening.76 In this regard, the relevant Cochrane review identifi ed the 
following potential approaches to improve screening rates77:

general invitations (letters, calls, etc.), plus reminders to those • 
overdue
education (materials, home visits, etc.) and counseling• 
risk factor assessment during other health care encounters• 
economic incentives• 

In all, 35 studies were identifi ed in the Cochrane review (including 
27 randomized controlled trials). The only extensive and strong evidence 
was for invitation letters; there was also limited support for educational 
interventions being effective in increasing rates of screening.

As one Canadian authority remarked over 10 years ago, “if the inci-
dence of cervical cancer is reduced, the savings in treatment and long-
term care will quickly result in a net cost savings to the health care 
system, quite apart from preventing unnecessary suffering for hundreds 
of women and their families.”78 The same sort of perspective helps to 
explain the intense interest in an augmented prevention program involving 
prophylactic vaccines.

50%

55%

60%

65%

70%

Can
ad

a

Brit
ish

 C
olu

m
bia

Alb
erta

Sas
ka

tc
hewan

M
an

ito
ba

Onta
rio

Quebec

New B
ru

nsw
ick

Nova
 S

co
tia

Prin
ce

 E
dwar

d Is
la

nd

Newfo
undla

nd an
d L

ab
ra

dor

Yuko
n

North
west

 T
erri

to
ry

Nunav
ut

75%

80% 

85%

90%

95%

100%

P
ro

p
o

rt
io

n

Province/territory

Figure 6.1. Regional variation in cervical cancer screening: proportion* of females 
aged 18–69 years receiving pap smears within last 3 years Cancada and its prov-
inces and territories. Source: Canadian Community Health Survey, 2005. *Not 
age-standardized.
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HPV-DNA TESTING

There has been considerable debate concerning the potential utility of 
enhancing (or even replacing) conventional cytological screening for cer-
vical cancer with an HPV DNA test.79 As one study noted in the context 
of cancers of the cervix, “the extreme rarity of HPV-negative cancers 
reinforces the rationale for HPV testing in addition to, or even instead 
of, cervical cytology in routine cervical screening.”80 However, the extra 
cost of HPV testing is viewed by some authorities as being prohibitive. At 
the same time, research has revealed favorable results for HPV testing, 
adding weight to any suggestions that this approach should be widely 
adopted in public health.81,82 As well, pressure to consider HPV-DNA 
testing continues to arise in light of the perceived defi ciencies of current 
routine screening methods. Indeed, recent studies have confi rmed that 
HPV-DNA testing is signifi cantly (and substantially) more sensitive for 
detecting high-grade CIN when compared with conventional cytology.83 
On the other hand, the test is not as specifi c as the Pap smear, with the 
resulting false positives leading to instances of overtreatment, especially 
in younger women.84

The topic of HPV-DNA testing is complicated by the multitude of 
technologies available and their variable applicability to viral typing. 
Some HPV-testing methods do not provide information on specifi c HPV 
type. Approaches that do detect high-risk or oncogenic HPV types may 
be of particular value in a screening program; however, cost and other 
issues related to the more precise technologies must be factored into the 
fi nal planning equation.85

The World Health Organization (WHO) recently published results 
from a collaborative study underlining the differences between HPV 
tests. It recommended the creation of international guidelines and stan-
dards for HPV testing that would be similar to those created for hepa-
titis and other infectious agents.86,87 The suggested development process 
would not be simple; it is especially complicated by the variety in HPV 
type distributions in different population groups around the world (see 
Chapter 2).88

In April 2005, the American College of Obstetricians and 
Gynecologists released a practice bulletin that acknowledged the high 
sensitivity of HPV-DNA testing in terms of ruling out cervical cancer. 
That same year the International Agency for Research on Cancer con-
cluded that HPV-DNA testing is at least as effective as conventional 
cytology for detecting cervical precursor lesions.89,90

An ongoing Canadian trial is assessing the different fi ndings of Pap 
cytology and HPV testing among nearly 10,000 women in two major 
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cities. All women in the RCT are being screened by both methods. Data 
released to date show that the HPV tests resulted in a higher number of 
true abnormal results in all age groups when compared with Pap smears.91 
This confi rms that HPV-DNA testing can feasibly identify women at 
high risk (i.e., those infected with oncogenic HPV types) who could then 
be closely monitored for dysplasia.92,93 A trial comparing LBC with HPV 
testing is currently underway at the University of British Columbia, and 
is expected to be completed in March 2014. This study is in response to 
the recommendation from the Pan-Canadian Cervical Cancer Forum to 
establish LBC as the standard of preventive care in Canada.94

Essentially, if HPV is not present (as determined by a DNA test), 
women can be assured, with a very high degree of certainty, that they 
are free of cervical cancer or its precursor lesions. Driving the test in the 
opposite direction is when problems arise. It is challenging to decide the 
appropriate response when an HPV infection (even with high risk types) 
is detected but there is no cervical abnormality present; should such 
women be closely followed and perhaps even treated?95 It is clear that 
the presence of HPV by itself cannot be equated with detecting cancer. 
For this reason, it is recommended by some researchers that HPV test-
ing only be used in women over age 30 (i.e., 10–15 years after sexual 
debut) so that the many cases of HPV infection that resolve on their 
own are not treated unnecessarily.96

One proposal in the U.S. context for integrating HPV-DNA testing 
and Pap smears is outlined in Figure 6.2.97

Specifi c Populations

In addition to the general evidence for HPV testing, there are clinical 
circumstances that require special consideration. For example, HPV 
infection is more common in HIV-positive individuals or those who 
are otherwise immunosuppressed; usually the intervals between tests 
in such populations should be shorter than in general populations.98 

Figure 6.2. Combining results for cytology (pap smears) and HPV testing. Source: 
National Cancer Institute as adapted by Cox et al., Obstetrical and Gynecological 
Survey, 2006. Note: ASC-US = atypical squamous cells of undertermined signifi -
cance; LSIL = low-grade squamous intraepithelial lesions.

Both negative Pap(-)/HPV(+) ASC-US/HPV (-) ASC-US/HPV(+) Pap> or = LSIL

In 3 years In 6–12 months In 12 months

Repeat screening Colposcopy
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These recommendations for specifi c target populations must be more 
fully researched, with any new information informing cost-effectiveness 
models.

Another potential application of HPV testing is rapid intermediate 
evaluation of treatments for precancerous lesions.99–101 This must be con-
trasted with alternate approaches for tracking disease development and 
monitoring the effectiveness of therapies; the alternate methods essen-
tially depend on surveillance of other biomarkers associated with the 
natural history of HPV infection and pathogenesis (discussed later).102

Despite the ongoing debate on the optimal usage of HPV-DNA test-
ing, a survey of U.S. clinicians in 2004 found that almost all were aware 
of the technology, and 67% were already employing it. The data also 
showed that a large number of physicians had used such testing in both 
men and women without appropriate indications, underlining the need 
for improved guideline development and dissemination.103

Issues Related to Sample Source and Collection

Self-collection has been identifi ed as a possible advantage of HPV-DNA 
testing. As the name suggests, self-collection allows women to collect 
their own sample and provide it to the laboratory for testing. The sug-
gestion is that the combination of enhanced privacy and convenience 
could increase the number of women who participate in screening.104,105 
A 2007 Canadian meta-analysis indicated that there is little evidence 
supporting a self-collection strategy and further investigation was rec-
ommended.106 A Swiss study from the same year and 2008 research 
among U.S. Hispanics came to the opposite conclusion, suggesting that 
the investigation in this area is far from complete, and that results for 
such maneuvers may differ among ethnic groups.107,108

The rate of unusable samples and overall test reliability are two of the 
outstanding research issues related to collection of samples.109 The eval-
uation of methods to collect cervical samples has become quite technical, 
even reaching the level of comparing different types of sponges.110

Another testing methodology under consideration involves urine 
samples. Samples may be self-collected in private, or acquired in a clini-
cal setting. Payan et al. found that using urine is feasible for HPV-DNA 
testing, and that this approach could facilitate higher screening rates in 
women who want to avoid invasive procedures.111 This form of sampling 
also increases the appropriateness of including children and adolescents 
in screening; it may even make the process more appealing to men. 
While requiring validation in a larger population, a urine-based HPV 
DNA test has been shown to be effective in initial investigations.112,113 
In contrast, while HPV DNA can be detected in the peripheral blood of 
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infected individuals, results are not consistent enough to form the basis 
of a screening or diagnostic strategy.114

Viral Load, DNA Integration, and Transcripts

Beyond identifying the presence of HPV, a quantitative analysis of the 
amount of viral DNA in a specimen is also potentially relevant. This 
measure is sometimes referred to as the viral load. Several studies in 
the 1990s suggested that viral load could be an important risk factor 
for progression from infection to cervical cancer.115 The development of 
new techniques to estimate the amount of HPV in clinical samples has 
allowed such conclusions to be fi ne-tuned. For instance, high-risk HPV 
viral load has been found to be signifi cantly associated with cervical can-
cer precursors, especially higher grade CIN and larger lesions.116–120 This 
measurement approach appears to have some limitations further along 
the disease pathway. While the load of HPV-16 is a clear determinant for 
the development of invasive cervical cancer, the same relationship has 
not been consistently observed for other high-risk viral types.121–126

As was briefl y described in Chapter 3, a potentially important step 
in HPV-related carcinogenesis is the shift of viral DNA from an epi-
somal state to integration in the host genome. A variety of methods 
may be used to estimate the degree of integration, with fl uorescence in 
situ hybridization being particularly sensitive.127 Integration seems to 
be mainly a marker for high-grade dysplasia and invasive cancers, and 
therefore testing for the physical status of HPV DNA will not necessar-
ily qualify as a primary prevention methodology; instead, it may fi nd 
use as a predictor of potential disease development after diagnosis.128,129 
However, even as a progression marker, detecting the percentage of 
integrated HPV DNA in host cells appears to produce mixed results as 
an aid in clinical evaluations.130–132

An alternative to DNA assay involves the detection of transcripts 
(messenger RNA, or mRNA) for HPV proteins (such as E7).133 A recent 
comparison of DNA-based and mRNA-based methods for the detection 
of high-grade CIN indicated that the transcript method demonstrated 
some utility but did not surpass the accuracy of DNA testing.134 Similar to 
measurements of DNA integration, mRNA may be most appropriate in 
evaluating the risk of progression rather than in primary screening.135

SERUM ANTIBODY TESTING

HPV DNA can only be detected while the virus is in the host; this 
limits the value of such a marker in an epidemiological study that is 
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interested in whether an infection has ever been present. Serum test-
ing that assesses HPV infection indirectly through systemic immune 
markers (i.e., antibodies or other signs of immune response) sometimes 
offers a viable alternative to either DNA testing or examination of cyto-
morphology. As with any test, serum testing is not perfect, and the sup-
porting evidence is mixed. In some instances, individuals with proven 
HPV-related cancer have been measured as seronegative. Conversely, 
the association between seropositivity and current or past HPV infec-
tion has been shown to be very high.136–138

Seroprevalence is not identical to positive infection status.139 
Although it demonstrates limited applicability to screening or diagno-
sis, serum testing is still valuable as an epidemiological research tool. 
For example, it could help to determine the optimal age to administer 
vaccinations in specifi c populations.140 Using serum antibody testing to 
check for cumulative HPV infection rates in children is more accept-
able than more invasive approaches (e.g., genital samples). Countries 
are utilizing this method to determine the average and the earliest age at 
which HPV infections appear. These sorts of data are important, as the 
effi cacy evaluation of current HPV vaccines is directly tied to whether 
the vaccinated population is HPV-naive.141 Thus, serum testing can play 
a role in the assessment of HPV vaccines, especially in determining the 
mitigating impact of any preexisting HPV antibodies.

VISUAL SCREENING AND OTHER EMERGING APPROACHES

Screening technologies continue to be developed and evaluated. This 
includes the use of cervical spectroscopy, which permits discrimination 
of low- and high-grade lesions from normal cervical tissue.142 This tech-
nology is beginning to come on-stream, at least for secondary testing 
following an abnormal Pap smear.143 The use of high-resolution pho-
tographs of the cervix (so-called cervicography) also continues to be 
explored.144

In some areas of the world, fi nancial and other barriers stand in the 
way of implementing HPV-DNA testing and even Pap smears widely 
in the population. The cost of testing and lack of resources in the com-
munity result in many women never having a single screening test 
performed in their lifetime. This situation has propelled low-tech, rela-
tively accessible approaches to screening to the center of the stage. The 
methods are for the most part different types of visual inspection (VI). 
By applying either an acetic acid solution (shorthand: VIA) or Lugol’s 
iodine (shorthand: VILI), healthcare professionals can detect areas of 
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abnormal tissue according to the resulting color change.145 VI has sev-
eral advantages. Highly specialized laboratory equipment and staff are 
not required, results are available immediately, and further treatment 
and diagnosis can begin at the same appointment; the latter features can 
be very benefi cial in regions where medical treatment is normally a long 
journey from home.146–148 In fact, such concerns may even be relevant in 
developed countries such as Canada that have remote communities.149

VI methods are less reliable than Pap smears in ruling out disease. 
Ultimately, these approaches are dependent on the skill and ability of 
the person performing the examination, though this same caveat applies 
to any screening program. Of the two well-known types, VILI has dem-
onstrated less observer variability than VIA, but unfortunately its accu-
racy has traditionally been low.150,151 Recently, a cluster-randomized trial 
in India demonstrated that VIA screening was an effective method to 
prevent cervical cancer, given good staff training and a system of qual-
ity assurance.152 This sort of result is important for south Asia, as one-
third of the world cervical cancer burden is found in India, Bangladesh, 
Nepal, and Sri Lanka.153

Summary of Screening Strategies

One of the challenges involved with comparing different approaches to 
detecting HPV is that innovations are being pursued across the entire 
spectrum of technologies. This means that any comparative study has to 
engage a series of moving targets. Table 6.1 offers a current snapshot of 
the various forms of secondary screening described in this chapter.

SCREENING AT OTHER SITES

Anal Pap Smears

Although practice and research related to Pap smears is dominated by 
the detection of abnormal cervical (and vaginal) cells, there are other 
uses for the basic collection and examination techniques in both women 
and men. Anal cancer is a growing concern, with incidence rising in 
the United States by over 95% for men and around 40% for women 
over the last few decades. Mixed evidence has been generated concern-
ing the effectiveness of Pap smears in screening high-risk individuals 
for anal squamous intraepithelial lesions.154 In fact, anoscopy has been 
shown to be more accurate in some jurisdictions.155,156 Annual screening 
using smears among HIV-positive men who have sex with men has been 
found to be cost-effective compared with colon cancer screening and 



Table 6.1. Characteristics of Screening Methods for Cervical Cancer

Test Procedure Strengths Limitations Status

Conventional 
cytology 
(Pap smear)

Sample of cervical 
cells taken by 
provider and 
examined by 
trained 
cytotechnicians in 
a laboratory

History of long use• 
Widely accepted• 
Permanent record of test• 
Training and mechanisms for • 
quality control established
Modest investments in existing • 
programs can improve services
High specifi city• 

Results not immediately • 
available
Systems needed to ensure • 
timely communication of 
test results and follow-up of 
women
Transport required for • 
specimen to laboratory and 
for results to clinic
Requires laboratory quality • 
assurance
Moderate sensitivity• 

Available in many • 
countries since 1950s
Cytology-based • 
programs have reduced 
cancer mortality in 
developed countries

Liquid-based 
cytology 
(LBC)

Sample of 
cervical cells is 
obtained with 
a small brush, 
immersed in 
special liquid 
and sent to 
laboratory for 
processing and 
screening

• Fewer inadequate or 
unsatisfactory samples 
requiring patient call-back and 
rescreening

• Once cytotechnicians are 
profi cient, LBC samples take 
less time to review

• Samples can be used for 
molecular analysis (such as 
HPV DNA testing)

Results not immediately • 
available
Supplies and laboratory • 
facilities more expensive 
than for conventional 
cytology
No controlled studies, to • 
date, comparing sensitivity 
and specifi city with 
conventional cytology

Selected as screening • 
method in some 
developed countries 
(e.g., UK)



HPV DNA 
testing

Molecular testing 
for HPV-
swab taken 
by provider or 
woman herself 
and sent to 
laboratory

Collection of specimen simple• 
Automated processing• 
Can be combined with Pap • 
smear to increase the sensitivity, 
but this also increases the cost
A negative test means no • 
HPV or related morbidity is 
present
The assay result is a • 
permanent record
High specifi city in women • 
over age 35

Results not immediately • 
available
High unit cost• 
Complex laboratory • 
requirements and specimen 
transport
Low specifi city in young • 
women leading to 
overtreatment
Storage of reagents • 
problematic

Commercially • 
available and used 
in some developed 
countries in addition 
to cytology
Lower-cost tests in • 
development

Visual 
methods 
(VIA and 
VILI)

Trained provider 
examines cervix 
after staining 
with vinegar (in 
VIA) or with 
Lugol’s iodine 
(in VILI)

Relatively simple and • 
inexpensive
Results available immediately• 
Can be performed by wide • 
range of personnel after short 
training
Low level of infrastructure • 
required
Can be combined with offer of • 
immediate treatment in single-
visit approach

High provider variability• 
Lower specifi city resulting • 
in high referral rate and 
overtreatment
No permanent record of • 
test
Not appropriate for • 
postmenopausal women
Lack of standardization• 
Frequent retraining needed• 

Limited evidence • 
available
Only recommended • 
at this time for use 
in demonstration 
projects
Large randomized • 
controlled trials 
under way to 
determine effect on 
cancer incidence and 
mortality

Source: WHO Comprehensive Cervical Cancer Control: A Guide to Essential Practice, 2006. Used by permission.
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other widely accepted secondary prevention procedures157; other recent 
research has generated the opposite conclusion with respect to the refer-
ence case.158 A discussion similar to cervical cancer screening has been 
initiated concerning the pros and cons of self-collected anal cytology 
samples.159

While clearly more work remains to be done in this area, the likely 
targets for this type of screening are already clear: any individuals 
undergoing receptive anal intercourse, people who are HIV-positive, 
and women with cervical HPV infection. Unfortunately, many mem-
bers of these subgroups are not aware of their increased risk for anal 
cancer. Formal guidelines for anal cancer screening are lacking in 
Canada and other jurisdictions, a situation which can easily exacerbate 
undertesting.160–162

HPV Detection in Men

Men are not routinely screened for HPV infection or related diseases. 
However, a modest literature has developed related to male HPV detec-
tion that coincides with the growing interest in the prevalence and 
impact of the virus in men.163 Analysis of male HPV infection has been 
challenging because of the lack of consistency in collection methods, 
low accuracy of cytological analysis, and the inability to obtain samples 
that allow full results to be derived from molecular methods.164,165 The 
continuing methodological questions have prompted recent studies of 
various collection strategies.166 Recently, a Florida-based research team 
specializing in male HPV infections demonstrated that a swab method 
to collect skin exfoliated cells is adequate for obtaining a sample to 
be used in DNA testing.167 Another U.S. study supported the value 
of self-collected samples in men,168 whereas recent research in British 
Columbia, Canada, suggested that there are “continued opportunities” 
to improve such techniques.169

As well, in contrast to the well-established anatomic target in Pap 
sampling in women, it has been unclear how to optimally localize the 
collection of cells from the male anogenital region; it seems that incon-
sistency in site of collection has contributed to heterogeneous data on 
HPV prevalence.170 Research at the same Florida center noted earlier 
has led to a suggestion that the most accurate sampling protocol will 
involve multiple anogenital sites in men, including different parts of the 
penis.171

As noted earlier, seropositivity for HPV represents an alternate 
approach for detection of the virus, albeit inadequate to assess whether 
an infection is currently present and active. One study has shown that 
there is a difference between men and women in terms of behaviors and 
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other biomarkers associated with seropositivity; in particular, research-
ers need to be aware that tonsillar HPV infection can impact seroprev-
alence in men.172 Finally, as was seen in the case of women, there is 
interest in exploring the use of urine samples in men as an alternate 
means of testing for HPV infection.173,174

Emerging technologies in HPV testing may allow men to be included 
in screening more easily. A 2006 study that tested both men and women 
for HPV found that the males actually demonstrated a higher propor-
tion of oncogenic viral types in their genital tract.175 Although HPV-
related cancer in males is rarer than in women, there are suggestions 
that men should be drawn more fully into HPV prevention programs 
for the sake of both male health and that of their sexual partners.176,177 
In particular, the male sexual partners of women with HPV-related dis-
ease exhibit a high risk of infection, and therefore could benefi t from 
targeted screening.178

Head and Neck Surveillance

Surveillance of head and neck sites for cancers and other abnormali-
ties possibly related to HPV infection can be accomplished by a general 
practitioner or, in the case of the oral cavity, by a dentist. However, even 
though a comprehensive examination only takes about 5 min, many 
cancers of the head and neck are not diagnosed until they are at a late 
stage. There is good evidence, at least in the case of oral cavity cancers, 
that this may be explained by the fact that those at highest risk due to 
alcohol and cigarette consumption, poor nutrition exacerbated by pov-
erty, etc. rarely present for examination.

HPV infection in oral mucosa can appear as distinct fl at, white 
areas, as elevated patches or plaques with erythematous presentation, 
and as verrucous lesions. When abnormal tissue is detected, a sample of 
affected cells (for further testing) can be extracted by spatula scraping, 
cytobrush, mouthwash rinse, or biopsy.179,180

Early detection or diagnosis of oral cavity carcinoma is actually dif-
fi cult to achieve.181 Technologies to enhance visual detection do exist, 
but they have not yet been validated for a true screening program.182,183 
The U.S. Preventive Services Task Force has concluded that the evidence 
is insuffi cient to recommend for or against routine screening of adults 
for oral cancer.184 Likewise, the relevant Cochrane review did not fi nd 
enough evidence to support a universal screening program for oral 
cancer.185

In fact, no population-based screening programs for oral cancer have 
been established in developed countries, though various organizations 
have advocated opportunistic approaches.186 For instance, dentists in the 



232  HPV and Other Infectious Agents in Cancer

United States and Canada are interested in additional training to facili-
tate early detection of oral cancers that might be related to HPV.187,188

MOLECULAR BIOMARKERS: LEADING EDGE OF DETECTION 
AND MONITORING

The discussion of detection methods will end with a brief review of 
biomarkers for HPV infection and disease. As discussed in the section 
“Introduction to Detection and Screening: A Success Story,” this is 
part of an important and rapidly growing fi eld within oncology. The 
extensive investigation of molecular biomarkers for HPV found in the 
literature will serve as a paradigm of what may be possible for all the 
infectious agents of cancer.

While still the most prevalent means of screening for HPV, the high 
dependence of the Pap smear on the skills of the specimen collector 
and examiner limits the accuracy and consistency of the test; this real-
ity continues to drive the quest for new biomarkers of infection and 
disease.189 More specifi c and reproducible assays are aimed at improv-
ing current screening programs and avoiding “unnecessary medical 
intervention and psychological distress for the affected women.”190 A 
growing understanding of the carcinogenic mechanisms related to HPV 
infection has generated a host of potential molecular markers beyond 
the two best-known ones introduced earlier in this chapter (i.e., viral 
DNA and mRNA).191,192 One of the candidate biomarkers could ulti-
mately augment Pap smears, and even act as an alternative to HPV-
DNA testing. While almost a dozen forms of viral DNA measurement 
are available, only a few have been clinically validated. Thus, the door 
to developing other effective detection and/or monitoring tools remains 
wide open as a potential avenue to control anogenital and other HPV-
related cancers.193

Representative Biomarker: p16(INK4a)

The tumor suppressor protein p16(INK4a) is the most intensively studied 
marker of HPV infection and disease activity outside of viral DNA itself. 
Some research has shown p16(INK4a) to be more reliable in identifying 
cervical dysplasia and carcinogenesis than other biomarkers.194,195 The 
protein can be found in epithelial cells that are infected with high-risk 
HPV; p16(INK4a) is also strongly observed in cervical dysplasia and 
carcinoma.196,197 The overexpression of p16(INK4a) has been associated 
with a variety of other malignancies, including anogenital cancers (e.g., 
vulvar, penile) and head and neck cancers (e.g., tonsillar).198–202
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Many studies have shown that p16(INK4a) is strongly expressed in 
cases of high-grade cervical dysplasia.203 There is also an association with 
low-grade cervical dysplasia caused by high-risk HPV types (thereby 
representing cases at increased risk for progression to cancer).204,205

p16(INK4a) can be detected in the laboratory using immunohis-
tochemical methods.206 The protein is one of the biomarkers that can 
be detected in LBC samples.207 Although p16(INK4a) is yet to be clini-
cally validated, recent evidence suggests that current HPV screening 
practices may be enhanced when used in combination with detection 
of the protein.208,209 For example, the identifi cation of p16(INK4a) may 
confi rm the diagnosis of cervical dysplasia in certain ambiguous Pap 
smears.210

Establishing new biomarker detection methods should lower the 
rate of false-positive and false-negative results from current testing 
methods, “gaining thereby great advantages for patients and for cost-
effi ciency.”211

Other Investigational Biomarkers

A spectrum of other biomarkers for HPV infection has been explored, 
though not to the same extent as p16(INK4a). For convenience, key 
recent investigative results have been summarized in Table 6.2. It 
is a remarkable list, representing a large volume of research activity. 
However, the general consensus on novel biomarkers is that “their use-
fulness in routinely collected exfoliated cells remains uncertain.”212



Table 6.2. Selected Investigational Biomarkers for HPV-related Disease

Biomarker Role in HPV Disease Sites Studied Detection Stage of Application Lead Authors and Date

Viral Expression Markers
E4 HPV protein, expression 

correlated with viral 
genome amplifi cation

Assay, such as 
for mRNA

Found to be expressed at 
higher levels than E7

Middleton (2003)

E6 HPV oncoprotein, causes 
multiple changes in 
cell mechanisms, most 
notably interruption of 
p53 mechanism

Assay, such as 
for mRNA

Found in the majority of 
cervical carcinomas; 
ratio of E2 and E6 can 
differentiate between 
high-grade and low-
grade SILs

Cricca (2007), 
Castle (2007), 
Kraus (2006)

E7 HPV oncoprotein, causes 
multiple changes in 
cell mechanisms, most 
notably interruption of 
pRb mechanism

Assay, such as 
for mRNA

Found in the majority of 
cervical carcinomas

Castle (2007), 
Kraus (2006), 
Scheurer (2007)

Host Cell Functional Markers 
p16 (or p16INK4a) Tumor suppressor protein 

that affects cell cycle 
by inhibiting Cyclin D; 
overexpressed in HPV-
infected epithelial cells, 
especially in high-grade 
CIN and low-grade CIN 
with high-risk HPV

Cervix, vulva, 
anorectal 
region, tonsils, 
pharynx, 
other head 
and neck

Immunohisto-
chemistry

The best novel test for 
detection of cervical 
lesions; not yet fully 
validated, but showing 
promise to improve 
accuracy of Pap smears; 
considered the most 
reliable prognostic 
marker for cervical and 
oropharyngeal dysplasia

Reimers  (2007), 
Nemes (2006), 
Murphy (2005), 
Lorenzato (2005)



p53 Tumor suppressor protein 
that detects DNA 
damage and promotes 
p21 expression; 
degraded by HPV 
oncoprotein E6

Cervix, 
anorectal 
region, 
penis, 
aerodigestive 
tract, and 
mouth

Immunohisto-
chemistry

The related gene is 
the most frequently 
mutated in human 
neoplasms and, as such, 
p53 is less useful as a 
specifi c HPV disease 
marker than p16; 
further, mutations of 
p53 gene may not serve 
a major role in HPV-
induced carcinogenesis 

Queiroz (2006), 
Gentile (2006), 
Lu (2003), 
Nemes (2006), 
Caputi (1998)

pRb 
(retinoblastoma 
protein)

Tumor suppressor protein, 
degraded through 
formation of a complex 
with HPV oncoprotein 
E7

Cervix and 
anorectal 
region

Immunohisto-
chemistry

Expression (but not 
function) increased 
in squamous cell 
carcinoma; useful 
surrogate biomarker 
for early HPV-related 
events

Lu (2003), 
Nemes (2006)

p21 (CDKN1A) Cyclin-dependent kinase 
inhibitor, specifi cally 
affecting Cyclin D; 
blocked directly by E7 
and indirectly by E6 
through p53 interaction; 
(counterintuitively) is 
overexpressed in many 
HPV-related carcinomas

Cervix and 
anorectal 
region

Immunohisto-
chemistry

Overexpressed in invasive 
carcinoma and high-
grade CIN, but not in 
low-grade CIN

Bahnassy (2007), 
Keating (2001), 
Holm  (2001)

(Continued)



Table 6.2. (Continued)

Biomarker Role in HPV Disease Sites Studied Detection Stage of Application Lead Authors and Date

p27 (CDKN1B) Cyclin-dependent kinase 
inhibitor, specifi cally 
affecting Cyclin E; 
blocked directly by E7 and 
underexpressed in HPV 
related carcinomas

Cervix and 
anorectal 
region

Immunohisto-
chemistry

Signifi cantly decreased 
in carcinoma and early 
HPV-related events

Keating (2001), Holm 
(2001)

DNA ploidy Degree of repetition of 
number of chromosomes 
within a cell; normal 
human cells are diploid 
(two sets), while 
cancerous cells can 
be diploid, tetraploid 
(four sets), or aneuploid 
(uneven number of 
chromosomes)

Flow cytometry Diploid cancers are more 
similar to normal 
human cells and are 
often less harmful and 
more responsive to 
therapies; tetraploid 
and aneuploid cancers 
are more dangerous

Ochatt (2006)

ICBP90 Cell cycle regulator 
protein; downregulated 
by p53; overexpressed in 
cancer cells

Cervix Immunohisto-
chemistry

Found to be one of the 
most accurate tests 
distinguishing high- 
and low-grade SIL

Lorenzato (2005)

EGFR (epidermal 
growth factor 
receptor)

Elevated levels in HPV-
positive sinonasal 
inverted papilloma; 
decreased expression in 
HPV- and p16-positive 
oropharyngeal squamous 
cell carcinomas

Nose, sinuses, 
and pharynx

Flow cytometry; 
immunohisto-
chemistry

Low levels indicate 
increased likelihood 
of survival in 
oropharyngeal 
squamous cell 
carcinomas

Katori (2005), 
Reimers (2007)



Ki67 Proliferation marker, 
mutated expression 
(through interaction 
with oncoproteins E6 
and E7) in high-risk 
HPV-related carcinomas

Cervix, anus, 
and penis

Immunohisto-
chemistry

One of the most accurate 
tests distinguishing 
high- and low-grade 
SIL; possibly a useful 
adjunct in the diagnosis 
and grading of anal 
intraepithelial neoplasia

Gentile (2006), 
Walts (2006), 
Keating (2001), 
Lorenzato (2005)

Cyclin A Cell cycle regulating 
protein functioning in 
synthesis phase of cell 
cycle; upregulated by E7

Immunohisto-
chemistry

Higher levels associated 
with some HPV types

Mansour (2007)

Cyclin D Cell cycle regulating 
protein; overexpression 
factor in the 
development of many 
cancers

Immunohisto-
chemistry

Less useful than p16 as a 
marker of late HPV-
related events

Bahnassy (2007), 
Queiroz (2006)

Cyclin E Cell cycle regulating 
protein; allows cell to 
enter synthesis phase, 
thereby controlling viral 
replication; upregulated 
by E7

Immunohisto-
chemistry

Associated with both 
high and low-grade 
squamous intraepithelial 
lesions of the cervix and, 
in general, early HPV-
related events

Bahnassy (2007), 
Keating (2001)

Cyclin G May play an important role 
in the genesis of CIN and 
cervical squamous cell 
carcinoma by high-risk 
HPV infection

 Immunohisto-
chemistry

Possibly useful for detecting 
CIN and squamous cell 
carcinoma; overexpressed 
in both lesions

Liang (2006)

(Continued)



Table 6.2. (Continued)

Biomarker Role in HPV Disease Sites Studied Detection Stage of Application Lead Authors and Date

TGF-α 
(transforming 
growth factor-α)

Induces epithelial 
development; upregulated 
in some HPV-related 
cancers

Cervix, nose, 
sinuses, head, 
and neck

Immunohisto-
chemistry

Overexpressed in malignant 
and premalignant tissues 

Katori (2005)

MCM-2, -5, -6, -7 Chromosome maintenance 
proteins; overexpressed 
as a result of HPV 
infection and subsequent 
uncontrolled activation 
of gene transcription

Cervix Immunohisto-
chemistry 

Expected to play a role 
in improving the 
screening and detection 
of cervical disease

Malinowski (2005), 
Murphy (2005)

CDC6 (cell 
division cycle)

Protein essential for 
DNA replication; 
preferentially expressed 
in high-grade lesions and 
invasive squamous cell 
carcinoma

Cervix Immunohisto-
chemistry 

Possibly useful in 
detection of high-grade 
and invasive lesions 
of the cervix; limited 
utility for low grade 
dysplasia

Murphy (2005)

S100A8 Cell cycle regulating 
protein; upregulated 
and overexpressed 
in HPV-18-positive 
oral squamous cell 
carcinoma

Mouth Suppression 
subtractive 
hybridization; 
immunohisto-
chemistry

Suspected to play an 
important role in 
oral carcinogenesis 
following HPV-18 
infection; thus 
potentially a powerful 
biomarker and even a 
therapeutic target in 
patients

Lo (2007)



PCNA 
(proliferating cell 
nuclear antigen)

Protein factor in DNA 
synthesis, increasing 
speed up to 1000×; 
overexpressed in 
precancerous epithelial 
infl ammations

Cervix Immunohisto-
chemistry

Positivity for marker 
slightly precedes 
accumulation of viral 
DNA

Keating (2001)

Mitotic frequency 
(MPM-2)

Labels proteins related to 
cell cycle, specifi cally 
mitosis

Flow cytometry

MMP (metallo-
proteinases)

Expression increased in 
precancerous sinonasal 
lesions of inverted 
papilloma

Nose and 
sinuses

Immunohisto-
chemistry

MMP-2 and 9 
overexpression found 
to predict tumor 
aggressiveness and 
invasiveness

Katori (2006)

Telomerases Ribonucleoprotein 
enzymes; support tumor 
growth by allowing cells 
to divide repeatedly 
without DNA corruption

Premalignant 
and 
malignant 
tissues

Immunohisto-
chemistry

Limited clinical utility due 
to low expression levels; 
diffi cult to detect using 
conventional methods

Keating (2001)

Antiapoptotic 
markers

Protect cells (including 
damaged/mutated ones) 
from death; allow tumor 
formation

Immunohisto-
chemistry

Overexpressed in cancers

CEA (carcino-
embryonic 
antigen)

Glycoprotein found 
in embryos during 
development; produced 
by some cancers

Blood tests Positivity combined with 
high Ki67 only found 
in malignant tumors

Keating (2001)

(Continued)
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Biomarker Role in HPV Disease Sites Studied Detection Stage of Application Lead Authors and Date

MN/CA9 (carbonic 
anhydrase IX)

Tumor-associated antigen; 
exact relationship with 
HPV not understood

Cervix Immunohisto-
chemistry

Identifi es low- and high-
grade SILs, invasive 
carcinomas, and 
adenocarcinomas at rates 
of 65%, 77%, 92%, and 
100%, respectively

Keating (2001)

CDK4 (Cyclin-
dependent 
kinase)

Affects growth and 
synthesis stages of cell 
cycle; regulated by 
Cyclin D; overexpressed 
in HPV-related 
carcinoma

Cervix Immunohisto-
chemistry

Signifi cantly increased 
in squamous cell 
carcinoma and early 
HPV-related events

Bahnassy (2007)

COX-2 Infl ammation protein; 
expressed in 
premalignant lesions

Cervix Immunohisto-
chemistry

No signifi cant 
relationship to HPV 
positivity found; 
further trials suggested 

Saldivar (2007)

Host Cell Structural Markers
Cytokeratins (CK) Provide cell structure; 

expression varies by cell 
type, and can be altered 
by HPV infection

Cervix and 
mouth

Immunohisto-
chemistry

Expression of CK8, 16 
and 17 is useful marker 
of high-grade CIN; 
changes in CK1, 10, 13, 
14, 15, 18 and 19 are 
also measurable

Carrilho (2005), 
Regauer (2007), 
Akgul (2007)



Involucrin Provides structure 
in epithelial cells; 
expression altered by 
HPV infection

Squamous 
epithelium

Immunohisto-
chemistry

May help distinguish 
benign from malignant 
neoplasms

CD44 Cell-surface glycoprotein; 
downregulated during 
transition from CIN 
to invasive squamous 
carcinoma

Cervix Immunohisto-
chemistry

Awaiting further studies Keating (2001)

Integrin α6 Transmembrane protein, 
with a role in cellular 
shape and mobility; 
expression increased in 
HPV-infected cells

 Microfl uidic 
screening

 

Investigational method of 
HPV detection

Wankhede (2006)
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7
HUMAN PAPILLOMAVIRUS: 

PREVENTION OF INFECTION AND 
DISEASE

The relevance and high level of scientifi c interest surrounding HPVs are 
related to the oncogenic potential of some viral types belonging to this family 
and the possibility to infl uence the incidence of various tumour forms like 
cervical carcinoma, improving the effi cacy of specifi c screening programs or 
defi ning preventive strategies like vaccination.1

T  he topic of preventing HPV infection and cancers caused by the 
virus has recently received substantial attention in both academic 
journals and the popular press. Although dealing with cervical 

cancer has been at the forefront of the discussion, it should be recognized 
that HPV is associated with many different genital and nongenital dis-
eases, both malignant and nonmalignant, and affecting both men and 
women. Nonetheless, as the prevention picture related to HPV is exam-
ined, an emphasis on cervical cancer will once again be very apparent.

A rationale for the prominent position of cervical cancer becomes 
clearer as one grasps the basic levers of prevention. There is a primary pre-
vention “logic” that relates directly to the transmission of a disease-causing 
microbe. In short, to interrupt the infection is to interrupt the disease. The 
logic as applied to HPV is particularly compelling in the case of cervical 
cancer, where the proven burden attributable to viral infection approaches 
100%. This means that dealing directly with the virus as a necessary eti-
ologic agent is virtually equivalent to dealing with the cancer itself—an 
almost unique scenario in the world of oncology.2 This mechanism may 
be summed up in the following terms: “Cervical cancer as a preventable 
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disease process hinges on the concept that it is fundamentally a sexually 
transmitted disease with a known causative agent.”3 As will be seen, the 
fi rst prevention category (avoiding exposure) fl ows naturally from this 
 perspective; in the case of HPV, exposure control overlaps strongly with 
protection against sexually transmitted infections (STIs) in general.

Although further innovations are very likely to emerge, powerful 
tools are already available to combat HPV infection and cervical cancer. 
These include sexual health initiatives, cytology assessment (i.e., Pap 
smears), HPV-DNA testing, ablative procedures, and, now, prophylactic 
vaccination.4 But the story has defi nitely moved beyond the uterine cer-
vix. Apart from the surgeries and other treatments specifi c to cervical 
cancer management, all the tools in the list are also relevant to the other 
HPV-related malignancies.

PREVENTION APPROACHES

A fl owchart of prevention options available along the pathogenic pathway 
was presented in the “Introduction” to the book. An explanation of the 
suggested prevention categories may be found there. For convenience, the 
fl owchart is reproduced in Figure 7.1. In this chapter, the key information 
on HPV infection and cancer relevant to each category will be reviewed.

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation

1. Avoiding Exposure to the Agent

The literature related to sexual health promotion, and especially to the 
prevention of STIs, is vast. Because of the scope of this book, the key 
approaches that come under this category of primary prevention will 
only be briefl y reviewed.

Figure 7.1. Prevention options in infection-related carcinogenesis.
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In strictly logical terms, the most straightforward way to eliminate 
the risk of genital HPV infections is to refrain from all genital contact 
with another person. The next most certain approach is to be sexu-
ally active only within a mutually monogamous relationship with an 
uninfected partner.5 Reducing the number of potentially risky sexual 
partners by any means is also an obvious preventive measure, though 
less certain than the two approaches just mentioned. However, in light 
of the apparent inability to consistently prevent HPV transmission 
through condom use, any version of proactive “partner management” 
is very useful.6,7

Despite the acceptance of the preceding arguments among most 
health care providers, advice about using condoms tends to be more 
common than any recommendations about abstinence and monogamy. 
A recent Canadian report suggested that the latter two approaches 
were “not reliable.”8 Table 7.1 highlights the results from a survey of 
U.S. clinicians on the effectiveness of the various primary prevention 
measures, and the professional opinion on their application in prac-
tice.9 Clearly, for some interventions there is a disconnection between 
theoretical effectiveness (which should properly be called effi cacy) and 
effectiveness in the real world (probably mediated by factors such as 
acceptability and adherence).

Research concerning the effectiveness of condoms continues to 
evolve. It has been accepted that a major limitation of their ability to 
prevent HPV infection is that the virus seems to be transmitted from 
(and to) genital areas left exposed by condoms.10 In line with this, sev-
eral earlier studies suggested that condoms were not effective in limiting 

Table 7.1. Strategies to Prevent HPV Infection or HPV-related Conditions: 
Opinions of Clinicians in the United States, 2004

Prevention Strategy 

Agree that Strategy 
Is Highly Effective

Agree that Strategy Is Usually 
Worth Recommending to the 
Sexually Active

% 95% CI* % 95% CI

1. Monogamy 95 (94–97) 81† (78–83)
2. Limiting number of 

sexual partners
95 (94–96) — —

3. Abstinence 91 (89–92) 45 (42–47)
4. Consistent condom use 78 (76–80) 89 (87–91)

Source: Centers for Disease Control and Prevention, Morbidity and Mortality Weekly Report, 
2006.
*Confi dence interval.
†Response for strategy 1 and 2 combined.
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the spread of HPV.11 However, a recent U.S. study did indicate that reg-
ular use of condoms reduced the risk of male-to-female transmission, a 
phenomenon which may have particular signifi cance for cervical cancer 
prevention.12 In contrast, a 2008 study suggested that the use of a dia-
phragm by women who also received risk counseling and condoms did 
not affect HPV incidence or clearance.13 Beyond the impact on infection 
per se, other studies have identifi ed an association between condom use 
and reduced occurrence of HPV-related disease, improved regression 
of neoplasia, and/or faster clearance of infection.14–18 Whatever new 
research may show, it is unlikely that condom use for preventing HPV 
infection will ever achieve the level of effi cacy demonstrated in the con-
trol of, for example, HIV transmission.19 Condoms do not seem poised 
to rival the promise of vaccines in the prevention of infection.20,21

Building on the logical and evidence-based understanding of exposure 
prevention strategies, there are extensive reports on the best community-
level applications of approaches to STIs. Again, the large volume litera-
ture on this topic can only be cursorily reviewed.

Population-based interventions to reduce STIs. Several strategies to 
maximize the impact of sexual health promotion have been identifi ed 
and studied at the population level. These include the following:

education and media campaigns for safer sexual behavior• 
integration of case-fi nding into routine health care• 
mass treatment of persons in at-risk communities, even if they are • 
asymptomatic
improved STI treatment services following disease diagnosis• 

The review by the Cochrane group relevant to this area of public 
health was restricted to randomized controlled trials (RCTs); the unit 
of randomization was either a community or treatment facility (rather 
than individual patients). Only fi ve studies met the inclusion criteria. 
The research was based in developing countries, and none of the studies 
focused on HPV infection. The programs reviewed were mostly unsuc-
cessful in reducing STI incidence rates.22 While the Cochrane review 
group assigned to this area continues to examine the literature related to 
community-level STI programs in both developed and developing coun-
tries, their various review projects were still at the protocol stage at the 
time of this writing.23–25

A 2005 systematic review of interventions to prevent STIs examined 
three of the same community-based studies identifi ed by the Cochrane 
review (including the one trial that showed some measure of success). 
In fact, all the identifi ed population-level studies were based in the same 
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African communities covered by Cochrane.26 There apparently has been 
no experimental research concerning STI prevention at the population 
level in developed countries. This is surprising given the common under-
standing that STI interventions need to be implemented beyond the classic 
clinical setting in order to have any real impact.27

The one exception to this research gap involves abstinence educa-
tion geared to preventing HIV infection. Implementation settings range 
from schools to community centers to health care facilities. The special 
focus on such topics likely refl ect global and especially U.S. political 
priorities. The relevant Cochrane work on approaches to prevent HIV 
infection is more recent than the reviews related to STIs in general. The 
reviewers indicate that programs combining abstinence and safer sex 
messages appear to reduce short- and long-term risk behavior; confi r-
mation based on biological evidence, on the other hand, was lacking. 
Messages that are restricted to the abstinence theme appear to have a 
null effect, neither reducing nor exacerbating HIV risk.28

Individual and group approaches to STI control. The majority of the 
studies identifi ed in the 2005 systematic review noted earlier actually 
dealt with individual approaches, with a smaller number (n = 9) focus-
ing on group-based programs.29 A third of the group-based interventions 
involved counseling and skills building that led to signifi cant decreases 
in STI transmission. One study showed that counseling focused on skills 
training (8.6% STI incidence over 12 months) was superior to a health 
education model (15.4% STI incidence).30 The most recent literature has 
supported the effi cacy of cognitive-behavioral group interventions for 
STI control.31 Overall, a large percentage of these group projects dem-
onstrated signifi cant success, a conclusion mirrored by earlier reviews of 
the literature.32 A Cochrane review completed in 2000 confi rmed that 
small-scale health promotion projects directed at groups of women can 
reduce sexual risk behaviors—especially with respect to increased use 
of condoms for vaginal intercourse—though none of the studies focused 
on the control of cervical cancer as an end point.33

Summary. Commenting on STI control in general, Johnson and col-
leagues acknowledged that “the evidence base for many interventions is 
sparse and randomized trials of interventions are in their early days.”34 
Moreover, the studies specifi cally focusing on exposure prevention of 
HPV are even rarer. This is not to say that lessons may not be drawn 
from more general research. Results from several studies have found 
that the most effective STI prevention programs were based on social 
cognition or other such theoretical models; also, successful approaches 
tended to be developed by and for specifi c subpopulations.35,36 Targeted 
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health promotion programs indeed may be worth pursuing. Promising 
results from one U.S. study revealed that an HPV-specifi c protocol was 
highly effective in increasing knowledge about the virus and its sequelae 
in adolescents.37

Despite the weak evidence of effectiveness, primary care continues 
to be advanced as an important arena of primary prevention. The chal-
lenge is for physicians to introduce patient counseling with respect to 
risk factors for HPV infection and their possible consequences. Initiating 
a “nonjudgmental discussion” about matters such as multiple sex part-
ners and (with adolescent patients) early sexual debut is suggested, along 
with advice on how to control such behaviors.38

Whatever the ultimate effectiveness of STI control related specifi -
cally to HPV, the apparent unreliability of the component strategies (i.e., 
abstinence, monogamy, and other aspects of healthy sexual expression, 
condom usage) has certainly intensifi ed interest in HPV vaccination (see 
the following subsection). Questions have been raised about whether 
introducing vaccines will create complacency around behavioral inter-
ventions, reducing their already limited positive impact.

Finally, the relative importance of the measures examined earlier 
may change as information continues to emerge about HPV transmis-
sion routes that do not involve sexual contact. Of course, any newly 
identifi ed route would likely prompt a quest for another set of exposure 
prevention measures.

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation

2. Preventing Infection after Exposure to the Agent

The classic approach to primary prevention that protects individuals in 
the face of probable exposure to infection is prophylactic vaccination. 
As indicated elsewhere in this book, this is an arena marked by a steady 
stream of research and reviews. This subsection begins with a defi nition 
of the different vaccine categories.

Categories of vaccines. To understand the true prevention options, it is 
important to distinguish three types of vaccines:

Prophylactic—refers to a vaccine that prevents the establishment of • 
infection and, presumably, protects against the diseases (such as can-
cer) directly caused by the infection. Two prophylactic HPV vaccines 
have been approved in various countries, as will be reviewed later39

Therapeutic—refers to a vaccine that treats an existing infection • 
and/or infection-related disease. No therapeutic HPV vaccines 
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have been approved to date, though research is ongoing (see the 
relevant subsection later).40 Even if such measures were imple-
mented, they would not be relevant to the topic of primary preven-
tion of infection (as this supercategory has been defi ned in Figure 
7.1), but could accomplish primary prevention of cancer
Chimeric—refers to a vaccine that comprises components used • 
in both prophylactic and therapeutic vaccines. No chimeric HPV 
vaccines have been approved to date, though research is once 
again ongoing.41

Approved prophylactic vaccines. Gardasil™ was the fi rst HPV vaccine 
to receive government approvals, and the only one licensed for use in 
the United States and Canada at the time of this writing. The relatively 
rapid market licensing of Gardasil™ was based on trials indicating that 
it is highly effi cacious, particularly for vaccine-specifi c HPV types in 
HPV-naive women who receive three doses over 6 months; as well, it 
has a good safety profi le.42

Gardasil™, developed by Merck, is a quadrivalent vaccine target-
ing: (i) HPV-16 and -18, the oncogenic types responsible for at least 
70% of cervical cancer, plus a substantial number of other cancers; and 
(ii) HPV-6 and 11, the causes of almost all cases of anogenital warts. It is 
the product receiving the most attention in the literature. GlaxoSmithKline 
(GSK), on the other hand, is promoting a bivalent HPV vaccination, 
trade name Cervarix™, that targets just HPV-16 and 18.

Both vaccines are based on virus-like particle (VLP) technology. 
VLPs are formed from self-assembling proteins derived from the capsid 
of a virus; they mimic the virus and in general are highly immuno-
genic. VLPs do not contain viral genetic material, and therefore do not 
constitute a “live virus” vaccine. HPV vaccine researchers in fact were 
inspired by a VLP strategy fi rst developed for hepatitis B.43

Gardasil™ and Cervarix™ demonstrate similar levels of effi cacy in 
preventing type- specifi c HPV infection and cancer precursors; they also 
enjoy comparable safety profi les. These two vaccines are compared at a 
qualitative level in Table 7.2.

Bottom line: effi cacy and effectiveness. Effi cacy information represents 
a ratio, which can be expressed as a fraction or (more commonly) as a 
percentage, that is, the number of cases prevented by the intervention 
divided by the number of cases without the intervention. But both the 
end point and the population on which the data are based can dramati-
cally affect the results. This was highlighted by Ault et al. in their com-
bined analysis of four randomized clinical trials assessing the effi cacy 
and effectiveness of HPV vaccines (summarized in Table 7.3).44 These 
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Table 7.2. Key Results from HPV Vaccine Trials

 Gardasil Cervarix

Vaccine Description   
Time of follow-up (Phase III) 36 months 15 months (interim)
Target HPV types 6, 11, 16, 18 16, 18
VLP source Yeast 

(Saccharomyces 
cerevisiae)

Baculovirus 
expression

Adjuvant Aluminum 
hydroxyphosphate 
sulfate 
(proprietary 
Merck aluminum 
adjuvant)

Aluminum 
hydroxide plus 
3-deacylated 
monophosphoryl 
lipid A 
(proprietary GSK 
AS04 adjuvant)

Vaccine Evaluation   
Effi cacy: Persistent HPV 

infection
Proven Proven

 HPV 16 or 18 CIN 2+ Proven Proven
 HPV 16 or 18 CIN 3 Proven Not proven
 VIN or VaIN 2+ Proven Not reported
 Genital warts Proven Not in target
Therapeutic effi cacy None None
Safety at 6 years Demonstrated Demonstrated
Cross protection (persistent 

HPV infection)
6 months 12 months

Cross protection (lesions) Reported Not reported
Duration of protection (as of 

2007)
5–6 years 5–6 years

Adolescent immunogenicity/
safety trials

Females 9–15 years
Males 9–15 years

Females 10–14 
years

Males 10–18 years
Immunogenicity in 

preadolescents
Proven Proven

Immunogenicity in older 
women

Proven Proven

Phase III trial locations North America 
(25%); Latin 
America (27%); 
Europe (44%); 
Asia-Pacifi c (4%)

North America 
(12%); Latin 
America (34%); 
Europe (30%); 
Asia-Pacifi c (25%)

Phase II trial locations Brazil (34%); Europe 
(21%); USA (45%)

Brazil (>50%); 
North America 
(<50%)
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four studies enrolled 20,583 healthy women aged 15–26. Exclusion 
criteria included a previous abnormal Pap smear, a lifetime history of 
fi ve or more sex partners, and pregnancy.

This summary clearly indicates that the effi cacy of the current HPV 
vaccines is very high (approaching 100%) against high-grade cervical 
lesions caused by HPV-16 and -18 in women who were not infected with 
either of these HPV types when they were vaccinated. The effectiveness of 
the vaccines in the general female population, which includes women who 
have previously been infected with HPV-16 and/or -18, is much lower at 
18%. This low effectiveness in the general population has led to a focus on 
vaccinating young girls prior to their sexual debut and, presumably, prior 
to HPV exposure. Vaccination in a school setting also enhances the prob-
ability of receiving all three doses. In the Ault et al. review noted earlier, 
21% of enrolled women had evidence of either HPV-16 or 18 infections at 
baseline, and 12% had abnormal cervical cytology at enrolment.

The equivalent trial results for Cervarix™ in an unrestricted popula-
tion were only 90%, suggesting a slight edge for Gardasil™.45 This is 

Table 7.3. Gardasil Phase III Trial Information

Population

Effi cacy/Effectiveness Against High-Grade 
Cervical Lesions (95% CI) Caused by the 
Target Types

Protocol population

99% (93–100%)
Subjects naive to target HPV types at 

enrolment and through month 7, 
no protocol deviations

Unrestricted population

98% (93–100%)Subjects naive to target HPV types 
at enrolment, receiving at least 
one dose

General population

44% (31–55%)All subjects, regardless of baseline 
status with respect to HPV infec-
tion and cervical neoplasia

 Effectiveness Against High-Grade 
Cervical Lesions, Regardless of 
Causal HPV Type

General population
17% (7–29%)All subjects, regardless of baseline 

status with respect to HPV infec-
tion and cervical neoplasia

Source: Future II Study Group, The Lancet, 2007. Used by permission.
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in addition to the advantage Gardasil™ enjoys in providing protection 
against anogenital warts. Assertions about the comparative strengths of 
the two vaccines have focused on duration of protection,46 level of cross-
protection,47 and selection of adjuvant.48

Many other types of trials have been announced or already launched 
for both Gardasil™ and Cervarix™, including effi cacy, immunogenicity 
bridging, safety in older women, safety and immunogenicity in HIV-
infected individuals, and effi cacy in males.49 Naturally, the vaccine man-
ufacturers are motivated to see the licensed target populations expand. 
The results of the various studies will no doubt be closely monitored by 
health care planners, especially data from any head-to-head compari-
sons between the two vaccine products.50

HPV vaccine launch: one national example. Health Canada licensed 
Gardasil™ for use across the country on July 10, 2006. In its 2007 bud-
get, the Canadian federal government allocated $300 million toward 
the implementation of an HPV vaccine program. This initiative did not 
address the issue of program sustainability once the grant was spent. 
One analysis of HPV vaccinations in British Columbia suggested that 
the promised federal funding might cover 2–3 years of vaccinations, 
assuming an 80% uptake among 12-year-old girls.51 Some Canadian 
provinces decided to roll out the vaccine as early as the 2007 school 
year. At the same time, several jurisdictions in the country have com-
mitted to developing further evidence with respect to Gardasil™.52

Canada’s National Advisory Committee on Immunization provided 
a position statement related to Gardasil™ early in 2007.53 The majority 
of their document covered background information on HPV infection 
and cervical cancer, with the fi nal section reviewing the Gardasil™ trial 
results and offering a list of recommendations and issues for further 
research. The key conclusions were as follows:

Gardasil™ is recommended for females between 9 and 13 years of • 
age. Rationale: The age period is before the onset of sexual inter-
course for most females in Canada; immunogenicity data also imply 
high effi cacy (in the absence of direct evidence for this age group).
Gardasil™ is recommended for females between ages 14 and 26.•  
Rationale: Whether or not females are sexually active or have 
shown cervical abnormalities, it is unlikely they have been infected 
with all four HPV types covered by the vaccine, so a certain degree 
of effi cacy would be expected; an important caveat is that there 
is no evidence that the vaccine will have a therapeutic effect on 
existing cervical lesions.
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Gardasil™ is not recommended for females less than 9 or over 26 • 
years of age, or for males. Rationale: Effi cacy data are not avail-
able for these groups, and for younger girls and boys the duration 
of protection of the vaccine is also not known.
Current guidelines for cervical cancer screening should stay in • 
force. Rationale: Vaccinated females (if already sexually active 
before they receive the vaccine) may have already contracted one 
of the high-risk HPV types covered by the vaccine, and of course 
all individuals continue to be susceptible to the various oncogenic 
HPV types not covered by the vaccine; it is important to remem-
ber that about 30% of cervical cancer cases are attributed to types 
other than HPV-16 and 18.

Vaccination in the context of cervical screening programs. The HPV 
vaccine is being implemented in the context of one of the most effective 
cancer prevention initiatives in history, namely, cervical cancer screen-
ing using the Pap test (see Chapter 6).

In the absence of screening, the lifetime risk of cervical cancer (based 
on data from the United States, Australia, and the United Kingdom) is 
2.19%.54–56 Implementing a cervical cancer screening program reduces 
this risk to 0.75%, based on the analyses in the same three studies just 
noted. By introducing a vaccination program in addition to the screen-
ing program, the lifetime risk can be further reduced to 0.30%.57 The 
overall change from 2.19% to 0.30% represents an 86% reduction in 
the lifetime risk of cervical cancer for a combined screening and vacci-
nation program, as summarized in Table 7.4. Another way to interpret 
this table is that, in the absence of any intervention, 219 out of every 
10,000 females would contract cervical cancer in developed countries. 
Current screening programs reduce this risk to 75/10,000, whereas the 
addition of a vaccination program to current screening programs would 
further reduce the risk to 30/10,000.

A number of studies assessing the economic aspect of implement-
ing an HPV vaccination program suggest that cost-effectiveness could 
be enhanced by modifying current screening practices.58–60 It seems 

Table 7.4. Impact of Prevention Modalities on Cervical Cancer Risk
Lifetime Cervical Cancer Risk % Reduction

With no intervention 2.19%
With current screening 0.75%
With current screening & vaccination 0.30%

66%

60%
86%
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reasonable that a declining prevalence of oncogenic HPV types in the 
postvaccination era could permit a lower intensity of screening. There 
are, however, at least three factors that prompt some caution about 
changing cervical cancer secondary prevention regimes too quickly.

First, cancer precursors caused by HPV-16 and -18, as well as other 
oncogenic types, will of course still develop among (older) women not 
currently targeted for vaccination. The pool of vaccinated individuals 
who were not naive for one of the target viruses when they were vac-
cinated are also expected to continue to have normal levels of disease 
susceptibility to those HPV types. This is because vaccination is only 
effective against a targeted HPV type prior to infection with that type.

Second, though the vaccines offer a high level of vaccine protection 
against HPV-16 and 18 in HPV-naive individuals, there are at least 13 
additional oncogenic HPV types that currently cause up to 30% of all 
cervical cancers. This explains the fact that second-generation vaccines 
are already under development, based on various formulations with 
increased polyvalency.61,62

Finally, screening itself is a moving target, starting with emerging 
improvements in Pap smear collection and evaluation. This makes deci-
sions about the value of screening, and how best to integrate it with 
vaccination, diffi cult to fi nalize. Indeed, the same innovation in molec-
ular-level technologies that have made vaccine development possible 
in the fi rst place also promises to change the face of cervical cancer 
screening. Ultimately, it may include a range of biomarkers (beginning 
with HPV DNA) that provide a window on the state and stage of HPV-
related disease development (see Chapter 6).63

There are several other challenges that may be encountered while 
maintaining a screening program in the postvaccination era.

Removing the most threatening oncogenic types through vaccina-1. 
tion will likely result in fewer abnormal smears and possibly a 
higher proportion of equivocal results during Pap screening. This 
could introduce a number of unpredictable human factors into the 
equation, including boredom among screening personnel, result-
ing in reduced attention, less professional satisfaction related to 
making a public health difference, and an overall compromise 
of quality. Organizational measures may need to be instituted to 
counteract these effects.
Another collateral effect of HPV vaccination would be a struc-2. 
tural decrease in test accuracy and cost-effectiveness for this 
aspect of the prevention effort, as the Pap smear program would 
be responsible for a lower rate of avoided precursors and cancers. 
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This simply reinforces the importance of treating any economic 
analysis as an integrated exercise comprising both screening and 
vaccination.
There are questions about how vaccination will alter client atti-3. 
tudes concerning the importance of screening. Vaccinated women 
may feel that the necessity or urgency of screening is reduced. Such 
a development could paradoxically lead to an increase in cervical 
cancers. Clearly, a robust public education program about the 
essential role of ongoing screening will need to be maintained 
alongside vaccination for the foreseeable future.

It is clear that the independent and overlapping benefi ts of both vac-
cination and screening must be maintained in an integrated prevention 
strategy.64 The cautions discussed earlier ought to motivate a program 
of careful monitoring prior to any substantial changes in screening pro-
tocols. In some at-risk populations, there may be a need for concerted 
attempts to improve screening uptake rates, especially if vaccination 
effectiveness proves to be less than optimal in real-world contexts. A 
case in point is sexually active adolescent females, where the rate of 
cervical cancer screening is low (only 12–45%).65 Data that gradually 
emerge from the vaccination experience in real-world populations will 
provide better insight on how to enhance or moderate screening prac-
tices in light of both cost and clinical factors. This suggests the need for 
a vaccination registry that is linkable to both screening and cancer reg-
istries. Such registries are necessary for evaluation and surveillance, and 
for eventually helping to answer a number of outstanding questions.

Areas requiring further study. There are several areas of investigation 
that could infl uence future HPV vaccine implementation and other 
aspects of prevention policy. The following issues should be noted:

The natural history of HPV is still being elucidated. Infectious • 
agents are rarely static; the various HPV types are likely to have 
differing and perhaps even changing transmission dynamics.
Even what is already known about HPV presents challenges for • 
mathematical modeling. It is diffi cult to simulate the effect of sex-
ual contact patterns among groups of people. The natural history 
of multiple HPV infections is also very complex.
The understanding of approaches related to HPV and a variety of • 
cancers is still evolving.
There is a question as to whether persistent HPV infections in • 
older women represent a reactivation of a latent HPV acquired 
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earlier, or a brand new infection. Insights on this topic may infl u-
ence decisions about expanding the vaccine indications to include 
older populations.
There is a need to understand the costs and value of including • 
older women and boys in a vaccination program.
Research continues on alternate methods of vaccine delivery, • 
which is of special relevance in the developing world. The inconve-
nience and expense of parenteral injections has increased interest 
in vaccines that can, for example, be administered nasally (i.e., by 
aerosol spray).66

Additional unanswered questions associated with HPV vaccination 
were recently summarized by Haug:67

Will the vaccine ultimately prevent not only cervical lesions but 1. 
also cervical cancers and death?
How long will vaccine protection last?2. 
Will the vaccine have the same effect on preadolescent girls as on 3. 
the main 16- to 26-year-old trial subjects?
Will other HPV strains emerge as signifi cant oncogenic serotypes 4. 
if HPV-16 and -18 are effectively suppressed?68

Will vaccinated women continue to regularly access screening?5. 
Will vaccination affect natural immunity against HPV?6. 

The answers to these questions will substantially affect both the 
effectiveness and cost-effectiveness of any HPV vaccination program.

3. Prophylactic Eradication or Suppression

In the literature, there was no mention of prophylactic eradication or 
suppression of HPV infection that parallels the universal and/or tar-
geted approaches employed with hepatitis B and Helicobacter pylori (see 
Chapters 8 and 9). A long latency period and well-established screen-
ing for preventable HPV disease suggests that any more complex mea-
sures developed to eliminate infection (e.g., gene therapy69) will likely 
be restricted to investigational groups or special cases rather than being 
deployed at a population level.
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4. Cofactor Prevention

Smoking is a proven risk factor for cervical cancer, which puts the disease 
in the same company as many other malignancies. There have been sug-
gestions in the past that the observed association may be an artifact of 
smokers having, on average, more lifetime sexual partners.70 However, 
as detailed in Chapter 4, more recent analysis has confi rmed the role of 
smoking as a cofactor in the development of cervical cancer. Evidence of 
the biological effects of smoking supports this conclusion. For instance, 
women who smoke do not seem to clear an HPV infection as quickly as 
nonsmokers. As well, a 2007 study confi rmed that exposure to second-
hand smoke is a risk factor for developing cervical intraepithelial neopla-
sia (CIN), which is suggestive of a causal impact for tobacco smoke.71

In addition to the primary prevention potential of cessation (or not 
smoking in the fi rst place), the positive impacts on secondary prevention 
have been demonstrated. In short, tobacco use seems to decrease the 
effectiveness of treatments for cervical cancer precursors.72 In a recent 
survey of general practitioners in the United States, most respondents 
underestimated the role of smoking as a risk factor related to cervical 
cancer, suggesting an opportunity for improved clinical education.73

Beyond smoking control, exposure to STIs other than HPV should 
be avoided in order to reduce synergistic effects that elevate the risk of 
progressing to cervical cancer. Fortunately, the same behavioral changes 
already advised for preventing HPV infection would automatically be 
protective against other agents. In particular, primary prevention mea-
sures against HIV infection (and its attendant immunosuppression) 
will have collateral benefi ts in terms of reducing cancer incidence, even 
though the impact on HPV infection rates is less clear.74 The importance 
of STI control implies that there is a strong overlap between sexual 
health behaviors that protect against HPV infection (see earlier discus-
sion) and those that reduce progression to cervical cancer; such recogni-
tion will not necessarily increase the utility of interventions in this area. 
Nonetheless, the delay of intercourse until age 21 in particular affords 
additional protection against cancer development because it allows 
maturation of the transformation zone, making it less vulnerable to the 
consequences of HPV exposure.75

Women who have used oral contraceptives (OCs) are found to be 
at higher risk for persistent infection and cancer development, though 
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the relationship may not be causal but rather related to lower condom 
usage or other risky sexual behaviors.76 While avoidance of OCs may 
be a feasible option, it is less clear how to counteract other types of 
reproductive risk factors (e.g., higher parity).

In some countries, risk factors for cervical cancer seem to include 
lower family income and lower levels of education.77 However, the asso-
ciation does not seem to pertain to the Canadian setting.78 Although 
there once were differences in cervical cancer mortality based upon 
income, these disparities have diminished dramatically since universal 
health care coverage was introduced in the country.79 Recent U.S. results 
in this regard have suggested mixed effects: lower education and higher 
poverty conferred increased risk of cervical, vaginal, and penile cancer, 
whereas higher education was associated with increased incidence of 
vulvar cancer, as well as excess anal and head and neck cancers in both 
men and women.80 The conclusion seems to be that investigation of the 
effects of socioeconomic status does not offer an immediate way for-
ward as a prevention strategy.

5. Therapeutic Eradication or Suppression

This category of prevention refers to an intervention that more or less 
directly addresses an established infection, but prior to the onset of any 
clinical disease. This should be distinguished from the next and fi nal 
category in the typology, that is, where the focus is the carcinogenic 
transformation process (rather than the infection per se). Admittedly, 
categories 5 and 6 (and the disease processes to which they refer) logi-
cally and practically overlap to some extent. For example, both types of 
prevention presuppose that HPV infection has been detected. The affi n-
ity between the categories, refl ecting the intimate relationship between 
infection and carcinogenesis, means that locating a particular therapy 
appropriately within them is sometimes debatable.

The concept of eradication is most applicable to microbes that are 
not protected within host cells, for example, a bacterium such as H. 
pylori. When a virus is housed in a cell and/or some of its products 
are integrated into host cellular mechanisms, eradication seems less fea-
sible. In such cases, it may be better to think in terms of the suppres-
sion of infectious processes. On the other hand, eradication may be the 
correct rubric for interventions designed to detect and actually destroy 
only HPV-infected cells. An intermediate impact would be one where the 
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infection was not eliminated, but at least production and transmission of 
new viruses were prevented.

The fact is that treatment is generally not recommended for sub-
clinical genital HPV infection. The diagnosis of subclinical genital HPV 
infection may not become common until HPV-DNA testing is routinely 
implemented. Not only is diagnosis rarely defi nitive, but no therapy has 
yet been identifi ed that can eliminate HPV infection.81,82 This gap has 
been confi rmed in one of the most common eradication contexts, namely, 
following ablative treatments for cervical dysplasia. Likewise, though 
approaches are available for the treatment of genital warts, HPV infection 
generally cannot be cured, and the recurrence of lesions is common.83

Despite the obstacles noted earlier, researchers continue to pursue 
measures that could eliminate an HPV infection. The most popular 
investigational approach is therapeutic vaccines.84,85 Earlier, this strat-
egy was distinguished from prophylactic vaccination (see “Preventing 
Infection after Exposure to the Agent”). In the case of HPV, therapeu-
tic vaccines generally involve immune system modulation in individu-
als already infected with HPV. The aim of such vaccines is to interrupt 
some element of the infectious process, and thereby stop the progression 
to serious forms of disease such as cancer. Boosting immunity has the 
potential to be effi cacious, especially given the fact that HPV infection in 
the mucosal surfaces of the female genital region of the body normally 
elicits a weak immune response.86

Essentially, there are three points in the natural history of HPV 
infection where the host’s immune system may be enhanced in order to 
combat the virus87:

Before infection of the epithelium, interrupting mucosal entry of • 
the virus (i.e., classic prophylaxis)
During viral replication, eliminating cells expressing late genes • 
and thus interrupting the formation of new virions
After viral integration, aiming to control or stop the growth of tumors • 
by targeting oncoproteins generated by HPV genes E6 and E7

There are many components to consider in the development of 
therapeutic HPV vaccination, beginning with biological sources88 and 
basic vaccine technology. The various approaches include peptide/pro-
tein, DNA, VLPs, dendritic and Langerhans cells, and recombinant 
viruses.89–93 The antigen target of the vaccine is also critical; the key 
options comprise the protein products coded by viral DNA. Unlike the 
current prophylactic vaccines that are targeted at the capsid protein L1, 
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therapeutic agents have been developed for the capsid proteins, for E7, 
and for a combination of E6 and E7. The oncoproteins E6 and E7 cur-
rently dominate the research agenda.94–99

Initial results from small phase I trials of therapeutic vaccines 
have been mixed,100 although more recent research has shown more 
promise,101–103 and a variety of innovations are being pursued to increase 
effi cacy. For example, encouraging results have emerged from investiga-
tions of ways to enhance vaccine potency by linking HPV antigens to 
other proteins.104,105 Other research is exploring the potential of broadly 
protective vaccines that neutralize a diverse set of HPV types, usually 
based on the L2 capsid antigen.106,107

While most of the trials on therapeutic vaccines in humans have 
focused on genital diseases (including vulval and vaginal dysplasia108), 
researchers hope that there will be benefi ts for other parts of the body, 
such as HPV-related tumors in the head and neck.109,110 Given the bur-
den of cancer caused by HPV, and the fact that the full benefi ts of pro-
phylactic vaccination will not be seen for some years, the quest for a 
therapeutic breakthrough will continue. One of the “holy grails” for 
researchers is a chimeric vaccine, which combines the properties of pro-
phylactic and therapeutic approaches.111 This vaccination strategy gen-
erally targets a combination of early and late viral proteins.112

6. Interrupting Transformation Related to Infection

It is understandable that the immunotherapies targeting HPV infec-
tion may overlap with the fi nal prevention topic, which focuses on viral 
or cellular processes that lead to cancer. There is a fi ne line between 
these categories; in some cases, the distinctions may even begin to blur 
between these therapies and treatments for premalignant lesions.

It has been already suggested during the discussion of HPV eradica-
tion that interventions directly targeting the virus and its processes are 
very limited. This was confi rmed in the only systematic review located, 
which dates to 2000.113 While effective antiviral therapies for subclini-
cal HPV infection are not yet available in practice, progress continues 
to be made at a research level.114

In this regard, recombinant human interferon gamma has shown 
good results in terms of the regression of precancerous cells, sometimes 
even leading to complete remission of HPV infection.115,116 As well, an 
earlier study suggested that the highly active antiretroviral therapy used 
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with HIV/AIDS can have a positive effect on cervical precancer (though 
the impact on HPV clearance was not reported).117 The ultimate quest is 
for a targeted antiviral, rather than simply the induction of nonspecifi c 
infl ammation that in turn generates a “bystander immune response.”118 
Antivirals for HPV are especially important for the substantial popula-
tion of immunosuppressed individuals who may not benefi t from novel 
immunotherapies, including the therapeutic vaccines described in the 
previous subsection.

The skin is also a common site of HPV infection, which sometimes 
leads to squamous cell cancer. While no traditional cutaneous antiviral 
therapies have demonstrated superior results, certain immunomodula-
tory compounds have been shown to achieve both HPV clearance and 
low recurrence rates.119

The remaining conservative (i.e., nonsurgical) approaches to HPV 
infection and its associated precancerous lesions include a wide range 
of strategies examined in the laboratory. Whether involving dietary 
nutrients (e.g., retinoids, beta-carotenes) or topical medications such as 
cidofovir, the results have been, at best, mixed.120–122 A 2007 Cochrane 
review of the effectiveness of retinoids in treating CIN concluded that 
these agents were not effective in preventing progression.123 The authors 
also found that retinoids were ineffective in promoting regression of 
CIN3, though some positive effects on CIN2 were noted.

Data from the limited RCTs investigating the effectiveness of poten-
tial chemopreventive agents on the prevention of cervical cancer have 
not been very promising.124,125 While modest results have been shown 
for a few agents, further testing has been impeded, due in large part to 
side effects.

Nonsteroidal antiinfl ammatories and gene therapies are also at an early 
stage of investigation.126–128 Finally, an experimental treatment for HPV 
infection, photodynamic therapy, has so far shown variable effi cacy.129

The growing understanding of the molecular biology of HPV infec-
tion has guided innovation in the arena of anti-infection and anticancer 
strategies. With the exception of E1, the oncogenic proteins of HPV lack 
enzymatic activity; they generally achieve their effects by interacting 
with cellular proteins. While protein–protein interactions are diffi cult 
to suppress using conventional drugs, they “are amenable to inhibition 
using intracellular antibodies or intrabodies, which bind the viral pro-
teins and sterically inhibit their association with cellular partners. The 
lack of homology between viral and cellular proteins, and the fact that 
HPV infections can be treated topically, makes them particularly well 
suited to the intrabody approach.”130
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CONCLUSION: HPV AND PREVENTION IN THE FUTURE

The prevention picture related to HPV and the diseases caused by this 
virus is currently dominated by prophylactic vaccination. This is under-
standable, as effective vaccines are perceived as the pinnacle of primary 
prevention of diseases caused by infections.

In the end, HPV vaccine effectiveness (and, ultimately, cost-effective-
ness) will be proven by reductions in HPV-related disease burden. Given 
the long pathogenic latency periods associated with HPV infection and 
cancer development, assessing the validity of mathematical simulation 
models based on results in the real world will require a certain amount 
of patience. Confi rmation of estimates with actual outcomes data may 
be decades away.

From a certain perspective, the development of the vaccine Gardasil™ 
reveals a picture of intense scientifi c study and an apparent narrowing of 
vaccination options. Thus, one dominant vaccine (and one possible compet-
itor) has emerged onto the stage of public health policy at the present time; 
on the other hand, other approaches have been practically eclipsed. For 
example, Merck’s earlier work on a monovalent vaccine targeting HPV-16 
appears to have been superseded. While the results for the latter approach 
were actually quite impressive,131,132 the discussion is now focused on poly-
valent HPV vaccines and their expanded prevention power.

The recent extensive academic and media attention received by 
Gardasil™ (and, increasingly, by Cervarix™) has expanded general 
interest in the arena of HPV prophylactic vaccination. This could in turn 
lead to new ideas and energy around alternate vaccination approaches. 
Beyond the VLP technology employed with Gardasil™, Cervarix™, and 
several monovalent formulations, both DNA and plasmid DNA vaccine 
models have also been tested.133 It is unclear whether any of the alternate 
approaches will gain traction in the years to come, but it is possible that 
revolutionary insights may still emerge. It is also likely that the lessons 
learned from other infectious agents of cancer may also bear positively 
on the cause of HPV prevention, as has already occurred in the adap-
tation of the hepatitis vaccine technology to HPV vaccine development.
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8
HEPATITIS VIRUSES

HCV is the most important risk factor for hepatocellular carcinoma in 
 western European and North American countries . . . [while] the World Health 
Organization has reported HBV to be second only to tobacco as a known 
human carcinogen.1

INTRODUCTION

Jaundice was recognized as a disease symptom as long ago as the 
fi fth century BC, and an infectious cause was already suspected by 
the eighth century AD.2 The viral origin of certain forms of hepatic 

disease was confi rmed in the last 50 years; more recently, two hepatitis 
viruses have been specifi cally linked to the development of liver can-
cer. Worldwide, it is estimated that 400 million people are chronically 
infected with hepatitis B virus (HBV), and chronic hepatitis C virus 
(HCV) infection affects approximately 170 million people.3

Infection with either virus elevates the risk of developing primary 
liver cancer. Hepatocellular carcinoma (HCC) is the most common form 
of liver cancer4; it is the fi fth most common malignancy in the world, 
and the most rapidly increasing cancer in the United States.5 The inci-
dence of HCC has also increased in Canada in the last two decades.6,7 
The high burden of liver disease has focused attention on all known 
causes, including infections and alcoholic cirrhosis. Adding to the con-
cern about cancer is the substantial burden of “benign” and premalig-
nant disease, attributable to the two main viral agents. In this light, it 
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is not surprising that prevention efforts related to HBV and HCV have 
steadily intensifi ed.8–10

Despite the attention being paid to the recent introduction of a pro-
phylactic vaccine against human papillomavirus (HPV), it is important 
to recall that the fi rst true cancer vaccine is now over 25 years old. 
Indeed, the implementation of highly effi cacious and safe childhood vac-
cination programs for HBV around the world has dramatically reduced 
the global prevalence of hepatitis B.11 On the other hand, drug therapy 
for patients chronically infected with HBV does not eradicate the virus 
but only slows down replication. This underscores the importance of 
primary prevention through means such as vaccination. Even more 
importantly, the current absence of a vaccine for HCV highlights the 
need to maximize any other prevention measures deemed to be useful 
in the short or long term. The urgency is even greater among medically 
underserved populations and ethnic and other at-risk groups, including 
Aboriginal peoples in Canada.12

THE VIRUSES

The hepatitis viruses are so named not because of genetic or other struc-
tural similarities, but due to their common connection with hepatic dis-
ease. In fact, hepatitis B and C belong to different viral families, and are 
thus sometimes treated separately in textbooks on infectious causes of 
cancer.13 Classically, viruses labeled with the term hepatitis are hepa-
totropic, that is, they replicate in hepatocytes and thus cause acute or 
chronic hepatitis.14 Hepatitis simply means “infl ammation of the liver.” 
A term such as “hepatitis C” is used to name the infl ammation caused by 
a particular virus, and as shorthand for the virus itself. The limitations 
of this usage are immediately evident when one considers that HCV in 
particular has been linked to a broad range of extrahepatic manifesta-
tions. Refl ecting this reality, some authorities have introduced the term 
“HCV syndrome” to cover the entire set of HCV-related diseases.15

As indicated in Table 8.1, six types of virus have been identifi ed 
and named as hepatitis so far, though one form does not warrant that 
identifi cation.16,17

This inventory continues to be fi ne-tuned by new research. For 
instance, hepatitis G does not appear to be hepatotropic or a cause of 
liver cancer, so another label, GB virus type C (GBV-C), is sometimes 
preferred.18 One intriguing aspect of GBV-C is that it appears to reduce 
the impact of human immunodefi ciency virus (HIV) in cases of coinfec-
tion.19 Hepatitis F has not yet been confi rmed, but it has been reserved 
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as the label for a novel blood-borne infection detected in different parts 
of the world.20,21 Other hepatotropic viruses (e.g., TTV, SENV) have 
been isolated, notably in transfusion patients, but their disease asso-
ciations are unclear.22–24 Even with the sophisticated detection methods 
now available, all clinical cases of viral hepatitis have not been linked 
to a known virus; it is likely that other hepatotropic viruses remain to 
be identifi ed.

Hepatitis B Virus

A member of the Hepadnaviridae virus family, HBV was discovered 
in 1965, an achievement that later garnered the Nobel Prize. The virus 
contains double-stranded circular DNA that replicates via an RNA 
intermediate. The DNA is enclosed by an icosahedral capsid, as well as 
a lipid envelope.25

Eight HBV genotypes have been identifi ed to date (labeled A–H, an 
unfortunate confusion with hepatitis A, B, etc.). Each genotype seems 
to demonstrate characteristic geographical distributions and clini-
cal outcomes.26 For example, while genotype A is more prevalent in 
North America and Europe, genotypes B and C are more commonly 
found in Asia.27,28 Subtype A1 is endemic in South Africa, and has been 

Table 8.1. Summary of Hepatitis Viruses

Hepatitis 
Type

Year 
Identifi ed

Nucleic 
Acid Transmission Risk Groups

Chronic 
Hepatitis

Vaccine 
Available

A 1973 RNA Fecal–oral 5- to 14-year 
olds

No Yes

B 1965 DNA Blood borne 25- to 39-year 
olds

Yes Yes

C 1988 RNA Blood borne 20- to 39-year 
olds with high 
risk behaviors

Yes No

D 1977 RNA Blood borne Multiple blood 
transfusion 
recipients (e.g., 
hemophiliacs); 
injection drug 
users

Yes (as a 
co- or 
super-
infection)

No

E 1983 RNA Fecal–oral 15- to 40-year 
olds

No No

G 1995 RNA Blood borne None Unclear No

Source: Fry, American Surgeon, 2007; Gillcrist, Journal of the American Dental Association, 
1999.
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associated with a higher risk for development of HCC.29,30 Genotype C 
also appears to be common in cases of HCC. Recently, the same pattern 
was found to be true for genotype F among Alaskan Native people.31 
However, the exact clinical implication of each genotype and its geo-
graphical connection remains controversial.32,33

One molecular factor that has been investigated in the context of 
genotypes is hepatitis B antigen e (HBeAg). As a marker of an immune 
tolerance phase in the HBV natural history, it tends to be expressed in 
chronically infected children or young adults prior to an effective anti-
body response (the latter known as seroconversion). Early HBeAg sero-
conversion has been considered to be a positive sign in terms of disease 
outcome, whereas late or absent emergence of anti-HBe indicated a 
poorer prognosis. In Asian contexts, genotype B demonstrates earlier 
HBeAg seroconversion than genotype C; in other words, the latter geno-
type may confer a higher risk of chronic liver diseases, including can-
cer.34 In a recent study among Alaskan Natives, the age at which 50% 
of persons infected as children with genotypes A, B, and D managed to 
clear HBeAg was <20 years, but almost 48 years in the case of geno-
type C. This sort of “delayed” seroconversion has been associated with a 
higher risk of progression to cirrhosis.35 Finally, genotype F also cleared 
the antigen relatively early, but showed a greater tendency to revert to 
the HBeAg-positive state.36

This entire topic remains an active area of investigation. The utility of 
HBeAg as a prognostic marker has been questioned; in fact, there is evi-
dence that a patient in a reactivated, HBeAG-negative chronic state may 
have a higher risk of progression to cirrhosis (see the section “Disease 
Mechanism and Process”).37 Thus, other factors may need to be exam-
ined to explain any differential associations of genotypes with disease 
outcome. Further, while genotype C may prompt earlier progression to 
cirrhosis and HCC, it may not always be true that the risk of developing 
liver cancer is higher (or survival rates lower) for any particular geno-
type of HBV.38

Hepatitis C Virus

HCV is a member of the Flaviviridae virus family. It contains a single-
stranded RNA genome, housed within an icosahedral capsid and a lipid 
envelope.39 Viral replication occurs in the cytoplasm following entry of 
viral RNA into the hepatocyte, with the RNA being used as a direct 
template in protein synthesis.40

There are six major HCV genotypes, and several subtypes.41 Similar to 
HBV, each genotype is associated with a characteristic geographical dis-
tribution and clinical course.42,43 In North America and western Europe, 
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genotype 1 is the most common, whereas genotypes 2 and 3 have been 
found less frequently.44 The genotypes appear to work differently in the 
pathogenesis of liver disease, particularly related to the process of lipid 
accumulation (or steatosis). Thus, in “genotype 3-infected patients, ste-
atosis is likely viral-induced, and represents a direct cytopathic effect of 
HCV, whereas in patients infected with other genotypes, host metabolic 
risk factors for insulin resistance such as obesity, type 2 diabetes and 
hyperlipidemia play a major role.”45 In this sense, obesity and diabetes 
act as cofactors in the development of certain cases of hepatic steatosis, 
which can lead to sequelae such as cirrhosis and HCC.46

In this chapter, the established and emerging information concern-
ing HBV and HCV is elucidated, especially regarding their involvement 
in liver cancer. The information is organized around the following 
topics: evidence of associated cancers, disease mechanism and process 
(including cofactors), transmission and occurrence of the agents, detec-
tion methods, and prevention approaches.

EVIDENCE OF ASSOCIATED CANCERS

Liver Cancer

In 1994, the International Agency for Research on Cancer (IARC) clas-
sifi ed both HBV and HCV as human carcinogens.47 The designation 
of HBV was based on over 20 years of evidence showing that the virus 
is an etiological agent for HCC.48 Based on the studies reviewed by 
IARC, an HBV-positive individual appears to be 5–30 times more likely 
to develop liver cancer than those without infection. In a comparable 
review of the research based on newer detection tests, the relative risk 
for HCC due to HCV exposure ranged from 1.1 to 52.0.49

Accepting the best-supported data, an estimated 50–55% of the 
most common liver cancers are attributable to HBV infection, whereas 
HCV has been identifi ed in approximately 25–30% of cases.50,51 This 
suggests that, globally, at least three-quarters of the HCC burden has 
a viral cause. In the United States and Canada, because of the relative 
contributions of alcoholic cirrhosis and nonalcoholic steatohepatitis to 
the equation,52 the proportion linked to viruses may be lower.

The exact epidemiologic profi le can vary greatly from region to 
region. This may be largely due to differences in both viral load and 
viral prevalence. For instance, one study has demonstrated a geographic 
variation in viral load among hepatitis B carriers, with a concomitant 
impact on cancer development rates.53 The more important driver 
may be the prevalence of the viruses in the population of interest. For 
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example, in Egypt, with the highest prevalence of HCV worldwide, over 
60% of HCC cases are attributable to HCV infection alone.54 By com-
parison, an estimated 21% of HCC in the United States is due to HCV 
and 10% to HBV, and as many as 40% of the cases are presently clas-
sifi ed as idiopathic.55

As suggested by the U.S. and Egyptian examples, the relative contri-
bution of the two viruses to HCC can also vary. A 2007 meta-analysis of 
90 studies confi rmed that HBV predominates in the HCC cases in most 
Asian, African, and Latin American countries (Figure 8.1). However, 
similar to the situation in Egypt, HCV can be the more common cause 
of HCC in specifi c countries in these regions, including Japan, Pakistan, 
and Mongolia.56 What is true in these specifi c countries holds across the 
developed world; thus, the prevalence of HCV generally exceeds that 
of HBV in the United States, Canada, and Europe. The one exception 
may be urban areas, such as Vancouver and Toronto in Canada, where 
immigration patterns may tip the balance toward HBV as the main viral 
cause of liver cancer.57,58

Liver cancer rates are increasing in both the United States and 
Canada, with a concomitant growth in the economic burden of illness.59 
Viral agency has been suspected as contributing to these trends. Given 
the long course of carcinogenesis, increasing incidence of liver cancer 
may be traceable to factors that came into effect as long as two or three 
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decades ago. This would include infection through intravenous drug use 
and, as already suggested, expanded immigration from endemic regions 
of the world.60,61

Other Malignant Associations

The role of hepatitis B and C is clearly established in the development 
of liver cancer, especially HCC. Rarer forms of liver cancer, such as pri-
mary lymphomas and lymphoepithelioma-like carcinoma (LELC), have 
also been linked to HCV,62–64 though the majority of cases of hepatic 
LELC actually seem to be associated with Epstein-Barr virus.65

Cholangiocarcinoma (cancer of the bile duct), especially the intrahe-
patic type, offers a complex picture. While the epidemiology of intra-
hepatic cholangiocarcinoma (ICC) differs from HCC in some respects, 
there is evidence that HCV and probably HBV infections play an etio-
logic role.66,67 The evidence for HCV involvement seems to be strongest in 
developed countries of the West,68–70 whereas HBV may be the predomi-
nant cause of ICC in Asian nations such as South Korea and China.71,72 
Although still rare, ICC incidence has been increasing in some coun-
tries, including the United States.73 As a fi nal note, the hepatitis viruses 
appear not to be involved with extrahepatic cholangiocarcinoma.74

In addition to hepatic malignancies, the hepatitis viruses are strongly 
associated with nonmalignant liver disease. HBV and HCV both cause 
chronic hepatitis and cirrhosis, which can lead to liver cancer. Hepatitis 
infections have also been connected to metabolic processes that cause 
nonalcoholic fatty liver disease (and perhaps early atherosclerosis).75–77

Although hepatitis viruses are primarily associated with the liver, 
HBV and especially HCV have been implicated in various nonmalignant 
extrahepatic diseases. Demonstrating direct viral involvement, however, 
has sometimes proven to be elusive.78

More pertinently, evidence of associations between the viruses and 
malignancies outside of the liver has been emerging. The greatest research 
attention has been paid to non-Hodgkin’s lymphoma (NHL), driven in 
part by the fact that this is one of the few malignancies demonstrating 
increasing global incidence.79 The concern is that hepatitis infections 
may be playing a role in this growing population health issue.

HBV infection has been implicated in certain forms of extrahepatic 
NHL.80–84 The association appears to hold for B-cell NHL rather than 
the T-cell variety.85 HCV has also been strongly connected to a spectrum 
of NHLs outside the liver.86–91 The prevalence of HCV detected in inves-
tigations of NHL has ranged from 7% to 37%.92

The mediator between infection and both lymphomas and nonma-
lignant diseases outside the liver seems to be the body’s immune system. 
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For example, circulating immune complexes are believed to play a causal 
role in HBV-related arthritis.93 In addition to infl ammatory arthropathies, 
HBV infection has been linked to polyarteritis nodosa, glomerulonephri-
tis, and dermatitis.94 While HBV replication has been demonstrated in 
a variety of extrahepatic tissues and cell types, including in endothelia, 
there are still doubts about the viral etiology of the diseases involved.95,96 
For instance, data from one study raised questions about whether HBV 
actually replicates in human lymphatic tissue.97

It is also diffi cult to consider HCV-related carcinogenesis without 
referring to various nonmalignant or premalignant disorders occurring 
outside the liver.98,99 A sizeable percentage of patients with chronic HCV 
infection may develop such diseases.100 Confi rmed or suspected extra-
hepatic manifestations of the virus include mixed cryoglobulinemia 
(MC), glomerulonephritis, and Sjögren’s syndrome (or sicca complex).101 
Associations with HCV have also been posited for diabetes, arthritis, 
and thyroid disease.102–105 The pathophysiologic basis for most of these 
disorders again seems to involve immunological (possibly autoimmune) 
processes that can lead to some form of lymphoproliferation.106–108 Thus, 
it is specifi cally the autoimmune types of thyroid disease that have been 
linked to HCV.109 As noted earlier, an understanding of this sort of sys-
temic impact of HCV110,111 has led to the suggestion that its associated 
conditions should be identifi ed as a formal syndrome.112

As a systemic phenomenon involving lymphatic tissues, one might 
expect multiple parts of the body to be affected. Notable within the 
spectrum of extrahepatic manifestations related to HCV are cutaneous 
conditions such as porphyria cutanea tarda and lichen planus.113–115 The 
relationship between HCV infection and lichen planus is controversial, 
but the disease continues to be investigated as a potentially useful overt 
marker of chronic liver disease. A less contentious condition is MC, a sys-
temic small-vessel vasculitis that usually includes a cutaneous presenta-
tion as well.116 HCV infection is known to be the main causative factor of 
MC and related disorders, acting through a “multifactorial and multistep 
pathogenetic process.”117 B-cell expansion has been shown to be the bio-
logical foundation of the disease. Essentially, MC is a nonmalignant lym-
phoproliferative disorder that sometimes evolves into full NHL.118,119

Again, consistent with the concept of systemic conditions, many of 
the diseases noted so far in connection with hepatitis viruses actually 
occur in combination. For example, Sjögren’s syndrome sometimes pres-
ents in association with other autoimmune disorders such as MC and 
polyarteritis nodosa, as well as systemic lupus erythematosus, rheuma-
toid arthritis, and scleroderma. Sjögren’s syndrome has in fact gener-
ated special interest among HCV and cancer researchers. The disease is 
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characterized by lymphocytic infi ltration of exocrine glands, specifi cally 
salivary and lachrymal glands, leading to the characteristic “sicca com-
plex” symptoms of dry mouth and dry eye.120 Importantly, a subset of 
cases presenting with symptoms similar to Sjögren’s syndrome have been 
connected to both HCV infection and various B-cell lymphomas.121

The latter combination of clinical features has further sharpened 
the focus on “suspected links between autoimmunity, infection, and 
cancer.”122 Patients with Sjögren-like characteristics in particular dem-
onstrate a predominance of mucosa-associated lymphoid tissue (MALT) 
lymphomas.123 This type of malignancy occurs in a variety of organs, 
including the conjunctiva, lachrymal glands, salivary glands, skin, thy-
roid gland, lungs, stomach, and (rarely) liver.124,125 The MALT lympho-
mas associated specifi cally with Sjögren’s syndrome occur extranodally 
in organs where HCV is also known to replicate, such as exocrine 
glands and the stomach.126,127 This may be coincidental, purely a mat-
ter of “molecular mimicry,” rather than proof of identical etiology.128,129 
Indeed, many questions remain concerning the role of HCV in lymphom-
agenesis, including interpreting the studies that have failed to show HCV 
infection in malignant cells.130 This type of evidence raises the possibility 
that HCV infection acts as an exogenous trigger rather than as a direct 
agent of transformation.131

The uncertainty about the overlap of pathogenic pathways in the 
constellation of diseases under consideration does not detract from the 
main conclusion: HCV infection has been implicated in malignancies 
beyond the liver, and especially in MALT lymphomas in organs such as 
salivary glands and the stomach.132–134 The inventory of cancers associ-
ated with HCV also includes other conditions with an immune system 
connection, including splenic large B-cell lymphomas, nodal marginal 
zone lymphomas, and thyroid gland cancer.135–138

An additional line of evidence supporting the overlap of diverse 
HCV-related conditions has emerged from research on second primary 
cancer (SPC).139 Based on a study of 109,000 patients in 13 cancer regis-
tries, Brennan and colleagues demonstrated that there was a 55% higher 
risk of liver cancer in patients who have had NHL compared with the 
general population.140 HCV infection as a common link between HCC 
and B-cell lymphoma may be part of the explanation. The same study 
also demonstrated that the risk of thyroid gland cancer was more than 
twice as high following NHL. As already noted, HCV is associated with 
autoimmune thyroid disease, suggesting that this again may be a factor 
in the SPC story.141

Finally, though there continues to be questions about the association 
between hepatitis viruses and cancers found outside the liver, a strong 
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indication of the connection to HCV in particular has been offered by 
research on treatments.142 For example, HCV-related marginal zone 
lymphomas have been shown to respond to antiviral therapy.143

In summary, there is compelling evidence of HBV and HCV involve-
ment in a subset of NHL, though precise mechanisms are still being 
elucidated. A condition such as MC may be a paradigm of HCV-related 
B-cell proliferation, which in turn represents “an important model of 
virus-driven autoimmune/neoplastic disorder.”144

TRANSMISSION AND OCCURRENCE OF THE AGENTS

More is known about the transmission of HBV and HCV than many of 
the infectious agents in this book. This understanding is crucial in the 
development of the fi rst category of primary prevention, namely, avoid-
ing exposure.

Hepatitis B

Transmission of HBV occurs primarily through parenteral exposure to 
blood and blood products. While other body fl uids (e.g., saliva, semen, 
vaginal fl uids, tears, breast milk, and urine) have been implicated as 
carriers of infection, the lower levels of HBV found in them seem to 
ensure that transmission remains ineffi cient.145,146

According to a helpful summary offered by UK public health author-
ities, HBV can be transmitted via the following pathways that permit 
contact with the host bloodstream147:

From infected mother to her baby (known as vertical transmission)• 
Use of contaminated equipment during injection drug use• 
Sexual activity• 
Receiving infected blood or blood products for medical reasons • 
(e.g., transfusion)
Occupational injuries involving infected needles and other sharp • 
objects (e.g., in the health care setting)
Other accidental trauma• 
Tattooing and body piercing• 

HBV infection in developed countries occurs most commonly in 
young adults in high-risk groups (e.g., those with multiple sex partners, 
men who have sex with men, and injection drug users). However, specifi c 
transmission patterns vary greatly from country to country.148,149 Thus, 
among infected persons in the United States, high-risk sexual activity has 
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been reported as the most frequent behavioral factor, followed by injec-
tion drug use.150 In northern Europe, injection drug use accounts for most 
infections; by contrast, high-risk sexual activity appears to be the most 
common mode of transmission in western and southern Europe.151

In Africa and Asia, where HBV is endemic, transmission typically 
occurs in the fi rst fi ve years of life.152 Horizontal transmission through 
familial contact in early childhood appears to be a common mode of infec-
tion in Africa, though precise mechanisms are not well understood.153 
Some studies have suggested that normal, casual contact between par-
ent and child may be part of the overall story.154 Finally, in East and 
Southeast Asia, vertical transmission (i.e., mother-to-child during birth) 
used to be considered the main mode of pediatric acquisition.155 This 
fi nding is now disputed based on evidence from Taiwan’s HBV vaccina-
tion program. Research has shown that while 50% of infections were 
still traceable to the perinatal period, the other half occurred after the 
perinatal period (usually before the age of six).156

HBV infection of unvaccinated surgeons and other health care work-
ers has been documented. Among developed countries, vaccination of 
medical personnel has been effective in preventing HBV transmission 
via equipment used in the health care setting.157 In the developing world, 
transmission through contaminated needles and syringes continues to 
be a problem, due to both an inadequate supply of equipment and poor 
sterilization procedures.158

In developed countries, transmission through blood transfusions or tis-
sue transplantation is now rare due to effective screening of donations.159 
For example, the risk of acquiring HBV from donated blood components 
that test negative for HBV is just 1 in 200,000–500,000 in the United 
States.160,161 Since blood banks in many endemic regions of the world do 
not screen for HBV, transfusions are much more likely to be a source of 
transmission.162 For any country, long latency ensures that chronic hepa-
titis originating from transfusions and transplantations in eras with less 
stringent testing will continue to be a concern for some time.

Transmission of HBV seems to occur infrequently through breast-
feeding.163 Likewise, while there is evidence of intrauterine transmission 
of HBV, it is a rare occurrence.164,165 Infection via this route may occur 
following leakage of infected maternal blood across the placenta; this 
may be caused by, for example, contractions during delivery.166 Risks 
associated with such acquisition can be virtually eliminated through 
pediatric vaccination.

The age of acquisition of the virus infl uences the geographic pattern 
of HBV prevalence. Infection rates are highest in regions where transmis-
sion typically occurs during the perinatal or early childhood period.167,168 
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The prevalence in countries is usually classifi ed as high, intermediate, or 
low based on seroprevalence rates. Each of these categories is refl ected in 
Table 8.2.169

Understanding the disease patterns behind Table 8.2 reinforces the 
key prevention challenge. Children tend to become chronic carriers (and 
are therefore at higher risk for HCC), whereas adults infected with HBV 
develop chronic disease at a rate of less than 5%.170 The chronicity rate 
of the perinatally infected is the highest of all, over 90% according to 
research in Taiwan; this is why it is so critical to provide passive vac-
cination to newborns of infected mothers (see section “Prophylactic 
Eradication or Suppression”).171 In sum, childhood transmission of 
hepatitis B is the major concern with respect to chronic infection every-
where in the world.

Geographical variation of genotypes may also enter the endemicity 
equation. It was noted earlier that genotype C is more common in Asia 
and infection with this variant of HBV tends to allow an HBeAg-positive 
state to persist for a much longer time. Further, rates of transmission to 
children are >90% in HBeAg-positive mothers, but 25% or even less 
after seroconversion (i.e., after host-immune response to antigen e).172 
Even worse, passive–active immunoprophylaxis with hepatitis B immu-
noglobulin and hepatitis B vaccine (as discussed later) is apparently not 
as effective in the case of HBeAg-positive mothers.173

Because of immigration and travel from endemic regions, preva-
lence of HBV is increasing in the developed world.174 This fact has been 

Table 8.2. Global HBV Prevalence by Age of Infection and Geographical 
Location

Typical Age of 
Infection Geographic Region 

Chronically 
Infected (%)

Serologic Evidence of Past 
Infection (%)

Perinatal/
early 
childhood

Southeast Asia, 
sub-Saharan 
Africa

8 70–90

Mixed* Eastern Europe, 
Middle East, 
Russia

1–7 10–60

Adults engag-
ing in 
high-risk 
behavior†

United States, 
Western 
Europe, 
Australia

<1 5–7

*Infant, early childhood, adult transmission patterns.
†injection drug users, persons with multiple heterosexual partners, MSM.

Source: Alter, Journal of Hepatology, 2003.
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implicated in the increasing rate of virus-related deaths, cancers, and 
hospitalizations in the United States in the past decade.175 Countries in 
Europe, including the UK, Netherlands, and Iceland, have detected a 
relatively high frequency of HBV infections among immigrants.176–178 In 
Iceland, for instance, immigrants from endemic countries account for 
an estimated 80–90% of reported HBV cases.179

With its very active immigration program, HBV infection will likely 
remain a health concern in Canada for some time.180 The current number 
of individuals in Canada chronically infected with HBV is not known 
with any accuracy; based on a variety of assumptions, the estimates range 
from 250,000 to 600,000.181,182 This compares with reported totals of 2 
million chronically infected with HBV in the United States.183

Hepatitis C

Similar to HBV, transmission of HCV occurs primarily through con-
taminated blood or blood products. In low-prevalence countries, HCV 
is typically acquired by adolescents or adults, usually through injection 
drug use and high-risk sexual activity.184

Using intravenously administered drugs predominates as a risk fac-
tor, accounting for over 40% of HCV cases (or three times the propor-
tion due to sexual activity)185,186; one authority has suggested that up 
to 60% of HCV infections in Canada may be traced to drug abuse.187 
Reinforcing this conclusion, almost 80% of injecting-drug users in the 
United States are known to be infected with HCV.188 As a fi nal note, an 
association between noninjection drug use (e.g., cocaine, methamphet-
amines) and HCV infection has not been established.189 Nonetheless, 
there have been attempts to encourage safer noninjection drug use prac-
tices, including a project developed in Vancouver, Canada.190

Based on the preceding information, sexual activity appears to be a 
relatively minor route of HCV transmission. Groups at special risk in 
this regard include individuals who have multiple sexual partners and 
men who have sex with men (MSM).191 Specifi c behaviors of concern 
are those that cause mucosal trauma, such as fi sting.192,193 Higher trans-
mission rates have been associated with the presence of other sexually 
transmitted infections (STIs), such as syphilis, HIV, and herpes simplex 
virus. Because of shared transmission routes, individuals infected with 
HIV are commonly coinfected with HBV and/or HCV.194,195 This is a 
matter of some importance in the marshalling of health care resources 
related to HIV/AIDS patients.

The prevalence of important behavioral risk factors in certain urban 
areas of the developed world means that residential location may be 
associated with HCV infection. Thus, injection drug use is inordinately 
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high in the Downtown Eastside neighborhood of Vancouver, Canada, 
contributing to elevated HCV rates among the local population.196,197

In HCV-endemic regions of the world, infection occurs mainly in 
infants and young children through vertical and horizontal transmis-
sion.198 Blood transfusions and unsafe injection practices (notably, 
reusing improperly sterilized needles and syringes in mass vaccination 
campaigns), however, can also lead to infections in such countries.199

An estimated 5% of infants born to HCV-infected mothers are 
themselves infected.200 If the mother is coinfected with HIV, the risk of 
an affected offspring appears to be elevated.201 The possibility of intra-
uterine transmission has been suggested by research detecting the pres-
ence of HCV in newborn serum samples. A 2005 study revealed that 
one-third to one-half of children infected with HCV acquired the virus 
in utero.202 Although some studies have detected the presence of HCV 
RNA in breast milk, breastfeeding is not considered to be an important 
vehicle of transmission.203–206

The implementation of procedures in the early 1990s for screening 
blood donations lowered the risk of HCV infection via transfusions.207 
The introduction of nucleic acid amplifi cation testing in 1998–2000 in 
the United States, Canada, Australia, Japan, and other developed coun-
tries further reduced the risk related to blood products.208 According to 
one U.S. estimate, the odds of acquiring HCV from donated blood that 
tests negative for the virus are now about one in 2 million.209 Contracting 
HCV through other inadvertent blood exposure does remain a possibil-
ity. For example, since a vaccine for HCV is currently unavailable, infec-
tion through occupational exposure in health care settings can occur; 
however, transmission under these circumstances appears to be rare.210

Among the general adult population, the prevalence of chronic HCV 
infection varies from 0.5% to 2% in western Europe, North America, 
and nonendemic regions of Asia to 5% to 15% in high-prevalence parts 
of Africa.211 The highest infection rates have been reported in Egypt 
(15–20%), whereas the United Kingdom and Nordic countries demon-
strate some of the lowest prevalence rates (<0.1%).212 Despite extremes 
in the data, the average global HCV prevalence (at 3%, or about half 
that seen for HBV) is close to the rate within developed countries.213 
This implies that, unlike HBV, the urgency of controlling HCV is consis-
tent around the world. Reinforcing this fact in the context of developed 
countries, it is often noted that HCV is the most common blood-borne 
infection in the United States214

In Canada, an estimated 250,000 people are infected with HCV (the 
same number as seen with HBV), which equates to a prevalence rate 
of about 0.76%.215 This estimate for all of Canada is similar to recent 
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data from the province of Alberta that indicated the seroprevalence of 
HCV in tissue and organ donors to be 0.48%; by comparison, the rate 
for HBV in that study was only 0.09%.216 Of special concern, the inci-
dence among Aboriginal people in Canada is several times higher than 
in the general population. In 2004, the incidence of new HCV infections 
among non-Aboriginals over age 14 years was 2.8 per 100,000, whereas 
for Aboriginal people it was 18.9.217

In sum, the HCV-positive population in Canada can be overwhelm-
ingly attributed to injection drug use within society (about 60% of cases), 
combined with immigration from endemic regions of the world (about 
30%).218 Injection drug use also is the main force behind the over 3 mil-
lion individuals chronically infected with HCV in the United States219

DISEASE MECHANISM AND PROCESSES

In this section, the specifi c pathogenic elements involved with HBV- and 
HCV-related cancer will be briefl y reviewed.

Among the hepatitis viruses, only HBV and HCV are able to persist 
in the host as a single infection and cause chronic hepatitis. By compari-
son, hepatitis D only contributes to chronic disease as a coinfection or 
super-infection along with HBV.220,221 It should be noted that HCC is 
actually uncommon with HDV infection because patients die of pro-
gressive liver disease before cancer develops.

In the course of persistent infection, infl ammation becomes the 
foundation of chronic hepatitis that can in turn initiate the progression 
to nodular fi brosis, cirrhosis, and, ultimately, HCC.222 As described in 
an earlier section, HBV and HCV have other cancer associations, nota-
bly with B-cell lymphomas. While this expanding area of research holds 
great interest for basic scientists and lymphoma specialists, the relative 
rarity of such cancers must still be acknowledged. As such, the focus in 
the rest of the chapter will be on HCC.

Hepatitis B

Chronic HBV infection can lead to the development of cirrhosis and/or 
HCC.223 At least one of these diseases will eventually manifest itself in 
an estimated 15–40% of chronically infected, untreated patients.224 In 
fact, cirrhosis usually precedes the onset of HCC.225 Annually, 1–5% of 
chronic HBV carriers who have cirrhosis will progress to cancer.226

The potential for HBV clearance can differ from the pattern seen in 
HPV infection. Regardless of the age of acquisition, the great majority of 
HPV infections are known to clear relatively quickly. By contrast, infants 
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and children infected with HBV demonstrate a high risk for chronicity. 
This may be compared with the more acute and self-limiting type of 
infection typically seen in those acquiring HBV during adulthood.227,228 

Notably, the pattern with HCV is reversed: the chronicity rate appears 
to be lower in individuals acquiring the virus at a younger age.229

The explanation for the sometimes dramatic difference in outcomes 
among HBV carriers is not always clear. Potential drivers include a 
number of sometimes overlapping factors230:

Infection clearance• 
Viral replication/degree of hepatocellular injury• 
Disease clearance• 

As suggested earlier, there is some evidence that viral genotype infl u-
ences the outcome of HBV infection.231 One study revealed an associa-
tion between genotype A1 and HCC risk; genotype C was correlated 
with increased cancer risk in other research.232,233 Even stronger evi-
dence has suggested that high viral load, as manifested by elevated levels 
of viral DNA in sera, increases HCC risk.234,235

The natural history of HBV infection has been elucidated in some 
detail. There are various states and transitions related to chronic HBV 
infection, including immunotolerance; immunoactive prior to HBeAg 
seroconversion; inactive carrier status (generally following seroconver-
sion); and reactivation.236,237 The classic phases of HBV chronic infection 
are outlined in Figure 8.2, refl ecting the changes in prevailing levels of 
HBV antigen e and DNA.238 The fi rst three states represent potentially 
successive stages in liver disease progression. Note that reactivation from 
an inactive carrier state can move in one of two directions, with HBeAG 
levels either re-elevating or remaining negative. As indicated earlier, an 
HBeAg-negative chronic state may confer particularly high risk of cir-
rhosis and/or HCC development.

In the immunotolerant patient, serum HBV DNA is very high, but 
there are no disease symptoms. By contrast, the immunoactive process 
is marked both by symptoms and declining serum HBV DNA.239 Initial 
immunoactivity (or some form of reactivation) presents the most serious 
risks. It may be accompanied by an infl ammatory response, hepatic tis-
sue injury, and, eventually, the onset of HCC.240 On the other hand, the 
inactive carrier phase is marked by low- or nonreplicative virus; it can 
last for a long time prior to reactivation. Because of this latency period, 
cancer often takes decades to appear, a factor that must be taken into 
account when explaining the apparent rising incidence of HCC in the 
United States and Canada.241,242
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Clearly, the preferred state from the perspective of disease preven-
tion is that of virus clearance and/or full immunity. As discussed later, 
this may be achieved through vaccination and immunotherapies.

Hepatitis C

Carcinogenesis driven by HCV overlaps substantially with the process 
seen for HBV. Chronicity characterizes the majority of individuals who 
acquire HCV.243,244 As is the case for HBV, chronic carriers of HCV are 
at risk for developing cirrhosis and HCC; cirrhosis generally precedes 
any progression to cancer.245

There is evidence that HCV causes HCC through oxidative stress, 
mutation of growth-regulatory genes, and disruption of cell prolif-
eration signaling processes.246 Molecular research has shown that the 
HCV genome does not become integrated with host DNA as part of cell 
transformation.247,248 Viral genotype may also be an important factor 
infl uencing carcinogenesis.249,250

Once an HCV-positive patient progresses to HCC, prognosis is poor. 
The median survival following diagnosis is 6–12 months.251

Disease Risk Factors

Table 8.3 outlines some proposed modifi able risk factors (other than 
viral infection) for liver cancer development.252 For the most part, the 
cancer of interest is HCC; occupational vinyl chloride exposure appears 
to be linked to angiosarcoma in the liver, with evidence for HCC remain-
ing unclear.253,254

The evidence for several infl uences on liver cancer risk is very weak. 
Even the long-accepted role of the Schistosoma parasite in liver cancer 
requires reassessment,255 partly because earlier research in countries such 
as Egypt predated the contemporary understanding of HCV involvement 
in HCC. Both types of infection occur at a high rate in Egypt, possibly 
producing a confounding effect in epidemiologic research. Alternately, 
there is evidence that the presence of schistosomal infection may infl u-
ence HCV (specifi cally genotype 4) coinfection, accelerating progression 
to cirrhosis, and possibly to HCC.256–258 The immunosuppressive effects 

Figure 8.2. Natural history of chronic HBV infection. Source: Pungpapong et al., 
Mayo Clinic Proceedings, 2007. Used by permission.
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of Schistosoma infection may also play an indirect role in the persis-
tence of hepatitis infection and disease development.259 In sum, the role 
of schistosomiasis in HCC development remains controversial. 260

Some risk factors demonstrate geographical variation in terms of 
absolute or proportional impact. For example, exposure to the afl atoxin 
found in poorly stored grains is a special concern in areas endemic for 
liver cancer, whereas alcohol consumption is more important in low-
risk regions of the world.261,262 It should be noted that afl atoxin is now 
considered an “unnecessary” cofactor by some authorities; by this they 
mean that afl atoxin increases the risk of liver cancer only in HBV-
positive individuals,263 though evidence of an independent effect for the 
factor continues to be put forward.264

Unlike afl atoxin’s connection to HBV, which is reminiscent of the 
relationship between HPV (a necessary cause of cervical cancer) and 
smoking (a dependent cofactor), alcohol consumption defi nitely causes 
cirrhosis and liver cancer independent of infection. However, there are 
synergies when both causal agencies are at work. Thus, excessive alco-
hol consumption interacts with viral infection to increase the rate of 
HCC development. For example, adjusting for hepatitis B and C infec-
tion, one study revealed a two- to threefold increase in HCC risk due to 
heavy alcohol consumption.265 This was similar to an odds ratio of 4.5 
(C.I. 1.4–14.8) for the cancer risk of heavy drinking (≥80 mL of ethanol 
per day) found by other researchers; however, they also found that the 
combined presence of chronic viral infection and heavy alcohol intake 
produced an odds ratio of 53.9 (C.I. 7.0–415.7).266

As suggested earlier, coinfections (acquired at the same time) and 
super-infections (a second infection happening later) are phenomena of 
interest in liver disease. Apart from cases involving multiple hepatitis 
viruses, the main coinfection of interest involves one or more hepatitis 
viruses and HIV.

Table 8.3. Selected Risk Factors for Liver Cancer

Evidence Decreases Risk Increases Risk

Convincing Afl atoxin exposure (in HBV-positive indi-
viduals), alcohol intake, hemochromatosis

Probable Vegetable 
consumption

High serum iron, diabetes mellitus, obesity, 
vinyl chloride exposure (angiosarcoma)

Possible Selenium, green 
tea

Tobacco use, anabolic steroid exposure, 
androgen levels, parity, schistosomiasis

Unclear  Arsenic exposure

Source: McGlynn and London, Best Practice & Research. Clinical Gastroenterology, 2004. 
Used by permission.
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It has already been noted that HBV and/or HCV coinfection is com-
mon in HIV-positive individuals. While it is not clear that coinfection 
with HIV increases the incidence of liver cancer (explaining its absence in 
Table 8.3), the virus does seem to have an impact on the course of disease. 
Thus, coinfection with HIV accelerates progression of hepatitis-related 
diseases. HCC, for example, may occurs at a younger age in HIV-positive 
individuals; as well, HIV infection can lead to complications during 
treatment of hepatitis.267–271 There is also evidence that HBV vaccina-
tion is less effective in HIV-positive populations.272,273 One reason that the 
expected increase in HCC incidence has not materialized so far in cases 
of HIV coinfection is that such patients may simply die before cancer can 
develop. Finally, a unique clinical challenge related to this topic is the fact 
that HIV drug treatments can themselves be hepatotoxic.274

VIRAL DETECTION METHODS

Similar to vaccination and other primary prevention measures, the ulti-
mate aim of treatment in the event of known infection is to prevent the 
development of chronic diseases, including cancer. As there are some 
drawbacks to hepatitis therapies, the importance of primary prevention 
will continue to be emphasized. On the other hand, secondary preven-
tion efforts related to HBV and HCV continue to improve. As defi ned 
earlier, secondary prevention in the context of this book presupposes a 
confi rmed viral infection (and signs of early infectious disease). Certain 
forms of universal and targeted prophylaxis also depend on the detec-
tion of infection. The latter category includes the confi rmation of HBV-
positivity in pregnant women before initiating prophylactic measures in 
newborns.

Effective tests for detecting HBV and HCV infection do exist; most 
strategies were originally developed in the context of blood donation 
screening. Initial tests have traditionally been based on enzyme immuno-
assay. Since this approach generates a large percentage of false positives, 
confi rmatory assays are part of the protocol.275 Testing approaches con-
tinue to evolve, including the use of molecular methods for viral genome 
quantifi cation, genotyping, and even the identifi cation of specifi c muta-
tions that may confer drug resistance.276–278

The oldest and most basic detection methods, based on different 
serum markers for each virus, are still useful. Thus, HBV is routinely 
diagnosed by means of circulating surface antigen, whereas antibodies 
against HCV offer a highly sensitive marker of infection.279 Molecular 
testing is used to follow up a positive result from HCV antibody 
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testing, both to confi rm that an infection is current and to guide the 
treatment.280, 281

The sensitivity of tests for the detection of HCV RNA has improved 
in recent years, which has implications for assessing the effi cacy of 
antiviral therapy directed at eradication.282 It is important to note that 
quantitative HCV RNA does not correlate with disease severity or risk 
of progression.283 On the other hand, a patient’s HCV viral load and the 
rate of virus decline during therapy do seem to correlate with the likeli-
hood of long-term positive response to antiviral therapy.284

PREVENTION APPROACHES

As with other infectious causes of malignancies, HBV and HCV are 
potentially important targets for cancer prevention. In fact, various pub-
lic health interventions have been very effective in reducing the prevalence 
of HBV in particular.285 Continued planning around prevention strat-
egies should be calibrated to prevailing epidemiologic conditions. For 
example, a fundamental consideration in setting prevention priorities is 
the fact that, while HCV has a lower global prevalence than HBV, HCV 
is proportionately more prevalent in economically developed regions and 
thus may cause the larger proportion of HCC.286 This general pattern 
may need to be amended in urban contexts due to tendency of immi-
grants to settle in metropolitan areas. Thus, the effect of newcomers 
from HBV-endemic countries may elevate the HCC prevalence related to 
the virus in the larger cities of the United States and Canada; the result is 
that HBV may account for up to 50% of HCC in such settings.287

A further consideration is the fact that the impact of transmission 
routes is variable over time, which can affect prevention priorities. For 
example, the risk of acquiring hepatitis infection through blood transfu-
sions is now extremely low in developed nations and thus no longer rep-
resents a prevention target offering any real gains. It is important to note 
that the usual latency period means that improvements in blood dona-
tion screening introduced in the 1990s should translate into an even 
lower rate of liver cancer from this source in coming decades.288

Such success does not mean that further technological improvements 
would be unwelcome (including any effi ciency in testing for multiple con-
taminants); likewise, even maintaining current safety programs requires 
some vigilance. However, while an ongoing concern in developing coun-
tries, it does seem that protecting the blood supply has been well addressed, 
at least for HBV, in public health programs of developed nations.
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These comments aside, with up to half a million infected individuals 
in Canada and millions more in the United States, there is no doubt that 
disease prevention related to HBV and HCV is still very much a priority 
in the developed world, both in terms of exposure prevention and reduc-
ing the risk of disease progression once infected.

The six prevention categories developed with respect to HPV will be 
reviewed in the context of hepatitis viruses in this last section.

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation

1. Avoiding Exposure to the Agent

The prevention of exposure to the hepatitis viruses is guided by the basic 
understanding of the main transmission routes. In the most general 
terms, this means protecting against blood-to-blood contact. Because the 
relative importance of the specifi c modes and settings of transmission 
differ from country to country, the most relevant control strategies for 
each setting need to be carefully selected.289 Given the effective controls 
now offered through newborn prophylaxis (see section “Prophylactic 
Eradication or Suppression”), the most notable remaining route for HBV 
transmission in developed countries is sexual activity. But this does not 
depict the whole story. As noted earlier, HBV acquired by any means in 
adults does not lead to appreciable chronicity. This suggests that expo-
sure prevention for HBV in adults may be quite limited in terms of the 
ultimate impact on HCC rates. In short, though transmission of hepatitis 
B between adults continues to occur, the vast majority of these infections 
will resolve spontaneously and thus are not a factor in HCC risk.

In contrast, the main route of acquiring HCV in developed countries 
is injection drug use, where well-known exposure prevention options 
do exist. It is outside the scope of this book to systematically describe 
and evaluate the multitude of drug control programs in use around the 
world. Although there is a large volume of studies on the topic, the fact 
is that evaluations have rarely been tied to the end-points of reduced 
hepatitis prevalence and/or lower cancer rates. Generally, it is true that 
specifi c interventions such as needle and syringe exchange programs 
have shown some promise in limiting the growth of (if not reversing) 
HCV prevalence.290 The greatest hope may still lie in more comprehen-
sive programs that integrate multiple strategies, though admittedly the 
evidence for these has been mixed.291,292

It has been observed that injection drug use is notoriously high in the 
“Downtown Eastside” neighborhood of Vancouver, British Columbia; 
this contributes to a high prevalence of HCV. There is recent evidence 
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that comprehensive health programs incorporating multiple interven-
tions, including a needle exchange program, may be effective in prevent-
ing HCV transmission in such an environment.293

Since more than simple skin-to-skin contact and superfi cial trauma 
are required for transmission, the hepatitis viruses are not as easily 
acquired through sexual activity as is HPV. Although the risk of chronic 
hepatitis (and thus HCC) related to sexual transmission seems to be 
low, it is not zero. This means that promotion of sexual health may 
have some modest effect on HCC incidence. The prevention strategies 
related to sexually transmitted infections are of course not unique to 
the hepatitis viruses. The various sexual health approaches were already 
introduced in the context of HPV (see Chapter 7); a review of them here 
is not required. One assumption could be noted: strategies such as con-
dom use should be more effective for HBV and HCV than for HPV.

Beyond the broad arenas of injection drug use and sexual activity, 
strategies for more specifi c risk settings are also important. For exam-
ple, preventing occupational infection among health care workers by 
wearing adequate protective gear and instituting other safety protocols 
will limit the risk of puncture by surgical and other instruments.294

By defi nition, the remaining prevention approaches for hepatitis 
viruses and related cancer (discussed later) are classifi ed as postexpo-
sure.295 The response to hepatitis viral exposure follows one of two basic 
plans: preventing infection from taking root or eradicating the agent 
before substantial disease develops. Eradication can also be divided 
into two categories: targeted and universal. A third approach follow-
ing exposure to a hepatitis virus involves some sort of neutralization of 
any disease process. This classically involves tackling one or more of 
the cofactors (other than infection) that are necessary for disease initia-
tion or progression. Each of these other prevention categories will be 
reviewed in the following subsections.

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation

2. Preventing Infection after Exposure to the Agent

The classic measure brought into effect upon exposure is prophylactic 
vaccination. The effi cacy and safety of HBV vaccines have been clearly 
demonstrated in terms of infection control, with very promising signs 
of HCC prevention from the “natural experiments” created by national 
vaccine programs (as discussed next).

Among immunocompetent persons, a complete course of pediat-
ric vaccine may result in lifelong protection from HBV infection.296 
Therefore, some authorities project that booster doses are generally not 



Hepatitis Viruses  309

required for those who have received full vaccination.297 Others, point-
ing out the evidence of waning immunogenicity, suggest that a booster 
will be required, perhaps as early as 10 years after vaccination.298

Effi cacy trials need to be confi rmed by data from real-world applica-
tions. Results from a number of jurisdictions support the effectiveness 
of the HBV vaccine. In British Columbia, for example, the introduc-
tion of HBV immunization has reduced acute hepatitis B infections in 
children to almost zero.299 A similar pattern has been observed in the 
United States, as seen in Figure 8.3.300

The early results concerning chronic disease control have also been 
encouraging. For example, a long-term study in Taiwan revealed a 75% 
decrease in the incidence of pediatric HCC following implementation of 
a national HBV vaccination program.301,302

The encouraging success of HBV and other childhood vaccines has 
prompted major global movements to extend the benefi ts of immuniza-
tion to developing countries.303,304 Among WHO member states, 154 of 
192 reported universal pediatric HBV vaccination programs as of 2006. 
HBV vaccine coverage has increased dramatically since 1990, not only 
due to countries introducing vaccination programs, but also because of 
enhancements and increased uptake within existing programs.305

Notwithstanding the general progress, there are still advances 
to be made in securing full coverage across populations, even within 
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developed countries. One Cochrane Collaboration review directly 
addresses immunization program enhancements, specifi cally patient 
reminder and patient recall systems. In 2002, 41 studies met the inclu-
sion requirements, and 5 more were added in a 2005 update.306 The con-
clusion of the authors was that patient reminder and recall systems in 
primary care are effective in improving immunization rates. This topic 
has natural linkages with population-based information systems. A U.S. 
study in 2002 noted that, though most physicians agreed on the util-
ity of computerized systems to track immunizations in their practices, 
few had purchased and used them.307 The practice setting may exert 
an infl uence on the enthusiasm for such systems. Successful application 
of patient reminder/recall can be elusive in populations marked by low 
socioeconomic status; the main obstacle appears to be the unreliability 
of getting in contact with clients.308

While patient reminder and recall systems tend to dominate the 
agenda in terms of interventions in primary care, other approaches to 
improving immunization coverage have been identifi ed and supported, 
including standing orders to vaccinate patients in clinic or hospital settings, 
performance feedback, the involvement of multidisciplinary primary care 
teams, and continuing education.309–311

Although the World Health Organization recommends the imple-
mentation of universal programs, several countries have opted for an 
HBV vaccination strategy that targets at-risk populations such as immi-
grants from endemic regions.312,313 Low general prevalence rates and 
continuing questions regarding the cost-effectiveness of universal vac-
cination are among the reasons for more limited implementation.314 In 
contrast, one recent mathematical modeling study suggested that uni-
versal administration of HBV vaccine to children and/or adolescents has 
a greater impact on lowering population-wide prevalence than does a 
policy focusing on specifi c at-risk groups.315

A universal vaccination program may also generate potential col-
lateral benefi ts. For example, immunizing children, who are relatively 
accessible as a cohort, may be superior to attempting full coverage for 
high-risk adult populations. Population-wide pediatric prevention may 
also be of particular use among medically underserved indigenous groups 
that are often subject to higher rates of chronic disease combined with 
sometimes high barriers to receiving adult health services. An important 
focus in this regard would be the Canadian North; the rate of HBV 
infection is estimated to be 20 times higher among Inuit populations 
compared with non-Aboriginals.316 Finally, data indicating that HBV 
vaccination becomes less effi cacious with older recipient age provide fur-
ther support for implementing childhood vaccination programs.317
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There are new cases of pediatric HBV infection every year, includ-
ing in countries with universal childhood vaccination programs. This is 
partly attributable to a vaccination failure rate of around 5%.318 In the 
United States, a large proportion of incident cases of childhood infec-
tion occur in immigrant children.319 For example, among cases of pedi-
atric HBV infection reviewed in 2005 at Mount Sinai Hospital in New 
York, close to half of the children originated from other countries.320

The discussion so far has been restricted to vaccination for HBV. 
Despite promising results from animal studies, a vaccine for HCV is 
currently not available.321 Impediments to vaccine development include 
the existence of multiple HCV genotypes and a high viral mutation rate 
that permits escape from immune control.322,323 The absence of a vac-
cine underscores the importance of pursuing HCC prevention through 
other means.

3. Prophylactic Eradication or Suppression

The universal eradication of an existing infection prior to the develop-
ment of any symptoms is often proposed for agents such as Helicobacter 
pylori but not for hepatitis viruses. On the other hand, targeted eradi-
cation or suppression is employed with hepatitis viruses, as will be 
described later.

Universal screening and treatment. Universal screening and eradication 
programs for hepatitis infections have not been instituted for a number 
of reasons. While reliable viral detection is possible, the broad applica-
tion of antiviral treatments is hindered by high costs, sometimes modest 
effi cacy, and/or substantial side effects. The most common reason for 
not instituting a universal treatment program for HBV or HCV is the 
lack of evidence for better patient outcomes at the population level.324,325 
Given the reluctance to mandate follow-up treatment, the agencies 
tasked with making recommendations about clinical prevention services 
have been understandably equivocal about general screening as well, 
even among groups at elevated risk for infection. A specifi c hesitation 
about a “high-risk” strategy is that it is sometimes diffi cult to calibrate 
risk with general lifestyle factors. For instance, 20% of HCV-positive 
individuals do not have any easily identifi able risk factors.326

Targeted screening and prophylaxis: HBV. While universal screening 
for hepatitis viruses is not recommended, targeted screening does receive 
support from offi cial agencies. The most established intervention of this 
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sort in the public health arena involves the unique situation where the 
carrier is screened, but the potential recipient of infection is treated. 
The reference here is to the testing of pregnant women for HBV (pref-
erably at the fi rst prenatal visit), followed by treatment of the infants 
involved.327

Administering hepatitis B–immune globulin (HBIG) in the fi rst 
24 h postpartum—known as passive immunization—combined with 
active immunization with HBV vaccine has demonstrated high effi cacy 
against chronic infection among such infants.328 HBIG is an expensive 
therapy, leading countries with constrained resources and/or low HBV 
prevalence to sometimes limit screening to pregnant mothers at high 
risk of infection, for example, intravenous drug users or sex trade work-
ers. Other jurisdictions use a treatment depending on the vaccine alone 
rather than in combination with HBIG. 329,330

Other risk categories related to known HBV exposure were specifi ed 
by one study as follows331:

People in contact with blood that is known or suspected to be • 
infected with HBV through being poked with a used injection 
needle; being splashed in the mouth, nose, or eyes with infected 
blood; being bitten by someone with hepatitis B; or coming into 
contact with contaminated household articles such as a tooth-
brush, dental fl oss, or a razor
People who have had intimate sexual contact with a person with • 
hepatitis B
Victims of sexual assault• 

It would seem prudent to enhance this list in the context of immi-
gration. Thus, children from endemic regions, or born to immigrant 
parents originating from such areas, probably should be monitored for 
infection.

Prophylactic administration of HBIG may be indicated in at-risk 
groups in order to prevent the development of infection. Where it is 
appropriate and feasible, the use of HBIG is well supported by evidence. 
Regimens involving HBIG are 70–90% effi cacious in preventing the HBV 
carrier state; when combined with an HBV vaccination series, the effi -
cacy achieved is between 85% and 95%.332 Pertinent to this topic, some 
individuals (of any age) who receive the HBV vaccine do not develop 
immunity and, therefore, remain vulnerable to infection.333 For these 
“nonresponders,” it may be effective to apply passive immunization with 
HBIG immediately after any exposure to the virus; the challenge is to 
identify the candidates for such an intervention quickly enough.334
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In sum, the fact that adult HBV infection is modest in terms of both 
chronicity and HCC development needs to be reemphasized. The priority 
has to be squarely on preventing or counteracting pediatric infection.

Targeted screening and prophylaxis: HCV. With respect to HBV, part 
of the caution around any adult screening (outside of pregnant women) 
relates to the fact that acute infection usually resolves without interven-
tion.335 HCV infection also spontaneously clears, though at a highly 
variable rate (10–60%).336 Clearance seems to occur more readily in 
pediatric patients and young adults compared with older patients.337

Offi cial government positions on HCV prevention, which feature a 
mostly conservative approach to screening, have generated controversy. 
The seriousness of chronic liver disease and the presumed positive impact 
of interventions have prompted advocacy groups such as the American 
Liver Foundation to call for more widespread and robust screening pro-
tocols around HCV. They further point out that government agencies 
such as the Centers for Disease Control (CDC) take a somewhat stron-
ger position than the U.S. Preventive Services Task Force (USPSTF).338 
The USPSTF is an independent panel of experts in primary care and 
prevention that systematically reviews the evidence of effectiveness and 
develops recommendations for clinical preventive services. It is impor-
tant to note that there is more agreement than disagreement between the 
CDC and USPSTF positions. Thus, both bodies advocate against rou-
tine HCV screening and eradication in asymptomatic populations but 
for screening when markers for liver disease are present (i.e., essentially 
a recommendation about a secondary prevention measure). The main 
difference is that the CDC, along with the U.S. National Institutes of 
Health, the American Association for the Study of Liver Diseases, and 
the American College of Preventive Medicine, also recommends HCV 
screening among high-risk groups prior to any disease indications.339

Various groups at risk for HCV infection have been identifi ed by 
U.S. agencies as follows340:

Persons who ever injected illegal drugs• 
Persons with selected medical conditions, including persons who • 
received clotting factor concentrates produced before 1987; per-
sons who were ever on long-term hemodialysis; or persons with 
persistently abnormal alanine aminotransferase levels
Prior recipients of transfusions or organ transplants, including per-• 
sons who were notifi ed that they received blood, where the donor 
later tested positive for HCV infection; persons who received a 
transfusion of blood or blood components before July 1992; or 
persons who received an organ transplant before July 1992
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Health care, emergency medical, and public safety workers expe-• 
riencing needle sticks, cuts during procedures, or mucosal expo-
sures to HCV-positive blood

Immigrants from endemic infection areas should also be added to 
such a list. It is not clear whether there will be strong movements toward 
instituting primary prevention measures among any of these subpopu-
lations. If this is mandated, then the sort of interventions that could 
be used in cases of detected infection coincides with viral treatment 
options (see Prevention Categories 5 and 6).

4. Cofactor Prevention

Identifi cation of risk factors (other than viral infection) that are amena-
ble to intervention should be a high priority in the prevention of HCC. 
It is clear that mechanisms other than hepatitis infection can cause liver 
cancer. As important as these are as a prevention target, the main inter-
est in the context of this book is any cofactors that act along side viral 
infection in the development of HCC. This includes risk factors that do 
not act independently of HBV/HCV in carcinogenesis as well as those 
that can act independently but also demonstrate a synergistic impact 
on the risk associated with the viruses. In both cases, controlling the 
cofactor among infected populations raises the potential for reduc-
ing HCC. There appear to be few studies that have directly tested this 
hypothesis.

The candidate risk factors of most interest in the developed world 
are excessive alcohol intake, tobacco use, and diabetes/obesity. While 
smoking does not seem to initiate HCC, it does enhance the risks associ-
ated with viral infection (perhaps through interaction with host genetic 
susceptibility factors).341,342 As noted earlier, diabetes and/or obesity act 
as cofactors in some liver disease, appearing to enhance the impact of 
HBV/HCV. Thus, these well-known aspects of the metabolic syndrome 
are suitable targets to prevent HCC, including reducing any synergistic 
effects in populations infected with hepatitis viruses.343

It is important to note that other, very compelling health objec-
tives exist to prompt control efforts with all these risk factors. This is 
especially true of excessive alcohol intake, which has indirect implica-
tions for HCC due to synergies with hepatitis virus infection, as well as 
direct effects on liver disease and many other chronic conditions.344 In 
sum, at least in the context of developed countries, there are few, if any, 
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modifi able cofactors where the predominant health impact relates to 
HCC caused by infection. Thus, any reduction in liver cancer attribut-
able to well-established prevention targets, such as alcohol consumption, 
may be considered to be a collateral benefi t of a generally healthy life-
style.345 In terms of targeting HCC due to HBV/HCV, a frontal attack 
on infection emerges as the most pertinent prevention option.

5. Therapeutic Eradication or Suppression

This prevention category assumes that both infection and signs of early 
disease have been detected. In such situations, the ideal objective of 
HBV or HCV treatment is the eradication of the virus (clearance of the 
infection); this in turn allows for a reduction or prevention of hepatic 
injury and disease progression.346, 347 Technically, eradication may be 
defi ned as the post-treatment absence of HBV DNA or HCV RNA 
according to the most sensitive tests currently available. Suppression on 
the other hand is best understood as a reduction in detectable levels of 
viral genetic material.348 It should be distinguished from eradication, 
which is potentially permanent; in contrast, suppression, even so-called 
“complete suppression,” may be temporary, lasting only as long as drugs 
are being applied.

HBV and HCV control is a complex and even controversial topic 
because of inconsistent eradication results, high costs, side effects, and 
imperfect outcomes in terms of the ultimate end-point of HCC preven-
tion. 349 One important negative sequela is the development of resistant 
viral types when suppression is not completely achieved.350

A true eradication measure for HBV does not yet seem to exist, 
leaving suppression as the realistic expectation for now. A number of 
approved agents have demonstrated HBV DNA suppression. The class 
of drugs known as nucleoside/nucleotide analogues (NAs) offers the 
greatest potential to achieve complete HBV suppression, at least in the 
short term.351 In the meantime, these and other compounds continue 
to be explored for their ability to moderate disease progression, with 
or without viral suppression. The topic will be revisited in the next 
section.

The story related to HCV eradication is more encouraging. Some 
therapy trials have achieved a “sustained virologic response” (SVR), 
defi ned as the absence of HCV RNA 6 months after treatment comple-
tion. Taking into account other evidence, there is a strong suggestion 
that HCV infection has been truly cleared in many such patients.352,353
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Approved HCV treatment includes combination therapy with pegy-
lated354 interferon-alpha and ribavirin (a nucleoside analogue).355,356 

While demonstrating some success, the eradication rate of the current 
standard treatment does vary substantially across genotypes, from as 
high as 90% with genotypes 2 and 3, to closer to 50% with genotypes 
1 and 4.357 Beyond genotype, treatment response also depends on viral 
load and the extent of hepatic fi brosis. 358–360

Because of the sometimes moderate effi cacy, substantial side effects, 
high cost, and extended treatment period, combination therapy is not 
appropriate for all HCV-positive patients.361 Adverse outcomes, includ-
ing fever, headache, loss of appetite, and chronic fatigue, can reduce 
adherence to the prescribed interferon regimen. 362,363

Even in the absence of eradication, therapies may slow disease 
progression and delay the complications of chronic HCV infection.364 
However, the ultimate aim of prevention in the context of this book is 
the control of HCC; in this respect, the evidence related to viral eradica-
tion remains mixed. While there are indications that liver cancer risk 
can be reduced with antiviral therapies,365,366 studies have shown that 
some patients may still develop HCC even after SVR.367,368

The development and testing of drugs and combination therapies 
that can achieve true eradication of HBV/HCV and manifest reduction 
of HCC risk remains an active area of research.369,370

6. Interrupting Transformation Related to Infection

Since this book is ultimately aimed at preventing malignancies, the 
focus in this section will be avoidance of chronic hepatitis, which is 
understood to be the usual precursor to carcinogenesis. Unlike the pre-
vious section, here the end-point may or may not include reduction or 
elimination of the virus. In fact, there is evidence that control of chronic 
HCV complications does depend on a sustained virologic response. This 
topic was already discussed earlier; thus, discussion of the fi nal preven-
tion category can be restricted to HBV.

The typical strategic questions about HBV treatments include the 
following:

Which patients should be treated, and at what stage of infection?• 
Which drug or combination of drugs should be used, and for how • 
long?
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Under what conditions should patients continue, stop, or switch • 
therapies?

Clinical investigation of current therapies continues on all these 
fronts, along with efforts to develop new interventions of improved 
effi cacy.

Treating symptoms is not the main objective of the therapy for 
HBV, as few symptoms are exhibited over the natural history of infec-
tion until the actual onset of serious liver disease.371 Since current drug 
therapy does not eradicate infection, the immediate goal of treatment is 
to prevent the development of cirrhosis and HCC by suppressing viral 
replication.372 In other words, the aim is to moderate chronic disease 
progression, and in this way to interrupt malignant transformation.

There are a number of therapies for chronic hepatitis B that have 
received approval in developed countries, including two formulations 
of interferon (standard and pegylated) and a variety of nucleoside and 
NAs.373 Although effective in reducing disease in approximately one-
third of patients, interferon therapy has several drawbacks, including 
high costs, the requirement for subcutaneous injection, and reported side 
effects.374 NAs are orally administered, have more limited side effects, 
and are effective at inhibiting HBV replication.375 In order for the ben-
efi t to be maintained, however, NAs must be used over an extended 
period, increasing the likelihood of drug resistance.376

Interferon-alpha and lamivudine (a nucleoside analogue) are the two 
antiviral drugs that have been approved by the U.S. FDA for the treat-
ment of chronic HBV infection in children.377 U.S. reviews have noted 
an effi cacy rate of 20–58% (vs 8–17% for controls) for interferon-alpha, 
and around 23% for lamivudine (vs 13% for controls).378,379 Other pedi-
atric medications for HBV infection are expected to be tested in the next 
few years.380 In fact, focusing substantial clinical attention on pediatric 
HBV infection may not be warranted. Although infected children mani-
fest high viral loads, many do not experience active disease, and the risk 
of HCC is low compared to cases where active disease emerges in adult-
hood. A recent Taiwanese study questioned whether there was any real 
advantage in applying interferon-alpha therapy to perinatal or pediatric 
infections.381

By comparison, there are currently no FDA-approved drugs for 
treating HCV infection in children.382 Although therapeutic options 
have not been investigated in large randomized controlled trials, a few 
smaller studies of standard interferon therapy have shown promising 
results. 383–385 Current Canadian consensus guidelines suggest that “there 
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is insuffi cient information to make any specifi c recommendations about 
treating children with hepatitis C.”386

CONCLUSION

Here it is benefi cial to lay two additional oncogenic viruses, HBV and 
HCV, alongside the one that dominated the discussion up to now, that is, 
HPV. A key similarity is immediately clear: HPV and the hepatitis viruses 
are both related to cancers that currently stand out in terms of health 
and health care burden—cervical cancer and liver cancer, respectively. 
Whatever other cancer connections are proven or suspected, these two 
cancer sites will remain as important motivators of prevention efforts.

The fundamental disease processes related to HBV and HCV that 
affect multiple organs of the body, and sometimes lead to cancer, are 
similar to the widespread impact of HPV on keratinocytes in squamous 
epithelial tissues at many different sites. The main distinction is the 
systemic and multitargeted nature of hepatitis infection, allowing for 
various and even simultaneous disease manifestations.387,388 Thus, while 
HPV appears to be exclusively epitheliotropic, HCV demonstrates at 
least three seemingly distinct tropisms: for hepatocytes, salivary gland 
cells, and lymphocytes.389–391 Malignancies with demonstrated HCV 
involvement are found in the areas of the body related to these cells. 
While the rarer cancers involved with hepatitis (and other viruses to be 
introduced in this book) are of less importance in terms of prevention, 
they have benefi ted the cause of basic scientifi c exploration. In short, 
investigating the multisite dimension of agents related to cancer has gen-
erated insights in terms of the biology of oncogenic processes.

The primary prevention of hepatitis infection may be seen as a para-
digm for the challenges encountered with many infectious agents of 
cancer. The obstacles to developing effective strategies include:

The general challenges of vaccine development• 
The phenomenon of asymptomatic carriers• 
Long latency before cancer development• 
The infl uence of socioeconomic forces on the uptake of risky • 
behaviors
The fact that transmission routes such as injection drug use are • 
diffi cult to overcome, especially given the complexity of related 
psychological problems, mental illness, poverty, etc.
Concerns about privacy and discrimination (e.g., regarding test • 
results)
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The urgency for preventive measures related to the hepatitis viruses 
arises not just from current and increasing rates of liver cancer and its 
poor survival rate, but from the impact of other serious diseases such as 
cirrhosis. In this way, hepatitis viruses stand apart from HPV—whereas 
both types of agents are implicated in a combination of (prevalent) non-
malignant and (rarer) malignant conditions, cirrhosis would generally 
be considered more serious than genital warts.

However, HPV, HBV, and HCV become realigned when consider-
ing the similarly vast “reservoirs” of viral carriers around the world. 
Exacerbating this scenario is the fact that HBV, HCV, and HIV have 
similar transmission routes, leading to high coinfection rates.392 These 
viruses interact synergistically, with the potential for “a major health 
care catastrophe in the coming years.”393 The risk of coinfection and 
increased disease development also seems to apply to HIV and HPV, 
though possibly to a lesser extent. Generally, this set of circumstances 
should motivate a concerted effort to control all these viral threats in 
the developed and especially the developing world.
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9
HELICOBACTER PYLORI

Gastric carcinogenesis is a complex, multistep and multifactorial event 
in which the role of Helicobacter pylori infection has been established by 
numerous epidemiological investigations.1

INTRODUCTION

Helicobacter pylori bacterium represents one of the most com-
mon organisms existing in humans, colonizing the stomachs 
of over half of the people in the world.2,3 The gastritis that 

occurs in infected individuals is mostly asymptomatic. About 20% of 
those infected will eventually experience a clinical outcome, including 
peptic ulcers or a type of gastric cancer, specifi cally adenocarcinoma 
or mucosa-associated lymphoid tissue (MALT) lymphoma.4–7 An esti-
mated 1–3% of people infected with H. pylori develop adenocarci-
noma, compared to less than 0.1% for MALT lymphoma.8,9 The role of 
H. pylori in extragastric disease, including some other cancers, is also 
being investigated. Benign conditions of interest include hepatobiliary, 
cardiovascular, hematologic, and urologic disorders.10–14 However, gas-
tric cancer continues to dominate the research agenda with respect to 
H. pylori.

Despite a global decline in gastric cancer incidence rates, particu-
larly in developed countries, this malignancy remains the fourth most 
common cancer worldwide, and the second leading cause of cancer-
related mortality, with over 400,000 deaths each year.15–17 Regions with 
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high gastric cancer incidence include Eastern Asia, Eastern Europe, and 
South America.18,19

Even though there was a formal confi rmation of carcinogenicity 
in 1994 by the WHO’s International Agency for Research on Cancer 
(IARC),20 the public health perspective on H. pylori has been marked 
by ambivalence.21 This is because H. pylori colonization of the stomach 
is sometimes classifi ed not as a disease per se but rather a phenomenon 
akin to the routine presence of α-hemolytic streptococci in the upper 
respiratory tract and of certain Escherichia coli strains in the colon.22 
All multicellular organisms are colonized with other organisms, where 
there is benefi t to both invader and host (i.e., mutualistic colonization) 
or at least the host is unaffected (i.e., colonization that is commensal). 
The difference between colonization and infection can be circumstan-
tial; thus even a (mostly) nonpathogenic invader can produce signifi cant 
disease under certain conditions. Unless otherwise specifi ed, moving 
from colonization to true infection with H. pylori (i.e., being H. pylori-
positive) is equivalent to having a certain concentration of antibody in 
the blood and/or signs of active disease (as indicated through enzyme 
assays or histologic examination).

H. pylori may qualify for the classifi cation of “partially mutualis-
tic” when present in human hosts. The caution concerning universal, 
population-wide eradication stems in part from the evidence that the 
presence of H. pylori may in fact reduce the risk of certain benign con-
ditions, such as gastroesophageal refl ux disease (GERD), and perhaps 
even exert a protective effect against adenocarcinoma in the esophagus 
and the adjacent region of the stomach (the so-called gastric cardia).23–25 
For this reason, eradication of the bacterium has typically been restricted 
to those with symptomatic disease; in other words, while therapeutic 
eradication has been pursued, universal eradication has not.

Given the high cost of detection and eradication of H. pylori coloni-
zation, and the fact that countries such as the United States and Canada 
already enjoy low and declining incidence of gastric cancer, the need for 
prevention efforts targeting cancer per se remains uncertain. For example, 
the timing of interventions is controversial. Thus, though standard antibi-
otic treatment is in fact effi cacious in eliminating infection, it is generally 
agreed that such therapy may be too late after the patient reaches a cer-
tain stage of premalignant disease.26 As already suggested, prophylactic 
approaches have been even more controversial. Even if population-wide 
measures can be defended, researchers are still investigating whether 
or not they would reduce the risk of gastric cancer development.27–29 
Despite the misgivings, the emergence of antibiotic-resistant strains of 
H. pylori and the high rate of infection recurrence have intensifi ed the 
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drive to develop a prophylactic vaccine.30–32 The proponents of more 
aggressive public health responses to H. pylori (including attempts to 
universally eradicate it from humans through prophylactic vaccination) 
point out that the “dire consequences” of eliminating the bacterium from 
the human biological system have been exaggerated.33

Having introduced some of the key themes and issues related to 
H. pylori and cancer, more detailed information about the bacterium 
itself will now be provided, followed by the subtopics previously laid out 
in this book, namely, evidence of associated cancers, disease mechanism 
and process (including cofactors), transmission and occurrence of the 
agent, detection methods, and prevention approaches.

THE BACTERIUM

H. pylori is a spiral-shaped and fl agellated Gram-negative bacterium 
that colonizes the gastric mucosa of humans.34,35 It was fi rst isolated in 
1982. Traces of H. pylori found in mummifi ed human remains, however, 
suggest that the bacterium has existed as an infectious agent for at least 
3,000 years, and other evidence indicates the possibility of an even 
earlier origin.36–39

Samples of H. pylori harvested from the stomachs of different indi-
viduals are highly polymorphic; strain variation also has been observed 
within a single host.40 Analysis has suggested that there is a functional 
core of 1,100–1,300 genes common to all H. pylori strains. These genes 
govern metabolism, transcription, and biosynthesis of amino acids, as 
well as other cellular processes that are essential to the maintenance 
and expansion of the bacterial colony.41 Several hundred other genes are 
potentially variable from strain to strain; among other functions, these 
genes code for cell-surface proteins that in turn may account for a par-
ticular strain’s adaptation to a genetically diverse host.42

H. pylori bacteria may have the capacity to lose and possibly acquire 
exogenous DNA. Research has indicated that this phenomenon is con-
sistent with “a model of continuous microevolution within its cognate 
host.”43 However, recent studies have called into question the extent to 
which genetic exchange occurs and infl uences transmission and host 
adaptation.44,45

It seems evident that only certain strains of H. pylori are 
pathogenic.46–48 Furthermore, identifi ed pathogenic types have also been 
variably associated with disease outcomes.49 It has been diffi cult to tie 
specifi c virulence factors50 to disease manifestations; in fact, strains con-
taining the same factors have been identifi ed in both symptomatic and 
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asymptomatic persons.51 At least one fundamental distinction, however, 
is well supported by research. It seems that H. pylori may be divided into 
two subgroups based on cytotoxin-associated gene A (CagA), specifi cally 
whether it is expressed (type 1) or not (type 2).52 The CagA gene has 
been identifi ed as a marker of virulence53; it is associated with a so-called 
“genomic island” in the DNA of H. pylori that is responsible for injecting 
the CagA protein into gastric epithelial cells, with a subsequent impact 
on cellular mechanisms.54,55 Other pathogenicity islands in the H. pylori 
genome are also being intensively studied. Variations in H. pylori strains 
based on the role of CagA (and other virulence factors) have been pos-
ited as a possible explanation of geographic differences in gastric cancer 
incidence.56

Moving beyond the strain and pathogenicity variations of H. pylori 
itself, it is important to note that different Helicobacter species (e.g., 
H. bilis, H. heilmannii) have been implicated in both animal and human 
diseases.57 The fi rst case report of H. heilmannii associated with gastric 
adenocarcinoma was published in 2008.58

Given the important public health implications of H. pylori and its 
demonstrated involvement in stomach diseases, the bacterium’s two dis-
coverers, B Marshall and R Warren, were recognized with the Nobel 
Prize in 2005.59 Although many research questions about H. pylori 
remain unanswered, a review by Clyne and colleagues in 2007 revealed 
that over 20,000 academic reports related to this bacterium have already 
been published.60 Indeed, it is one of only a few infectious agents with 
its own dedicated journal, launched over a decade ago.61

EVIDENCE OF ASSOCIATED CANCERS

While other bacteria may play a role in carcinogenesis at different body 
sites, H. pylori is certainly the most studied bacterial cause of malignan-
cy.62 According to IARC, infection with H. pylori causes a substantial pro-
portion of gastric cancers.63–65 Compared to the uninfected population, 
the risk of developing gastric cancer in infected individuals appears to 
be two to six times higher.66–68 This association will be further explored, 
followed by a brief overview of other potential cancer connections that 
have been investigated.

As noted earlier, when gastric cancer occurs, it usually appears in 
the form of adenocarcinoma.69 The other main malignancy linked to 
H. pylori, MALT lymphoma, is a form of non-Hodgkin’s lymphoma 
that usually affects the gastrointestinal (GI) tract, though it can also 
occur in other organs. With the link to MALT lymphoma confi rmed, 
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H. pylori joins the list of infectious agents implicated in cancers of the 
lymphatic system.70 Hepatitis B and C are also members of this list, an 
inventory that will be expanded in chapters to follow. It should be noted 
that, since MALT lymphoma is relatively rare, any discussion of gastric 
cancer in the remainder of this chapter will generally be in reference to 
adenocarcinoma.

A Necessary Cause of Gastric Cancer?

The task of determining the level of risk attribution of H. pylori is com-
plicated by the fact that loss of infection occurs in some cases of gas-
tric cancer, which may result in a decline in serum antibodies for the 
bacterium; the resulting negative seroprevalence test is equivalent to a 
missed disease association.71–73 Of course, positive seroprevalence is also 
ambiguous in association studies, as the presence of antibodies is not 
proof of current infection.74 Despite these methodological challenges, 
good evidence has been developed suggesting that H. pylori infection 
is a very important, though not suffi cient, cause of gastric cancer.75–77 
However, even being confi rmed as a necessary causal factor would be 
a dramatic result in oncology, catapulting the association into the same 
rare category as human papillomavirus (HPV) and cervical cancer. This 
consideration leads naturally to the following questions: What is the 
strength of disease association? And is “necessary” a legitimate quali-
fi er of the causal role of H. pylori?

Indirect evidence for an etiologic link between H. pylori and gastric 
cancer has been observed in developed countries, where a decrease in 
H. pylori infection rates has matched a substantial decline in gastric 
cancer incidence in recent decades.78 Communities with very low gastric 
cancer incidence have been marked by an H. pylori infection rate as low 
as 2%.79,80

Direct evidence has also been compelling. A study based on sub-
jects drawn from 17 developed countries (United States, Japan, and 11 
European states) was published just prior to the IARC classifi cation of 
H. pylori as a carcinogen. It revealed that infected subjects had a sixfold 
higher risk of developing gastric cancer compared to those who were 
uninfected.81 By comparison, a large Japanese study in 2006 pegged 
the infection-related relative risk of gastric cancer between 5 and 10 
(depending on assumptions about what could be construed as H. pylori 
positivity).82 The strongest corroborating evidence, based on a 2001 
study in Japan, showed that gastric cancer occurred only in infected 
patients, that is, those with a specifi ed level of antibodies for the bacte-
rium or signs of gastric disease indicated by histologic examination or a 
rapid urease test (see the section “Bacterial Detection Methods”).83 The 
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results of this study suggest that H. pylori infection is a necessary cause 
of cancer in the majority of gastric subsites.

Site-Specifi c Impacts

But how does one reconcile the idea of infection as a necessary cause 
with the proportion of gastric cancer usually attributed to the bacterium, 
namely, 60–70%?84,85 One would instead expect a fi gure approaching 
100%. The explanation might be found in the complexities of stomach 
anatomy, and especially the distinction between cardia and noncardia 
regions of the stomach. The cardia is the small zone of the stomach near 
the esophageal junction; noncardia refers to the rest of the stomach. A 
2001 analysis of 12 case-control studies again found a sixfold increase 
of gastric cancer in H. pylori-positive individuals, but only for persistent 
infection in the noncardia region.86

The complexities of diagnosis and localizing the site of cancer 
development has sometimes created subsite misclassifi cation within 
studies.87,88 Despite the obstacles, researchers have been able to propose 
that cancer of the gastric cardia has two main origins, one involving 
H. pylori infection (and thus with an etiology similar to distal or non-
cardia gastric cancer) and one related to gastric refl ux disease (and thus 
aligned with distal esophageal adenocarcinoma).89,90 This dual etiol-
ogy accounts for bacteria-related gastric cancer being less than 100% 
of total cases, and also helps to explain why it is possible to have an 
increase in adenocarcinoma of the gastric cardia even though gastric 
cancer has generally been declining in developed countries.91,92

The anatomic distinctions may drive a potentially important etio-
logic pattern with respect to gastric cancer. While H. pylori appears 
to be strongly associated with noncardia gastric cancer (i.e., with 
adenocarcinoma across the majority of the stomach mucosa), the link 
with cancer in the cardia zone is weaker, and perhaps null. One study 
group even noted a protective effect in developed, western countries as 
opposed to those in Asia.93,94 Whatever other factors may be in play, 
there is evidence that cancers of the cardia should be distinguished from 
distal regions of the stomach in terms of their genetic pathway and, fur-
thermore, it appears that the cardia-localized tumors are more aggres-
sive.95 The proposal that H. pylori infection can be protective against 
such tumors is controversial.96

Restricting the focus to noncardia or distal gastric cancer indicates 
that the association with H. pylori could be very strong indeed. In fact, 
a 2004 German study suggested that H. pylori infection may be “close 
to” being a necessary condition for the development of noncardia gas-
tric cancer. Applying strict exclusion criteria to their cases, the research 
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team reported a relative risk of noncardia gastric cancer of 18.3 for any 
H. pylori infection, and 28.4 for CagA-positive bacteria.97

However, a recent study based in multiple European settings sug-
gested a relative risk for noncardia cancer of 6.5 (95% CI 3.3–12.6) in 
individuals with CagA seropositivity.98 This fi gure is closer to the result 
of earlier meta-analyses. The discrepancy with the German study may 
be explained by the fact mentioned at the beginning of this section, 
namely, that H. pylori density drops when gastric mucosa is affected 
by metaplasia or neoplasia. One implication of this phenomenon is the 
possibility that “the magnitude of the noncardia association may be 
underestimated.”99 Evidence of this complexity was offered in a 2004 
Japanese study that tracked the cancer risk level attached to a progression 
of disease, from H. pylori infection with no chronic atrophic gastritis 
(AG) through to substantial and persistent AG expression and extensive 
metaplasia but no longer any direct sign of H. pylori infection.100

The data in Table 9.1 show that it is possible for gastric cancer to 
develop as a sequela to AG that itself is known to be caused by H. pylori 
but where bacterial infection per se is no longer detectable by serologic 
means. While this study offers one compelling explanation for ongoing 
confusion about the relative risks of gastric cancer caused by infection, 
the fact that recent evaluations of H. pylori involvement in carcinogen-
esis vary widely (from “very substantial” to “still under investigation”) 
confi rms that this research area will remain active for some time to 
come.101

Finally, attributable burden must be distinguished from the indi-
vidual risk of getting cancer when infected. While evidence seems to 
support the conclusion that a very large percentage of cancer in certain 
gastric sites can be attributed to H. pylori infection, the actual risk of 
carcinogenesis in a particular case of infection is much more diffi cult to 
evaluate. The involvement of endogenous cofactors such as host genet-
ics, as well as environmental cofactors related to tobacco use and diet, 
certainly contributes great complexity to the discussion.102–104 The etio-
logic evidence related to smoking is particularly compelling.105–108 The 
topic of cofactors will be further explored in the following section.

Table 9.1. Risk Factors in Progression of Gastric Cancer

Disease Stage Relative Risk 95% CI

H. pylori + / chronic AG − 7.13 0.95–53.33
H. pylori + / chronic AG + 14.85 1.96–107.7
H. pylori − / severe AG 61.85 5.6–682.64

Source: Ohata et al., International Journal of Cancer, 2004.
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Investigative Cancer Associations

Interest in a potential role for H. pylori in cancers beyond the stom-
ach has recently intensifi ed. As might be expected, the focus has been 
primarily on the digestive system, including the esophagus and liver, 
though cancer associations are being evaluated in diverse anatomic 
areas, including urological and oropharyngeal sites.109,110

While not consistent across all studies,111 recent meta-analyses and 
new research have confi rmed a protective role for H. pylori with respect 
to esophageal adenocarcinoma (but not squamous cell carcinoma).112–114 
Site variation in gastric atrophy mechanisms related to the bacteria has 
been suggested as part of the explanation for the protective effect.115,116 
According to one 2008 study, the inverse association seems to be weaker 
in women than men.117 Overall, however, the manifest decline of H. pylori 
colonization in Western countries may be contributing to the recent 
increase in esophageal adenocarcinoma.118

The question of whether H. pylori plays a role in the development 
of liver cancer (specifi cally hepatocellular carcinoma, or HCC) remains 
controversial. The fact that DNA of H. pylori and other Helicobacter 
species has been found in the liver tissues of HCC patients is certainly 
suggestive, as is the ability of experimental infection with H. hepati-
cus to cause chronic hepatitis and liver cancer in mice.119,120 A 2008 
study even showed that H. pylori could adhere to and invade hepato-
cytes in vitro.121 However, results continue to be confl icting. A recent 
meta-analysis, though acknowledging the potential for bias, confi rmed 
an association between H. pylori infection and the risk of HCC; on the 
other hand, a 2008 U.S. study could not locate Helicobacter DNA in 
actual liver tumors.122

The research related to other parts of the digestive system has been 
limited. Studies seem to support a role for Helicobacter species in the 
development of biliary tract cancer but not for H. pylori in pancreatic 
carcinogenesis.123–126 H. pylori may be one of a number of microbes 
involved with colorectal cancer.127,128 Support for this conclusion was 
offered through two recent reviews of the literature.129,130 However, 
other recent studies have produced contrary results or adopted a more 
cautious approach on the question of causation.131–134 Research related 
to the respiratory system has generated a similar ambiguous pattern. For 
example, two studies from 2008 on laryngeal cancer risk and H. pylori 
involvement offered opposing conclusions.135,136

In sum, no cancer rivals gastric adenocarincoma in terms of evidence 
for H. pylori-associated causation. Mixed results appear to be the norm 
for studies of malignancies at most other sites.
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TRANSMISSION AND OCCURRENCE OF THE BACTERIUM

The fact that H. pylori is a pandemic infection suggests multiple trans-
mission pathways, but little is known for certain about this topic.137 
Uncontroversial concepts include the observation that the natural acqui-
sition of H. pylori occurs mostly in early childhood and, once estab-
lished, colonization typically persists throughout life unless treated.138–141 
However, no matter what the age of acquisition, the exact mode of 
transmission of H. pylori has not been clearly defi ned.142–144

The prevailing understanding is that the bacterium is transmitted 
from person to person, with oral–oral and fecal–oral routes commonly 
suggested.145–147 Several recent studies have in fact called into ques-
tion the fecal–oral route, at least among children, thus distinguish-
ing H. pylori from hepatitis A in terms of the main mode of pediatric 
transmission.148–150 A 2009 systematic review of the literature concluded 
that maternal transmission is the main source for pediatric H. pylori 
infection in low-prevalence populations.151

Oral–anal and oral–vaginal pathways (e.g., through adult sexual 
contact) have also been posited, but not conclusively demonstrated.152 
If the vagina is ever confi rmed as a reservoir of H. pylori, there will be 
increased interest in the potential for vertical transmission to babies 
in the birth canal.153 One 2004 study of stool samples from 3-day-old 
infants (n = 50) found H. pylori DNA in 30% of cases, which points to 
the potential for a vertical pathway.154

Final transmission routes of interest relate to the health care system 
itself. Iatrogenic spread of H. pylori during endoscopies has been dem-
onstrated.155 Hospital workers with direct patient contact may also be at 
increased risk for H. pylori infection, though some recent research has 
not supported this conclusion.156,157

Potential “vehicles” of infection operating on various pathways 
include saliva, vomit, feces, dental plaque, and contaminated food 
or water.158–160 The role of breastfeeding remains controversial.161 
Whatever the specifi c contribution of breast milk and other sources, 
a generally increased rate of transmission among family members is 
well-established.162–164 Consistent with suspected transmission modes, 
indirect risk factors for infection include overcrowding, poor sanitation, 
and inadequate hygiene. A positive association with measures of low 
socioeconomic status has also been demonstrated.165–168

There have been suggestions that the dosage of H. pylori required 
for primary infection may be diffi cult to acquire from classic reservoirs 
in the environment. It is possible, however, that infections acquired 
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through contaminated drinking water or food that are easily fought 
off by the host may still exert an infl uence on population prevalence 
through intraspecies recombination during transient passage of H. pylori 
through the GI tract. Genetic diversity in fact is seen as an infl uence on 
the ability of the bacterium to colonize the human body.169 This may be 
one explanation for the role of sanitation and other public health con-
trols in slowing the spread of H. pylori in industrialized countries.170

There are substantial variations in the prevalence of H. pylori 
infection between different geographical regions.171 Infection rates are 
relatively high in many developing countries, with prevalence in some 
jurisdictions approaching 80–90%; this compares with rates of only 
20–65% in cohorts over age 30 years in developed countries.172–174 One 
oft-cited analysis estimated the average prevalence of H. pylori to be 
35% in developed countries and 85% in developing countries.175 The 
regional differences seem to be established early; children in developing 
countries can demonstrate an infection prevalence of 70% by age 15, 
compared to only 5–15% in developed countries.176,177

Prevalence tends to increase with age, at the rate of about 1% per 
year.178 While some researchers have attempted to draw a connection 
between this pattern and the natural history features noted earlier 
(i.e., acquisition starting in childhood and a lack of clearance without 
therapy), the mechanisms are not immediately clear.179 Other authori-
ties have simply ascribed the increasing prevalence with age to a birth 
cohort effect related to diminished acquisition in more recent pediatric 
populations as socioeconomic conditions have improved over time in 
some countries.180

In contrast to the clear age association, there does not appear to be 
any signifi cant gender infl uence on H. pylori infection rates.181,182

The inverse relationship between socioeconomic status and H. pylori 
prevalence has already been noted. Indeed, the lifetime infection rate in 
the most affl uent countries is dropping toward 10% or even lower.183 
This trend has been particularly noted in the United States, where “mark-
edly improved sanitation in the second half of the 19th century greatly 
reduced H. pylori transmission, initiating a decline in H. pylori infection 
that will ultimately lead to its elimination from the U.S. population.”184

On the other hand, several population-based studies have confi rmed 
the importance of low socioeconomic conditions in elevated acquisi-
tion of H. pylori infection.185 The clearest example of this dynamic in 
the Canadian context is seen in Aboriginal populations living in situa-
tions marked by poverty. For instance, research in one Aboriginal com-
munity reported a remarkable 95% rate of H. pylori infection among 
adults.186 A follow-up study in the same community detected a 16% 
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H. pylori acquisition rate among children in just 1 year.187 By contrast, 
a recent study of Canadian children who underwent endoscopic exami-
nation showed an average H. pylori prevalence of only 5%, despite the 
fact that the particular cohort was deemed medically at-risk.188 The lat-
ter fi gure represented a signifi cant decline over the last decade, a trend 
that apparently has not been matched among some Aboriginal popu-
lations. Similarly, research among Alaskan Inuit showed that 72% of 
individuals had acquired H. pylori antibodies by age 24 years.189 Similar 
concerns about H. pylori prevalence has arisen in northern Aboriginal 
populations in other countries.190

The impact of moving from lower to higher socioeconomic condi-
tions has also been demonstrated among immigrant populations in the 
United States. One study showed that the prevalence of H. pylori in 
immigrant, fi rst-, and second-generation Hispanics was 31%, 9%, and 
3%, respectively.191 Even more dramatically, prevalence rates among 
New York City residents born in east Asia have been found to be as 
high as 70%.192

Earlier, a trend of decreasing H. pylori infection was described 
among a specifi c cohort of Canadian children undergoing a diagnostic 
examination. In fact, H. pylori prevalence in the general population of 
the United States, Europe, and other developed settings has declined 
considerably in recent years.193,194 An example of this trend across one 
decade of age-stratifi ed data in Japan is offered in Figure 9.1.195
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Figure 9.1. Prevalence of Helicobacter pylori infection, Japan, 1986–1994. Source: 
Kumagai et al., Journal of Infectious Diseases, 1998. Used by permission.
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DISEASE MECHANISM AND PROCESSES

The general pattern involved with microbe-related cancer was introduced 
in the beginning of the book. Infection with H. pylori appears to follow 
distinct pathogenic pathways, resulting in unique disease outcomes in 
different individuals.196,197 In this section, the various elements involved 
with the development of H. pylori-related cancer will be elucidated.

First, there is the important requirement of persistent infection, 
similar to that seen with HPV and cervical cancer.198,199 The main dif-
ference with the bacterium is that it exhibits a much higher degree of 
persistence. Indeed, H. pylori has been recognized as a “paradigm for 
a bacterium that causes chronic infections.”200 Generally, its mode of 
action as a pathogen has been characterized by terms such as slow 
or stealth. Left untreated, H. pylori is able to continuously evade the 
immune system; in fact, it can persist in the stomach throughout the life 
of the host.201–205

How H. pylori is able to survive in the stomach despite the host’s 
immune response is not completely understood.206,207 It was already 
noted in the description of the bacterium that genomic diversity may 
play a role in immune evasion.208 Another explanation for the lack of 
bacterial clearance may be the existence of H. pylori in the extracellular 
environment of the gastric mucosa.209 A recent Japanese study detailed 
the ability of the bacterium to overcome host self-renewal processes 
within the gastric epithelium and thus help sustain infection.210

A number of other virulence mechanisms have been posited to be part 
of the process of evading host defenses and eventual colonization.211,212 
The factors include the bacterial enzyme urease, which is involved in 
neutralizing gastric acid; fl agella, which provide the motility to approach 
and invade the gastric mucosa; and bacterial enzymes, which facilitate 
acquisition of nutritional elements from the host.213,214

The fundamental hallmarks of H. pylori-related disease are an 
infl ammatory response, increased levels of stomach acid, and dam-
age to surrounding tissues.215–217 On a microscopic level, an accumu-
lation of immune cells in the gastric mucosa has been detected.218,219 
The intensity of the resulting gastritis varies, but symptoms are typically 
minimal-to-nonexistent.220

An infection causes gastric cancer both through the direct impact 
of the organism (and its products) on the mucosa and by indirect effects 
related to alteration of the mucosal environment that is created by 
H. pylori-induced gastritis.221,222 Thus, the bacterium’s CagA protein is 
known to have a direct oncogenic potential. On the other hand, the sever-
ity and site of the body’s infl ammatory response to H. pylori infection are 
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known to affect the risk of carcinogenesis.223,224 Chronic infl ammation 
can lead to a series of premalignant changes in the stomach lining, which 
may result in the development of gastric cancer.225–227

Disease Risk Factors

In addition to bacterial characteristics, environmental and host genetic 
factors are also believed to contribute to gastric cancer development.228–232 
Environmental factors that have been associated with disease progres-
sion include tobacco use, excessive alcohol use, and high levels of salt 
intake.233–237 There is evidence that increased consumption of fruits 
and vegetables may lower the risk of developing gastric cancer; this has 
been particularly linked to the impact of dietary vitamin C on reducing 
the harmful effects of infl ammation and the formation of carcinogenic 
N-nitroso compounds.238–240

Only a small minority of patients with premalignant lesions ulti-
mately develop a full malignancy, again suggesting the importance 
of risk factors beyond H. pylori infection.241 There is typically a long 
latency period between acquisition of infection and any cancer progres-
sion.242 For example, peptic ulcers tend to appear in patients in their 20s 
and 30s, whereas less than 10% of gastric cancers appear before age 
45.243 Because gastric cancer is usually not diagnosed until it reaches an 
advanced stage, patients generally have a poor prognosis—the 5-year 
survival rate of less than 20%.244,245 In cases where early diagnosis is 
achieved, a 5-year survival rate of over 90% has been reported.246

BACTERIAL DETECTION METHODS

There is ongoing concern about the warrant for a systematic, universal 
eradication program (see the following discussion, and also the section 
“Prevention Approaches”). This has sharpened the focus on preven-
tion in groups at higher risk for gastric cancer. Screening based on the 
presence of actual epithelial changes may be perceived as impractical; 
worse, a positive result may be too late for effective prevention related to 
H. pylori. Thus, there has been a clear emphasis on appropriate means 
to detect or confi rm chronic infection with the bacterium before disease 
development, and certainly prior to manifest symptoms. Indeed, initial 
versions of any systematic eradication program would almost certainly 
depend on just such a detect-and-treat strategy.

H. pylori infection can be detected or diagnosed either by nonin-
vasive or invasive methods. Noninvasive approaches include the urea 
breath test (UBT), fecal or stool antigen test, and an immunological 
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assay of H. pylori-specifi c antibodies in body fl uids such as sera, urine, 
saliva, or gastric juice.247–251 As with many areas of medicine, the avail-
ability of DNA-testing (in this case, for specifi c H. pylori types) has 
begun to offer great promise for researchers and clinicians alike.252,253

While the UBT and stool antigen test detect active infection, antibod-
ies are markers of both past and present exposure to H. pylori; therefore, 
they cannot be used to prove that the patient is currently infected.254,255 
Serum assays can, however, provide additional information about the 
strain of H. pylori involved and the status of the gastric mucosa; this 
is accomplished through the identifi cation of virulence factors such as 
CagA and/or disease progression markers.256–261

The various noninvasive detection methods are continually being 
refi ned and evaluated against one another in terms of both effectiveness 
and cost-effectiveness.262–266

Invasive detection methods for H. pylori and related disease involve 
endoscopy, sometimes combined with a biopsy in order to facilitate 
more accurate histological examination, bacterial culture, or a rapid 
urease test.267–270

The many detection methods noted earlier, generating a multiplicity 
of management protocols, make navigation through the options very 
complex.271 It is useful at this point only to briefl y introduce the main 
clinical or public health settings where detection of H. pylori might 
apply.

The detection of H. pylori with respect to gastric cancer control may be 
pursued in four broad contexts: mass screening in an average-risk popula-
tion, targeted screening in moderate-risk to high-risk populations, diag-
nostic testing in the event of gastric symptoms, and surveillance following 
therapy for H. pylori infection and/or related disease. It is axiomatic that 
screening programs are not pursued unless benefi cial follow-up of a pos-
itive test is feasible and available; specifi cally, the capacity to interrupt 
or reverse disease progression must exist. Although there is some recent 
qualifi ed support for the cost-effectiveness of population screening for 
H. pylori,272–274 mass eradication does not seem to have a strong evidence 
base, particularly in regions of low endemicity.275 Thus, it is relatively safe 
to eliminate mass or population screening for H. pylori (or related disease) 
as a compelling option in the majority of developed countries.276,277

The next category, targeted screening, has received greater atten-
tion in the literature, though the applications are still quite limited. 
Consensus guidelines support the detection and eradication of H. pylori 
in fi rst degree relatives of patients with gastric cancer. Although not 
directly related to cancer, H. pylori detection and eradication may also 
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prevent peptic ulcer development in individuals taking nonsteroidal 
anti-infl ammatory drugs (NSAIDs).278

Opportunistic testing for (and diagnosis of) H. pylori infection in the 
case of upper GI symptoms remains the area of greatest clinical interest. 
Endoscopy is the accepted reference test for diagnosing ulcers and upper 
GI malignancies, with a sensitivity and specifi city of >95%.279 However, 
since a high proportion of the population experiences dyspepsia at some 
point in a 6-month period, it is impractical to employ an expensive and 
invasive method such as endoscopy as the primary diagnostic approach. 
Thus, a test-and-treat strategy is recommended in adult patients less 
than 45 years old with persistent dyspepsia, based on one or other of the 
noninvasive H. pylori detection methods described earlier.280 It should 
be noted that older studies questioned whether this approach to manag-
ing dyspepsia would be cost-saving to a health care system; newer trials 
have been more encouraging in this regard.281–285

The strongest arguments for general endoscopic screening for gas-
tric cancer precursors (such as AG) apply to countries with endemic 
infection.286 When AG is known to be present, noninvasive tests for 
H. pylori infection may become very relevant to understanding the risk 
level and appropriate follow-up of a patient.287,288 Importantly, once 
certain factors (i.e., so-called “alarm” symptoms, older age, and/or 
H. pylori-positivity) have been used to demark a cohort at high risk 
for malignancy, then biennial screening by endoscopy for gastric cancer 
does demonstrate clear effectiveness and even cost-effectiveness.289,290

Surveillance after H. pylori eradication is also of clinical impor-
tance. At least 4 weeks following treatment, a test to verify eradication 
of infection should be conducted.291 Often, the UBT is employed for this 
purpose, though certain confi gurations of the fecal antigen test have 
been promoted as an alternative.292,293

PREVENTION APPROACHES

As noted in an earlier section, the research trend appears to be oriented 
toward confi rming H. pylori as a strong causal factor for gastric cancer, 
and possibly even as necessary for the development of noncardia gastric 
adenocarcinoma.294 This fact naturally establishes the bacterium as a 
very appropriate, and even urgent, target for primary prevention of dis-
ease. Each of these now-familiar prevention categories will be reviewed 
in this last major section.
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1. Avoiding Exposure to the Agent

The primary prevention of disease related to H. pylori, particularly by 
avoiding exposure to the bacterium, is hampered by the poor under-
standing of transmission routes.295 Realistic options include limiting 
possible fecal–oral transfer between persons through hygiene practices 
in the home, health care settings, etc. Raising living standards or condi-
tions has sometimes been perceived as an indirect means of such protec-
tion; for example, less crowding in home and other settings may simply 
reduce the opportunities for transferring the bacteria. In the absence of 
very specifi c strategies to interrupt transmission to individuals, public 
health efforts have usually focused on improving general sanitation in a 
community. Given the uncertainty around water-borne transmission of 
H. pylori, the rationale for the effectiveness of such measures remains 
speculative.296 The importance of drinking water in the spread of infec-
tion is currently much better understood for a long list of other micro-
bial pathogens.297

2. Preventing Infection after Exposure to the Agent

When it is available, a vaccine often becomes the “gold standard” 
approach to neutralizing adverse effects of exposure to a microbe. The 
emergence of antibiotic resistance has increased the interest in vaccina-
tion for H. pylori. If anything, motivation is even higher in developing 
countries, where effective antibiotic therapies are not very accessible due 
to their high cost.298,299

As H. pylori infections are generally acquired during childhood, 
prophylactic vaccination programs will likely be most effective if tar-
geted at young children.300,301 Research pursued in a developed setting 
has suggested that a vaccination program implemented for at least 
10 years would signifi cantly reduce H. pylori infection rates.302 The 
same U.S. study group calculated that the development of a prophy-
lactic vaccine, even with an effi cacy as low as 55%, would be cost-
effective.303

Despite extensive investigation, including some success with animal 
models, there are currently no approved vaccines for H. pylori.304–306
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3. Prophylactic Eradication or Suppression

Population-wide eradication of H. pylori is not recommended as a strat-
egy for gastric cancer prevention, at least not in developed countries 
with low and/or declining prevalence of H. pylori.307 There are four 
main arguments against such a practice:

As noted earlier, a person may have intragastric 1. H. pylori but 
be asymptomatic. When “benign” symptoms such as dyspepsia 
occur, and an infection is confi rmed, the condition is then easily 
treatable. While not a proof of the value of prophylactic eradica-
tion per se, it is of interest that therapeutic eradication is a poten-
tial approach to benign conditions associated with H. pylori. 
Thus, a recent Cochrane review noted that H. pylori eradication 
therapy has a small but statistically signifi cant effect on non-ulcer 
dyspepsia in study groups with detected infection; furthermore, 
economic modeling suggests that the benefi t, albeit modest, may 
still be cost-effective, though more research is clearly needed.308

Although still controversial, there is evidence that 2. H. pylori infec-
tion may protect against the development of certain diseases in the 
gastric cardia and the esophagus, including adenocarcinoma.309–311 
However, given the low absolute incidence of cancer in the esoph-
agus, the potential protective benefi ts of infection are likely out-
weighed by the risks related to gastric cancer development.312,313 
Indeed, there is evidence that the combined risk of gastric and 
esophageal cancer is actually increased in the population infected 
with H. pylori.314

Perhaps most importantly, formal proof of the impact of eradica-3. 
tion on the incidence of gastric cancer is still being developed. 
Even if its effectiveness was fully established, systematic eradica-
tion of the bacteria would represent an expensive and perhaps 
excessive application of antibiotics, which could ultimately pro-
mote the emergence of resistant strains.315

In many developed countries, both 4. H. pylori infection and (espe-
cially distal) gastric adenocarcinoma have already declined to very 
low levels.316 In such contexts, the most substantial preventive effect 
of eradication in terms of gastric cancer seems to be achieved among 
groups clearly at risk, such as those infected with CagA-positive 
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H. pylori strains or possibly those having certain genetic polymor-
phisms that in turn are associated with infl ammation markers.317

There may be a more compelling rationale for population-wide erad-
ication in developing countries or settings that are prone to endemic 
infection with H. pylori.318 However, even in such countries there is a 
continued debate about the appropriateness of systematic eradication of 
the bacterium.319,320

4. Cofactor Prevention

H. pylori infection may be approaching “necessary” status as a caus-
ative agent for specifi c gastric cancers in specifi c subsites, but it does not 
appear to be a suffi cient condition to initiate a tumor. The suspected 
cofactors were listed earlier in this chapter. Of these, the intake of salt, 
including via salt-preserved foods, has been of particular interest.321 A 
potential mechanism elucidated in animal studies points to the impact 
of salt on the mucous microenvironment of the gastric lining.322 As an 
example of the extensive epidemiologic evidence, 2,476 Japanese men 
over 40 years were stratifi ed according to their daily salt intake in a pro-
spective study. A signifi cant salt–cancer association was observed, but 
only in subjects who had both H. pylori infection and AG; the age- and 
sex-adjusted odds ratio was 2.87 (95% CI 1.14–7.24).323 This suggests 
that salt intake is a true cofactor, and thus a plausible target for gastric 
cancer prevention in individuals who are infected with H. pylori.

Smoking cessation is another potentially strong candidate for reducing 
gastric cancer in the event of H. pylori infection.324 In one German study 
among subjects positive for the bacteria, the relative risk of noncardia gas-
tric cancer was 6.1 among nonsmokers compared to 16.6 for smokers.325

On the protective side, there is evidence that increased consumption of 
fruits and vegetables may lower the risk of developing gastric cancer.326,327 
Although some studies have suggested that antioxidants and other dietary 
supplements such as vitamin C, beta-carotene, and folic acid may also 
reduce the risk, a Cochrane review did not support this conclusion.328

Moderate intake of alcohol consistently demonstrates a protective associ-
ation with respect to H. pylori infection.329,330 There has been a debate about 
whether moderate alcohol intake can prevent or eradicate infection.331

Because of prevalent conditions such as arthritis, GERD, and ulcers, 
effective treatments such as NSAIDs and gastric acid controls (e.g., pro-
ton pump inhibitors) are widely prescribed by clinicians. NSAIDs may 
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actually reduce the risk of gastric carcinogenesis, though more research 
is needed to clarify the precise benefi ts and disadvantages.332–335 Some 
of the complexities involved include the fact that the use of NSAIDs 
actually promotes the development of GI ulcers, whereas employing 
acid inhibitors (i.e., gastric protectants) may be a risk factor for gastric 
carcinogenesis.336–339 This suggests the potential importance of fi nding 
some “middle ground” of disease control by applying the least damag-
ing combination of antibiotics, gastric protectants, and NSAIDs.340,341 
The topic of NSAIDs will be discussed further in a subsequent section.

5. Therapeutic Eradication or Suppression

Therapeutic vaccines against H. pylori and gastric cancer continue to 
be intensively investigated in tandem with the quest for a prophylactic 
intervention, but serious scientifi c and clinical challenges must be over-
come.342 In the meantime, a variety of other antibacterial approaches 
have been extensively studied, with the end-point of interest often being 
the eradication of H. pylori in individual patients.

The use of antibiotics in combination with a proton pump inhibitor 
(targeting gastric acid secretion) is very effective at clearing the infec-
tion, a conclusion that has been confi rmed in many countries, includ-
ing Canada.343 Although patients with premalignant gastric lesions and 
confi rmed H. pylori positivity are often prescribed eradication treat-
ment, results from clinical trials are in confl ict as to whether the risk of 
gastric cancer development is actually reduced.344,345 More specifi cally, 
the question lingers about whether there is a “point of no return” dur-
ing disease progression after which eradication would be too late.346–349 
Despite the uncertainties, many researchers and reviewers have con-
cluded that eradication prior to atrophy of the gastric mucosa may be 
the best chance of reducing cancer risk.350–353

The classic study in this regard was conducted by Wong et al. in 
China in 2004.354 The researchers randomized 1,630 healthy carriers of 
H. pylori. Half of them received triple therapy consisting of omeprazole, 
amoxicillin, and metronidazole, and the other half a placebo. The main 
outcome measure of interest was the incidence of gastric cancer. While 
there was no signifi cant difference between the intervention and placebo 
groups when they were considered as a whole, looking more closely at a 
subset of the treatment arm did provide some encouragement. Thus, in 
patients who had no precancerous lesions at the start of the study, the 
triple therapy appeared to prevent any gastric cancer from developing.
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In addition to ongoing concerns about the prevention effi cacy of 
eradication, there are other challenges in terms of a real-world applica-
tion of this approach. For instance, while a low rate of reinfection has 
been observed following eradication treatment in the United States and 
Europe, studies in H. pylori prevalent areas have revealed higher rates 
of reinfection.355,356 One recent theory about recolonization after eradi-
cation suggests that, contrary to earlier conclusions, H. pylori can exist 
within human cells.357

The emergence of antibiotic-resistant strains of H. pylori is another 
growing concern related to eradication effi cacy.358,359 It has been estimated 
that 10% of H. pylori strains are resistant to clarithromycin in developed 
countries, compared to 25–50% in developing countries.360 By compari-
son, research in Canada found that resistance is consistently around 20% 
for metronidazole but less than 4% for clarithromycin.361 A Canadian 
study also found that antibiotic resistance varies geographically.362 Finally, 
inadequate patient compliance is another cause of treatment failure.363 
Reasons for noncompliance include side effects and the fact that allevia-
tion of symptoms may not be immediate.364 One study of 2,751 patients 
demonstrated a side effects rate of about 23%.365 Typical side effects seen 
with H. pylori therapy include diarrhea, abdominal pain, and nausea.

One exception to the modest results seen in eradication studies 
involves the type of gastric cancer seen more rarely, namely MALT lym-
phoma. Interestingly, MALT lymphoma is the “only known malignancy 
whose course can be directly changed by the removal of a pathogen.”366 
In fact, eradication of H. pylori can lead to complete remission of the can-
cer, as well as exercising a preventive effect.367,368 Some provisos should be 
raised in this regard. First, though histological remission may be achieved 
in up to 90% of patients following antibiotic therapy, molecular disease 
has been known to persist and possibly account for late relapses.369,370 
This raises a categorical question about whether such intervention should 
be considered “eradication” at all. Finally, it seems that H. pylori treat-
ment does not have any effect on extragastric lymphomas.371

6. Interrupting Transformation Related to Infection

As noted in the section on detection, neither screening nor diagnostic 
approaches to H. pylori are very relevant if a suitable intervention does 
not exist that could reduce the incidence of gastric cancer in a popu-
lation positive for infection. Several treatments other than eradication 
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have been investigated, with no overwhelming success story so far in 
terms of cancer prevention.372

The interventions of this sort generally fall under the heading of 
chemoprevention, or the use of medications to suppress or reverse 
carcinogenesis.373,374 Candidate therapies include supplementation with 
vitamin C and/or beta-carotene and the use of NSAIDs. Unfortunately, 
antioxidant supplementation has only demonstrated borderline effects 
on premalignant gastric lesions.375 The preventive application of NSAIDs 
(such as aspirin) is complicated by the fact that these substances, while 
reducing gastric cancer incidence, are also known to cause peptic ulcers.376 
For this reason, purportedly safer medications of this type have increas-
ingly gained attention, although some of these agents have also come 
under fi re (and even been withdrawn from the market) due to reports of 
cardiac side effects.377,378

Other chemoprevention approaches have been applied at various 
stages of disease progression. Generally, the strategies remain unproven. 
For example, calcium intake has been employed to counteract the effect 
of excessive dietary salt, but data are mixed.379,380 Likewise, while pro-
biotic products (based, for the most part, on bacteria producing lactic 
acid) have been widely used in Japan and Europe for years, their various 
health claims are controversial. With respect to gastric cancer, there 
is some evidence for several benefi cial effects of probiotics, including 
normalization of the intestinal microfl ora, modulation of immune func-
tion, and inhibition of H. pylori colonization.381 It seems that standard 
antibiotic treatment may be enhanced with combined administration of 
probiotics, including the reduction of side effects.382,383

CONCLUSION

H. pylori represents a microbe of great scientifi c complexity and inter-
est. The clinical implications and applications drive the research agenda, 
especially those involving cancer prevention. The bacterium bears an 
intriguing resemblance in aspects of its activity to that of HPV in the 
context of malignant disease. First, the bacterium is ubiquitous among 
human populations (though it is currently better controlled than HPV in 
developed nations).

Second, both pathogens are involved with a combination of benign 
and malignant diseases, making the health economics of prevention or 
treatment especially complicated. One immediate implication of any 
cancer prevention efforts is the possibility of some collateral benefi ts 
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in terms of benign conditions. In fact, the investigation of the disease 
associations of both agents is still very active, suggesting that prevention 
synergies may increase in the future.

Third, the most notable cancers associated with each agent share 
an important common cofactor, namely, smoking. This may allow for 
some prevention synergies linking HPV and H. pylori.

Fourth, both pathogens demonstrate forms of tissue tropism com-
bined with some degree of site specifi city. In the latter regard, there 
is in each case one site (i.e., uterine cervix, noncardia gastric lining) 
where the microbe appears to be a necessary (but not suffi cient) cause 
of malignancy. This is a rare phenomenon in oncology, one that holds 
great promise for cancer prevention. In this regard, there are many ave-
nues of prevention, detection, and treatment for both pathogens, either 
currently available or being actively explored. The sense of urgency is 
partly driven by the fact that HPV and H. pylori are the agents that 
cause the highest number of cancer cases in most developed countries 
and globally.384

The most pertinent difference between H. pylori and HPV is in the 
proven effectiveness of primary and secondary prevention strategies 
related to cancer. Prevention strategies for HPV are considerably further 
advanced, especially with respect to the vital arena of vaccination. Any 
advantage H. pylori may enjoy because of the availability of nonsurgical 
approaches to treatment is tempered by the modest impact demonstrated 
to date on gastric cancer prevention. The impetus to pursue an effective 
set of prevention strategies will likely continue to be strong given the 
public health impact of H. pylori in general and its specifi c role in car-
cinogenesis. Indeed, by some global assessments, infection with the bac-
terium is the most common exogenous cause of cancer after smoking.385 
In keeping with the theme of this book, approaches to prevent infection 
should be a primary goal of a “multi-pronged effort to curtail suffering 
and death from H. pylori infection-associated cancers.”386
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10
EPSTEIN-BARR VIRUS

Epstein-Barr virus is a ubiquitous human pathogen that usually maintains 
a harmonious relationship with its host. Rarely, this host–virus balance is 
perturbed, causing a diverse group of malignancies in both immunocompe-
tent and immunosuppressed patients.1

INTRODUCTION

Epstein-Barr virus is also known by the more “taxonomically 
transparent” label of human herpesvirus type 4 (HHV-4). The 
better known, eponymous name can be traced to two of the 

researchers who fi rst investigated the virus, MA Epstein and YM Barr.2 
Epstein-Barr virus (EBV) is the label used consistently in this book.

EBV is often recognized as the human tumor virus fi rst identifi ed 
(with only the discovery of hepatitis B competing to be of the same 
vintage). EBV was isolated in 1964 from a lymphoma that commonly 
affl icts children in sub-Saharan Africa.3 This cancer was described by 
the surgeon Denis Burkitt (after whom it is named), though several 
other researchers were also involved.4 Since that time, EBV has been 
implicated in a wide variety of cancers, most of which emerge years 
after the primary infection.5

About 100 herpesviruses have been isolated, but it appears that only 
8 types infect humans. The best known of these are the herpes simplex 
viruses, types 1 and 2. As noted in the “Introduction” to this book, all 
the human herpesviruses have been investigated for a cancer connection, 
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but so far only one other, HHV-8, has been strongly confi rmed as a 
carcinogenic agent. More information on HHV-8, and the human her-
pesviruses as a whole, may be found in Chapter 11.

EBV is a ubiquitous virus that infects the majority of people in the 
world by the time they reach adulthood.6 Some studies suggest that 
over 95% of adults in the world are EBV-positive.7 This means that it 
is unusual not to be infected with EBV. The very high prevalence rate 
is driven by two main factors: relative ease of transmission and lifelong 
persistence of infection.8,9

Fortunately, most EBV carriers are asymptomatic. The virus is best 
known for prompting an immune response in infected adolescents that 
is marked by acute infectious mononucleosis (IM), colloquially referred 
to as “mono” or sometimes “kissing disease” (because of the presumed 
behavior leading to transmission). The triggering mechanisms that cause 
a small proportion of infected individuals to develop one of a wide spec-
trum of malignancies remain unclear. Driven by the hope of discovering 
preventive and therapeutic strategies, untangling EBV cancer pathways 
remains an intense research focus.10,11

THE VIRUS

EBV, a linear double-stranded DNA virus, has been known to exist in 
the human population in two main genetic forms, usually referred to as 
A and B, with the fi rst type (or EBV-A) predominating.12 Other genetic 
variations have been identifi ed, an area of research that has only accel-
erated with the advent of new molecular investigation techniques.13,14 
There is evidence that EBV subtypes and variants exhibit different geo-
graphic distributions, preferential disease associations, and/or variable 
infl uences on the clinical behavior of specifi c malignancies.15–21 For 
example, EBV-A seems to be prevalent in Burkitt lymphoma (BL) in some 
jurisdictions.22,23 Furthermore, there have long been suggestions that 
EBV-B exhibits a tropism for nasopharyngeal epithelial cells (and related 
cancer), although other studies have questioned this conclusion.24,25 
More recently, EBV-B has been connected to oral squamous cell car-
cinoma in an isolated geographic setting, namely, Japan’s island of 
Okinawa.26 EBV genetic variants continue to be refi ned, both in terms 
of transforming potential (based on experimental cell lines) and epide-
miologic linkages—especially in the context of nasopharyngeal carci-
noma (NPC).27,28

Despite the volume of emerging evidence, the characterization of 
disease-specifi c associations with EBV subtypes and variants remains 



Epstein-Barr Virus   387

incomplete. Some researchers remain unconvinced that there are any 
connections among EBV genetic variation, preferred cellular targets, 
and disease development. A recent review noted that “there is a lack 
of large, well-designed epidemiologic studies of risk associations with 
EBV variants.”29 This means, for example, that the dramatic differences 
found in the rate of NPC across geographical regions30 may be attribut-
able to differences in host genetics or environmental cofactors rather 
than EBV type variation. In other words, the geographic distribution of 
EBV genetic variants may be ultimately confi rmed as having little bear-
ing on disease susceptibility.31

The herpesviruses as a group will be further outlined in the next 
chapter on human herpesvirus type 8 (HHV-8). For now, it will suffi ce to 
note that herpesviruses such as EBV, herpes simplex virus, and HHV-6 
have a marked tropism for cells of the immune system.32 Furthermore, 
unlike the categories known as alpha- and beta-herpesviruses, the gamma-
herpesvirus (which includes EBV and HHV-8) are geared toward B 
lymphocyte infection.33 It will become clear that this is only the begin-
ning of what is known about EBV natural history and biology.

EVIDENCE OF ASSOCIATED CANCERS

After more than 40 years of research, the information that has emerged 
concerning EBV and carcinogenesis is very complex.34,35 One conclusion 
at least is clear: as indicated in Table 10.4 at the end of this chapter, the 
list of candidate cancer associations has greatly expanded beyond the 
two classic connections discovered in the 1960s, that is, endemic BL and 
NPC.36,37 According to the oft-quoted analysis of infection and cancer 
produced by Parkin in 2006, about one out of every 100 cancers in the 
world may be attributed to EBV.38 The range of cancers making up this 
complement is remarkable.

Consistent with the discussion about disease processes to follow, one 
review suggested that since “the complexity and duration of EBV-host 
interaction provides numerous possibilities for a malignant outcome, the 
heterogeneity of the cancers associated with EBV is not surprising.”39 
Determining the full range of the EBV-carcinogenesis connection has 
required painstaking research. The nature of EBV infection—which 
involves “strategies to minimize or eliminate its pathogenic potential, 
in the interest of maintaining infection and the survival of the host”40—
means that causal associations between the virus and disease have been 
diffi cult to prove. One intriguing challenge in the identifi cation of EBV 
in cancerous tissues involves ensuring that the virus has not simply 
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“come along for the ride” as a latent infection within immune cells that 
are contributing to an infl ammatory response.41,42 The presence of EBV 
as a passenger in cancerous tissue has been especially raised in the con-
text of controversial disease associations, such as breast cancer.43

The malignancies where an EBV etiologic linkage has been best estab-
lished will be reviewed fi rst, starting with the origin of the EBV disease 
story, the lymphoma fi rst identifi ed among African children by Burkitt.

Burkitt Lymphoma

Burkitt lymphoma44 is a B-cell non-Hodgkin’s lymphoma (NHL) usu-
ally classifi ed under three headings; each category represents different 
geographic distribution and viral involvement (Table 10.1).45,46

Nonendemic BL is the version of the disorder seen most often in 
Western countries. It is still rare in such settings, although incidence has 
recently increased. The escalating rates have been attributed to expand-
ing cases of immunosuppression associated with HIV/AIDS. Compared 
to the endemic type of BL found in Africa, the HIV-associated form is 
not as closely related to EBV; less than 40% of cases are positive for the 
virus, whereas African children with the disease demonstrate essentially 
100% EBV involvement.47,48

In light of this book’s focus on the infectious causes of cancer, the 
apparent association of endemic BL with malaria is of particular inter-
est. In fact, in an effort to understand the epidemiology of BL in a region 
such as equatorial Africa, a number of cofactors have been investigated. 
While malaria is the most well-established candidate, researchers are 
realizing that other factors are probably required to explain why BL is 

Table 10.1. Characteristics of Burkitt Lymphoma Types

 Endemic Sporadic HIV-associated 

Geography Equatorial Africa, 
Papua New 
Guinea 

Worldwide Worldwide

Prevalence 
(per 100,000)

1–20 0.01 Variable (related to 
HIV prevalence)

Age range 2–14 years All ages All ages 
EBV association 98% 5–10% 30–40%
Cofactor Malaria 

coinfection
 HIV infection

Tissue site Extranodal Lymph node Lymph node
Most common 

body site(s)
Jaw Abdomen Abdomen, bone 

marrow

Source: Brady et al., Journal of Clinical Pathology, 2007.
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not much more common than it is. This has led to the remarkable sug-
gestion that at least one of the other cofactors for BL is also an infection, 
specifi cally involving certain arboviruses49 that share the same insect 
vector that carries the protozoan parasite causing malaria.50 If true, this 
would position BL as a unique instance of cancer with a polymicrobial 
origin comprising at least three infections.

Hodgkin’s Disease and Non-Hodgkin’s Lymphomas

Suspicion of an infectious cause for Hodgkin’s disease (HD) is “almost 
as old as the recognition of the disease as such.”51 EBV has been impli-
cated in HD, though positivity for the virus varies from 10% to 95% 
depending on the specifi c disease subtype. About half of the Hodgkin’s 
cases in the United States demonstrate the presence of EBV. However, 
the rate goes up to 95% in HIV-associated cases.52 Although technically 
not considered an AIDS-defi ning condition, in the developed world HD 
competes with Kaposi sarcoma as the cancer most often diagnosed in 
HIV-positive individuals.53 While being immunocompromised appears 
to be an important factor in HD caused by EBV, coinfection with HIV 
does not explain the entire presentation of disease. Indeed, EBV-positive 
HD seems to result from an “intricate interplay of early- and later-life 
environmental, hormonal, and genetic factors.”54

A subset of HD appears to not be caused by EBV; this group consti-
tutes 30–50% of cases in the developed world, and over 90% in devel-
oping countries.55 The search for another infectious cause for this type of 
HD has proven to be elusive. Proposed agents include the measles virus, 
where the evidence has been mixed,56,57 and (more recently) the Torque 
teno virus.58

EBV has been implicated in a bewildering array of NHLs beyond 
BL. For example, there are several AIDS-related lymphomas that have 
been linked to EBV, including the most common category of NHL, dif-
fuse large cell lymphoma, and its subtypes.59,60 Generally, AIDS-related 
NHLs are either systemic (e.g., a certain subset of BL) or more localized 
(notably, targeting the central nervous system). As a class, these malig-
nancies tend to be aggressive. The systemic types typically demonstrate 
EBV positivity in 30–90% of cases.61

EBV sometimes seems to work alongside HIV as an enhancer of 
disease susceptibility. This is especially seen in EBV-positive individuals 
coinfected with HHV-8.62 The two viruses interact in such a way that 
HHV-8-induced lysis is inhibited, promoting viral latency and the even-
tual development of primary effusion lymphoma (PEL).63 The disease 
pathways of PEL are complex. For instance, EBV may cause a type of 
disease similar to PEL that does not involve HHV-8 (see Chapter 11).64 
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Researchers have also found that coinfection with the two types of 
herpesviruses can lead to simultaneous cancers that are unrelated.65 
In sum, EBV and HHV-8 have many overlapping features and dis-
ease involvements, including increased cancer risk in the face of HIV 
coinfection.66 One review suggested that 50% of AIDS-related lym-
phomas can be traced to one and/or the other of the human gamma-
herpesviruses.67

Pathways of immune-incompetence other than HIV infection (e.g., 
inherited disorders, conditioning drugs used in transplantation) can lead 
to lymphoproliferative conditions that manifest an EBV connection. For 
example, EBV infection is linked to approximately 90% of the B-cell 
lymphomas associated with post-transplant lymphoproliferative disor-
der (PTLD); as a whole, these conditions represent a serious complica-
tion for transplant recipients.68

Although mainly infecting B-cells, EBV can infect other immune 
system cells.69,70 In particular, certain T-cell NHLs have been asso-
ciated with the virus.71,72 There is some indication that an immuno-
compromised state (especially related to HIV coinfection) can create a 
prolonged, active EBV infection, which in turn exacerbates the move-
ment of EBV beyond its natural home in B-cells to involvement in T-cell 
malignancies.73,74 One example is a lymphoma involving both T-cells and 
natural killer cells that demonstrates a remarkable 90% EBV-positivity 
when localized in the nasal area75,76; this rivals the degree of association 
observed in NPC (see the following discussion).

Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma is strongly associated with EBV.77,78 It is a 
highly metastatic malignancy without effective cure; furthermore, while 
many NPC risk factors are well-established, the details of the underly-
ing disease mechanism remain largely unknown.79,80

NPC is infrequent in the West, with the exception of some Inuit 
groups.81 The disease is more common in the Canton province of China, 
in Hong Kong, and, to a lesser degree, in other locations in southeast 
Asia.82,83 This geographic localization has often been explained in terms 
of the risk of NPC associated with the consumption of salted fi sh.84,85 
As incidence is generally high in people of Chinese descent regardless of 
where they live, the possibility of host genetic factors cannot be ignored. 
To the extent that host or lifestyle factors are involved, immigration 
from endemic areas may increase the burden of NPC in Western coun-
tries.86 On a fi nal note, intermediate rates of NPC have been observed in 
the Middle East, North Africa, and southern European regions situated 
on the Mediterranean basin.87
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Other Disease Associations

In addition to the preceding conditions, EBV-related malignancy has 
also been investigated in the context of different epithelial sites and a 
number of other tissue types.88 This includes certain gastric cancers, 
salivary gland tumors, hepatocellular carcinomas, and (in immunosup-
pressed patients) smooth muscle tumors known as leiomyosarcomas.89–92 
A potential role in bladder and cervical cancer has also recently been 
reported.93,94 Whatever the theoretical interest in the various poten-
tial disease associations, it must be admitted that the detection of EBV 
in any such cases does not yet have prognostic or therapeutic signifi -
cance.95 However, given the disease burden attached to some of the can-
cers potentially infl uenced by EBV, investigating the role of the virus 
will undoubtedly continue as a research focus. A case in point is gastric 
cancer, where the proportion caused by EBV may be as high as 10%.96,97 
Moreover, the potential role of EBV in lymphoepithelioma-like carcino-
mas of the stomach approaches 100%; these rare tumors are thought to 
have a pathogenic mechanism similar to NPC.98

While most attention has naturally focused on confi rming positive 
associations with cancer, any research concluding that there is not a 
causal relationship is also very useful in shaping priorities. An example 
is a 2004 study suggesting that EBV does not have a role in small-cell 
carcinoma of the lung.99 Likewise, there have been negative reports con-
cerning EBV involvement in breast cancer, though this area of research 
remains controversial. Other studies have demonstrated the presence of 
EBV genetic material in breast tumor cells, but rarely in control tissue; 
this suggests that the virus may be involved in some instances of breast 
carcinogenesis.100

Although already an extensive inventory, it has barely scratched the 
surface. To provide a window on the full range of malignancies where 
an EBV connection has been established or investigated, the key lit-
erature is summarized in Table 10.4 at the end of this chapter. While 
intriguing at the level of basic research, from a public health perspective 
it is important to not become too distracted by the long list of diseases. 
In order to draw attention to the most important prevention targets, an 
overview of the substantial EBV–cancer associations is provided in Table 
10.2. The EBV-attributable proportion of other cancers, even common 
ones such as oral squamous cell carcinoma, that are not included in 
Table 10.2 is either very small or still controversial.

Even when there is a high proportion of cases attributable to EBV, 
it must be acknowledged that many of the cancers are rare in absolute 
terms in developed countries such as the United States and Canada; the 
same reality likely applies on a worldwide basis.
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On the other hand, much of the epidemiology, including attributable 
proportions, is still being clarifi ed. For example, the fraction of the total 
NHL burden in Canada attributable to EBV has not been ascertained. 
As a starting point of discussion, one estimate suggested that some 10% 
of T-cell lymphomas in the world are caused by the virus.102

The EBV-disease connection does not end with cancer. The virus 
appears to have a causative role in a spectrum of nonmalignant dis-
eases, starting of course with IM. Some of the identifi ed diseases may in 
fact be cancer precursors; for example, “chronic active EBV infection” 
appears to be a true premalignant condition.103,104

One of the most intriguing pathogenic mechanisms linked to EBV 
is autoimmunity.105,106 The autoimmune diseases that have been pro-
posed as falling in some way within the orbit of EBV infection include 
systemic lupus erythematosus, rheumatoid arthritis, and multiple 
sclerosis.107–110

TRANSMISSION AND OCCURRENCE OF THE AGENT

The primary means of EBV transmission involves saliva; this is because 
EBV preferentially infects lymphoid tissues (specifi cally, B-cells) and 
squamous epithelium in the oropharynx. The virus can continue to be 
shed into the mouth and thence into saliva for years after the primary 
infection occurs.111

Table 10.2. EBV Association in Selected Cancers

Disease EBV Positivity (%)

Burkitt lymphoma (endemic) >95
Hodgkin’s disease (subtype) >95
Nasal NK/T cell lymphoma >90
Gastric lymphoepithelioma-like 

carcinoma
>90

Gastric adenocarcinoma 5–25
Posttransplantation lymphoprolifera-

tive disorders
>90

Nasopharyngeal carcinoma >95
AIDS-associated lymphoma, CNS >95
AIDS-associated lymphoma, other 30–90

Source: Thompson et al., Clinical Cancer Research, 2004.
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Vertical transmission of EBV may be an important factor in the 
development of acute lymphoblastic leukemia (ALL)112 in children. 
Some researchers have found that reactivated EBV in infected moth-
ers seems to be passed to the offspring in utero, which then leads to 
virally induced leukemia.113,114 However, the evidence is inconsistent, 
and thus the proposed linkage between vertically transmitted virus and 
ALL remains controversial.115,116

There has been an interesting inversion in the developing pictures 
of EBV and HHV-8 transmission. In short, HHV-8, fi rst considered 
to be mainly a sexually transmitted infection (especially among homo-
sexual males), is now also seen to be transmissible by saliva (see Chapter 
11); whereas EBV, traditionally considered to be spread by saliva, may 
also be transmitted by sexual contact (as well as blood transfusion and 
transplantation).117,118 In terms of supporting evidence, there have been 
reports of EBV detected in genital secretions, indicating that sexual 
transmission of the virus is possible. In one study, the degree to which 
IM patients, their sexual partners, and nonsexual personal contacts 
shared the same viral isolates was tested by genital analysis.119 There 
was signifi cantly more overlap of EBV isolates among the sexual part-
ners. However, the levels of EBV detected in the cervical, male urethral, 
and semen samples were so low relative to typical salivary complements, 
sexual transmission was still deemed to be a minor pathway compared 
with oral-to-oral contact.

DISEASE MECHANISM AND PROCESSES

Given what is arguably the most prevalent human infection in the world, 
and the cancer-causing agent that has been studied for the longest period 
of time, it is surprising to discover how much of the EBV disease process 
remains to be elucidated. The explanation relates to complexities in the 
interaction between EBV and its human host.

Multiple Targets and Processes

As already suggested in the section on disease associations, there are 
many “benign” and malignant conditions that appear to be directly 
caused by the virus. This phenomenon has its roots in multiple cellular 
tropisms. EBV has been shown to infect and affect the following cell 
types:120–122

B lymphocytes• 
Oral squamous cells (keratinocytes)• 
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Gastric epithelial cells• 
T-cells (multiple phenotypes)• 
Natural killer cells• 
Monocytes and granulocytes• 
Hodgkin-Reed-Sternberg cells• 

The complexity of the range of host cells is only increased when 
one considers the multiple body sites where infected cells and tissue 
may be found. It all adds up to a wide spectrum of diseases caused by 
EBV. Precisely how do these diseases develop, especially the various 
cancers?

The disease processes of EBV exhibit both familiar and unique fea-
tures. For instance, some aspects of the EBV disease mechanism overlap 
with other viral infections where persistence within the host plays a role 
in the eventual emergence of cancer. Taken together, the elements of 
disease development comprise the following:

Where the virus becomes established in the host (i.e., the cell or 1. 
cells of primary infection) and how it gains entry to cells
How it transfers between different cell types2. 
The manner in which the virus escapes host immune responses 3. 
and persists as a latent infection
The dynamics of reactivation, viral replication, and host cell lysis 4. 
prior to transmission
The specifi c factors that infl uence carcinogenesis5. 

As already suggested, many questions about these areas are still 
being explored. Ultimately, better understanding the natural history of 
EBV infection and disease development provides the foundation for pre-
vention modalities.

Pathways of Infection and Latency

The cells where EBV infection may be found, though many and var-
ied, can be categorized as belonging either to the immune system or 
to one of the mucosal epithelia in the host. While B-cells in lymphoid 
tissue (especially the tonsils) or circulating in the blood seem to be a 
dominant locus of EBV persistence,123 there continues to be a debate 
about whether lymphoid or epithelial tissue represents the key site of 
viral passage into the human biological system.124,125 More specifi cally, 
researchers have investigated whether viral transmission via saliva leads 
to a primary oropharyngeal infection centered on squamous epithelial 
cells or on B-cells.126,127



Epstein-Barr Virus   395

The two main theories about primary infection indicate that either 
the virus directly accesses B-cells in the oral mucosa, or it spends time 
in epithelial cells (where it undergoes amplifi cation) before transferring 
to B-cells.128 Other ideas have been recently advanced, including the 
possible movement of EBV from B-cells in lymphoid tissue to circulating 
monocytes and fi nally to keratinocytes in the oral epithelium.129,130 The 
latter cells then allow for viral reactivation, proliferation, shedding, and 
transmission to new hosts—though admittedly the evidence for this ver-
sion of events has been strongest in the context of immunocompromised 
individuals. Other research has recently suggested that involvement of 
memory B-cells is not necessary for EBV to ultimately persist in (and 
be shed from) the oropharynx.131–133 Clearly, the biological pathways of 
EBV infection continue to be a fl uid area of investigation.

Although the broad themes are still emerging, studies have eluci-
dated some of the molecular aspects of primary infection. For instance, 
researchers have identifi ed that the process of EBV binding to cells, and 
subsequently gaining entry, involves a number of host envelope pro-
teins.134 This binding “profl igacy” is actually common to the herpes-
virus as a group. Whatever its origin, the variety of ways these viruses 
can attach to the surface of a cell is one of the reasons that EBV is able 
to affect so many cell types.135 The specifi c manner of binding may shed 
light on some of the unanswered questions about primary infection. It 
seems that EBV fi rst binds to B-cells, but remains on the cellular surface 
(known as an ectopic infection) before transferring to epithelial cells of 
the oropharynx.136

The mechanism by which EBV transfers between different cell types 
(especially in the absence of cellular lysis) has been investigated in some 
detail. There is evidence of a very effi cient system allowing EBV to move 
from B-cells to epithelial cells, and vice versa.137 This involves intimate 
contact between the envelopes of the two cell types (which researchers 
have referred to, rather poetically, as “kissing”); the tight attachment 
allows for intercellular transfer of the virus, a process which has been 
shown to occur in as little as 10 minutes.138,139

One of the main reasons for the ongoing interest in confi rming a 
role for epithelial cells in the EBV lifecycle is the evidence that infection 
of B-cells appears to be generally unproductive. In other words, while 
EBV may favor memory B-cells as the site of persistence/latency, viral 
proliferation does not occur predominantly in such cells.140 This has led 
one reviewer to conclude that “infection of B cells . . . can hardly explain 
the successful spread of the virus in the human population.”141

Although the precise pathways and timing of primary EBV infection 
are still being worked out, it is clear that the virus ultimately creates a 
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latent, growth-transforming infection in mucosal B-cells that leads to the 
expansion of affected cells in the tonsils, and probably in other lymphoid 
tissues. The number of infected B-cells in the blood also rises dramati-
cally, constituting 1–10% of the B-cell complement in cases of IM.142

While many of the infected cells are removed by the host’s immune 
system, some persist by downregulating latent antigen expression and 
entering a resting state in the memory B-cell pool. A remarkable phe-
nomenon that has been uncovered is the variety of viral gene expres-
sions seen in different host cells. Thus, it seems that EBV employs a 
different latency (and transformation) strategy in BL, NPC, gastric 
adenocarcinoma, etc.143–146 This creates great challenges for prevention 
and treatment research; in short, the various immunotherapies under 
development must be tested in terms of effi cacy against the different 
EBV latency mechanisms.147,148

Each of the latency strategies employs only a small subset of the 85 
proteins known to be coded by the virus.149 Beyond this basic mech-
anism of persistence, EBV viral products are known to affect a wide 
range of host cell molecules while on the pathway to B-cell growth, 
immortalization, and ultimately tumor development.150–152 However, it 
is outside the scope of this book to review in detail the growing body of 
data related to molecular processes.

Reactivation, Replication, and Lysis

Movement to the lytic phase of EBV infection is counteracted by spe-
cifi c and potent immune responses.153,154 In fact, it is the hyperactivation 
of the host T-cells that is the fundamental basis of the immunopathol-
ogy known as IM, which is of course the paradigmatic “benign” EBV 
disease.

The most substantial viral proliferation (and thus risk of transmis-
sion) may be traced to oropharyngeal epithelial cells during active, pri-
mary infections. However, movement out of a latent state occasionally 
seems to occur in B-cells as well; these reactivated cells are able to pass 
virus to epithelial cells (mainly in the oropharynx), which then leads to 
new instances of viral replication and cellular lysis. This phenomenon 
might explain the “low-level virus shedding found in the throat of long-
term virus carriers.”155

Different mechanisms for inducing reactivation out of a latent state 
have been proposed. One of the best understood triggers is coinfection, 
especially involving other herpesviruses, such as cytomegalovirus.156 
The molecular aspects of reactivation are still being elucidated, but 
already there is evidence that the process in EBV is different than that 
seen in other herpesviruses.157 A fascinating and important instance of 
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EBV reactivation and replication involves coinfection with the protozoa 
Plasmodium falciparum, one of the causes of malaria; as seen earlier, 
malaria may combine with EBV and other factors to create a “class of 
suffi cient causation” leading to BL.158

Carcinogenesis

Replication and lysis, as described earlier, are prerequisites for infecting 
new, locally resident B-cell populations in the same host, for transmission 
to new hosts, and for the onset of IM. However, it is the phenomenon of 
latency that is most problematic in terms of malignant transformation.159

The factors and conditions that help to propel cells with latent EBV 
infection into a full carcinogenic mode are not yet well understood.160 
However, it is not surprising that one risk factor proposed for EBV-related 
carcinogenesis is the immunocompromised state created as a byproduct 
of pretransplant conditioning, HIV infection, and other instigators.

While it is true that BL, as well as EBV-related HD, are elevated 
in HIV-positive cohorts, the connection between immune competence 
and the rate of EBV-related malignancies is still not entirely clear. For 
example, some research has suggested that those who are positive for 
both HIV and EBV do not have an elevated risk for NHL.161 In fact, the 
strongest evidence of an association between a compromised immune 
system and EBV-related disease has been observed for the rare lesions 
known as leiomyosarcoma.162 A recent study added plasmablastic lym-
phoma of the oral cavity to the list of HIV-related malignancies caused 
by EBV.163 Prior to this point, the inventory of EBV-associated oral dis-
ease in HIV patients has been essentially restricted to the nonmalignant 
condition known as oral hairy leukoplakia.164,165

Prevention Opportunities

The chief value of this general review of EBV disease mechanism is antic-
ipating how the various biological strategies employed by the virus may 
be exploited by interventions that will prevent disease. Thus, as will be 
described in a later section of the chapter, the complex immunologic 
response to EBV offers doorways for intervention.166 One of the key 
quests has revolved around “therapeutic approaches aimed at preventing 
EBV latency in B-cells [to] thwart the development of virus-associated 
tumors.”167 The fact that the lytic phase of EBV infection is more suscep-
tible to immune surveillance and response in the human body offers an 
intriguing possibility. In short, it would be useful to fi nd ways to reacti-
vate the virus latent in early cancer cells into the early part of the lytic 
cycle, and then direct chemotherapeutic agents or a boosted immune sys-
tem against the now more immunologically “visible” target.168 Another 
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example more pertinent to the main theme of this book is the apparent 
ability of EBV to gain entry to oropharyngeal epithelial cells via multiple 
routes, including cell-to-cell transfers and (in the case of cell-free virions) 
via the basolateral membrane of polarized cells. As one recent review 
noted, this indicates that “multiple approaches to prevention of epithe-
lial infection with EBV will be necessary.”169

Naturally, much more could be said about the detailed processes 
involved with each of the EBV-related malignancies, but this would 
extend the chapter inordinately. A brief note on one cancer, NPC, at least 
provides a glimpse into the known complexity, as well as suggesting the 
information that remains to be discovered. Among several mechanisms 
mediating the oncogenic evolution of NPC cells, EBV infection induces 
the activation of telomerase, an enzyme implicated in cell immortal-
ization. Researchers have begun to unravel the complex intracellular 
signaling pathways employed in the modulation of telomerase levels in 
infected cells, thereby shedding light on potential therapeutic interven-
tions for this disease.170

VIRAL DETECTION METHODS

Since 90% or more of most adult populations are infected with EBV, 
universal screening is not very relevant. As suggested earlier, the unusual 
situation is when a person does not test positive for the virus.

Table 10.3. EBV Detection Methods

Method Features

Serological  
Immunofl uorescence assay (IFA) Classical method; gold standard; highly 

specifi c
Enzyme-linked immunosorbent 

assay (ELISA)
Rapid and highly sensitive

Blot techniques Highly specifi c; mainly confi rmatory
Heterophile antibody agglutination Less sensitive, less specifi c; 10–50% 

of children <4 years of age do not 
produce heterophile antibodies

Molecular  
Polymerase chain reaction (PCR) Used to detect virus load and 

reactivation
In situ hybridization, in situ PCR Used to detect EBV-associated tumors
Virus antigens, immunohistochem-

istry, and immunocytology
Used to detect EBV-associated tumors

Source: Hess, Journal of Clinical Microbiology, 2004.
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In some geographic areas, targeted screening is carried out in high-
risk populations, such as family members of NPC patients in southern 
China.171 Viral detection localized to a tissue and site is also used to 
confi rm a diagnosis of EBV-associated disease. The methods of detec-
tion that are employed can be classifi ed as either serological or molecu-
lar. The most common techniques are outlined in the Table 10.3.

Despite the increasing accuracy of polymerase chain reaction (PCR) 
and other molecular methods in recent years, serological testing is 
still preferred for primary detection in immunocompetent individu-
als. Even with technological improvements,172 immunoassay results are 
sometimes indeterminate, in which case further diagnostic approaches 
such as PCR would be employed. Conversely, in immunocompromised 
patients missing the usual serological markers, molecular methods are 
more appropriate. This especially entails the quantifi cation of viral load 
by a standardized PCR assay system.173,174

PREVENTION APPROACHES

The pattern established in previous chapters will again be followed, 
organizing prevention approaches to EBV and related diseases in cat-
egories that relate to the overall disease pathway. With the exception of 
cofactor control, all of the interventions described later have some direct 
connection to EBV infection or its related disease processes.

1. Avoiding Exposure to the Agent

Given the very high prevalence of the virus, and the fact that the type 
of casual contact associated with transmission is so ubiquitous, avoid-
ing EBV exposure does not seem to be a feasible strategy. An area of 
interest, however, is the geographic variation observed for age of infec-
tion in children. In developing countries, most children are infected 
before 1 year of age, whereas only 50% of children aged 5–9 years are 
infected in developed nations.175 Given that the primary medium for 
EBV transmission is saliva, the earlier age of infection observed in the 
developing world may be partly due to crowded and/or unsanitary liv-
ing conditions. Sharing beds and eating utensils could easily enhance 
opportunities for EBV transfer. Low socioeconomic status may also 
lead to malnutrition, resulting in impaired immunity, and thus a greater 
likelihood of developing EBV-associated disease.176 It is possible that, at 
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least for developing regions of the world, socioeconomic improvements 
could have an appreciable impact, at least in terms of delaying the onset 
of EBV infection and related disease.

2. Preventing Infection after Exposure to the Agent

There are no vaccines for preventing EBV infection currently in use. 
Development of a vaccine has been very slow due to lack of an appropri-
ate animal model, and also because of uncertainty about the purpose 
of such an intervention.177 Nonetheless, efforts are still being made to 
develop an EBV vaccine that prevents initial infection.178–180 At least two 
candidate vaccines have been brought to the trial stage.181

Results for a vaccine to prevent IM in healthy young adults were 
recently published.182 It was determined that the vaccine signifi cantly 
reduced the incidence of IM relative to the placebo group, though it was not 
effective in preventing asymptomatic EBV infection (i.e., colonization).

3. Prophylactic Eradication or Suppression

The ubiquity of the virus in human populations has also meant that 
there is little motivation to investigate eradication strategies in asymp-
tomatic individuals. However, approaches that could be applied to such 
a task are being investigated. Recalling the role that immunosuppression 
plays in the development of certain EBV-associated malignancies, some 
of the most promising research involves therapies aimed at reestablish-
ing immunocompetence.183,184 This strategy can theoretically be used 
prophylactically in at-risk populations, but mostly the focus has been on 
the treatment and reversal of incipient disease (see section “Therapeutic 
Eradication or Suppression”).

4. Cofactor Prevention

Given its importance in specifi c populations in both the developed and 
developing world, NPC has received a substantial amount of attention in 
the literature. Environmental and genetic factors that contribute to NPC 
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risk were recently reviewed by Chang and Adami.185 The most dominant 
cofactor was the consumption of salt-preserved fi sh, a traditional staple 
of the diet in southern China and several other NPC-endemic areas. 
Consuming other salt-preserved foods, such as seal meat among the 
Inuit, also seems to elevate risk; in fact, all NPC-endemic populations 
have salt-preserved foods as a dietary staple.186,187 Of particular concern 
is the use of salted fi sh for weaning infants, especially in families of lower 
socioeconomic status. According to one study among Malaysian Chinese 
adults, those who reported daily consumption of salted fi sh during child-
hood have an NPC relative risk of 17.4 (95% CI 2.7–111.1) compared 
to groups characterized by nonconsumption.188

Although more moderately associated, another dietary risk factor 
for NPC is lack of consumption of fruits and vegetables. A study in 
Guangzhou, China, found that NPC patients had eaten signifi cantly less 
fresh fruits and vegetables, especially during early childhood, compared 
with a control group.189

Other environmental risk factors for NPC that have been investi-
gated include smoking, alcohol consumption, malaria, herbal medicines, 
and occupational exposures such as wood dust and formaldehyde. There 
are many confl icting reports regarding these exposures, making defi ni-
tive conclusions about NPC association challenging.190–192 Consistent 
with the present state of the research, a recent review suggested that, 
“other than dietary modifi cations, no concrete preventive measures for 
NPC exist.”193

In other malignancies, a number of coinfections have been postulated 
as factors interacting with EBV. Of these, the best-researched is the link 
between malaria and BL. A study in Uganda, focusing on children with 
BL, measured antibodies for both EBV and malaria; BL cases were fi ve 
times more likely than controls to demonstrate both infections.194 This 
may indicate that EBV and malaria act synergistically in the pathogen-
esis of BL, and that malaria prevention measures may have the collateral 
benefi t of preventing this EBV-associated lymphoma.

Another infection that is a potential cofactor in EBV-associated con-
ditions is HIV, specifi cally with respect to BL, B-lymphoproliferative 
disease (BLPD), and a variety of T-cell malignancies.195 Thus, preven-
tion and treatment of HIV infection might have an effect on associated 
EBV disease. Reducing the incidence of a certain class of tumors could 
be achieved by adjustments to sexual behavior or, eventually, through 
HIV vaccination.196

Immunosuppression in transplant patients is also suggested to be 
a cofactor in BLPD, as well as the various T-cell lymphomas related 
to EBV infection; as noted earlier in the chapter, the specifi c name for 
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BLPD in such cases is PTLD.197 As is usual in this area of medical care, 
the search for safer transplant conditioning regimes could have direct 
preventive implications. Sometimes protective remedial action is also 
possible. For example, bone marrow transplant (BMT) recipients are at 
especially high risk of developing EBV-associated PTLD. Studies have 
shown that administration of EBV-specifi c cytotoxic T-lymphocytes 
(CTLs) in BMT patients resulted in decreased EBV load, conferring pro-
tection against the emergence of PTLD.198–200

5. Therapeutic Eradication or Suppression

There are currently no drugs licensed for treatment of EBV infection in 
clinical settings. Although a number of pharmaceuticals are known to 
inhibit EBV replication, they have had limited success in clinical trials. 
Because these drugs impact the viral lytic cycle, they are not effective 
against latent EBV infections per se. To fi ll this gap, novel antivirals are 
being sought that target nonreplicative viral proteins, with the intention 
of interrupting carcinogenesis (see section “Interrupting Transformation 
Related to Infection”).201

The possibility of actually eradicating the virus from individuals 
with latent infection continues to be investigated. Latent membrane pro-
tein 2A (LMP-2A), which is consistently expressed by infected B-cells, 
is a particular area of interest. One study has identifi ed several pro-
teins infl uenced by LMP-2A that may be potential targets for therapeu-
tic agents.202 Such strategies are ultimately aimed at disrupting latency 
mechanisms, exposing the virus to host immunity, and thus increasing 
the probability of clearance.203

Immunotherapies have perhaps generated the greatest interest, espe-
cially in the context of NPC. There are two categories under investiga-
tion—adoptive and active immunotherapy.204 One research focus with 
respect to adoptive immunotherapy involves the infusion of donor CTLs, 
though this treatment carries with it the danger of graft-versus-host 
disease.205–207 CTL therapy appears to hold some promise,208 although 
this has been seen more for the autologous rather than allogenic variety 
of transplantation. Active EBV immunotherapy, or the application of 
therapeutic vaccines, is also being investigated, but progress has been 
modest to date.209 Ultimately, a true preventive role for immunothera-
pies will depend on both safety evaluations and a record of proven effi -
cacy with EBV-related cancer precursors.
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6. Interrupting Transformation Related to Infection

Therapies that target virally induced transformation mechanisms are 
being pursued in the context of EBV infection and a variety of related 
diseases.210,211 For example, it was noted earlier that EBV can infect 
T-lymphocytes. One condition that results from such infection is a ver-
sion of the nonmalignant condition known as hemophagocytic syn-
drome (HPS); a proportion of people with this disease progress to T-cell 
lymphoma.212 The EBV-encoded LMP-1 is considered to be the driving 
force behind neoplastic transformation in such situations. One of the 
functions of LMP-1 is the activation of a transcription pathway that 
confers resistance to programmed cell death (and possibly to anticancer 
drugs).213 Inhibition of the transcription pathway has, therefore, been 
identifi ed as a potential target for therapeutic strategies aimed at HPS 
and/or T-cell lymphoma arising from EBV infection.

CONCLUSION

With the massive global prevalence of EBV infection, and given its 
routine oral transmission, it is diffi cult to hold out much hope for the 
classic primary prevention objective of eliminating exposure to the 
infection. As well, in light of limited understanding of the oncogenic 
mechanisms for the many types of cancer associated with EBV, com-
prehensive prevention methods later in the disease process also remain 
elusive. Notwithstanding the promise of immunotherapies and antivi-
rals, it must be acknowledged that the prevention and management of 
EBV-related morbidity remain in the “nascent stages.”214

As the oldest known oncogenic virus, EBV has contributed greatly 
to many aspects of basic cancer knowledge.215 EBV, along with HHV-8, 
offers a unique opportunity to compare the cancer mechanisms of two 
viruses from the same family, namely, the gamma-herpesviruses. In fact, 
the two viruses demonstrate clear similarities, including lymphotropism 
(specifi cally of a B-cell variety) and a repertoire of very effective immune 
evasion strategies.216 As well, biological interaction between the two 
viral types (similar to that found between closely related retroviruses, 
HIV and HTLV) is an area of keen interest for researchers.217

The involvement of polymicrobial infections in the development 
of cancer is a growing focus in oncology. This topic raises important 
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questions about how to defi ne a carcinogenic agent. If all cofactors were 
included, from those contributing to persistent infection to initiators of 
neoplasia to promoters of tumor progression, then the list of cancer-
causing agents would be many times longer than the existing table of 
contents for this book. For instance, HIV undoubtedly would occupy a 
full chapter. EBV is central to such a discussion. In fact, EBV promises to 
extend the investigation in intriguing ways by moving beyond dual infec-
tion to carcinogenesis involving at least three agents, even ones drawn 
from different categories of microbes. In view here is the proposed link-
age between two viruses (EBV and an arbovirus) and one protozoa (the 
malaria-causing parasite P. falciparum) in the development of BL.218

EBV exhibits some interesting parallels with other agents examined 
in this book. The virus seems to occupy a sort of middle ground in terms 
of disease associations. On the one hand, its remarkable specifi city as 
the carcinogen in BL and NPC is reminiscent of HPV-related tumors 
in the female cervix and in other mucosal tissues with direct access to 
the exterior of the body. On the other hand, similar to a virus such as 
hepatitis C, EBV manifests tropism for multiple cellular types and, as 
a consequence, seems to have connections with a growing and varied 
inventory of malignancies. As is true with other agents reviewed in this 
book, the story concerning EBV and cancer, although already decades 
old, is far from fi nished.



Table 10.4. Epstein-Barr Virus-associated Cancers

Cancer Characteristics Occurrence Prognosis
Studies (by Lead Author and 
Date)

B-cell malignancies
Burkitt lymphoma EBV association >95% 

(endemic type); also 
associated with malaria, 
HIV

Most frequent in 
equatorial Africa, 
especially in children; 
more common in males

Cure rate above 50% 
with chemotherapy

Carpenter (2008); 
Orem (2008); 
Rainey (2008); 
Kamranvar (2007) 

Hodgkin’s disease EBV association 
>95% (lymphocyte 
depleted type); 
immunocompromised 
individuals at higher risk

891 new cases in Canada 
in 2004; more common 
in males

5-year survival rate of 
80–95% 

Canadian Cancer Society 
(2008); 
Ambinder (2007); 
Cickusic (2007); 
Kapatai (2007); 
Andersson (2006); 
Khan (2006)

AIDS-associated 
B-cell lymphomas

EBV association for CNS 
lymphoma: >95%; EBV 
association for other 
lymphomas: 30–90% 
(includes primary 
effusion and diffuse 
large cell lymphomas)

  Angeletti (2008); 
Ferrazzo (2007); 
Rezk (2007); 
Epeldegui (2006)

Post-transplantation 
lymphoproliferative 
disorders

EBV association 
>90%; a group of 
B-cell lymphomas; 
affect individuals 
immunocompromised 
due to conditioning 
before transplants

Occur in 1 in 500 
patients within a 
year of transplant; 
higher risk in children 
and heart transplant 
patients

5–year survival rate of 
about 60%

Cohen (2007); 
Dolcetti (2007); 
Johnson (2006)

(Continued)



Table 10.4. (Continued)

Cancer Characteristics Occurrence Prognosis
Studies (by Lead Author and 
Date)

Lymphomatoid 
granulomatosis

Affects 
immunocompromised 
individuals; involves 
lungs, skin, and central 
nervous system 

Rare; more than twice as 
common in males

No known cure, often 
leads to death within 
a year

Nishihara (2007); Rezk 
(2007)

Pyothorax-associated 
lymphoma

Associated with previous 
artifi cial pneumothorax 

Most common among 
Japanese patients

 Takakuwa (2008); 
Aozasa (2006)

Senile EBV-
associated B-cell 
lymphoproliferative 
disorders

 Only affects elderly 
patients, median age 76

 Shiozawa (2007); 
Shimoyama (2006); 
Oyama (2003)

Methotrexate-
associated B-cell 
lymphoma

Affects 
immunocompromised 
individuals

  Said (2007)

Wiskott-Aldrich 
syndrome-
associated B-cell 
lymphoma

Affects 
immunocompromised 
individuals

  Sebire (2003); Sasahara 
(2001)

X-linked 
lymphoproliferative 
disorder-associated 
B-cell lymphoma

Affects 
immunocompromised 
individuals

Rare condition; only in 
males

 Coffey (1998)



T-cell malignancies

Extranodal NK/T-
cell lymphoma, 
nasal type

EBV association >90%; 
can also occur in the 
skin; affects 
immunocompromised 
individuals

Associated with East 
Asian populations; two 
or three times more 
common in males

Median survival varies 
from 6 to 25 months 

Liang (2008); Hsieh 
(2007); Rezk (2007)

Peripheral T-cell 
lymphoma, 
unspecifi ed

Disease course often 
aggressive

Accounts for <10% of 
non-Hodgkin’s 
lymphomas worldwide; 
uncommon in North 
America

5–year survival rate of 
30–35%

Prochazka (2007); Tan 
(2006)

Angioimmunoblastic 
T-cell lymphoma

Involves the skin in 
40–50% of cases; a 
type of peripheral T-cell 
lymphoma

Comprises 1–2% of 
all non-Hodgkin’s 
lymphomas; median 
patient age 65 years; 
more common in males

25% of patients achieve 
complete remission 
with chemotherapy

Dunleavy (2007); Rezk 
(2007)

Enteropathy-type 
T-cell lymphoma

A type of peripheral T-cell 
lymphoma; aggressive; 
associated with celiac 
disease; investigational 
for EBV connection

 1- and 5-year survival 
rates of 40% and 
20%, respectively

Rezk (2007); 
Quintanilla-Martinez 
(1997); de Bruin 
(1995)

Subcutaneous 
panniculitis-like 
lymphoma

A type of peripheral 
T-cell lymphoma; EBV 
association found in 
some Japanese cases

Rare; accounts for <1% 
of all non-Hodgkin’s 
lymphomas

50% mortality rate Takeshita (2004); Liu 
(2002); Harada (1994)

Hepatosplenic T-cell 
lymphoma

A type of peripheral T-cell 
lymphoma; aggressive; 
investigational for EBV 
connection

Rare; more common 
among males

Most patients die within 
2 years

Rezk (2007); Ohshima 
(2000)

(Continued)



Table 10.4. (Continued)

Cancer Characteristics Occurrence Prognosis
Studies (by Lead Author and 
Date)

Nonhepatosplenic γδ 
T-cell lymphoma

Can occur in skin, 
intestine, nose, lymph 
nodes, lung, and thyroid

Rare  Rezk (2007); Arnulf 
(1998); Kagami (1997)

Sinonasal 
angiocentric T-cell 
lymphoma

 Rare in United States 
and Europe; clusters 
in Japan, Hong Kong, 
and Central America

Not well known Rodriguez (2000); 
O’Leary (1995)

Virus-associated 
hemophagocytic 
syndrome T-cell 
lymphomas

Affects immunocompro-
mised individuals

  Chuang (2007)

Other hematological malignancies
Acute lymphoblastic 

leukemia
Investigational for EBV 

connection; associated 
with maternal infection

Most common in 
childhood, more 
common in males 

85% cure rate in 
children

O’Connor (2007); 
Tedeschi (2007); 
Kim (2006)

Multiple myeloma Cancer of plasma cells 1892 new cases in 
Canada in 2004; more 
common in males

Considered incurable Canadian Cancer Society 
(2008); Csire (2007)

Epithelial cell malignancies
Nasopharyngeal 

carcinoma
EBV association >95%;  

sometimes referred to as 
nonglandular NPC

Most common in regions 
of East Asia and 
Africa; 231 new cases 
in Canada in 2004

65% fi ve-year survival 
rate

Canadian Cancer Society 
(2008); Tao (2007); 
Mirzamani (2006); 
Zhong (2006)



Lymphoepithelioma-
like carcinomas

EBV association for gastric 
type>90%; other variet-
ies include salivary, 
sinonasal, thymus, and 
lungs

Generally rare; some sites 
more common among 
Asian populations

 Herath (2008); Herbst 
(2006); Hsu (2006); 
Larbcharoensub 
(2006); Papalambros 
(2003); Castro (2001); 
Zong (2001); 
Chapel (2000)

Gastric 
adenocarcinoma

EBV association 5–25%; 
adenocarcinoma 
constitutes 90% of 
stomach tumors, the 
second leading cause 
of cancer-related death 
worldwide

Two-thirds of stomach 
cancers occur in 
developing countries; 
more common in males

5-year survival rate less 
than 20% in United 
States

Deyrup (2008); 
Akiba (2008); 
Crew (2006); 
Hsieh (1998)

Oral squamous cell 
carcinoma

Strongly associated with 
smoking and heavy 
alcohol consumption

More common in males; 
most cases occur after 
age 50

5-year survival rates 
range from 17% to 
90%, depending on 
specifi c malignancy

Bagan (2008); Gonzalez-
Moles (2002)

Oropharyngeal 
squamous cell 
carcinoma

EBV association 
controversial

114 new cases in Canada 
in 2004

 Canadian Cancer 
Society (2008); 
Szkaradkiewicz 
(2002); Khabie (2001)

Esophageal squamous 
cell carcinoma

Strongly associated with 
smoking and heavy 
alcohol consumption

More common in males; 
median patient age is 
67

5-year survival rate of 
20–25%

Awerkiew (2003)

Breast carcinoma Investigational for EBV 
connection

Most common cancer 
among females; 
incidence increases 
with age

5-year survival rate of 
80%

Fawzy (2008); 
Bonnet (1999)

(Continued)



Table 10.4. (Continued)

Cancer Characteristics Occurrence Prognosis
Studies (by Lead Author and 
Date)

Primary sinonasal 
nasopharyngeal-
type 
undifferentiated 
carcinoma

Most often occurs in nasal 
cavity

Rare; more common in 
males

 Jeng (2002)

Cervical carcinoma  Second most common 
cancer in females 
worldwide

 Kim (2005); 
Szkaradkiewicz 
(2004); 
Sasagawa (2000)

Hepatocellular 
carcinoma

Accounts for 80–90% of 
all liver cancers

More common in males Usually leads to death 
within 3–6 months

Li (2004)

Mesenchymal malignancies
Follicular dendritic 

cell sarcoma
Occurs in liver and lymph 

nodes
Rare; more common in 

females
 Bai (2006)

Leiomyosarcoma Affects immunocompro-
mised individuals

No known cure Sprangers (2008)
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11
HUMAN HERPESVIRUS TYPE 8

The link between human herpesvirus 8 (KSHV) and Kaposi’s sarcoma has been 
proven, but many important aspects including risk factors, genetic predisposi-
tion to tumor development, transmission of KSHV, and the pathogenic poten-
tial of different genotypes remain to be elucidated.1

INTRODUCTION

Human herpesvirus type 8 (HHV-8), originally known as Kaposi 
sarcoma–associated herpesvirus (KSHV), was only isolated in 
1994, making it one of the more recently identifi ed oncogenic 

viruses.2 By comparison, Epstein-Barr virus (EBV), a genetic relative of 
HHV-8, was isolated a full 30 years earlier.3

From the time of its discovery, HHV-8 has been linked with Kaposi 
sarcoma (KS), a tumor often presenting in the oral mucosa or skin; KS 
tumors are thought to arise in endothelial cells, specifi cally the lining 
of lymphatic vessels. KS is an important sequelae of human immunode-
fi ciency virus (HIV) infection. Indeed, it is the hallmark malignancy in 
patients with acquired immune defi ciency syndrome (AIDS). As such, 
the well-established causal association between KS and HHV-8 remains 
an ongoing clinical and public health concern.4

As will be outlined in this chapter, KS is not the only cancer connected 
with HHV-8. However, the other malignancies associated with the virus 
are even rarer than KS.5 Thus, an argument can be made for the validity of 
the original qualifying term for the virus, “Kaposi-sarcoma–associated.” 
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In fact, that name is still widely used, even when the discussion of disease 
expands beyond KS.6 In the end, the more inclusive label HHV-8 was 
adopted within this book, in order to better represent the role of the virus 
in other cancers.

A 2003 review indicated that there were several outstanding issues 
surrounding HHV-8, including7:

The evolution of the HHV-8 epidemic• 
The distribution of HHV-8 with respect to KS• 
Transmission modalities• 
Natural history of infection• 
The appropriate serological assays for detection and disease • 
monitoring

Only partial progress has been made on these questions in recent 
years, suggesting that the subtitle from a 1999 editorial on the topic may 
still hold true today: some answers, more questions.8 In this chapter, an 
update on what is currently known about HHV-8 and related cancers 
will be provided. As with other agents in this book, the basic science of 
the virus will be outlined, followed by sections on the evidence of associ-
ated cancers, disease mechanism and processes, transmission and occur-
rence of the agent, detection methods, and prevention approaches.

THE VIRUS AND ITS FAMILY

Herpesviridae is a family of DNA viruses that infect various animal 
species. The name comes from Greek herpein, which means “to creep,” 
apparently a reference to the low disease activity during the often long 
latent phase of the infection. In fact, primary infection with herpes-
viruses typically results in lifelong persistence in the host.9,10 A well-
known example of this phenomenon is chickenpox (varicella), caused 
by HHV-3. While usually a pediatric disease, the latent virus may be 
reactivated in adulthood, resulting in herpes zoster (commonly known 
as shingles).

About 100 herpesvirus types have been isolated, with at least one 
found for most animal species examined to date; the spectrum of ani-
mal species involved is wide, from chickens to scallops, and mice to 
elephants.11–14 A particular veterinary herpesvirus can further display a 
remarkable host range. For example, ovine herpesvirus type 2 has a natu-
ral reservoir in sheep, but can be transmitted to goats, cattle, bison, deer, 
and pigs.15 The overall virus family is divided genetically into several 
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subfamilies and genera; these are sometimes associated with characteris-
tic host targets. For instance, the rhadinoviruses (also known as gamma-
2-herpesvirinae), the subgroup that includes HHV-8, are associated with 
infection in primates.16 In fact, HHV-8 represents the fi rst human virus 
identifi ed within the genus Rhadinovirus.17

The insights gained from herpesviruses that usually infect other ani-
mal species may enable researchers to better understand human infec-
tions and related diseases.18,19 For instance, interspecies transmission can 
be revealing. Thus, the same mechanism that protects latently infected 
cells from being destroyed by the immune system in the normal animal 
hosts also creates a steady state where there is little or no expression of 
disease symptoms. On the other hand, viral transfer to a novel species 
produces a loss of “control over the amount of latently infected cells, 
which results in the development of lethal diseases.”20 By creating such 
transfers in experimental settings, researchers can mimic the functioning 
of the virus when its normal host experiences a compromised immune 
system. The hope is that by learning about the molecular pathways of 
herpesvirus disease, therapeutic and, possibly, preventive maneuvers 
related to HHV-8 in humans may be developed.21

Discovered in KS tissue in 1994, HHV-8 is the most recently identi-
fi ed of eight known human herpesviruses, each of which has a different 
clinical expression. In addition to EBV (discussed in Chapter 10), other 
human herpesviruses include cytomegalovirus (CMV) and herpes sim-
plex virus (HSV). The basic classifi cation and disease associations of 
the human herpesviruses are summarized in Table 11.1.22 As indicated 
in the table, a link to cancer etiology has not been demonstrated for the 
types outside the gamma-herpesviruses.23

Table 11.1. Human Herpesviruses and Key Associated Diseases

Subfamily Genus
HHV 
Type

Alternate 
Term

Malignant 
Disease

Nonmalignant 
Disease

Alpha-
herpesvirinae

Simplexvirus
1 HSV-1 Oral herpes
2 HSV-2 Genital herpes

Varicellovirus 3 VZV Chickenpox; 
shingles

Beta-
herpesvirinae

Cytomegalo-
virus

5 CMV Retinitis; 
hearing loss

Roseolovirus 6, 7 Roseola

Gamma-
herpesvirinae

Lymphocrypto-
virus

4 EBV Lymphoma Infectious 
mononucleosis 

Rhadinovirus 8 KSHV Kaposi 
sarcoma 

 

Source: Moore, Journal of Virology, 1996.
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Unlike other members of Herpesviridae, human herpesviruses appear 
to be species-specifi c in vivo.24,25 That is, they are restricted to infect-
ing humans. However, there is evidence that HHV-8 can infect a variety 
of animal cells in vitro.26 The actual cellular tropisms of HHV-8 in the 
human host, though perhaps more limited than seen with EBV, are still 
wide-ranging.27 Other human herpesviruses also infect different cell types; 
the precise niche range appears to be specifi c to each virus.28 Returning to 
a previous example, HHV-3, also known as varicella-zoster virus (VZV), 
demonstrates multiple cellular tropisms before becoming latent in sen-
sory neurons; the latter phenomenon is the key factor in the development 
of shingles, which can occur decades after the initial infection.

The herpesvirus particles are generally very complex. Like other 
viruses in this family, HHV-8 contains double-stranded DNA within a 
relatively large capsid that demonstrates icosahedral symmetry.29

Viral subtyping is generally marked by two phenomenon: stability 
over most of the viral genome, and variation in particular regions. The 
genotypes of HHV-8 have been traditionally based on K1, the most 
highly divergent gene in the viral genome. Analysis of K1 variation in 
the past has suggested six subtypes, labeled A to E, plus Z. The existing 
subtypes may be refi ned (creating up to 24 evolutionary categories, each 
called a clade); research into other variations in the genome continues to 
extend subtyping in new directions.30–33 If some of the genetic variants 
are proven to have different impacts in terms of carcinogenesis, then 
there may be implications for targeted screening. The indication that 
subtypes follow specifi c ethnic/geographic patterns (Table 11.2) may 
also be of relevance in prevention planning.34

In addition to the potential applications in pathology and preven-
tion, HHV-8 genetic variation represents a tool (similar to other evolv-
ing pathogens) that can be used to investigate both ancient and recent 

Table 11.2. Main Geographic Location of HHV-8 Subtypes

Subtype Predominant Location and Ethnicity

A United States, Europe, Northern Asia
A1 Israel (Ashkenazi Jews)
A5 Africa
B Africa
C United States, Europe, Northern Asia
C2, C6 North Africa (Sephardic Jews)
D Pacifi c Islands
E Brazil (Amerindians)
Z Africa (Zambian children)

Source: Dourmishev et al., Microbiology & Molecular Biology Reviews, 2003.
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human migration patterns.35 One of the most dramatic examples of such 
developments is the evidence that a large cohort among HHV-8-positive 
individuals in the United States may have been derived from a single 
viral isolate that spread in concert with the AIDS epidemic.36

EVIDENCE OF ASSOCIATED CANCERS

HHV-8 is implicated in a narrower spectrum of cancers than found 
with EBV.37 Three malignancies have a well-established association 
with HHV-838–40:

Kaposi sarcoma• 
Primary effusion lymphoma (PEL) and related solid variants• 
A subset of multicentric Castleman disease (MCD) that leads to • 
plasmablastic lymphomas

While seemingly disparate in nature, the pathways of these three 
diseases all refl ect some kind of immune system perturbation. In fact, 
the latter two conditions are both clearly lymphoproliferative disorders, 
a category of disease that is also associated with the other known gamma-
herpesvirus, EBV.41 And, even more pertinent than the tangential con-
nection of KS to lymphatic endothelium, cells central to the immune 
system are also thought to be involved in the progression of the disease.42 
Evidence for shared pathological elements among the three cancers was 
offered by a recent case report, where KS, PEL, and Castleman disease 
occurred over a 2-year period in the same HIV-positive patient.43

These three cancers will be further described in the following 
subsections.

Kaposi Sarcoma

Kaposi sarcoma44 is a multifocal, highly vascular (and thus pigmented) 
lesion that most often occurs in mucosal and cutaneous areas. These 
include the oral and oropharyngeal mucosa, and the skin of the lower 
extremities, face, trunk, and genitalia. Lymph nodes can be involved, as 
well as organs of the respiratory and gastrointestinal tracts. Finally, KS 
has also been reported (rarely) in many other body sites, including the 
bones and the female breast.45,46 Assuming that KS is a true cancer (see the 
following discussion), further classifying it as a sarcoma is appropriate 
given its apparent origin in endothelial cells.47

There is wide variety in the histological and clinical presentation of 
KS, which can make diagnosis diffi cult, especially during its proposed 



Table 11.3. Clinicoepidemiologic Variants of Kaposi Sarcoma

KS Variant Other Names Risk Group Geography Lesion Location Median Survival

Classic Sporadic Elderly people, 
particularly men; 
Ashkenazi Jewish or 
Middle Eastern origin

Southern and Eastern 
European countries; 
South America

Skin lesions 
confi ned to lower 
extremities; 
eventually progress 
to arms, mucosal 
tissues, and viscera

Years or 
decades

Endemic African Subvariants, including 
African cutaneous 
(adults) and 
lymphadenopathic 
(children) 

Central and Eastern 
African countries

Differs with 
subvariant 

Months or 
years

Post-
transplant

Immunosuppression-
associated; Iatrogenic

Organ-transplant 
recipients receiving 
immunosuppressive 
therapy (especially 
kidney recipients)

Worldwide; high 
rates in Classic and 
Endemic KS regions

Affects lymph nodes, 
mucosa, and 
visceral organs, 
sometimes in the 
absence of skin 
lesions

Months or 
years

Epidemic AIDs-associated KS HIV-positive individuals, 
especially men who 
have sex with men

Worldwide Multifocal; 
frequently on the 
upper body, head 
and neck

Weeks or 
months 
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premalignant phase.48 When fi rst described by M. Kaposi (long before 
the advent of AIDS), KS was known as a rare, relatively indolent dis-
ease presenting in the skin on the legs of elderly European men.49 The 
disease is now known to occur in four clinicoepidemiologic vari-
ants (Table 11.3): classic, endemic, iatrogenic or posttransplant, and 
epidemic.50–56

Classic KS, the form fi rst reported by Dr. Kaposi in 1872, is usu-
ally benign and typically affects elderly men of Eastern European or 
Mediterranean descent.57 Endemic KS, on the other hand, is one of the 
most common types of cancers in several African countries.58 In North 
America and other developed regions, iatrogenic KS occurs mainly in organ 
transplant recipients that are subject to immunosuppression. The most 
aggressive variant of the disease, epidemic KS or AIDS-KS, is caused by an 
opportunistic or reactivated HHV-8 infection in AIDS patients, particu-
larly among men who have sex with men (MSM).59 For some of the clini-
cal types of KS, further division into subvariants has been proposed.60

The advent of HIV infection has dramatically shifted the global 
pattern of KS; for instance, the substantial epidemic of HIV among 
the heterosexual population and MSM61 in sub-Saharan Africa means 
that the endemic variant of KS is likely no longer the dominant con-
cern. Indeed, driven by the effect of HIV coinfection, KS has become 
the most frequent cancer in many sub-Saharan African countries.62 A 
particularly tragic aspect of this development pertains to the pediatric 
implications. While what is now known to be HHV-8-related disease 
has always occurred in children in endemic KS regions, the incidence of 
KS among children has dramatically increased in the era of AIDS.63

It was not until the rise of epidemic, or AIDS-related, KS that strong 
evidence emerged for an infectious etiology. In the same way that AIDS 
was once believed to be caused by the human T-cell lymphotropic virus, 
HIV was considered for a time to be the etiologic agent of KS. However, 
the implausibility of a direct causal role for HIV eventually became 
clear. For example, people infected with HIV by sexual routes had a 
much higher rate of KS than those who became HIV-positive through 
blood products or by vertical transmission; in other words, there was 
circumstantial evidence for the involvement of another infection that 
can be transmitted through sexual behaviors.64,65

Since the initial detection of HHV-8 in KS tissue, “overwhelming” 
molecular and serological evidence has accumulated that implicates 
HHV-8 as the viral agent for which researchers were searching.66,67 In 
fact, it has been shown that HHV-8 infection is a necessary (though not 
suffi cient) condition in the etiology of all four clinical forms of KS, not 
just the AIDS-related variety.68
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The suggestion that HHV-8 is not a suffi cient cause of KS is derived 
from the fact that every infected person does not develop the disease.69 
The assumption is that other causal mechanisms must be involved. Of 
course, HIV infection is the best known cofactor for the development of 
KS, though it is important to underline that, unlike HHV-8, HIV is not 
necessary for KS occurrence.70,71 Other putative cofactors exist (and will 
be discussed later), but none rival the impact of HIV coinfection. In fact, 
it was the fi rst cases of KS in the early 1980s among young MSM men in 
New York and San Francisco that heralded the beginning of the AIDS 
epidemic.72 Results from several studies have shown that half of all MSM 
infected with HHV-8 and HIV develop KS within 5 to 10 years, making 
it the most common malignancy among this population.73,74 The prog-
nosis of AIDS-related KS is very poor, with patients often surviving for 
only a few months once symptoms appear.75

Controversies persist concerning KS. For instance, the exact origin 
of the characteristic KS tumor cell, called a spindle cell,76 is still under 
debate. Although many source tissues have been proposed, current evi-
dence suggests that spindle cells arise from the lymphatic endothelium, 
that is, the lining of lymphatic vessels.77,78 Part of the confusion about 
the fundamental cellular makeup of KS may relate to the vascular spaces 
that are typically created within the lesions and that become fi lled with 
blood cells and a mixture of lymphoid cells; KS is also characterized by 
blood vessel proliferation, or angiogenesis. Despite the manifest vascu-
larity, KS does not seem to be in essence a tumor of the linings of blood 
vessels. Support for the concept that HHV-8 is directly involved with 
lymph vessel cells rather than with blood vessel cells is provided by the 
fact that the virus has been found to not be associated with the develop-
ment of angiosarcoma per se.79

As suggested earlier, there is also an ongoing discussion as to 
whether KS is actually a cancer. A distinction is often made between 
two sequelae of infection by different kinds of viruses: (1) infl amma-
tory immune reactions and (2) “true” neoplasms or tumors that may 
or may not become malignant. Unfortunately, immune system reactiv-
ity and tumors are both marked by cellular proliferation, sometimes 
leading to misidentifi cation. The basic difference between these two 
host responses to viral infection relates to the fundamental origins of 
neoplasia and hyperplasia. In short, the cells in a neoplastic lesion are 
marked by genetic clonality, which means they develop from a single 
cell, whereas hyperplastic immune responses can involve multiple cells 
with slight genetic variations.

In terms of KS, this is the precise focus of the complexity. In their early 
stages at least, KS lesions appear to be a polyclonal immune reaction to 
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HHV-8 infection rather than a true neoplasm.80 KS can later evolve into 
a true clonal disease as part of its progression toward what are sometime 
called late-nodular lesions.81 At the same time, other research has sug-
gested that even the advanced skin lesions in HIV-positive patients may 
be mostly a form of reactive, infl ammatory proliferation.82,83 Ultimately, 
whether or not a particular instance of KS accords with a technical 
defi nition of cancer may be a moot point; the most important clinical 
and public health reality is that it is a serious, sometimes deadly, disease 
with a clear viral etiology.

Other Lymphoproliferative Malignancies

The preceding discussion about types of cellular proliferation antici-
pates the broader picture that is emerging related to HHV-8 and cancer. 
Different disease conditions associated with the virus have quite complex 
presentations. For example, a true lymphoid neoplasia may be generated 
that resembles (and even physically overlaps with) benign lymphoprolif-
erations that are normal reactions to infection. In short, distinguishing 
immune responses from true cancer seems to be an unavoidable part of 
understanding HHV-8 and its related diseases.

As noted earlier, there are two main lymphoproliferative disorders 
with demonstrated HHV-8 associations: MCD and PEL. The various 
clinical expressions of MCD are characterized by distinctive changes in 
lymph nodes. The two main histological variants are “hyaline vascular” 
and “plasma cell.” The latter type is the one most often seen in the mul-
ticentric expression of the disease, which is frequently associated with 
HIV infection.84 HIV-positive patients with MCD are consistently coin-
fected with HHV-8, confi rming the virus as a necessary causal agent of 
at least this subset of the disease.85 In the context of this book, it is criti-
cal to recognize that a portion of the MCD cases may progress to what 
is known as plasmablastic lymphoma, thus becoming a true part of the 
HHV-8 cancer spectrum. The majority of such cases occurs in the oral 
cavity, and usually are very aggressive.86

When found in HIV-positive patients, cancers such as KS and MCD 
are often marked by effusion.87 This sort of presentation is also seen in 
PEL, a rare B-cell non-Hodgkin’s lymphoma (NHL) that is again asso-
ciated with HIV infection. At the same time, HIV, while an important 
cofactor, is not necessary for PEL development; in fact, several HIV-
negative cases have been described.88

PEL often manifests as a malignancy with no contiguous tumor 
mass; instead, it exists within body cavities such as the pleural space 
and pericardium. The latter characteristic accounts for the former name 
of the disease, body cavity-based lymphoma. The prognosis for PEL is 
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poor, with a median survival time of about 6 months.89 This fact alone 
has increased the urgency around pursuing treatment and prevention 
options, including the identifi cation of a direct etiologic agent. To this 
end, researchers have noted the regular detection of HHV-8 infection 
in PEL; in contrast, the virus is generally absent from the range of other 
NHLs found in humans.90,91

While the accumulating evidence has created wide acceptance of 
HHV-8 as the etiologic agent for PEL, the clinical studies are beset 
by complications. For instance, as noted in Chapter 10, EBV is a com-
mon coinfection in the B-lymphocytes involved with PEL. In fact, it 
seems that EBV may be responsible for a subset of disease similar to PEL 
but negative for HHV-8 infection. Multiplying the complexity, there 
are benign posttransplant lymphoproliferative effusions associated with 
both these viruses, as well as HHV-8-related effusions that apparently 
do not involve lymphocytes at all.92 Finally, a few cases of PEL have 
been observed that are negative for HHV-8 and HIV, but which seem to 
be associated with hepatitis C virus (HCV).93

The preceding discussion raises a subtle point. In the bewildering 
world of lymphoma classifi cation, there is a growing tendency to sim-
ply defi ne a subset of disease based on its dominant etiologic agent. 
Applying this idea to viruses, a prerequisite for diagnosis may involve 
the demonstration of a particular viral genome within the tumor cells. 
So, it becomes possible to talk about, for example, “HHV-8-positive 
body cavity lymphoma” as a disease entity. In such instances, the attrib-
utable risk related to the virus would be, by defi nition, 100%.94

The history of HHV-8 research contains many unconfi rmed and 
sometimes controversial links to other diseases.95,96 These include pros-
tate cancer and multiple myeloma, though both of these possibilities 
now seem to be discounted.97–99 Other lymphomas have been considered, 
such as plasmablastic varieties unrelated to effusion or MCD, and a 
class of solid, extracavitary lymphomas that may be related to PEL and/
or MCD. 100–102 As suggested earlier, case reports and patient series are 
regularly emerging that test the boundary between benign lymphopro-
liferations and true neoplasia, creating the potential in the future for an 
expanded spectrum of lymphoid cancers connected to HHV-8.103–107

TRANSMISSION AND OCCURRENCE OF THE AGENT

The question of how HHV-8 is transmitted has received substantial 
attention. Pica and Volpi noted in 2007 that, of the 600 papers pub-
lished on HHV-8 over the preceding 3 years, more than 80 had focused 
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on transmission.108 Two main reasons can account for the research 
interest: (1) exposure prevention, an important subset of primary pre-
vention, depends fundamentally on an awareness of transmission routes 
and their risk factors; and (2) there is still very little conclusively known 
about HHV-8 transmission.

The degree of challenge encountered in identifying transmission 
routes can be traced to several factors, ranging from the epidemiologi-
cal to the biological. First, it is likely that there are multiple routes of 
HHV-8 infection. Second, the dominant path of viral transfer seems 
to vary according to geographic regions and the level of endemicity.109 
Third, there has been “political sensitivity” about the sometimes facile 
connections drawn between transmission data and sexual behaviors.110 
Fourth, though it is clear where HHV-8 ends up during disease devel-
opment (e.g., in the case of KS, it is likely endothelial cells), there are 
still doubts about which cell types are the site of primary infection.111 
The candidate tropisms include B-lymphocytes, oral epithelial cells, and 
hematopoietic progenitor cells.112,113 As a fi nal research obstacle, Pica 
and Volpi stress the lack of gold standards for detecting HHV-8 antibod-
ies and then making inferences about active infection.114

While detecting HHV-8 in cells and tissues presents its own chal-
lenges (see the pertinent section later in this chapter), progress has been 
made on identifying the viral reservoirs that facilitate transmission. But 
the actual process of transmission is at least as important as the poten-
tial media within which HHV-8 is transferred. In fact, there is much 
less clarity on the question of how the medium and/or virus are actually 
exchanged between hosts. This is a research gap that HHV-8 shares with 
other infectious agents described in this book.115 Indeed, HHV-8 can 
serve as a paradigm to elucidate the general issues involved with untan-
gling viral transmission.

Viral Transmission Variables

There are several factors to be considered when attempting to under-
stand the transmission of a virus such as HHV-8. First, there is the ques-
tion of viral reservoirs. Several candidates have been examined in the 
context of HHV-8 infection, the most notable being saliva, blood, and 
semen. The virus has been found in these three media throughout the 
world.116–119 Indeed, it is possible that multiple body fl uids are involved 
in the transmission of HHV-8.120

More precisely, HHV-8 DNA has been detected in oral epithelial cells 
shed in saliva, in B-lympocytes of the peripheral blood, and in both sper-
matozoa and mononuclear cells in the semen.121 The virus also exists in a 
cell-free state in the blood during certain phases of its natural history.122 
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But it is oral shedding in HHV-8-positive individuals that offers the most 
accessible point for establishing the presence of the virus, a fact that has 
been confi rmed in individuals with and without HIV coinfection.123

The intensity of the infection in a reservoir represents an important 
variable related to the risk of transmission. In this regard, saliva seems 
to dominate in the range of options. For example, one study showed 
(by a substantial margin) that oral secretions yielded both the highest 
frequency of HHV-8 detection and the highest number of DNA copies 
compared to all other body sites and fl uids.124 Not surprisingly, there 
is a trend toward even higher viral levels detected in saliva when the 
infected person has actually developed KS.125

Building on the fact that viremia (i.e., infection in the blood) seems to 
be intermittent, the comparison between saliva and plasma as reservoirs 
may help to explain why transmission by blood seems to be relatively 
ineffi cient.126,127 In fact, though seroprevalence has been reported as high 
as 8% in developed countries, blood testing has sometimes detected zero 
virus, even in samples collected from HHV-8-positive individuals.128–130 
For this reason, universal screening of blood donors for HHV-8 gener-
ally has not been recommended in these jurisdictions.131

On the other hand, concerns continue to be raised about evidence of 
HHV-8 transmission by both transfusion and organ transplantation.132,133 
Here, it is important to distinguish a donated tissue contaminated by 
HHV-8 from the collateral effects of immunosuppressive conditioning 
that accompanies transplantation; a compromised immune system does 
not relate to transmission per se, but rather to the risk of chronic infection 
and disease progression after a primary infection has been acquired.134

Lingering issues around cell and tissue donation have been most 
noticeable in regions with relatively high viral seroprevalence (e.g., 
sub-Saharan Africa), especially with respect to patients requiring mul-
tiple donor units and/or regular transfusions.135–137 Perspective on the 
different levels of public health concern is offered by the fact that 
transplantation-related KS is <0.1% in the United States and Northern 
European countries, but as high as 5% in the Middle East, a 50-fold 
variation.138

As a corollary to the issue of blood-based transmission, a modest 
body of literature has examined injection drug use as a risk factor for 
HHV-8 infection.139–142 Although the evidence remains mixed, reports 
of infection among intravenous drug users seem to be infrequent, on 
a par with rate of transfusion-transmitted virus.143 Certainly, the effi -
ciency of the injection drug route appears to be much lower than seen 
with other parenterally transmitted viruses, such as HCV.
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In terms of semen, the remaining candidate medium, one study con-
cluded that HHV-8 is present “at concentrations that can be too low 
to allow its consistent detection.”144 Thus, semen appears to be of only 
marginal concern as a reservoir of HHV-8. On a related front, some 
studies have suggested that heterosexual activity, even of a high-risk 
variety, is an ineffi cient mode of HHV-8 transmission.145

In sum, saliva in the oral cavity generally seems to be the transfer 
medium demonstrating highest risk for HHV-8 transmission, exceeding 
both other body fl uids and other mucosal sites. This growing consensus 
has gradually brought HHV-8 into line with other herpesviruses, where 
salivary transmission also appears to dominate over any other mode 
(including contact with genital mucosa).146 This is why mononucleosis, 
associated with the herpesvirus EBV, is referred to as the “kissing dis-
ease.” In the end, the key transmission medium in the known human 
gamma-herpesviruses seems to involve salivary exchange. However, it is 
important to recognize that HHV-8 is specifi cally marked by high risk 
of transmission through saliva exchanged in sexual activity, especially 
among men who have sex with men (see the later discussion).147

Researchers are pursuing more a detailed understanding of the host 
or viral factors that may affect oral shedding into the saliva. A recent 
study found that the presence of certain HLA alleles in the genome of 
African mothers promoted more intensive levels of HHV-8 in saliva, 
presumably generating a higher risk of transmission.148 Another rele-
vant molecular feature is the fact that the lytic genes of the virus (see 
section “Prevalence and Transmission”) are specifi cally expressed dur-
ing the differentiation of mucosal epithelium; the end point of differen-
tiation is the sloughing off of cells from the outer layer of an epithelium, 
which helps to account for the notable presence of infectious virus in 
saliva.149

As noted earlier, another consideration in the area of transmission is 
the requirement that the medium and/or carrier cells come into contact 
with the receiving host, and specifi cally into proximity with cells sus-
ceptible to infection. Fulfi llment of the latter criterion may be infl uenced 
by the ability of HHV-8 to infect a range of cells, including150:

Typical KS spindle cells• 
Endothelial cells lining the vascular spaces of KS lesions• 
Monocytes in KS lesions• 
B-lymphocytes in the peripheral blood, PEL, and MCD-related • 
neoplasia
Keratinocytes in epithelial linings• 
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As for facilitating contact between infected saliva and one or more of 
these host cell types, a number of horizontal routes are possible, including:

Nonsexual, oral–oral contact in domestic/family interactions• 
Sexual activities, including oral–anal and oral–genital contact, as • 
well as anal intercourse (where saliva may be used as a lubricant)

There is research evidence supporting each of these options.151–154

Additional risk categories for HHV-8 infection related to sexual 
practices include commercial sex workers, people who have multiple 
sex partners, MSM, and those engaging in sexual activities with HIV-
positive individuals or other high-risk behaviors.155–157

The mechanisms of transmission and disease risk related to HIV/
AIDS are especially complicated. An HIV-positive partner is at higher 
risk of being coinfected with HHV-8, and thus more likely to pass it 
on (see section “Prevalence and Transmission”); the new host also risks 
becoming infected with HIV, with the potential of immunosuppression 
and thus increased potential for a chronic HHV-8 infection that can 
lead to cancer. Compounding the health risks is the fact that the interac-
tion between HIV and HHV-8 is defi nitely bilateral. In short, HHV-8 
infection enhances HIV replication, the potential for transmission, and 
the risk of AIDS development.158

Prevalence and Transmission

A fi nal major issue related to transmission involves the fact that the 
dominant route may be affected by the occurrence of the virus in a 
geographical region. In contrast to other herpesviruses, HHV-8 is not 
distributed evenly across the world. The average global seroprevalence 
of the virus is low,159–161 but the range is extreme, from 5% or less in 
the United States and Northern Europe to as high as 58% among chil-
dren in African countries.162,163 HHV-8 seroprevalence in Canada has 
not been extensively studied. One project in the province of Quebec 
reported that, out of 150 renal transplant patients, none tested positive 
for anti-HHV-8 antibodies.164

It is important to note that high endemicity can also be attached to 
a particular subpopulation in a region. Thus, whereas Brazil’s general 
HHV-8 seroprevalence is a modest 2.8–7.4%, Amerindian tribes within 
the country have been reported to have levels approaching 80%.165,166

The different prevalence rates infl uence transmission patterns. In areas 
of high endemicity, such as sub-Saharan Africa and southern European 
nations adjacent to the Mediterranean, HHV-8 transmission appears to 
occur primarily via domestic contact or nonsexual intimacy, probably 
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involving saliva.167 Transfer between siblings and from mother to child 
seem to be the main modalities.168,169 The gradual increase in HHV-8 
infection rates throughout childhood, with a leveling off by adoles-
cence, supports this conclusion.170 Some studies have identifi ed a second 
increase in HHV-8 seroprevalence after the adolescent plateau; this may 
be explained by the onset and cumulative impact of other means of trans-
mission, such as risky sexual activity throughout adulthood, or a periodic 
reactivation of latent virus that then leads to a replication phase.171

The fact that infection is so common in children in endemic countries 
points to the possibility of vertical transmission by one or more mecha-
nisms. However, the low seroprevalence rates observed in infants born to 
infected mothers indicate that potential transfers during pregnancy, deliv-
ery, and breastfeeding are not a dominant concern.172 This assessment 
seems to apply to nonendemic parts of the world as well. For example, 
one U.S. study revealed that HHV-8 DNA was detected in only 2 out of 
89 babies born to mothers who were seropositive for the virus.173

By contrast with the geographical areas where risk related to domes-
tic contact seems to dominate, sexual transmission is the most common 
route of transmission in low-endemic areas such as the United States 
and Northern Europe. The subgroup at highest risk is MSM, though the 
specifi c sexual activities involved are not completely elucidated.174,175 As 
suggested earlier, some type of salivary involvement may be the opera-
tive route in a majority of cases.

Serious risk factors for transmission (and for chronic infection) 
found among MSM have created a modern pool of high HHV-8 prev-
alence. Among MSM, an estimated 25% of HIV-negative individuals 
and over 50% of HIV-positive individuals are infected with HHV-8.176 
The higher rate of infection among MSM, combined with frequent 
HIV coinfection, translates into KS incidence rates among men that are 
higher than found in women. This is illustrated in the U.S. setting by 
the information in Figure 11.1.177 The observed decline in KS incidence 
among males since the 1990s is attributed to the success of highly active 
antiretroviral therapy (HAART).178,179 This same positive pattern has 
been seen in Canada and many other jurisdictions.180,181

In sum, although various transmission routes continue to be 
investigated,182 the emerging consensus is that horizontal transmission 
dominates, with nonsexual or sexual activities as the prevailing mode of 
HHV-8 transfer in different populations, albeit moderated by specifi c levels 
of endemicity. This raises the possibility of calibrating prevention strategies 
with the needs of the particular geographic region under consideration.

While variation in occurrence may help to explain current trans-
mission patterns (i.e., the low rate of nonsexual, familial spread in 
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nonendemic areas), some researchers are still trying to understand envi-
ronmental or even cultural factors that may have led to elevated HHV-8 
prevalence in the fi rst place.183,184 The suggestions have included birth/
residence near rivers, limited access to clean water, and exposure to iron 
or other substances.185–187

The proposal that bites from blood-sucking arthropods (such as 
mosquitoes) could act as a promoter of transmission has been pursued 
by an Italian research group since 2002. The suggestion is not that the 
mosquitoes carry the virus, but that HHV-8-positive mothers lick or oth-
erwise apply saliva to their children’s insect bites. As well, substances 
injected by the insect may play a role in establishing infection and/or 
inducing replication.188,189 Supporting evidence was offered by a study 
that found an association between the distribution of mosquito species 
and rates of infection and KS development.190 However, the so-called 
“promoter arthropod” hypothesis seems to have garnered only modest 
support among other researchers.

DISEASE MECHANISM AND PROCESSES

The various pathogenic elements involved with HHV-8-related cancer 
will be introduced in this section, particularly as they relate to KS. One 
reviewer has suggested that HHV-8 in fact possesses “a formidable 
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repertoire of potent mechanisms that enable it to target and manipulate 
host cell pathways, leading to increased cell proliferation, increased cell 
survival, dysregulated angiogenesis, evasion of immunity, and malig-
nant progression in the immunocompromised host.”191

The HHV-8 lifecycle exhibits two distinct phases, a primary (and 
usually asymptomatic) infection that becomes latent, and a lytic period 
(marked by viral replication). This is actually a simplifi ed scheme; there 
is evidence that expressions of latency and (low-grade) replication can 
exist simultaneously.192

The host immune response plays a crucial role at every stage: resist-
ing persistent infection, controlling HHV-8 replication, and preventing 
tumors from developing in latently infected individuals.193 When the 
immune system is suppressed (due to AIDS or as part of transplantation 
procedures), one or more phases of HHV-8-related disease (from latent 
infection to replication to carcinogenesis) may be promoted.194 In short, 
the suppression of immune activity is crucial to some type of disease pro-
gression. Studies have shown, for instance, that AIDS-KS is specifi cally 
associated with a lack of HHV-8-specifi c T-cells in the host.195

As already noted, HHV-8 exhibits tropism for both lymphatic 
endothelial cells (the proposed origin point of KS) and lymphocytes 
(the basis of the other cancers associated with the virus). Peripheral 
blood mononuclear cells, which become infected by HHV-8 through 
poorly understood transmission pathways, are apparently able to trans-
port the virus to different susceptible tissues.196,197 In the case of KS, 
the likely target seems to be lymphatic endothelial cells (which eventu-
ally take on the spindle shape characteristic of the disease); this occurs 
predominantly in epithelial tissues, but possibly in lymph nodes or the 
lining of viscera.198 As noted already, KS tumors are complex, highly 
vascular, and made up of many types of cells. The involvement of dif-
ferent tissues continues to raise questions about the ultimate target cell 
of HHV-8 in KS. For instance, a recent competing theory suggests that 
circulating blood progenitor cells harboring HHV-8 may be the pre-
cursors of KS spindle cells.199

Whatever the cell of origin may be, it is clear that HHV-8 programs 
infected tissues in multiple ways to achieve KS formation.200,201 For 
example, even when the virus is latent in the recruited endothelial cells, 
it can express the lytic phase genes that may then promote features of 
tumor development (such as the proliferation of vascular tissue, also 
known as angiogenesis).202–205 This usually initiates a long, multistep 
process, where the tumor seems to start out as a nonmalignant, poly-
clonal proliferation (which may even regress in certain variants of KS) 
before eventually becoming a true, uniclonal sarcoma.206,207
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A fundamental question of pathology is this: how did the advent of 
HIV infections create an epidemic variant of KS? The answer seems to 
involve more than the indirect effects of immunosuppression. Indeed, the 
Tat protein characteristically expressed by HIV appears to also be directly 
involved in carcinogenesis. Research suggests that Tat may participate 
in KS development by inducing HHV-8 replication and increasing viral 
load.208 It should be recalled that certain aspects of KS development depend 
precisely on unusual lytic protein expressions in the lesion; confi rming a 
role for Tat in such processes would be of great theoretical (and possibly 
clinical) interest. Tat also has been shown to augment tissue growth fac-
tors, facilitate cell-to-cell viral transfer, and promote infl ammatory cytok-
ines (which in turn infl uence the emergence of spindle cells in KS).209,210 

As these functions become better understood, it may cause researchers to 
consider recategorizing HIV as at least a co-carcinogen in humans.

It is understood that HHV-8 is a necessary but not suffi cient cause of 
KS.211 As already suggested, HIV operates as a “super cofactor” in the 
initiation of KS, multiplying by thousands of times the risk of develop-
ing the tumor.212 Although much less common today, the recreational 
use by MSM of inhalant nitrates as a vasodilator has been proposed as 
a behavioral cofactor in the development of KS.213,214

Other cofactors involved with KS, especially with the forms of the 
disease that are not related to HIV/AIDS, have not yet been well-defi ned. 
As already noted, the possibilities include encountering excess iron in 
the environment or exposure to chemical substances injected by mos-
quitoes. Dietary nitrosamines and aluminosilicates in volcanic soil have 
also been posited as cofactors that could explain the distribution of KS 
among HIV-negative populations; host-immune polymorphisms may 
also play a role.215,216

Once HHV-8 infection has become established, inducing lytic gene 
expression is likely a vital step in tumorogenesis. It seems that mul-
tiple cellular signals can reactivate the virus in spindle cells, shifting 
the infection from a latent to a replicating phase.217 HIV apparently is 
not the only coinfection that can trigger such molecular events. Studies 
have shown that the presence of other human herpesviruses, such as 
HSV-1, can activate lytic cycle replication in HHV-8.218–220 Considering 
the ubiquity of HSV-1, this sort of mechanism may in fact play a sub-
stantial role in KS development.

VIRAL DETECTION METHODS

Detecting HHV-8 infection may be accomplished indirectly, by means 
of the host response to the infection (i.e., the presence of antibodies), or 



Human Herpesvirus Type 8  447

directly (i.e., based on viral DNA or proteins). The methods employed 
include serological techniques, immunochemistry, in situ hybridization, 
and polymerase chain reaction (PCR).221 Notwithstanding the variety 
of approaches available, more research is needed to determine the most 
effective way to diagnose infection and predict disease.222–224 The simpler 
tests seem to produce confl icting results concerning which individuals 
are currently infected.225,226 On the other hand, antibody assays may still 
be superior to more complex measurements of serum HHV-8 DNA load 
as a predictor of KS development.227,228 There have been attempts to 
improve detection accuracy through the refi nement of protocols, com-
bining results from different types of testing, and basic technological 
improvements.229–235 Interestingly, the advanced methodology of PCR 
has been recently enhanced by multiplex assays that enable testing for 
several herpesvirus types simultaneously.236–238

PREVENTION APPROACHES

Six prevention categories with a clear connection to infection per se have 
been consistently used in this book. Each of these six options will be 
reviewed with respect to HHV-8 in this last section of the chapter.

1. Avoiding Exposure to the Agent

The challenge related to classic exposure prevention is suggested by the 
results of one recent study, where only 6% of MSM were aware that 
KS is caused by a virus other than HIV.239 Although the precise sexual 
behaviors related to HHV-8 transmission remain unclear, any safe sex 
practice could offer a fi rst line of defense.240 More specifi cally, it may 
be prudent to discourage any behaviors, especially among MSM, where 
saliva comes into contact with a partner’s genitomucosal surfaces. One 
interventional approach in this regard involves the application of the 
antiherpes drug valacyclovir after dental treatment, though so far the 
impact on HHV-8 levels in saliva has been equivocal.241

While blood donor screening programs for HHV-8 antibodies or 
other biomarkers have generally not been implemented, this is likely 
not a great cause for concern in light of the low transmission rates that 
have been observed.242 However, extra safety precautions may be war-
ranted in the case of transfusion recipients who are immunocompro-
mised; again, the issue is not higher transmission risk per se compared to 
other transfusion patients, but increased potential for any new infection 
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to become chronic and lead to disease sequelae.243 The extraordinary 
protective measures that can be adopted include testing of the relevant 
donors or their tissues for HHV-8-specifi c antibodies or viral nucleic 
acid, or both. Leukocyte reduction in blood units intended for immu-
nocompromised transfusion recipients is also possible.244 If deemed to 
be feasible, the eventual emergence of universal pathogen-inactivation 
programs applied to the blood supply would be a marked improvement 
over any sort of targeted strategies.245

Again, because of very low transmission risks in Asia, North 
America, and much of Europe, the need for pre- and posttransplanta-
tion strategies to counteract HHV-8 is hotly debated.246,247 The threat 
level, and the ensuing response, may need to be considered more care-
fully in high-endemic regions.248 In terms of exposure prevention per 
se, the issue is whether or not to screen for infection in tissues before 
transplantation. On the other hand, interventions to address the adverse 
effect of immunosuppression regimes fall under either the control of 
cofactors and disease progression or the detection and treatment of any 
infection that occurs (see the relevant sections later on).

Finally, whatever the ultimate determination of risk in the case of 
injection drug use and HHV-8 transmission, it is clear that there are many 
other compelling public health reasons to promote abstinence, treatment, 
and harm reduction measures related to this particular behavior.

2. Preventing Infection after Exposure to the Agent

Although the intensive investigation of HHV-8 disease processes has 
certainly generated potential vaccine targets,249 an immunization strat-
egy for the virus has not yet been identifi ed or initiated. It is not clear 
how quickly the relevant research will be pursued in light of the low 
global prevalence of the virus and the reality of more pressing vaccina-
tion priorities. However, the twin scourge of HIV and HHV-8 infection 
among some populations, and the fact that KS is still a major cause of 
mortality in patients with AIDS, may intensify vaccine research.

As with HIV and EBV, fi nding an effi cient response to the genetic 
diversity of HHV-8 is a challenge to the development of both prophylactic 
and therapeutic measures. Ultimately, a full delineation of viral subtypes, 
their distribution, and any disease implications will determine whether 
population-specifi c vaccine strategies will eventually be required.250
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3. Prophylactic Eradication or Suppression

Methods for prophylactically eradicating or suppressing HHV-8 infection 
are not available. The only suggested approach that approximates this 
category is the transfusion of virus-specifi c cytotoxic T-lymphocytes.251 
However, this arguably would only be applied in cases where immu-
nosuppression is acting as a cofactor in disease development, and thus 
properly belongs to section “Cofactor Prevention.”

4. Cofactor Prevention

The risk of developing KS among HHV-8-infected individuals is low 
unless the patient is coinfected with HIV or otherwise immunosup-
pressed (e.g., as part of a transplantation procedure). Properly evalu-
ated, the relative risk of developing KS is extremely high in HIV-positive 
populations.252 This makes preventing HIV infection an obvious prior-
ity in the drive to reduce malignancy related to HHV-8. In this con-
text, it is important to recognize that the behavioral practices relevant 
to HIV prevention among MSM and other populations (e.g., condom 
use, limiting the number of sexual partners) would prevent a subset of 
HHV-8 transmission as well.253 In short, reduced KS incidence may be 
multiplied through such sexual health efforts.

Of course, the most dramatic medical impact on HIV involves 
HAART; this is true in reference to both immune system reconstitu-
tion and possibly the reversal of other HIV-mediated pathogenetic pro-
cesses that are still being elucidated.254 The dramatic impact of HAART 
on KS rates was noted earlier in the context of the United States and 
Canada, and similar reports have emerged from many other jurisdic-
tions. For instance, a large European study found that, among HIV-
positive patients, the current incidence of KS is less than 10% of the rate 
seen in 1994.255 The reduction is likely a result of effects on the immune 
system and certain unique HIV disease processes, rather than any direct 
cure of HHV-8 infection.256

Similar post-HAART improvements have also been seen in the 
occurrence of NHLs that are related to AIDS; the subset of these NHLs 
that are also associated with HHV-8 are presumably included in this 
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pattern. In contrast, non-AIDS-related NHL incidence appears to be 
trending upward in the United States and other jurisdictions.257

Interrupting vertical transmission of HIV is certainly a priority in 
its own right, as well as being an important cofactor prevention mea-
sure for KS. Fortunately, herpesvirus management problems known to 
be caused by oral nucleoside therapy used with HIV-positive pregnant 
women are not that relevant to HHV-8 control, since vertical transmis-
sion has not been found to be a common route of HHV-8 infection in 
children.258

Preventing HHV-8-related disease in transplant patients is challeng-
ing. Adjusting proven immunosuppressant formulas can lead to reduced 
transplantation effectiveness. For example, data from a transplant tumor 
registry indicated that, among transplant patients with special proto-
cols applied to control KS, 65% experienced graft failure or impaired 
graft function, compared to 21% of the total transplant population.259 
Nonetheless, innovative strategies continue to be pursued, for example, 
the incorporation of rapamycin, a new immunosuppressant that also 
generates antineoplastic effects.260,261

Two investigational cofactors have been a focus of prevention research 
in the past: mosquito bites and iron exposure. Thus, two regions of Italy 
that underwent mosquito suppression revealed a pattern of reduced 
HHV-8 seroprevalence; this was consistent with the involvement of 
blood-sucking insects in the transmission of the virus.262 And, fi nally, 
one authority has suggested using chelators for iron withdrawal in ani-
mal models of KS to test its potency as a prevention mechanism.263

5. Therapeutic Eradication or Suppression

It is a matter of semantics whether being immunocompromised is con-
sidered a cofactor to be reversed (see section “Cofactor Prevention”) 
or the target of a therapeutic intervention (such as HAART in AIDS 
patients). In either case, the effect on HHV-8 (and other coinfections) 
may be mostly characterized as indirect; this is notwithstanding the fact 
that immune reconstitution may eventually result in viral suppression 
through restored HHV-8-related cellular immunity.264 In this section, 
however, the focus will be on interventions that are more specifi cally 
aimed at the virus.

Direct immunotherapies represent one option being investigated.265 
Similar to the scenario with respect to prophylactic eradication, a 
potentially effective intervention of this sort involves the introduction of 

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation



Human Herpesvirus Type 8  451

B-cells designed to stimulate virus-specifi c T-cells, especially in immu-
nocompromised hosts.266

While research continues on a number of fronts, authorities have 
suggested that development of antiherpes measures to completely 
remove or neutralize a virus such as HHV-8 is unlikely.267 Moderating 
viral load may prove to be a more feasible goal. Promising candidate 
drugs being pursued to suppress HHV-8 infection include ganciclovir, 
valganciclovir, and foscarnet. These agents have demonstrated the ability 
to inhibit HHV-8 replication in vitro and in a limited number of human 
trials.268,269

A prerequisite for this category of intervention is the detection of 
HHV-8. Some researchers have recommended applying one of the avail-
able viral detection modalities (see section “Viral Detection Methods”) 
to the screening of individuals at risk for KS.270 A robust screening pro-
gram requires confi dence about the effectiveness of a follow-up proto-
col, a criterion that has yet to be fulfi lled for HHV-8 infection.

6. Interrupting Transformation Related to Infection

While relevant clinical trials are still small in number, there is a gradu-
ally expanding body of literature pointing to potential therapies target-
ing HHV-8-related carcinogenesis.271–274 For example, there may be a 
role for strategies involving RNA interference or the interruption of 
angiogenesis.275–277 Some studies are focusing specifi cally on molecu-
lar targets related to progression of the rarer HHV-8-related lymphoid 
cancers.278

As suggested in section “Therapeutic Eradication or Suppression,” 
modifying disease in fact seems to be a more feasible goal than curing 
or eradicating infection. However, older therapies have not been shown 
to consistently counteract HHV-8-related disease processes; and none 
of the novel options are yet ready for the clinical setting.279,280

Finally, it is important to recall that qualifying for this prevention 
category requires some kind of impact on detected precursors of malig-
nancy. It is unclear how relevant a “secondary prevention” approach 
might be in the context of KS management. It does seem likely, given 
that the initial histological presentation of KS can be quite minimal, that 
some type of premalignant screening would be an effective step preceding 
measures to control HHV-8-related disease processes. The most useful 
arena for such a program to be launched would probably be oral health 
checks, whether applied universally or among at-risk populations.281
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CONCLUSION

HHV-8 bears some functional resemblance to other viruses described 
in this book. First, there is a clear overlap with EBV, an agent from 
the same herpesvirus subfamily. The shared features include suspected 
transmission mechanisms, specifi c target cells, and the complex dynamic 
between latent and lytic phases in the natural history of each virus. On 
another front, the pleiotropism of HHV-8 is reminiscent of HCV, an 
agent also known to infect a wide range of cells.

Like human papillomavirus (HPV) and human T-cell lymphotropic 
virus (see Chapter 12), HHV-8 represents 100% of the attributable risk 
for a specifi c cancer; in other words, each of these viruses operates as 
the necessary cause of the disease in question. There is also an obvious 
connection between HHV-8 and human T-cell lymphotropic virus in 
terms of their biological involvement with HIV coinfection.

HHV-8 may also be distinguished from viruses such as HPV and 
HCV in one very important respect: simply put, the virus will likely 
never occupy the same position on the clinical or public health agenda. 
Three factors have conspired to keep the urgency with respect to HHV-8 
at a relatively low level, at least in developed countries:

The seroprevalence of the virus in the population is generally • 
modest
Even when infection does become established, KS only develops in • 
a subset of patients
KS, which is the most burdensome consequence of HHV-8, has • 
been dramatically reduced as a collateral benefi t of HAART in 
AIDS patients

As a result of these considerations, though HHV-8 infection is still 
an important condition, it is not likely to become a public health prior-
ity in areas of low endemicity. In Canada, for instance, HHV-8 parallels 
HTLV-1 (see Chapter 12) in posing a very limited general health threat. 
Consequently, HHV-8 infection/KS does not appear in the Public Health 
Agency of Canada’s most recent list of nationally notifi able diseases.282

Low urgency has perhaps contributed to the limited progress on pre-
vention approaches. It is true that there has been a powerful indirect 
impact on KS from HAART; but vaccines and therapies directly target-
ing HHV-8 seem to only be at a conceptual or investigational stage. As 
for exposure prevention, the various potential strategies are hampered 
by uncertainty concerning transmission routes. Lack of compelling evi-
dence for the risk of blood- and tissue-borne transmission has led to 
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little concern in the arenas of transfusions, hemodialysis, and transplan-
tation. Sometimes the problem involves knowing how to respond. For 
instance, planners in regions of high HHV-8 endemicity openly question 
whether prevention of casual, familial transmission is even feasible.

The obstacles described earlier do not mean that complacency should 
rule. Despite the reduced health burden it represents, epidemic KS 
remains “one of the tragic hallmarks of AIDS in Western countries.”283 
Given the substantially increased risk of developing KS when a patient 
is coinfected with HHV-8 and HIV, the greatest advances in terms of 
exposure prevention may involve the promotion of safe sex practices that 
simultaneously address the transmission of both viruses. This approach 
of course would offer a myriad of other public health benefi ts.284
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12
HUMAN T-CELL LYMPHOTROPIC 

VIRUS T YPE 1

Although the precise mechanism of leukemogenesis in [adult T-cell leukemia] 
remains unclear, recent progress provides important clues in oncogenesis by 
HTLV-I.1

INTRODUCTION

H  uman T-cell lymphotropic virus type 1 (HTLV-1)2 was the fi rst 
human retrovirus to be discovered, and still the only one with 
a proven direct role in malignancy.3,4 The genetic component of 

retroviruses is RNA. While the involvement of retroviruses in humans 
and human cancer is a relatively recent discovery, their scientifi c his-
tory is much longer. Studies of avian Rous sarcoma virus (RSV) that 
began 100 years ago eventually led to the discovery of the viral onco-
gene known as Src; this was followed by the identifi cation of other viral 
oncogenes in retroviruses of mammals, including rodents, cats, and 
monkeys.5,6

The most famous member of the retrovirus family is human immu-
nodefi ciency virus (HIV). Like HIV, HTLV-1 is thought to have emerged 
in humans following simian-to-human transmission.7–9 In fact, some 
researchers think of HTLV-1 as merely the human subtype of a more 
general category known as primate T-cell lymphotropic virus type 1, 
or PTLV-1.10,11 Transferability between species has allowed for devel-
opment of experimental cell lines and animal models within which 



472  HPV and Other Infectious Agents in Cancer

to study HTLV-1 infection and related disease. In short, the virus has 
become valuable as a paradigm for basic oncological research.12,13

An estimated 10–20 million people worldwide are currently infected 
with HTLV-1.14 The geographic distribution of the virus is highly vari-
able. For instance, Japan is a well-known focus of endemic infection 
(accounting for 5–10% of total global prevalence). However, the largest 
absolute number of carriers in the world may actually be in Brazil.15,16

The evidence associating HTLV-1 infection with adult T-cell leuke-
mia (ATL), also commonly known as adult T-cell leukemia/lymphoma 
(ATLL), led the International Agency for Research on Cancer (IARC) to 
classify the virus as a carcinogen in 1996.17 HTLV-1 has also been con-
nected to the development of HTLV-1-associated myelopathy/tropical 
spastic paraparesis (HAM/TSP), a neurodegenerative disease character-
ized by demyelination of the brain and spinal cord.18,19 Several other 
diseases have also been associated with the virus.20,21

Most infected individuals remain asymptomatic throughout life, with 
only 1–5% developing ATL, and an even smaller fraction experiencing 
HAM/TSP.22,23 Nonetheless, ATL patients usually die within 1–2 years 
of diagnosis, typically due to opportunistic infections or hypercalcemia 
and other bone involvements.24 As little progress has been made on suc-
cessful therapies for treating ATL (and/or HTLV-1 infection), develop-
ing a strategy for preventing the occurrence of infections becomes all 
the more important.25,26

THE VIRUS

Although HTLV-1 has infected humans for thousands of years, the virus 
was not discovered until 1980.27,28 Two years following the description 
of viral type 1, HTLV-2 was identifi ed.29 The two viruses share a similar 
genetic organization, and a clear tropism for T lymphocytes (especially 
in cell cultures).30,31 HTLV-2 has been connected to neurologic disease 
akin to HAM/TSP, as well as to variant hairy cell leukemia, though the 
evidence is not extensive.32,33 The equivocal indications of a cancer link-
age led IARC to conclude over a decade ago that there was inadequate 
support for a carcinogenic effect of HTLV-2 in humans.34 This contin-
ues to be the consensus of researchers, but, of course, further assess-
ment may lead to a different conclusion.35 For instance, researchers have 
recently suggested that HTLV-2 may be involved with certain forms of 
cutaneous T-cell lymphoma (CTCL).36

A phenomenon of ongoing interest is the observed protective effect 
of HTLV-2 against progression to acquired immunodefi ciency syndrome 
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(AIDS) in patients coinfected with HIV.37–39 By contrast, some studies 
suggest that HTLV-1 infection promotes the development of AIDS. One 
biological mechanism that may explain the different effects is the tro-
pism of HTLV-1 for CD4+ T-cells (the key cellular type involved with 
AIDS); HTLV-2, on the other hand, prefers CD8+ cells.40

Two other genetic types, designated as HTLV-3 and -4, have sub-
sequently been identifi ed in Africa, but their disease associations also 
remain unclear.41–43

Collectively, the retroviruses are classifi ed under the family 
Retroviridae, which comprises a number of genera. HTLV-1 belongs to 
the genus Deltaretrovirus, which also includes a viral type that infects 
cattle.44 The classic molecular feature of retroviruses is the use of the 
reverse transcriptase enzyme to convert their single-stranded RNA into 
DNA, which is then integrated into the host cell genome in order to 
facilitate both latent and productive infections.45 Sometimes this genetic 
material ends up as a permanent part of the host DNA, suggesting some 
ancient process of host–virus co-evolution.46 The investigation of these so-
called “endogenous retroviruses,” and of their possible impact on human 
diseases such as cancer, is still at an early stage.47 The only other known 
RNA-based tumor virus outside of the retroviruses is hepatitis C.

The capsid of HTLV-1 and other retroviruses demonstrates an ico-
sahedral symmetry; as another characteristic feature, the capsid is sur-
rounded by a lipid-containing envelope. The genetic structure of the virus 
is complex, consisting of promoter, structural, enzymatic, regulatory, 
and accessory coding regions. The genome of HTLV-1 is very stable 
compared to, for instance, HIV.48–50 As well as being evolutionarily con-
servative, transmission is often vertical (i.e., mother-to-infant), so that 
infections become endemic in close-knit ethnic groups; this means that 
the virus can be used as a marker for some human populations.51,52

The tracing of HTLV-1 (and HTLV-2) genetic subtypes is a fascinat-
ing study in its own right. Since the discovery of the viruses, researchers 
have been matching the identifi ed variants against the known regions of 
endemic infection.53 Six subtypes of HTLV-1 have been well-character-
ized, classifi ed as Melanesian/Australian, Japanese, Transcontinental, 
and three African forms. The classic subtypes appear to have arisen from 
different interspecies transfer events.54 The various African strains have 
been associated with the viral genetic pattern seen in South American 
and Caribbean populations, a phenomenon that is possibly explained by 
the forced “migrations” related to the slave trade.55,56

A modern extension of the migration theme is the preponderance of 
HTLV-1 infections in the United Kingdom and parts of the United States, 
a pattern attributable to the infl ux of Caribbean peoples.57,58 Likewise, 
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the majority of HTLV-1 infections in Israel are found in immigrants 
from a known endemic area in Iran.59 Another example of more ancient 
migrations is suggested by the common HTLV-1 subtype found among 
circumpolar populations, such as the Inuit in Canada and the Nivki of 
Eastern Russia.60

This combination of genetic facts has led researchers to track the 
distribution of HTLV-1 in terms of both “the anthropological back-
grounds of the virus-possessing populations as well as spatial contact 
between them.”61 In other words, as seen with other agents in this book, 
HTLV-1 provides valuable information on the origins of various human 
populations and their settlement patterns.

EVIDENCE OF ASSOCIATED CANCERS

Depending on the ultimate oncogenic status applied to HIV (see the 
“Introduction” to this book), HTLV-1 is the only human retrovirus 
known to be a direct etiologic agent in carcinogenesis.62 An associa-
tion between the virus and ATL was established more than 25 years 
ago, based on immunological and other evidence.63 Corroboration of 
HTLV-1 as the causative agent of ATL has been provided by detection 
of the virus in the target T-cells prior to transformation, and by the 
ability of the virus to immortalize those cells in vitro.64,65 As a necessary 
cause, and one that is an integral part of the diagnosis of the cancer, the 
attributable fraction of HTLV-1 in ATL is, by defi nition, 100%.66

The involvement of HTLV-1 in other hematologic malignancies is 
controversial. The virus has been intensively investigated in the context 
of CTCL. Of particular interest are mycosis fungoides (MF), the most 
common form of CTCL, and its leukemic variant, Sèzary syndrome.67–70 
Recently, evidence of HTLV-2 involvement in these conditions has 
emerged.71 One of the complexities of such research is the fact that cuta-
neous forms of ATL are sometimes indistinguishable from other T-cell 
lymphomas localized in the skin.72 In order to guide etiologic research 
and clinical responses, these ambiguous cases require careful molecular 
analysis.73 While most patients with CTCL are negative for antibodies 
to the structural proteins of HTLV-1, the oncogenic Tax sequence from 
the viral genome is usually found in the peripheral blood mononuclear 
cells collected from these individuals.74–76 This suggests that, even if 
HTLV-1 is not directly associated with CTCL, a close viral homologue 
may yet be identifi ed as the true etiologic agent.77,78

Other blood disorders have also been of interest, including T-cell large 
granular lymphocyte leukemia and T-cell prolymphocytic leukemia. 
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However, the evidence of HTLV-1 involvement has been equivocal.79,80 
Once again, a novel homologous virus may ultimately be identifi ed and 
implicated in these diseases.81

The role of HTLV-1 in other types of cancer remains inconclusive. 
Importantly, the virus does not appear to increase an individual’s overall 
risk of cancer, which may be explained by an apparent protective effect 
against gastric cancer.82,83 Although HTLV-1 has been associated with 
excess cervical and lung tumors, no clear weight of evidence for such a 
relationship has been established, and some research has provided con-
trary evidence.84,85 Neurofi bromas, mammary carcinomas, and adrenal 
medullary tumors have all been found in transgenic mice and rats car-
rying the crucial HTLV-1 Tax gene noted above.86

Beyond the well-established association with neurologic disorders 
(notably HAM/TSP), the virus has also been connected to a number 
of nonmalignant infl ammatory diseases, including pediatric infectious 
dermatitis, uveitis and other ocular diseases, bronchiolitis, and some 
cases of arthropathy and polymyositis.87–94 Other autoimmune mani-
festations of HTLV-1 infection are also suspected, including Graves 
disease, infl ammatory thyroiditis, Sjögren’s syndrome, and even diabe-
tes mellitus type I. One of the most interesting potential autoimmune 
associations of HTLV-1 is with multiple sclerosis (MS); though largely 
discounted in some recent research, new supportive evidence emerged 
in a 2007 study of Aboriginal MS patients in British Columbia, 
Canada.95

TRANSMISSION AND OCCURRENCE OF THE AGENT

Transmission of HTLV-1 occurs from mother to child, probably via 
breastfeeding. Other modes of person-to-person transmission include 
contaminated blood (e.g., blood transfusions, sharing infected needles), 
and heterosexual intercourse.96,97 Of the possible viral reservoirs, breast 
milk and blood have both been well-established by researchers; blood 
appears to be the most effi cient medium of infection. Older studies have 
demonstrated seroconversion (i.e., detectable antibody) rates of 44% 
for patients receiving HTLV-1-positive blood, and 25% for infants fed 
infected breast milk.98,99

The literature is unclear regarding the precise means of transfer in 
the case of sexual intercourse. Because the male-to-female direction 
dominates, it is natural to suggest semen as the vehicle. However, care-
fully tracing the citation trail reveals that this discussion has rested on 
the analysis of one male ejaculate sample from 1984!100 To explain how 
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seminal transmission might work, a recent reviewer has speculated about 
“infected cells that are phagocytosized by vaginal macrophages.”101

Because of the feasibility of prevention strategies, the most intensely 
studied route of HTLV-1 spread continues to be vertical transmission 
through breastfeeding.

There is some evidence that the actual route of infection may deter-
mine disease development. Breastfeeding (i.e., oral/mucosal exposure) 
and transmission by blood have been preferentially correlated with ATL 
and HAM/TSP, respectively.102,103 In fact, ATL has not been reported 
following a blood transfusion, except in cases of concurrent immunode-
fi ciency. As newborns have immature immune systems, this may partly 
account for the observed connection of breastfeeding with leukemo-
genesis.104 Chronic immunodefi ciency has in fact been suggested as a 
necessary cofactor for the development of ATL following infection.105 
Studies have further identifi ed reduced Tax-specifi c immunoreactivity 
as the risk factor of concern in ATL development.106,107

Research has indicated that the probability of an infected mother 
transmitting HTLV-1 to her child is about 20%, with the risk in any 
specifi c case being infl uenced by antibody titres, proviral load,108 and 
protracted breastfeeding.109 Transmission through the placenta has been 
reported, albeit infrequently.110 Since infection rates tend to be higher 
among family members and others in close social contact, various envi-
ronmental factors are thought to play a role. Studies in both endemic and 
nonendemic regions have linked low socioeconomic status to increased 
risk of transmission.111–113 In developed countries, HTLV-2 infection has 
been especially associated with injection drug use.114–116 Driven by this 
transmission modality, more than half of potential blood donors in the 
United States who screen positive for HTLV are actually infected with 
type 2 virus.117

It appears that transmission involving cell-free virus particles is not 
as effi cient as passing HTLV-1 by means of live infected cells.118,119 This 
would explain why transfusion of cell-free, HTLV-1-infected plasma 
has sometimes not led to seroconversion.120 Investigating the molecu-
lar aspects of retrovirus transmission through cell-to-cell contact 
has emerged as a fascinating area of biological and clinical study.121 
Recently, infection of immune system cells known as dendritic cells has 
been investigated as an important step in the process of HTLV-1 reach-
ing its ultimate target cell, CD4+ T-lymphocytes.122

One of the characteristics of both HTLV-1 and -2 is endemicity 
that tends to be highly localized in geographic regions and/or ethnic 
groups. HTLV-1 is endemic in southwestern Japan, central Africa, South 
America, and the Caribbean.123 Within these regions, there is a further 
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“unexplained predilection for coastal areas.”124 There are additional 
focal points of HTLV-1 infection, for example, areas within Iran and 
other countries that are near the Caspian Sea.125,126 A notable concentra-
tion of infection is also found among Aboriginal people groups in the 
Americas.127 It is important to recognize that the seroprevalence found in 
endemic locations can still vary widely, from 0.1% to 30% of adults.128

In developed countries, infection is primarily found among immi-
grants from endemic regions (and their children and sexual partners), 
sex workers, and injection drug users.129 These categories suggest that 
epidemiologic data obtained from screening in blood donation programs 
may underestimate the true prevalence of HTLV-1 in North America 
and Europe. This is because people are only permitted to participate 
in blood donor clinics if they are already screened to be at low risk of 
“parenterally transmissible” infections.130 Blood donation testing data 
do generally suggest that the HTLV-1 rate in developed countries is rela-
tively low, about 10 per 100,000.131,132 However, seroprevalence among 
pregnant women, an important risk group in terms of vertical trans-
mission, has sometimes been shown to be much higher. For example, a 
review of European countries reported rates ranging from 7 to over 100 
per 100,000 pregnant women.133

In Canada, reports of HTLV-1 infection are generally very rare. Since 
1990, the Canadian Blood Services has detected an average of 1.25–
1.50 positive HTLV-1 tests per 100,000 annual blood donations.134 By 
comparison, blood donor seroprevalence data from a 7-year period in 
Northern Alberta, Canada, was published in 2007. The rate of HTLV 
infection (about 7 per 100,000) was somewhat higher than expected by 
Canadian standards.135

A helpful statistic used in the evaluation of blood donation safety 
is estimated residual risk (ERR); in the present context, ERR refers to 
the probability of an HTLV-1 infection going undetected in a blood 
donation.136 In the Canadian context, the ERR over the 1990–2000 
time period was 0.095 per 100,000 blood donations.137 By 2000–2005, 
further improvements in testing had reduced the number to 0.023 (95% 
CI 0.004–0.083).138

Since the early 1990s, data have been obtained on HTLV-1 sero-
prevalence among Aboriginal clients at substance abuse treatment cen-
ters in British Columbia, Canada. Overall, 11 out of 1,953 (563 per 
100,000) subjects were positive for HTLV-1 infection, 50 times the rate 
expected in a developed country.139 As well, the fi rst four cases of HTLV-
1-related disease (specifi cally HAM/TSP) ever reported among Canadian 
Aboriginals were identifi ed in that context. Even higher infection rates 
have been detected in a specifi c coastal tribe in British Columbia 
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(i.e., 2.8% or 2,800 per 100,000).140 A more modest but still discon-
certing occurrence of HTLV-1 infection was reported among the Inuit 
in Canada’s northern territory of Nunavut at the end of 2005.141 A fol-
low-up survey among this population ultimately discovered a seropreva-
lence rate of 370 per 100,000, high enough to mandate targeted public 
health interventions.142

As shown in Figure 12.1, HTLV-1 seroprevalence by gender and 
age groups among blood donors in the United States indicates higher 
infection rates in females and a general increase in prevalence with 
age.143 Greater effi ciencies in viral transmission from male to female 
during the years of highest sexual activity may account for the gender 
differential.144

DISEASE MECHANISM AND PROCESSES

The two diseases most often associated with HTLV-1 have already been 
introduced, namely, a malignancy (ATL) and a nonmalignant neuro-
logic disorder (HAM/TSP). The links between the virus and the two 
disparate diseases (which almost never occur together) in turn point to 
multiple pathogenetic mechanisms.145 Consistent with the cancer focus 
of the book, this section will concentrate on HTLV-1-related malig-
nancy. Specifi cally, the pathogenesis of ATL will be briefl y reviewed.
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ATL is normally divided into four clinical subtypes, though other 
classifi cations have been proposed.146 While HTLV-1 manifests in dif-
ferent ways in the various disease entities, the main themes of viral 
involvement are common to all forms of ATL. Thus, even though it 
seems that HTLV-1 can infect a variety of cells, ultimately it exhib-
its a tropism for CD4 + T-lymphocytes; these cells eventually become 
the malignant locus of ATL development in a small subset of infected 
patients.147 Recently, research has confi rmed that the T-cell insuffi ciency 
seen in ATL is a result of infection prior to disease onset, rather than a 
consequence of the disease itself.148 HTLV-2 differs in its specifi c cellu-
lar target, demonstrating a tropism for CD8 + T-lymphocytes.149

Importantly, oncogenic animal retroviruses can be divided into two 
groups: acute transforming retroviruses and a nonacute form. The fi rst 
category includes viruses that are typically “replication defective,” and 
tend to induce tumors rapidly due to early expression of their oncogenes. 
Nonacute retroviruses are “replication competent,” and they induce 
tumors with longer latencies.150 HTLV-1 seems to fi t the second category.

The latent phase of HTLV-1 infection commonly lasts for decades; 
consequently, ATL rarely develops in children.151 Conversely, the risk of 
ATL may be greatest among those who become infected with HTLV-1 
in childhood.152 One childhood manifestation of infection that can lead 
to HAM/TSP or even ATL is known as infective dermatitis associated 
with HTLV-1, or IDH.153

After entry into the target cells, viral RNA is reverse-transcribed 
into DNA that integrates into the genetic material of the host cell.154 
The passing of the alien genome from parent to daughter cells by mitosis 
appears to be the main route of HTLV-1 expansion.155 In fact, one of 
the important risk factors for ATL development is the elevated proviral 
load that results from this multiplication.156 Further refi nement of the 
molecular mechanisms and related disease risks continues to be of great 
research interest.

The leukemogenic process related to HTLV-1 is being gradually elu-
cidated by researchers. A vital breakthrough was the identifi cation of 
the nonstructural viral protein called Tax.157 It appears to be a necessary 
factor in cellular proliferation, particularly in the preleukemic stages of 
disease. The critical functions of Tax have been established through 
many molecular studies, in vitro cell cultures, and animal models.158,159 
Notably, these include disruption of components of normal cell cycle 
regulation and tumor suppression. In fact, Tax appears to be involved 
from the very start of the disease process, that is, in facilitating the 
unique cell-to-cell viral genome transmission that is characteristic of 
retroviruses such as HTLV and HIV.160
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Tax involvement does not end with facilitating transmission. In 
terms of its impact on target cells in the host, the viral protein has 
been characterized as a “hyper-tasker.”161 The Tax protein reprograms 
several cellular processes, including transcription, cell cycle regulation, 
DNA repair, and apoptosis.162–165 These mechanisms are all part of the 
multistep carcinogenesis process that contributes to the long latency 
before leukemia emerges.166 In particular, Tax prevents cell cycle arrest 
and apoptosis that would otherwise be the consequence of unrepaired 
DNA damage.167 The protein is also responsible for inhibiting DNA 
repair. The resulting accumulation of mutations is a key element of the 
leukemogenic process.168

Given its multiple direct roles in carcinogenesis, Tax is properly 
characterized as an oncoprotein. It is important to note that the differ-
ent features of the parallel oncoprotein (sometimes called Tax2) found 
in HTLV-2 may also account for its specifi c disease properties.169

Many mysteries remain concerning HTLV-1 and ATL.170 For 
instance, Tax is often suppressed in tumor cells; in fact, its expression is 
not consistently detected in primary leukemic cells.171 Recently, another 
gene, HTLV-I basic leucine zipper factor (HBZ), which is expressed in 
all ATL cells, has been suspected of playing a key role in the cancer 
process.172–174

Only 2–3% of individuals infected with HTLV-1 develop ATL, so 
the virus cannot be considered to be a suffi cient cause of disease.175 As 
is commonly found in carcinogenesis, host genetic factors infl uence the 
onset of ATL.176 A very limited range of modifi able, exogenous cofac-
tors have also been identifi ed and/or investigated. Coinfections have 
been the main focus in this regard. Human herpesvirus type 6 and the 
nematode worm Strongyloides stercoralis have been proposed as pro-
moters of HTLV-1-related infection and disease.177–179 While the evi-
dence remains limited, the involvement of S. stercoralis is of particular 
interest, because the worm affects 30–100 million people in the regions 
where HTLV-1 is also endemic.180 Recently, Epstein-Barr virus has been 
investigated as a coinfection that may promote more aggressive skin and 
lymph node involvement in the progression of ATL.181

It is no surprise that a sister retrovirus, HIV, has generated substan-
tial attention among researchers. In fact, in the last 10 years, HTLV/
HIV coinfection has emerged as a worldwide concern.182 However, 
given the differential health burden, the greatest attention seems to be 
focused on how HTLV-1 or -2 impacts HIV-related disease progression, 
rather than the reverse.183
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Whatever the range of etiologic factors and progression steps, the 
current prognosis of ATL patients is very poor. Apart from the general 
resistance to chemotherapy, the direct and indirect contributors to mor-
bidity and mortality include the compromising effects of HTLV-1 on 
the host immune system (leading to opportunistic infections and sep-
sis), pulmonary complications, and uncontrolled hypercalcemia.184,185 
Remission may be achieved, but relapses invariably follow, and fi nally 
death within 1–2 years of diagnosis.186 This dire outcome naturally 
motivates prevention efforts.

VIRAL DETECTION METHODS

Given the complexity of hematologic cancers, and the necessary etiologic 
connection of HTLV-1 to ATL, detecting viral infection is of increas-
ing importance in disease diagnosis.187 There are direct implications for 
secondary prevention and treatment, but detection is also potentially 
important in primary prevention. Molecular screening of blood and 
tissue donors is an obvious prevention application. As well, HTLV-1 
testing can be used in prenatal screening of pregnant women who are 
planning to breastfeed their infants.188

Infection can be detected by the presence of HTLV-1-specifi c anti-
bodies in blood serum. In the case of microbes that are routinely cleared 
by the host immune system, it is important to clarify that the presence 
of antibodies does not distinguish between past and present infec-
tions. But HTLV-1 tends to persist in the host for life, so serodetection 
becomes more relevant. Nonetheless, more direct confi rmation of the 
virus is sometimes required. The most specifi c and sensitive way to detect 
HTLV-1 is by identifying viral genome in host cells by means of poly-
merase chain reaction (PCR).189–192 One U.S. study showed that PCR 
methods revealed HTLV-1 and -2 prevalence at twice the level suggested 
by serology alone.193 In the arena of blood and tissue donor screening, 
a parallel development has involved the introduction of nucleic acid-
amplifi cation testing.194

PREVENTION APPROACHES

Following the book’s usual pattern, each of the six prevention categories 
will now be reviewed with respect to HTLV-1.



482  HPV and Other Infectious Agents in Cancer

Avoiding 
Exposure

Preventing 
Infection

Prophylactic 
Eradication

Preventing 
Cofactor

Therapeutic 
Eradication

Interrupting 
Transformation

1. Avoiding Exposure to the Agent

As always, the earliest stage of protection against an infection emerges 
from knowledge about routes of transmission, and avoidance of exposure 
to these routes where possible. Maneuvers to prevent HTLV-1 infection 
may be possible, as transmission has been better characterized compared 
with other viruses.195 As described earlier, the two main transfer media 
are breast milk and blood, with semen being another possibility.196 Saliva 
has also been suggested as an infection reservoir,197 but breastfeeding, 
parenteral exposure through transfusions and injections, and male-to-fe-
male transfer by sexual intercourse seem to be the predominant means of 
transmission. As a consequence, the approaches to interrupting exposure 
are on the surface relatively straightforward, though inevitable challenges 
occur in real-world applications. It should be noted that, for all of the 
methods in this section, implementation would be more diffi cult than the 
targetted public health response that is possible with an “outbreak” in a 
smaller population such as that reported in Nunavut, Canada.198

First, screening pregnant women and discouraging those who are 
infected with HTLV-1 from breastfeeding can substantially reduce 
HTLV-1 prevalence and the occurrence of ATL, even in endemic areas 
such as Japan.199 Mothers with high HTLV-1 antibody titres and provi-
ral loads have a higher likelihood of passing the virus to their children, 
which underlines the importance of more intensive surveillance strategies 
for such risk groups.200,201 Simply shifting to alternate feeding methods in 
all cases of maternal infection would seem to make the most sense, unless 
there are practical or cultural barriers to implementing such a strategy. 
Even such commonsense measures must always be carefully evaluated, as 
fi nancial and other costs related to prenatal screening and bottlefeeding 
may be important.202 A specifi c countervailing factor is the well-known 
protective immunological effects of breast milk on infants.203 Clinicians 
have been understandably motivated to fi nd alternatives to eliminating 
breast milk altogether; promising options that have been discussed to bal-
ance benefi t and safety include reducing the overall period that an infant 
is breastfed, and applying measures (e.g., freeze-thawing) to expressed 
maternal milk in order to inactivate any HTLV infection.204,205

Second, screening blood donations has provided an effective means 
for preventing HTLV-1 transmission.206 Such a program has been in 
place for 20 years in Japan; several other countries have established 
similar screening strategies.207,208 These measures lead to an ERR of 
transmission by transfusion that is exceedingly small.209,210 While the 
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value of screening in countries of high endemicity seems evident, the 
issue of cost-effectiveness remains an important consideration in other 
jurisdictions. A report from the 1990s on universal HTLV-1 screening 
in the United Kingdom estimated that it would cost the blood donation 
program £1.3 million per disease case averted.211 Similarly, a Norwegian 
study calculated that the cost of saving a life when screening for HTLV-1 
could be as high as U.S.$1.2 million.212 Unfortunately, HTLV-1-positive 
donors do not always exhibit risk factors, so selecting high risk indi-
viduals for basic screening does not seem a feasible alternative. Another 
challenge is establishing when and where even more stringent (and more 
expensive) screening tests may be justifi ed.

Since injection drug use involving contaminated needles is another 
known risk factor for parenteral transmission, treatment and support 
programs, needle exchanges, safe injection sites, and similar measures 
may be important in areas of high HTLV-1 prevalence. Of course, as 
with healthy sexual practices, there are compelling reasons to pursue 
these strategies that extend far beyond the threat of HTLV-1 infection.

In turning to the third area of reducing the transmission of HTLV-1, 
that is, sexual activity, it may be assumed that the same techniques are 
applicable as are used with any sexually transmitted infection; notably, 
this would include condom use and limiting the number of sexual part-
ners. In fact, modest evidence does exist indicating that condom use 
reduces HTLV-1 transmission.213

2. Preventing Infection after Exposure to the Agent

As with most infections that seriously threaten human health, vaccina-
tion for HTLV-1 represents the “holy grail” for public health planners. 
The interest in such a measure is greatest in regions of high endemic-
ity, where exposure prevention is diffi cult to establish.214,215 The relative 
lack of urgency in most developed countries may account for the fact 
that a vaccine has not yet been produced.216 Shuh and Beilke recently 
summed up recent progress in the following terms: “Despite enthusiasm 
about developing an effective HTLV-1 vaccine, interest in advancing 
candidate vaccine into clinical trials has not been realized.”217

The HTLV-1 vaccine substrates under consideration include peptide, 
recombinant protein, DNA, and viral vectors.218 Potential targets for 
prophylactic and/or therapeutic vaccines are still being characterized.219 
In this regard, the genetic stability of the virus is an important and posi-
tive part of the development equation.220
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Successful HTLV-1 introduction into animal models has enhanced the 
potential for testing experimental vaccines.221 Both primates and rodents 
are already being used in such studies, with encouraging results.222,223

3. Prophylactic Eradication or Suppression

Methods for prophylactic suppression of HTLV-1 are not available. 
Unlike hepatitis B, effectiveness of immunoglobulin prophylaxis against 
HTLV-1 has not been established in the clinical setting. Again, animal 
studies have generated promising results. For example, studies in Japan 
demonstrated the protective effect of passive HTLV-1 immunization in 
rabbits and macaques.224,225 One intriguing result, also emerging from 
Japan, has been the effect of reimmunizing with HTLV-1 cells in a rat 
model; immune responsiveness has been increased and proviral loads 
reduced.226 It should be recalled that proviral load is a known clinical 
risk factor for the development of ATL.

4. Cofactor Prevention

Modifi able cofactors contributing to ATL development have not been 
well-characterized, limiting prevention opportunities. Coinfection with 
the nematode worm S. stercoralis continues to generate some interest, 
partly because it is controllable.227 A recent Canadian review pointed 
out the potential surveillance implications related to immigration policy. 
Before 1961, census data suggested that about 5% of immigrants to the 
country came from S. stercoralis-endemic regions; by 1991–2001, the 
fi gure was approaching 80%.228 Screening for HTLV-1 in individuals 
coinfected with the worm may be advisable.

Other apparent cofactors tend to fall away on closer analysis. For 
example, the fact that ATL is relatively common in transplant patients 
suggests paying attention to immunosuppression issues. However, it 
seems that, at least in the case of renal transplantation, the increased 
risk actually may be traced to HTLV-1 transmission through hemodialy-
sis blood transfusions.229 This transforms the discussion into a subset of 
exposure prevention (specifi cally, blood donation screening) rather than 
cofactor control.

Finally, the expected prevention opportunity related to HIV coinfec-
tion also has not materialized. While highly active antiretroviral therapy 
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(HAART) is certainly effective in controlling HIV-related disease, it 
seems to have little impact on HTLV-1/2 pathogenesis.230

5. Therapeutic Eradication or Suppression

As noted earlier, the proviral load of HTLV-1 in an individual has 
been identifi ed as a key risk factor for ATL development. As such, 
there may be a potential preventive benefi t in reducing that load, if not 
completely removing the virus from the human body. The literature 
on this topic is scarce. One case report in the literature has described 
a teenage boy who was HTLV-1-positive and underwent a bone mar-
row transplant (for congenital pure red-cell anemia); viral genome 
sequences gradually disappeared in blood and bone-marrow samples, 
and became undetectable after 60 months.231 On another front, ani-
mal studies have begun to demonstrate the potential of therapeutic 
vaccines.232 Some researchers have suggested that the focus should be 
on reducing the expression of oncogenic factors (such as Tax) rather 
than on proviral load per se.233 This theme will be briefl y discussed in 
the next section.

Some of the therapeutic interventions under investigation lie on the 
borderline of the present prevention category. The reality is that the 
experimental drugs and procedures targeting HTLV-1 infection have 
been tested primarily in patients already with ATL. Thus, most of the 
potential therapies are beyond the scope of cancer primary prevention 
per se. This sort of distinction is important in terms of hematopoietic 
stem cell transplantation (HSCT), which has been tested in patient series 
as a potential ATL therapy.234

Two encouraging results have emerged in the investigation of HSCT. 
First, the method appears to be effective as a cure for ATL. This has been 
confi rmed in multiple patients using bone marrow from both related and 
unrelated donors.235,236 The fi rst successful treatment was followed for a 
total of 12 years, with favorable outcomes maintained.237 These results 
have prompted calls for a full, phase II clinical trial of HSCT for ATL.238 
The second encouraging result is that often the HTLV-1 proviral load 
became undetectable in treated patients. The Tax protein is implicated 
in this outcome, as it is a major target antigen of reactivated cytotoxic 
T-lymphocyte responses following HSCT.239 A recent study suggested 
that, even when HTLV-1-positive cells are detected after transplantation 
to treat ATL, they may be due to contamination in the donated tissue 
rather than being a persistent reservoir in the host.240
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Another possibility is that HSCT only returns the infection to the latent 
or carrier state. In this sense, the therapy should beconsidered a control of 
progression rather than a cure (and thus properly belonging to the next 
section).241 Whatever the fi nal assessment of HSCT, it still fi rmly resides in 
the world of secondary or tertiary prevention following leukemia develop-
ment, rather than a prevention modality directed at HTLV-1 infection per 
se. The only relevant public health question would be: is there a subset of 
infected individuals at high-risk for ATL development where transplanta-
tion as a preventive step would ever be justifi able?

6. Interrupting Transformation Related to Infection

There are a number of important features marking the effort to arrest 
disease processes related to HTLV-1. First, a growing understanding of 
the molecular pathway of infection and carcinogenesis has generated a 
number of potential therapeutic targets.242–245 Given the extraordinary 
role of Tax in the function of HTLV-1, it is not surprising that experi-
mental approaches are being directed toward that protein.246,247 Also, as 
seen in other prevention categories, the unique access to different ani-
mal models in which HTLV-1 or similar viruses can be activated allows 
for powerful methods of experimental study. Finally, the intense focus 
on HIV/AIDS treatments has prompted a “spill-over effect” on clini-
cal strategies for other retroviruses, including HTLV-1.248 Despite these 
advantages, progress has been slow in developing measures to modify 
HTLV-1 disease processes and prevent ATL.249,250

A multidimensional treatment approach to HTLV-1 infection has 
potential for success (similar to HAART for HIV patients); however, 
specifi c antiretroviral drugs have not yet been established.251,252 Finally, 
a possible preventive application may still emerge from ATL-specifi c 
therapies; this ideally would involve a drug proven to be successful in 
controlling or even curing the leukemia, but which is also effective at an 
earlier, premalignant stage of the disease process.

CONCLUSION

Because of the evidence of low seroprevalence, HTLV-1 does not appear to 
be a substantial public health concern in North America. Moreover, only 
a small fraction of individuals who are infected will ultimately develop 
ATL. Researchers and health authorities in the developed world have 
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concluded that combating HTLV-1 infections is a low-priority objective 
relative to the long list of other disease burdens.253 Even endemic regions 
such as South America have many other healthcare demands that may 
be more pressing.254 Overall, this could explain the relatively low slow 
progress to date with regard to potential treatments. The one exception 
to this rule would be Japan, where fi nancial resources and research inter-
est match the sense of urgency about HTLV-1 control.255

Areas experiencing substantial immigration from endemic regions 
of the world (such as the United Kingdom in reference to Caribbean 
populations) may need to reposition HTLV-1 as a higher priority. There 
certainly are areas of Ontario, Canada, where a similar stance may be 
required in response to Caribbean immigrants. This was reinforced 
through the recent report of an HTLV-1-positive man who immigrated 
to Canada from the Virgin Islands; interestingly, he was also infected 
with a known cofactor for ATL, the nematode worm S. stercoralis.256 In 
the contemporary “global community,” international travel to high-risk 
locations represents a related source of concern. Countries also need to 
be watchful for any new developments (including emerging endemici-
ties) within current populations, as has recently been seen in Canada’s 
North.

Fortunately, the fi rst line of prevention that can be deployed in every 
setting actually generates multiple public health benefi ts, so the rela-
tively low impact of HTLV-1 should not be an impediment to taking 
up such measures. Included here would be programs that facilitate the 
use of sterile needles during injection drug use and any intervention 
that encourages safer sex practices. Measures with multiple advantages 
will likely be the ones most commonly pursued in most societies, with 
prevention of HTLV-1 exposure occurring as a collateral benefi t to pro-
grams addressing ore urgent health concerns.

While some jurisdictions are actively considering all the various forms 
of exposure protection, other countries may question the necessity.257 
The critical question is: when are universal HTLV-1 interventions war-
ranted? Canada is a curious example of mixed policies. Interestingly, the 
country established blood donation screening for HTLV-1 as far back as 
1988.258 In 2007, HTLV-1 was also confi rmed as part of the national 
protocol to ensure the safety of transplanted tissues.259 However, the 
infection is not nationally reportable, nor is universal prenatal screen-
ing of pregnant women required in every province/territory.260 And the 
infrastructure to treat breast milk or subsidize alternatives to breast-
feeding is not under consideration, let alone established. Several of the 
preceding interventions, while plausible and even evidence-based, can 
be quite costly relative to the predicted benefi ts in a population.
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Finally, while the low disease burden of HTLV-1 may not yet be 
compelling a strong preventive response in the developed world, the 
virus continues to be of interest at a research level. On a key front, the 
virus has had an impact on the taxonomy of disease. The discipline of 
disease classifi cation has taken a new turn with HTLV-1, in the sense 
that confi rmation of infection is now an essential part of the defi nition 
of the pathology caused by the virus. It will be interesting to see if other 
instances of microbial cancer etiology shape cancer taxonomy in similar 
ways in the future.
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13
CONCLUSION—INFECTION 

AND CANCER: 
A PARADIGM SHIFT

The fact that the etiologic burden [of infectious agents of cancer] may be 
much greater than generally perceived needs more emphasis in cancer preven-
tion and control efforts.1

T  he term “paradigm shift” was coined by Thomas Kuhn in 1962 
to describe a fundamental change in basic assumptions and 
interpretations within an area of science. Kuhn could not have 

known how the publication of his now-famous book, The Structure of 
Scientifi c Revolutions, would so aptly coincide with the beginning of 
a remarkable era in cancer research and clinical practice. The idea of 
a paradigm shift, fi rst introduced in that book, may be aptly applied 
to the developments that are well underway in the realm of infectious 
agents and cancers. The emerging information continues to prompt sub-
stantial responses from practitioners, patients, and researchers alike.

Since the discovery in the 1960s of the role of viruses in both a 
rare lymphoma (i.e., Burkitt lymphoma) and a much more common 
nonhematologic cancer (i.e., hepatocellular carcinoma), the number 
of infectious agents implicated in malignancies has steadily expanded. 
The infectious agents now confi rmed or suspected of causing cancer 
range from bacteria to protozoa to microscopic fl atworms. Viruses 
dominate the inventory, which is consistent with their fundamental 
ability to affect the genetic integrity and alter regular functions of host 
cells. Cancer is essentially a disease marked by uncontrolled genetic 
instability that fi nally leads to uncontrolled cell growth.2,3 As will be 
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summarized below, viruses are remarkably attuned to interact in this 
process.

Given such a noteworthy development in biology and pathology, it 
is natural to ask: what are the practical implications? The project that 
inspired and sponsored the development of this book in fact had three 
application agendas:

Increase the profi le of this subject among cancer prevention lead-1. 
ers, with a focus on selected infectious agents
Lay out the biology and prevention possibilities related to those 2. 
agents
Consider future research and policy directions3. 

In this chapter, the contents of the book will be considered in light 
of each of these project aims.

SUBSTANTIAL SUBJECT

The fi rst objective involved raising the consciousness of key players in 
cancer prevention about the importance of and potential for decreasing 
cancer incidence by addressing direct infectious causes. Knowledge of 
the role of infectious agents in cancer causation is only beginning to 
take hold among the media and the general public. The gradual increase 
in awareness belies the fact that current estimates of global cancer cases 
attributable to infectious agents approach 20%.4 By any measure, this 
is a burden that is worthy of signifi cant public health attention, espe-
cially if it can be demonstrated that incidence and/or mortality could be 
reduced by feasible prevention strategies.

The oncogenic agents in this book have mostly been covered on 
their own terms, apart from noting the interactions that arise in a case 
of coinfection and a few observations on the similarities and contrasts 
between the agents. Some reviewers have gone further, especially iden-
tifying functional patterns across the largest group of oncogenic agents, 
the DNA tumor viruses. For example, there are important differences 
between smaller (e.g., HPV) and larger (e.g., EBV, HHV-8) tumor 
viruses, as outlined in Table 13.1.5

There are two infectious agents covered in this book that have received 
signifi cant attention from health care leaders and, to a lesser degree, from 
the public. First, a safe and effective hepatitis B virus vaccine has been avail-
able for over 25 years, and has been used widely since the 1990s.6 Hepatitis 
B vaccination, however, is not consistently framed as a cancer prevention 
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measure. Its role in protecting against nonmalignant forms of liver disease 
often overshadows consideration of hepatocellular carcinoma.

However, a second agent, the human papillomavirus (HPV), fi nally 
put the role of infection in cancer etiology squarely on the health care 
agenda. Cancer prevention leaders, health care planners, funding provid-
ers, and the general public have become increasingly aware that persistent 
infection is strongly implicated in cervical cancer (indeed, acting as a nec-
essary cause), and that prevention of both infection and the related malig-
nancy is a real possibility. In the case of HPV, basic science has driven 
successful prevention innovation, which in turn has stimulated even more 
scientifi c investigation. The avalanche of published studies seen in recent 
years, as well as the importance of cancer of the cervix globally, helps to 
explain the disproportionate attention paid to HPV in this book.

The rising interest in HPV-related primary cancer prevention has 
resulted from the confl uence of three forces: (1) the development and 
licensing of a vaccine against specifi c HPV types, with demonstrated 
protection against cervical cancer precursors, (2) the intense market-
ing campaign by the company that designed the fi rst product, and (3) 
the fact that the main cancer being addressed, cervical cancer, occupies 
an important position in the spectrum of malignancies. Thus, cervical 
cancer is well known to women in the developed world because of the 
medical and personal burden attached to diagnosis, and the high-profi le 
and successful efforts related to screening and early detection over many 
decades. Furthermore, in the developing world, cervical cancer is the 
female malignancy with the second highest incidence. Above all, the 
availability of a vaccine is considered to be the “holy grail” when deal-
ing with an infection, and generally perceived as more attractive than, 

Table 13.1. Comparison of DNA Cancer-Causing Viruses

 Smaller Viral Size Larger Viral Size

Example Human papillomavirus Human herpesvirus
Replication 

mechanism
Co-opts the host machinery 

to achieve viral replication
Encodes its own DNA 

polymerase
Viral DNA 

location in 
neoplasia

Generally integrates into host 
DNA

Episomal, i.e., 
maintained separately, 
but tethered to host 
chromosome by 
distinctive viral latent 
proteins

Transformation 
genes

Generally a small number, 
e.g., two in HPV (E6, E7)

Encode several 
transforming genes

Transformation 
targets

Limited host cell tropism Causes cancer in many 
cell types
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for example, exposure avoidance measures. The advent of effi cacious 
prophylactic vaccines means that the attention being paid to HPV is 
currently unmatched by any other infectious agent of cancer. But the 
collateral interest inspired by HPV has certainly been broader; and 
because of scientifi c publishing, new vaccination programs, and media 
coverage, both the professional and popular appreciation of the entire 
fi eld of infections and malignancy has forever been changed.

One of the implicit arguments of this book is that the scientifi c dis-
cussion and preventive response to infectious agents should be expanded 
beyond the current focus, which mainly is on HPV (and, to a lesser 
extent, HBV).7,8 While HPV is very important, accounting for almost 
a third of infection-related cancers in the world, a full accounting of 
this subject requires a more comprehensive view. This book has been 
aimed at stimulating such an inclusive agenda. As Table 13.2 outlines, 
the agents covered in this book generate 98% of the known infection-
related cancer cases in the world.

The information in Table 13.2 also underlines the fact that the 
relative burden sometimes shifts between developed and developing 
countries. For example, the percentage of cancer cases attributable to 
Helicobacter pylori in developed countries (i.e., 3.9%) is higher than 
that for any other infectious agent (and actually accounts for half of the 
attributable risk related to infection), whereas in developing countries 
the bacteria comes in third (at 7.0%) behind both Hepatitis B/C viruses 
(8.2%) and HPV (7.7%). This variation will likely have implications for 
the distribution of resources to both research and prevention efforts in 
different jurisdictions.9

Table 13.2. Key Infections and Cancer Burden

Estimated Proportion of 2002 Cancer Cases Attributable 
to Infection

Infectious Agent Global (%) Developed (%) Developing (%)

Human papillomaviruses 5.2 2.2 7.7
Hepatitis B and C 4.9 1.0 8.2
Helicobacter pylori 5.5 3.9 7.0
Epstein-Barr virus 1.0 0.4 1.6
Human T-cell lymphotropic 

virus type I
0.03 0.01 0.05

Human herpesvirus type 8 0.9 0.1 1.1
Other 0.3 0.1 0.7
Total 17.8 7.7 26.3

Source: Parkin, International Journal of Cancer, 2006.
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PREVENTION POSSIBILITIES

An important component of the review of the main infectious agents cov-
ered in this book has been an inventory of existing and emerging prevention 
measures. Indeed, many sections of each chapter, including those dealing 
with transmission, disease mechanisms, and even techniques of microbe 
detection, were ultimately intended to serve the prevention cause.

As outlined in the introductory chapter, the scoping of the preven-
tion theme in this book may be considered from two different perspec-
tives. First, from a traditional vantage point, primary prevention with 
respect to the cancer focuses on groups of individuals who have not yet 
developed a frank cancer and omits the classic secondary prevention 
measures, including screening, early detection, and treatment of prema-
lignancy or occult malignancy.

Changing the perspective from the cancer to the underlying infec-
tion actually requires a further shift in thinking and action based on 
asking whether or not an infection has already taken hold and been 
detected. In these terms, it is perhaps appropriate to think of two over-
arching categories of intervention. The fi rst refers to preventive mea-
sures that are applied before an infection takes hold, and the second to 
interventions appropriate after an infection has been detected. These 
two categories were further divided, ultimately generating six types of 
prevention (Figure 13.1).

There are various ways in which this grid proved useful to the 
authors of this book:

Reinforcing the biological connection underlying preventive 1. 
interventions and infection-related carcinogenesis
Allowing for comparisons of the established and emerging pre-2. 
vention efforts across different infectious agents
Motivating planners to consider prevention options both before 3. 
and after infection and thereby guiding a comprehensive approach 
to preventing associated cancer

Avoiding 
exposure

 Preventing 
infection

Preventing 
cofactor

Therapeutic 
eradication

 Interrupting 
transformation

Primary Prevention of Infection That Causes Cancer Secondary Prevention of Infection  
That Causes Cancer (assumes detection of  
infection and/or early infectious disease)

Prophylactic 
eradication

 

Figure 13.1. Prevention options in infection-related carcinogenesis.
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It might be perceived that the category “Preventing Cofactor” 
does not directly address the infectious agent. However, dealing with 
cofactor(s) does qualify as a set of interventions that can occur before 
(and after) an infection becomes established. Furthermore, as seen in a 
number of instances, a cofactor of interest may itself be an infectious 
agent (e.g., HIV in HHV-8-caused Kaposi sarcoma; malaria protozoa 
in EBV-caused Burkitt lymphoma).

In summary, the second aim of this project was to provide an up-
to-date, accessible presentation of the biology and prevention options 
related to infectious agents, with this information being categorized 
according to the typology in Figure 13.1.

Table 13.3 summarizes the key prevention options for each of the 
agents detailed in this book. The interventions include both established 
and emerging/investigational options, and were mostly selected accord-
ing to applicability in the developed world.

The information in Table 13.3, combined with the full commen-
tary in each chapter, suggests that the majority of the interventions 
are still at an investigational stage, or of unproven effi cacy. Only a 
few approaches are well-established, and thus bear the promise of sub-
stantial benefi t in reducing incidence and mortality of cancer. These 
include vaccination to prevent HBV, use of immunoglobulin for the 
same agent, and vaccination for HPV. This relatively weak preventive 
repertoire might be more alarming were it not for the fact that the 
infectious agents with the highest cancer burden are the ones being 
targeted. However, this comforting perspective certainly does not obvi-
ate the need for more research effort directed toward expanding the 
prevention armamentarium.

FUTURE FOCUS

The third objective of this book was to suggest directions for future 
research, practice, and policy. These suggested directions were aimed 
primarily at the sponsors of the project that led to this book, namely, 
the National Infectious Agents Committee (NIAC), part of the Primary 
Prevention Action Group of the Canadian Partnership Against Cancer, 
and the National Cancer Institute of Canada (NCIC), part of the 
Canadian Cancer Society. However, many of the activities of these 
agencies are representative of the efforts of any number of countries 
seeking to develop a program that will prevent infections that cause 
cancer.



Table 13.3. Preventing Infection and Related Cancer in the Developed World 
Established and Investigational Interventions

Prevention Category

Infectious Agent
1. Avoiding Exposure 2. Preventing 

Infection
3. Prophylactic 

Eradication
4. Preventing 

Cofactor
5. Therapeutic 

Eradication
6. Interrupting 

Transformation

Human 
papillomavirus

Sexual health 
behaviors

Vaccine  
Sexual health 

behaviors
Vaccine

Interferon; 
intrabodies

Hepatitis B virus Vaccine 

Immunoglobulin 
for infants 
born to 
infected 
women

Alcohol intake 
and obesity 
as synergistic 
factors

  

Hepatitis C virus

Injection 
drug safety 
behaviors; 
sexual health 
behaviors

  

Alcohol intake 
and obesity 
as synergistic 
factors

Interventions 
in category 
6 can clear 
some cases 
of HCV

Interferon; 
nucleoside 
and nucleotide 
analogues

Helicobacter 
pylori

Sanitation; 
hygiene

 
Note: policy 

debated

Limit salt 
intake; not 
smoking

Antibiotics Chemoprevention

(Continued)



Table 13.3. (Continued)

Prevention Category

Infectious Agent
1. Avoiding Exposure 2. Preventing 

Infection
3. Prophylactic 

Eradication
4. Preventing 

Cofactor
5. Therapeutic 

Eradication
6. Interrupting 

Transformation

Epstein-Barr virus
Socioeconomic 

improvement
Vaccine

Infusion of 
cytotoxic T 
lymphocytes

Limit salted 
fi sh intake; 
control 
coinfections; 
safer 
pretransplant 
agents

Antilatency 
medications

Antitranscription 
medications

Human 
herpesvirus 
type 8

Sexual health 
behaviors

  

Highly active Highly active 
antiretroviral antiretroviral 
therapy therapy 
among the among the 
HIV-positiveHIV-positive

 
Antiviral 

medications

Human 
lymphotropic 
virus type 1

Infected 
mothers not 
breastfeeding; 
screening 
blood 
donations

Vaccine Immunoglobulin 
Control of S. 

stercoralis 
infection

Vaccine; 
stem cell 
transplants

Therapies 
counteracting 
the Tax protein 
mechanisms in 
HTLV-1 infection

       

Established intervention Investigational intervention    
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At least four areas of potential interest have emerged that could help 
shape just such a national program. In this fi nal major section of the 
book, future directions will be discussed in the following areas:

Basic investigation of cancer1. 
Translational research2. 
Prevention research and policy development3. 
New partnerships and knowledge dissemination4. 

Basic Investigation of Cancer

Some of the most exciting developments in the prevention of infection-
related cancers, including initiatives involving vaccines, have been 
informed by scientifi c investigations of the natural history of infection 
and the mechanisms of disease. While not becoming overly weighted 
with information about molecular biology, the various chapters of this 
book have underlined the prevention implications of understanding fun-
damental aspects of infectious agents and host cells.

Apart from illuminating potential prevention targets, the tumor-
causing mechanisms of infections provide invaluable collateral knowl-
edge about cancer in general. Viruses especially may be regarded as 
toolkits to aid in the understanding of cancer; this is equally true of 
RNA- and DNA-based viruses.10 Undoubtedly, future progress in pre-
vention will require ongoing commitment to basic scientifi c research 
into the disease mechanisms of oncogenic infections.

Retroviruses. Retroviruses have generated important insights about can-
cer. Investigations of human T-cell lymphotropic virus type 1 (HTLV-1) 
has been particularly useful in helping researchers understand human 
carcinogenesis, even though it is responsible for only a very small per-
centage of the global cancer burden.

As described in Chapter 12, retroviruses reverse transcribe their 
RNA into DNA for integration into the host’s genome. Studies of RNA 
tumor viruses in animals led to the seminal concept of the oncogene 
(plus its product, the oncoprotein).11 Oncogenes are mutated forms 
of normal genes (called proto-oncogenes) that control healthy cell 
functions.

A fascinating specialty research area related to retroviruses is the 
endogenous retrovirus. Endogenous retroviruses are essentially formed 
from ancient foreign DNA that has been integrated permanently into the 
genetic code of human beings.12 Most retroviruses, including HIV, infect 
regular body cells (known as somatic cells), but some can also infect the 
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germline cells, ensuring that the viral genetic material becomes trans-
mitted to the next generation. When this occurs, the genetic segment 
introduced into the organism is termed an endogenous retrovirus. The 
possible oncogenic role of endogenous retroviruses is being investigated 
through animal studies.13,14

DNA viruses. The DNA viruses, such as HPV and EBV, have been very 
fruitful as a source of information about carcinogenesis.15,16 For exam-
ple, researchers have focused on the ability of DNA viruses to control 
telomere length in the host genome,17 as well as on viral involvement in 
the ubiquitin system in the cells of AIDS-related cancer.18 Perhaps the 
most important contribution to cancer research from the study of DNA 
viruses has been identifying the role of the famous tumor suppressor 
proteins p53 and Rb.19

Comparing viruses, distinguishing cancer mechanisms. There are well-
understood indirect ways for infectious agents to infl uence cancer devel-
opment, such as inducing immunosuppression or immune/infl ammatory 
responses in the host.20–23 The criteria to distinguish direct and indirect 
carcinogenesis are themselves debatable. Some authorities restrict infec-
tious direct carcinogens to those that are “functionally linked in main-
taining a transformed phenotype.”24 In this book, the defi nition has 
been more expansive, encompassing any infectious agent that directly 
infl uences the components or functions of a host cell so that cancer is 
eventually initiated in that cell and/or the opportunity for malignant 
transformation is increased. This allows agents to be included that are 
no longer detectable in neoplastic tissue, but created conditions for 
transformation at some previous point in host cells.

The distinction between direct and indirect etiology can create con-
troversy about how to classify the oncogenic role of agents, such as HIV 
and H. pylori, that mainly seem to operate by indirect pathways.25,26 In 
terms of prevention potential, it may be important to distinguish infec-
tious direct carcinogens from infections that act as cofactors or pro-
moters alongside other factors that are the true cancer initiators. For 
example, the xenotropic murine leukemia related virus may play a role 
in the development of prostate cancer, but only via its effect on infl am-
matory pathways.27 As direct etiologic agents have been the main focus 
of the present book, this virus would not qualify for inclusion.

In contrast, it is clear based on the chosen defi nition of this book that 
viruses can function in two basic ways to directly cause malignancy:

Introducing mutations into the host genome, which in turn affect 1. 
cellular processes
Interfering with cellular processes through viral gene products2. 
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Understanding both types of infl uence sheds light on the fundamen-
tal aberrant processes that lead to cancer. The mechanisms are especially 
being investigated in the context of oncogenes (and their related prod-
uct) that have a pleiotropic effect on cellular processes; for example, the 
Tax protein of HTLV-1 and the LANA protein of HHV-8 each bind with 
about 100 proteins in the host cell. Interestingly, there is evidence that 
different viruses interact with the same cellular proteins to bring about 
cancer and other diseases.28 This has been shown, for instance, with Tax 
and an investigational oncogene in adenoviruses. Such discoveries may 
multiply insights about how cancer processes occur in cells.

Genetic instability. The fi rst category of carcinogenic impact on host cells, 
that is, induction of genetic changes, has been an intense focus of recent 
research. HTLV-1 in particular has provided a window on the fundamental 
mechanisms of chromosomal instability.29 Again, some intriguing overlaps 
between viruses have emerged. For example, recognizing the similar func-
tions of Tax in HTLV-1 and the E7 oncogene in HPV has offered insights 
about the early steps in carcinogenesis related to genetic instability.30

Disrupted cellular processes. Insight has been provided by Hanahan and 
Weinberg on the second category of cancer induction, that is, directly 
infl uencing cellular processes. They described six hallmarks of cancer 
that arise as a result of genetic aberrations.31 Importantly, half of the 
cancer-inducing mechanisms actually match well-known viral manipu-
lations of cellular processes32; these include the following:

Promoting cellular proliferation in the absence of environmental 1. 
growth cues
Inhibiting cellular responses to antigrowth signals2. 
Providing resistance to apoptosis or programmed cell death3. 

Recognition of the functional parallels between viral infection and 
steps in carcinogenesis explains why interaction of viruses with host 
cells can offer a window on carcinogenesis in general. It also suggests 
that some tumor viruses can act as a type of substitute for one or more 
of the events that result in complete cellular transformation.33,34

Research agenda. Having overviewed advances in the basic understand-
ing of cancer derived from investigation of oncogenic infections, it is 
natural to ask what the future research trends might be in developed 
countries. Several possibilities are outlined below.

An area of great interest and potential importance involves the • 
association between so-called polymicrobial infections and cancer. 
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Several examples of this phenomenon have been described in the 
book, and many more may emerge as microbial detection methods 
improve. A motivator of this type of research is the simple fact that 
multiple infections are routinely found in individuals in both the 
developed and developing world. While this scenario is especially 
common when the infections share a transmission route (e.g., 
sexual activity), interest is also high when more than one route is 
involved. Multiple pathways of coinfections may both complicate 
and expand the opportunities to reduce cancer through exposure 
control.
Demonstrating proof of interactions between coinfections in the • 
development of cancer is an important area of investigation for 
epidemiologists and molecular biologists alike. While intriguing 
results have begun to emerge concerning what one researcher 
referred to as the “dangerous liaison”35 between coinfections in the 
development of cancer, research in this area has only just begun.
The carcinogenic mechanisms related to coinfection with HIV are • 
not fully elucidated. The preponderance of evidence reinforces the 
traditional status of the virus as an indirect factor in carcinogen-
esis, through its immunosuppressive effects. However, the emerg-
ing understanding of a more direct mechanism of HIV on cancer 
promotion is worthy of further investigation. The interaction of 
the characteristic Tat protein of HIV with the oncoproteins of 
other viruses has been a special focus.36,37 If a direct role of HIV 
in carcinogenesis were to be confi rmed and more fully described 
in the future, it would be a very signifi cant development given the 
global impact of the AIDS epidemic.
Some subtopics related to coinfections have resonance across the • 
world, for example, the potential molecular interaction of HPV 
and HHV-8 in oral cancers.38 Other examples have dominant 
applications in the developing world, but still cry out for devel-
oped world investment as an expression of compassion and social 
justice. The latter includes the potential “triple threat” of EBV, 
malaria, and arboviruses in the genesis of Burkitt lymphoma.
Pursuing new insights about the transmission of infectious agents • 
known to cause cancer remains a high priority in light of the criti-
cal importance for exposure prevention. There are several infec-
tious agents where important knowledge gaps remain concerning 
transmission.
The emergence of agent-based defi nitions of hematologic can-• 
cer highlights the possibility that more and more agents may be 
deemed necessary causes of cancer. Examples include HTLV-1 
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and adult T-cell leukemia, and HHV-8 and a certain variation of 
primary effusion lymphoma. The importance of the designation 
“necessary cause” is that it concentrates prevention initiatives for 
a cancer on the pertinent infection. By preventing all cases of the 
oncogenic infection, it is theoretically possible to avoid all incident 
cases of the related cancer. Continuing to refi ne the very defi nition 
of cancers based on necessary infectious causes is a research area 
with exciting preventive potential.
Finally, the substantial inventory of investigational agents summa-• 
rized in the “Introduction” to the book generates its own research 
agenda. The list has been reproduced in Table 13.6 at the end of 
this chapter, with added details concerning the proposed cancer 
associations and selected scientifi c sources. Of course, the weight 
of evidence surrounding these agents is not equal—some are much 
more well established as cancer agents (e.g., the polyomaviruses, 
cytomegalovirus39,40), whereas others have only been examined in 
the most cursory way for their oncogenicity. It is highly likely that, 
as detection methods and research budgets allow, the candidate 
list of direct agents will grow. The implications of confi rming more 
infectious agents are not trivial. In 1999, pioneer researcher H. zur 
Hausen predicted that the proportion of cancers attributable to 
microbes would double from the then understood level of 15%, 
particularly “if other cancers currently associated with specifi c 
virus infections are proved to be caused by such agents.”41

Translational Research

The basic scientifi c information about cancer and infections must be 
translated into real-world applications. Such applications need to be 
adapted to different settings, in particular recognizing the difference 
between developed and developing countries. As indicated in Table 13.2, 
over a quarter of the cancer burden in the developing world may be 
attributed to an infectious cause. The cancer burden attached to each of 
the agents examined in this book is 2–10 times higher there than in a 
developed country such as Canada. This is one of the proposed expla-
nations of the fact that the cancer burden is rising in the developing 
world, and at a faster rate than seen in developed settings.42,43 If there are 
delays in implementing effective measures (such as vaccination) against 
infection-related cancers in the developing world, it is likely that current 
health disparities will increase.44

There is a clear “big three” among infectious agents that poten-
tially represent the highest public health concern in terms of cancer 
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prevention: HPV, hepatitis viruses, and H. pylori. Interestingly, this is true 
whether the focus is on developed or developing countries, suggesting the 
potential for global benefi t even if the resources of developed countries are 
directed mostly toward their domestic cancer priorities. What is learned 
in the United States and Canada and Europe about prevention modalities 
may be translatable to Africa and less developed areas of Asia.

Even while developed countries strive to make a difference on the 
global stage, there are certainly translational issues to be pursued on the 
home front as well. This agenda is not limited to looking at infections 
with substantial prevalence in the national population and/or those 
that lead to a substantial burden of cancer. First, it must be recognized 
that the concept of burden is not always straightforward. For example, 
while HPV infection is prevalent in Canada, cervical cancer incidence 
and mortality are not. On the other hand, even when cancer mortality 
is small relative to other malignancies, heavy investment in secondary 
prevention is often the real concern in terms of health economics. This 
situation certainly pertains to cervical cancer, partly explaining the 
intensive effort to understand the role of HPV in carcinogenesis and to 
possibly improve primary prevention.

A further consideration is the reality of immigration. For example, 
Canada is characterized by one of the highest immigration rates in the 
world. Inevitably, this means that people may arrive from regions where 
a cancer-causing infection is endemic, for example HPV infection and 
cervical cancer.45,46

Furthermore, specifi c viruses may manifest themselves in diverse 
ways among different ethnic groups. For example, while HPV-16 clearly 
is the dominant viral type in terms of cancer causation in all parts of the 
world, the prevalence of other HPV variants may be quite different from 
region to region. For instance, while HPV-18 remains a very impor-
tant etiologic agent in most settings, some Chinese groups present with 
rival prevention candidates (e.g., HPV-52 and -58). Such phenomena 
raise questions about the real-world effectiveness of a vaccine target-
ing HPV-16 and 18 both among multicultural communities in Canada, 
the United States, and Europe, and in developing countries. Additional 
unique characteristics of ethnic populations also may require a targeted 
response. For instance, an unusual spike in HPV prevalence after mid-
dle-age among Mexican women has been of interest to U.S. authorities; 
this may be one explanation for the elevated cervical cancer incidence in 
the United States–Mexico border region.47

Immigrants to the United States and Canada also tend to fi t, at least 
temporarily, under the umbrella of a “vulnerable population” due to 
lower access to health care services. Such groups need to be monitored 



Conclusion—Infection and Cancer  519

to assure that they are not being underserved on primary and/or sec-
ondary prevention fronts. Also, special attention should be paid to 
the prevention needs implied by any unique epidemiological patterns. 
Examples of other vulnerable populations relevant to the United States 
and Canadian contexts include Kaposi sarcoma (caused by HHV-8) 
among persons with AIDS, and the recent outbreaks of HTLV-1 among 
Inuit groups. Research based on ongoing surveillance of infection and 
cancer rates may be important.

The fact that there has been such a high success rate among devel-
oped countries in reducing incidence and mortality from cervical can-
cer means that new programs possibly should be targeted at vulnerable 
or at-risk groups in order to generate the best public health returns. 
Research on both targets and interventions should be on an ongoing 
priority. Learning may be successfully transferred between agents. For 
example, the history of efforts to target HIV prevention interventions 
may contain lessons for HPV control.

Many translational research questions may arise in the context 
of HPV prevention in coming years. Several issues were identifi ed in 
Chapter 7 directly related to the implementation of new HPV vaccines. A 
dominant question involves the real-world effectiveness of any vaccine, 
as opposed to the effi cacy results from experimental trials; but many 
other direct and tangential questions would benefi t from a translational 
research focus. For example, how can current cervical screening pro-
grams both be enhanced and modifi ed in a postvaccination era marked 
by increasingly sophisticated molecular detection technologies? Given 
that current HPV vaccines target about 70% of cancer-causing HPV 
infections, screening programs will need to be maintained in the long run 
to prevent the other 30% of cervical cancers. This is in addition to the 
screening needs among older women who will not be vaccinated or who 
are already infected by one of the HPV types covered in the vaccine.

Some public health care providers have expressed concerns about 
the practical gaps and opportunity costs when the prevention emphasis 
for an agent such as HPV is shifted from current public health maneu-
vers to elementary school immunizations. For instance, will individuals 
be as available for the booster dose that may be required in their early 
20s, a period that also happens to coincide with increased mobility and 
increased sexual activity and therefore higher exposure to HPV? Will 
the groups of younger and middle-aged women who are now at risk for 
missing Pap smears and various follow-up interventions also neglect to 
take full advantage of a vaccine program?

Perhaps most importantly, if Pap smear testing declines because it 
seems less necessary in a postvaccine era, what will be the ultimate 
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effect on cervical cancer rates? And what will be the collateral impact 
of reduced counseling and testing for other sexually transmitted infec-
tions (STIs) that sometimes occur at routine Pap appointments? The 
latter question becomes more urgent given the role of STIs as cofactors 
with HPV in the development of precursor lesions and malignancies. 
These questions and others could drive various monitoring and evalua-
tion projects.

The following list outlines additional research issues with practical 
implications, again mostly in the context of HPV infection:

While cervical, anogenital, and head and neck cancers certainly • 
remain areas of strong interest in terms of avoidable morbidity and 
mortality, any evidence of a possible role of HPV (or other infec-
tious agent) in the more prevalent cancers (lung, female breast, 
etc.) would change the prevention agenda dramatically.
More needs to be understood about the impact of vertical trans-• 
mission and the possibility of cancer being caused by latent infec-
tions fi rst contracted in infancy or perhaps in a family setting. 
Such data may infl uence projections concerning, for example, 
HPV vaccine effectiveness (since effi cacy data are only applicable 
in females naive to the HPV types covered by the vaccine).
In the case of nonsystemic infections such as HPV, what tissues • 
need to be tested for the presence of current or past infections? For 
instance, does more attention need to be paid to the role of HPV 
in preventing cancers of the skin?
Which cofactors (genetic, behavioral, or environmental) play key • 
roles in the progress from established infection in the target tis-
sue to malignant transformation? Understanding such risk pro-
fi les allows cofactor control to occupy its proper place among 
prevention priorities. This is especially important when consider-
ing whether, for instance, novel (and usually expensive) genetic 
screening is cost-effective in identifi cation of high-risk groups.

Prevention Research and Policy Development

One of the most important emphases in translational research is the 
development of specifi c prevention measures, followed by robust eval-
uation. An exciting aspect of understanding the importance of infec-
tious causes of cancer is that infection control is already a well-accepted 
and well-studied priority in public health. Engaging the traditions and 
resources of public health in the potential for cancer reduction is an 
encouraging prospect. Moreover, a prevention focus on infectious agents 
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may even enjoy an advantage over traditional cancer risk factor control, 
as suggested in a recent comment by Tokudome and colleagues48:

Because of the possibility of applying prophylactic vaccination and immu-
noglobulin therapy or prescribing antibiotics, infection-related malignancies 
would appear to be more controllable than tobacco-associated malignant 
tumors and much more readily preventable than aging- and lifestyle-related 
cancers.

Indeed, it is debatable whether enough attention is currently being 
paid by health care planners to the infection–cancer connection. The 
primary prevention measures for some infections covered in this book 
seem to only be at an early stage of consideration and implementation. 
This is an area of policy development that could occupy the attention of 
national cancer organizations for years to come. The typology of preven-
tion categories devised for this book may be helpful in focusing energy 
on prevention opportunities that are not being explored or exploited.

There are three broad strategic areas to consider in devising new 
prevention measures and integrating them into an overall cancer control 
policy.

The infection-related cancer burden must be refi ned. It is important 
to develop a clear understanding of the proportion of cancers attribut-
able to an infectious cause, and how this attributable risk compares to 
other causal factors. An aspect of this research involves understanding 
the prevalence of oncogenic infections in particular geographical areas; 
pursuing such a project, as illustrated in the Caribbean context (Table 
13.4), could help to guide prevention priorities.49

The next step in an accounting of disease burden and priority targets 
for prevention involves combining the relative risk of cancer for each infec-
tious agent with its established prevalence in a population. This allows for 
the calculation of what is known as the attributable risk for a cancer type 

Table 13.4. Cancer-Associated Viral Infections, Caribbean Region

Virus Prevalence (%)

EBV 92.2
HPV 57.5
HBV 9.4
HHV-8 4.5
HTLV-1 1.0
HCV 0.4

Source: Ragin et al., Cancer Investigation, 2008. Used by permission.
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with respect to a cause, such as an infectious agent. Table 13.5 provides an 
example of this exercise, recently carried out for the Netherlands.50

Interestingly, the percentage of the total cancer incidence attribut-
able to the listed infections is less than half of the fi gure estimated for 
developed countries as a whole (Table 13.2). Among other benefi ts, 
the information in Table 13.5 demonstrates that the infection-focused 
structure of this book can be usefully reoriented to highlight the cancers 
involved, which in turn refl ects the ultimate target of any cancer preven-
tion project.

The prevention priorities must be refi ned. The theoretical effi cacy of 
a prevention measure must ultimately be tested against real-world effec-
tiveness, which takes into consideration feasibility, uptake rates, etc. 
Timing is also a critical factor. There are currently infected populations 
that urgently need effective preventive interventions; exposure avoid-
ance and other approaches at the early end of the prevention spectrum 
understandably are of little interest to people already infected with an 
agent. On the other hand, the interests of future generations will always 

Table 13.5. Cancer Cases Attributable to Infection, by Cancer Type, The 
Netherlands, 2003

Cancer Type
Infectious 
Agent

Attributable 
Risk (%)

Cases 
Caused by 
Agent

Total Cancer 
Incidence (%)

Liver HBV 23 72 0.10
HCV 20 61 0.08

Cervix HPV 100 584 0.80
Stomach: Noncardia H. pylori 74 1070 1.46
Kaposi sarcoma HHV-8 100 38 0.05
Non-Hodgkin’s 

lymphoma
    

 MALT lymphoma 
(stomach)

H. pylori 74 90 0.12

 Burkitt lymphoma EBV 25 7 0.01
 Adult T-cell leukemia HTLV-1 n/a 9 0.01
Anogenital     
 Penis HPV 40 40 0.05
 Vulva/vagina HPV 40 121 0.17
 Anus HPV 90 113 0.15
Nasopharynx EBV 90 67 0.09
Mouth HPV 3 25 0.03
Oropharynx HPV 12 39 0.05
Hodgkin’s lymphoma EBV 20–70 159 0.22
All cancer   2495 3.39

Source: van Lier et al., Cancer Letters, 2008. Used by permission.
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elevate the importance of primary prevention efforts; changing the risk 
profi le in an endemic region requires robust exposure prevention and/or 
vaccination programs.

The fundamental question for some agents is: are there any current, 
nonvaccine strategies that are effective in reducing the incidence (and, 
eventually, prevalence) of infection in a population? A follow-up ques-
tion would be: what are the best emerging prevention options to see 
further gains in terms of overall cancer burden? In other words, what 
will be the best high-leverage strategies in the future, selected from the 
following list51–58:

New approaches to exposure prevention that overcome the usual 1. 
resistance to sociobehavioral interventions
Second generation vaccines, as well as new vaccines for agents 2. 
not yet covered
Reduction of cofactors (such as salted food intake, smoking, HIV 3. 
infection, etc.)
Innovative antimicrobial treatments (such as radioimmunotherapy) 4. 
that promise to retard, reverse, and even prevent cancers altogether

The economic analysis must be refi ned. Once real-world effectiveness 
of a prevention intervention is known, it is also important to understand 
the cost-effectiveness of the intervention. This is especially important 
when different prevention methods, with varying levels of effectiveness, 
are available. Cost-effectiveness is one tool that can assist planners in 
making decisions about the best way to confi gure a prevention program. 
One of the interesting parallels between many of the infectious agents 
covered in this book is their involvement in both a distinctive cancer and 
substantial benign disease. Thus, an essential component of any eco-
nomic analysis is the collateral benefi t in the control of nonmalignant 
disease when oncogenic infection is reduced. In short, there is interest in 
understanding the role of chronic infections well beyond cancer.59

New Partnerships and Knowledge Dissemination

A new approach to cancer control calls for new partnerships. Section 
“Prevention Research and Policy Development” already implied that 
cancer prevention specialists need to work closely with vaccine scien-
tists. The importance of collaboration between leaders from developed 
and developing regions has also been suggested.

National organizations working toward cancer control such as the 
Canadian Partnership Against Cancer, the U.S. National Institutes of 
Health, and others have a valuable role to play in bringing together 
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researchers and planners from disparate fi elds. Infection-related cancer 
calls for partnership among leaders in oncology, epidemiology, health 
economics, public health, cancer advocacy, communicable diseases, 
and vaccine development. Contributions are required from laborato-
ries, academics, government, clinicians, health planners, cancer educa-
tion groups, the media, and industry. Dialogue and cooperation among 
new colleagues will enhance understanding and response in the area of 
infections and cancer.

There is also much work to be done in educating the general public 
about the important arena of infection and cancer. The challenge that 
remains was brought home in a news article at the end of April 2008. The 
remarkable fact is that the following sentence was written by a reporter 
specializing in health care who had recently written a major series on 
HPV and vaccination: “The problem with cancer is that unlike many 
diseases, it has no alien source—no infection or bacteria towards which 
treatment can be directed.”60 If a well-read member of the media is not 
informed about the evidence concerning infectious agents and cancer, it 
only reinforces the need to disseminate knowledge much more widely.

Finally, the United States and Canada, along with other wealthy 
countries, should be concerned with supporting progress on the can-
cer front in less-developed regions. Developed countries have a role to 
play in exploring the costs and cultural appropriateness of options for 
prevention in low-resource settings. The challenge is to conduct both 
basic science and prevention research to enable improvements in cancer 
incidence in developing nations.

There is every sign that the topic and target of infectious agents of 
cancer is only going to expand in importance. A 2007 review of the 
established oncogenic infections offered the following assessment61:

Many other viral agents have been classifi ed as possibly carcinogenic to 
humans and others have been occasionally found in human tumors suggest-
ing . . . an underestimation of virus involvement in the etiology of human cancer. 
Prevention and control of infection by these agents could dramatically reduce 
the incidence of some prevalent cancers and, consequently, have a great impact 
on public health.

The hope is that the current book will spur on knowledge transla-
tion, inform the planning of prevention efforts, and motivate further 
research that would continue to advance a paradigm shift in the global 
response to infectious causes of cancer.
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Table 13.6. Investigational Infectious Agents in Human Cancer

Infectious Agent Cancer
Reference: Lead Author 
(Year)

Viruses   
Herpesviridae/

Simplexvirus
  

 Human herpesvirus 1 Nonmelanoma skin cancer Leite (2005)
Primary cutaneous 

plasmacytoma
Zendri (2005)

Oral squamous cell 
carcinoma

Yang (2004)

 Human herpesvirus 2 Cervical cancer McDougall (1984)
Herpesviridae/Cytomegalovirus  
 Human 

 cytomegalovirus
Glioblastoma multiforme 

(glioma)
Mitchell (2008)

Nonmelanoma skin cancer Zafi ropoulos (2003)
Adenocarcinomas of the 

prostate and colon
Doniger (1999)

Cervical carcinomas Doniger (1999)
Herpesviridae/

Roseolovirus
  

 Human herpesvirus 6 Angioimmunoblastic 
T-cell lymphoma

Zhou (2007)

Nonmelanoma skin cancer Leite (2005)
Lymphomas (Hodgkin’s 

disease, Burkitt’s 
lymphoma)

Daibata (2000)

Lymphoid malignancies Doniger (1999)
Adenoviridae/

Mastadenovirus
  

 Adenovirus Brain tumors (glioblas-
tomas, oligodendro-
gliomas, ependymomas)

Kosulin (2007)

Small-cell lung cancer Kuwano (1997)
Pediatric acute lympho-

blastic leukaemia 
Gustafsson (2007)

 Human adenovirus 5 Ewing’s sarcoma West (2000)
Polyomaviridae/

Polyomavirus
  

 BK polyomavirus Prostate cancer Balis (2007)
Adrenal cancer Barzon (2007)
Renal cell carcinomas Narayanan (2007)
Colorectal cancer Casini (2005)
Glial tumors, 

meningiomas
Delbue (2005)

(Continued)
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Table 13.6. (Continued)

Infectious Agent Cancer
Reference: Lead Author 
(Year)

Cervical carcinoma Martini (2004)
Genital tumors Martini (2004)
Kaposi’s sarcoma Monini (1996)
Bone cancer De Mattei (1995)
Urinary tract tumors Monini (1995)
Insulinoma (adenoma of 

the pancreatic islets)
Corallini (1987)

 JC polyomavirus Lung cancer Zheng (2007)
Colorectal cancer Casini (2005)
Esophageal carcinoma Del Valle (2005)
Glial tumors, 

meningiomas
Delbue (2005)

 Merkel cell 
 polyomavirus

Merkel cell carcinoma Feng (2008)

 Simian virus 40 Breast carcinomas Hachana (2009)
Diffuse large B-cell 

lymphomas
Amara (2007)

Adrenal cancer Barzon (2007)
Mesothelioma Comar (2007)
Lung cancer (bronchopul-

monary carcinomas)
Giuliani (2007)

Brain cancer Vilchez (2003)
Bone cancer 

(osteosarcoma)
Vilchez (2003)

Non-Hodgkin’s lymphoma Vilchez (2002)
Parvoviridae/

Erythrovirus
  

 B19 virus Papillary thyroid 
carcinoma

Wang (2008)

Lymphoblastic and 
myeloblastic leukemia

Kerr (2003)

Retroviridae/
Betaretrovirus

  

 Human mammary 
 tumour virus

Breast cancer Melana (2007)

 Melanoma-associated 
 retrovirus

Melanoma Hengge (2008)

 Mouse mammary 
 tumor virus

Breast cancer Lawson (2006)
Lymphomas Cotterchio (2002)

Retroviridae/
Deltaretrovirus

  

 Human T-cell 
 lymphotropic virus 2

Variant hairy cell 
leukemia

Feuer (2005)

Arenaviridae/Deltavirus   
 Hepatitis delta virus Hepatocellular carcinoma Kurbanov (2007)
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Paramyxoviridae/
Morbillivirus

  

 Measles virus Hodgkin’s disease Benharroch (2004)
Circoviridae/Anellovirus   

 Torque teno virus Hepatocellular carcinoma Tokita (2002)
 Lung cancer Bando (2008)
   
Bacteria  
Spriochaetaceae  
 Borrelia burgdorferi Primary cutaneous B-cell 

lymphoma (MALT 
lymphoma)

Bogle (2005)

Campylobacteraceae   
 Campylobacter jejuni Immunoproliferative small 

intestine disease (MALT 
lymphoma)

Lecuit (2004)

Helicobacteraceae   
 Helicobacter bilis Gallbladder cancer Matsukura (2002)

Biliary tract cancer Murata (2004)
 Helicobacter 

 heimannii
Gastric MALT lymphoma Joo (2007)

 Helicobacter hepaticus Gallbladder cancer Pradhan (2004)
 Helicobacter spp. Primary liver carcinoma Nilsson (2000)
Enterobacteriaceae   
 Eschericihia coli Colon cancer Travaglione (2008)
 Salmonella typhi Gallbladder cancer Lazcano-Ponce 

(2001)
Desulfovibrionaceae   
 Lawsonia

 intracellularis
Colorectal cancer Lax (2002)

Bartonellacaea   
 Bartonella spp. Vascular tumors Dehio (2005)
Chlamydiaceae   
 Chlamydia

 pneumoniae
Cholesteatoma Ronchetti (2003)
Lung cancer Littman (2004)

 Chlamydia psittaci Ocular adnexal lymphoma 
(MALT lymphoma)

Ferreri (2004)

 Chlamydia
 trachomatis

Cervical squamous cell 
carcinomas

Madeleine (2007)

Mycoplasmataceae   
 Mycoplasma spp. Gastric cancer Kwon (2004)
Mycobacteriaceae   
 Mycobacterium

 tuberculosis
Lung cancer Ardies (2003)

Streptococcaceae   
 Streptococcus infan-

 tarius (or bovis)
Colon cancer Biarc (2004)

(Continued)
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Table 13.6. (Continued)

Infectious Agent Cancer
Reference: Lead Author 
(Year)

Fungi   
Arthrodermatoceae   
 Epidermophyton

 fl occosum
Reticulum cell sarcoma Levene (1973)

 Microsporum canis Lung cancer Nakachi (1999)
Herpotrichiellaceae   
 Fonsecaea pedrosoi Acral lentiginous 

melanoma
dos Santos Gon 

(2006)
Protozoa  
Plasmodiidae  
 Plasmodium spp.

 (Malaria)
Burkitt lymphoma Eze (1990)

Trichomonadida   
 Trichomonas vaginalis Cervical cancer Khurana (2005)
Cryptosporidiidae   
 Cryptosporidium

 parvum
Colic adenocarcinoma Certad (2007)

Sarcocystidae   
 Toxoplasma gondii Pituitary adenoma Zhang (2002)

Primary ocular tumors, 
meningioma, leukemia 
and lymphoma

Khurana (2005)

Worms and Flukes   

Opisthorchiidae   
 Clonorchis sinensis Cholangiocarcinoma Choi (2004)
 Opisthorchis felineus Cholangiocarcinoma Sripa (2007)
 Opisthorchis viverrini Cholangiocarcinoma Sripa (2007)

Liver cancer Khurana (2005)
Schistosomatidae   
 Schistosoma

 haematobium
Bladder cancer Sripa (2007)

 Schistosoma
 japonicum

Colorectal cancer Yosry (2006)
Hepatocellular carcinomas Yosry (2006)

 Schistosoma mansoni Hepatocellular carcinomas Khurana (2005)
 Schistosoma spp. Fallopian tube carcinoma Beadles (2007)
Strongyloididae   
 Strongyloides

 stercoralis
Adult T-cell leukemia Carvalho (2004)

 Cholangiocarcinoma Hirata (2007)
Taeniidae   
 Taenia solium Cerebral glioma Del Brutto (1997)
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