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PREFACE

The role of viruses in the etiology of cancer has been a focus of scientific
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 significant 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 identified 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 refined 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 specific 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 fit 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 Scientific Advisor for Cancer Control
and Knowledge Translation

Canadian Partnership Against Cancer
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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.

f informed that more than 25% of the annual cancer burden in the

developing world could be prevented, with the added clarification that

smoking cessation was 7ot the specific 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 specific 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 finally
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

3



4 HPV and Other Infectious Agents in Cancer

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.? But the hypothesis of HPV involvement in cervical cancer
already dates back to 1975%; indeed, scientific confirmation of the general
concept of infectious agency in human cancers was achieved almost a half
century ago.* Thus, it no longer represents a new or emerging topic; the
field 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.’ 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 filters, the
agent involved was proven to be subcellular; eventually, the causative
agent was isolated and named the Rous sarcoma virus, with molecular
confirmation following at a later date.®” Research suggesting an infec-
tious basis for leukemia in animals was pursued even earlier, led by
Ellermann and Bang.® 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 century’; by 1907, the same result had been
achieved for human warts, specifically through the cell-free transmis-
sion experiments of Ciuffo.!® 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.!!

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.'>! The 1964 discovery of the Epstein-Barr
virus (EBV) in those cells by Epstein and colleagues properly launched
the scientific field related to infections and cancer.!'*!* 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



Introduction—Infection and Cancer 5

accounts for about 1% of cancers worldwide. In fact, epidemiologists
suggest that nearly one-fifth 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.'® In this
light, how can one account for the relatively low profile 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
difficult 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.'”

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.'®!"” Also, viruses are now being
adapted for use in innovative therapies against cancer.?®?! 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:

e 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

e To provide an up-to-date presentation of the biology, cancer
pathology, and prevention options related to selected infectious
agents

e 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,?> a monograph survey by a pio-
neer in the field, 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.?* Prior to zur Hausen’s
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monograph in 2006, the best-known treatment was a 2000 volume
edited by J Goedert.>*

A large volume of research information has been published since zur
Hausen’s monograph (indeed, a new journal specific to the field, 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.?5-27
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?

e 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.?® 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 influences—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
first 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 defining a category of cancer
and then looking for causes and other risk factors, some very specific
cancers are now being defined at histological and even molecular levels

Exposure to Premalignant
pa ent —» Infection (g» disease due to Malignancy
s T infection
Cofactor(s)

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 definition.
This microscopic and especially molecular approach to defining cancer
is destined to be repeated, with particular implications for the expanding
profile 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 sufficient 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.*

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 influences 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 benefit 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 efficient 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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A
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. R y Cancer N Cancer
infectious e :
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. »
Infectious
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Direct
. . .| Cancer N Cancer
infectious 2> . x > .
cause initiation progression
Infectious Cancer
process progression
cofactor cofactor

Figure 1.2. Causal pathways in infection and cancer.

INCLUDED INFECTIONS

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

e Human papillomavirus

e Hepatitis B and C viruses

e Helicobacter pylori

e Epstein-Barr virus

e Human herpesvirus type 8

e 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 scientific literature does approach the topic of infectious agents from



Table 1.1. Investigational Infectious Agents with Cancer Association

Viruses Bacteria Fungi Protozoa Worms and Flukes
Human herpesvirus 1 Borrelia burgdorferi Epidermophyton Plasmodium spp. (Malaria)  Clonorchis sinensis
floccosum

Human herpesvirus 2

Human
cytomegalovirus

Human herpesvirus 6

Adenovirus

Human adenovirus §
BK polyomavirus

JC polyomavirus

Merkel cell
polyomavirus

Simian virus 40

B19 virus

Human mammary
tumour virus

Melanoma-associated
retrovirus

Mouse mammary
tumour virus

Human T-cell
lymphotropic virus 2

Hepatitis delta virus

Measles virus

Torque teno virus

Campylobacter jejuni
Helicobacter bilis

Helicobacter heimannii

Helicobacter hepaticus
Eschericibia coli
Salmonella typhi
Lawsonia
intracellularis
Bartonella spp.

Chlamydia pneumoniae

Chlamydia psittaci
Chlamydia trachomatis

Mycoplasma spp.

Mycobacterium
tuberculosis

Streptococcus infan-
tarius (or bovis)

Microsporum canis
Fonsecaea pedrosoi

Trichomonas vaginalis
Cryptosporidium parvum

Toxoplasma gondii

Opisthorchis felineus
Opisthorchis viverrini

Schistosoma
haematobium
Schistosoma japonicum
Schistosoma mansoni
Taenia solium
Strongyloides stercoralis
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the starting point of a particular cancer of interest.** 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 Cervix — 8.36
(HPV)
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, Liver 4.75 1.40
HCV)
Helicobacter pylori Stomach 12.23 5.36
Epstein-Barr virus (EBV) Hodgkin’s disease 3.04 2.44
Nasopharyngeal 0.91 0.38
carcinoma
Burkitt lymphoma rare rare
Human herpesvirus type 8 Kaposi sarcoma 0.65 0.06
(HHV-8)
HumanT cell Adult T cell leuke- rare rare
lymphotrophic virus type I mia/lymphoma
(HTLV-1)

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 fulfills a criterion implied earlier;
in short, the selected agents generate the majority of infection-related
cancers known in the world.3! 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
immunodeficiency virus (HIV), the causal agent for acquired immuno-
deficiency syndrome (AIDS). HIV/AIDS is associated with a short list of
so-called AIDS-defining cancers, as well as a longer list of other (non-
defining) cancers.?? The “defining” rubric means that, when the cancer
is ruled in and other causes of immunosuppression are ruled out, the
patient is clinically defined as having AIDS. The cancers in question,
along with various nonmalignant conditions, show up preferentially in
HIV-positive individuals. Indeed, detecting one of the defining condi-
tions can permit a diagnosis of AIDS even in the absence of positive HIV
serology.

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 specifically 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-defining cancers are directly
caused by such coinfections.?* This includes Kaposi sarcoma (caused by
HHYV-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 field
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.>®> A major 2008 review article on infections and
cancer adopted the same perspective, concluding that “HIV...is not
carcinogenic per se.”3°

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 scientific 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.’” 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 refined 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, flukes 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 flukes, worms, and protozoa might try
to squeeze onto the list as well.3®

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 fit 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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Figure 1.3. Prevention options in infection-related carcinogenesis.

The qualifiers “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 defined 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 specific 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 definition 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 reflected 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 beneficial
as an adjunct to therapy or surgery, specifically 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,
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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 first 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 finally 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.?

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 fill 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 prolific
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:

e The virus (or bacterium, in the case of H. pylori)
Evidence of associated cancers

e Transmission and occurrence of the agent

¢ Disease mechanisms

e 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.
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HUMAN PAPILLOMAVIRUS:
STRUCTURE, TRANSMISSION,
AND OCCURRENCE

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

research progress on the human papillomavirus (HPV) up to
1999, a story that has only continued to expand and accelerate
in the decade since.

HPYV 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.? 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 afflicted by cervical cancer and genital
warts.?

The motivation to pursue primary prevention initiatives related to
HPV is not hard to find. 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.*
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.’

r_ ! Yhese are the words Harald zur Hausen used to characterize
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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 afflictions 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 significant
story but a very complex one. At least three dimensions of complexity
can be identified.

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 identified so far, and at least 50
others are presumed to exist.>” 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.%° Indeed, these two types together may
account for 70-75% of cervical cancer cases (an increase from earlier
estimates of 50%).'%'2 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.”'3

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 reflected in some recent textbooks on HPV.' In
addition to several other serious malignancies, HPV-related benign diseases
must also be included in any comprehensive discussion. Indeed, the first
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 asa causal agent fora 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).’s

Table 2.1. Known Clinical Burden of HPV Infection

Proportion of Proportion of HPV-Related Cases by HPV
Cases Due to Type

HPV Infection 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 78% 50% 50%
surface
Total—Cancers 58% 62% 11% <1% <1%
Nomnmalignant Diseases
Genital warts 100% 90%
Recurrent respiratory 76% 60% 40%
papillomatosis
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 affinity 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 finding 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 specifically targets epithelial cells. Malignancies of epithelial tissue
are in fact the most common form of cancer, and are responsible for 95%
of cancer mortality.'®!” 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 final 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 difficulty in trying to keep up with
the literature is underlined by the current definitive textbook on the biol-
ogy of infections and cancer, which covers material published up to early
2005.'"% 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 intensified 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 specific 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 justifiable given the current level of
scientific 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

e 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
classified papillomavirusesasa distinct viral family, the Papillomaviridae."
The name is derived from the common macroscopic feature of papillo-
mavirus infection, that is, papilloma,* 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 first published
analysis of oncogenic HPV in humans emerged in 1972.The causal role
of high-risk HPV infections in cervical cancer was finally confirmed by
epidemiological studies during the 1990s.2!

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 spherical?? 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 identified in the coding region of papillo-
mavirus.?® 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, ES, 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.?* 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 specific 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 stratified 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 efficient 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.%° The topic of
vaccines will be revisited in the final 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.?®
Virology is the only domain in biology where taxonomy is driven com-
pletely by genomic analysis. Papillomavirus classification is based on the
most conserved genetic elements, which generally excludes the ES, 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 classified based on the
sequence of the L1 gene, though alternate paradigms are being proposed.?”
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 identified by Greek letters, with the most clinically important being
the a-papillomaviruses. The types included in the latter category include all
those associated with genital and other mucosal lesions in humans.?®

An HPV type is defined 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.? 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).3® HPV variants can also be used to
track patterns of migration and contact between people groups.?!

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.>*> 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.’>** This
sort of geographical variation may have implications for disease control
strategies such as vaccination.?

HPV TYPES AND LESIONS

Causation is difficult to establish with certainty in epidemiological studies.?®
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.” 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 definitively associated with
disease.*® 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.’ 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:

e 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 intensified in recent years

e Several HPV types have been numbered as discrete forms, only to be
confirmed 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/b**#!

e 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

e Some HPV types exhibit high specificity 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

Table 2.2. HPV Types and Associated Lesions

HPV Type Typical Lesions HPV Type | Typical Lesion(s)
Verruca plantaris;
1 verruca palmaris Cervical carcinoma
(palmoplantar
warts)
2 Verruca (skin wart) Cervical carcinoma
3 Vertuca plana Cervical carcinoma
(flat wart)
4 Verruca (skin wart) Mucosal lesions
Epidermodysplasia
S verruciformis; skin (subtype of HPV-44)
cancer
Condyloma

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

Cervical carcinoma

Verruca (skin wart);
special connection: .

7 Verruca (skin wart
Butcher’s wart (hand ( )
lesion)

Epidermodysplasia

8 verruciformis; skin Cervical carcinoma
cancer

9 Skin cancer Cervical carcinoma

Verruca plantaris; verruca
Verruca plana .
10 palmaris (palmoplantar
(flat wart)
warts)
Condyloma

acuminatum (genital
wart); recurrent
respiratory
papillomatosis

Cervical lesions

Epidermodysplasia

) . Cervical lesions
verruciformis

Focal epithelial
hyperplasia 63 Skin lesions
(oral lesion)

(Continued)
29



Table 2.2. (Continued)

HPV Type Typical Lesions HPV Type | Typical Lesion(s)
14 Epidermodysplasia 64 (subtype of HPV-34)
verruciformis
15 Skin cancer 65 Verruca (skin wart)

Cervical, anogenital,
and oral carcinoma

Cervical carcinoma

Epidermodysplasia
verruciformis

Cervical lesions

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

Cervical carcinoma

19 Skin cancer Cervical lesions
Epidermodysplasia
20 verruciformis; skin Cervical carcinoma
cancer
21 Eplderm(.)dysp.lasm Cervical lesions
verruciformis
22 Skin cancer Oral lesions
23 Skin cancer Cervical carcinoma
Eplderm(.)dysp'lamav Condyloma acuminatum
24 verruciformis; skin .
(genital wart)
cancer
Epidermodysplasia
25 verruciformis; skin 75 Verruca (wart)
cancer
Condyloma
acuminatum 76 Verruca (wart)
(genital wart)
27 Verruca (skin wart) 77 Verruca (wart)
28 Verruca plana 78 Verruca (wart)
(flat wart)

Verruca (skin wart)

Condyloma acuminatum

(genital wart)

Cervical lesions

Verruca (wart)

Cervical carcinoma

Mucosal lesions

Focal epithelial
hyperplasia
(oral lesion)

Cervical carcinoma
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Cervical carcinoma 83 Mucosal lesions
Cervical lesions 84 Condy.loma acumimnatum
(genital wart)
Cervical carcinoma 85 Cervical lesions
36 Epldermv.;)dysp!asm 86 Anal lesions
verruciformis
Epidermodysplasia
37 verruciformis; skin 87 Mucosal lesions
cancer
Skin cancer 88 Skin lesions

Cervical carcinoma 89 Anal lesions
40 Verruca (skin wart) 90 Cervical lesions
41 Verruca (skin wart) 91 Anal lesions
Cervical lesions 92 Skin lesions
Cervical lesions 93 Skin cancer
Cervical lesions 94 Verucca plana
Cervical carcinoma 95 Pigmented wart
(subtype of HPV-20) 96 Skin cancer
47 Epiderm(.)dyspl.asia 97-100 Disease uncharacterized
verrucifor mis
48 Skin lesions Cervical lesions
49 Verruca (skin wart) Disease uncharacterized
50 Epiderm(.)dysp.lasia Cervical lesions
verruciformis
Legend

Mucosal Carcinoma
Other Mucosal Lesions

Skin Cancer or Precursor
Other Skin Lesions

Note: Italics indicates limited evidence.

HPV Type
HPV Type
HPV Type
HPV Type

The use of genomic information to drive viral classification has
been described. The strong link between genetic categories and disease
associations is displayed in Figure 2.1.#> 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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Genus Species Prototype Other types —»

o-papillomavirus HPV-32 HPV-42
HPV-28 [HPV-29 [HPV-78 [HPV-94

HPV-61 HPV-62 HPV-72 HPV-81 HPV-83 HPV-84 HPV-86 HPV-87 HPV-89
HPV-26 HPV-51 [HPVZ69

HPv-53  [HPVA30 HPV-56

HPV-18 HPV-39 HPV-45 HPV-68 HPV-70 HPV-85

[HPV-7  [HPV-40 [FIAZZE]

HPV-16  HPV-31 HPV-33 HPV-52 HPV-58 [HPVE67
HPV-6 HPV-11 HPV-13

HPV-3411| HPV-73

HPV-54

HPV-90

HPV-71

[B-papillomavirus HPV-5 HPV-8 [HPV-12 [HPV-14 [HPV-19 [HPV-20 [HPV-21 [HPV-24 [HPV-25 [HPV-36 [HPV-47 [HPV-93
HPV-9 HPV-15 [HPV-17 [HPV-22 [HPV-23 [HPV-37 [HPV-38 [ HPV-80 |

1
2
3 HPV-49 HPV-75 |HPV-76
4
5

HPV-92
HPV-96

HPV-4 HPV-65 [HPV-95 |
HPV-48

|y—papi]]omavims 1
2
3 HPV-50
4
5

HPV-60
HPV-88

|u-papi]]omavirus | 1 |HPV-I |

2 HPV-63

[v-papillomavirus | 1 [HPV-41 |

Legend
Mucosal carcinoma 12V §71
Other mucosal lesions [V
Skin cancer or precursor
Other skin lesions

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

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 significantly associated with the incidence of HPV infection.**¢
Generally, the highest risk of testing positive for HPV is in the first 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-specific 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
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from Italy discovered the same five types in the male and female partner,
HPV-6,-16,-53,-73, and -84.% 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.*®
Likewise, men with low-risk HPV-related genital warts or high-grade
penile neoplasms spread HPV efficiently 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.*® 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.*® 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).’! 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.*?

The specific 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.’* An obvi-
ous suspect route such as oral-genital contact has not been clearly linked
to oral HPV infection in the past.”* However, newer data have revived
the possibility of penile-oral transmission.”® 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-16.5¢ A recent
prospective study of spouses in Finland detected only one statistically
significant association: persistent oral HPV infection in an individual
led to a 10-fold increase in the risk of persistent oral infection in their
spouse.’” 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 findings, 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 difficult 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 findings continues to be debated.’® The conclusion of one older
study suggested that normal sterilization routines ought to provide suf-
ficient protection in medical settings.*® Furthermore, no research support-
ing indirect or routine forms of contact transmission has demonstrated
a linkage to subsequent genital lesions.®® 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.®'-6*

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.®*-¢” But, as Arena et al. acknowledged,
“the data reported in the literature on the relationship between HPV and
pregnancy are highly discordant.”®® One of the challenges involved in
such research is distinguishing between infection and contamination.®’
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.”’ Even when the virus is
found in newborns, it often seems to clear after only a few months.”” On
a related front, a report was published detailing fetal HPV infection con-
tracted through intrauterine exposure.”” Recently, research has intensified
on this potentially important route of transmission, combined with a call
for more surveillance of the consequences of fetal exposure to HPV.”?

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?7* However, parents should be reassured that per-
inatal transmission, if it exists at all, appears to be a rare occurrence.”

For completeness, it should be noted that the possibility of HPV
transmission by blood transfusion has also been investigated.”® 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.”” It is important to recognize that the detection of
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HPV DNA is not synonymous with finding active viruses in blood cells.
Much more research is required to draw a final 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.”® In fact, a 2006 Canadian
Simulation Study demonstrated that HPV transmissibility is severalfold
higher than for other sexually transmitted viral infections, including
human immunodeficiency virus and herpes simplex virus type 2.7

OCCURRENCE OF THE VIRUS

The licensing of the first of many possible HPV prophylactic vaccines
in the United States, Canada, and other parts of the world has naturally
intensified 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.”® This sort of project is being pursued in multiple jurisdic-
tions.*! 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
stratified by nonmodifiable and modifiable 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
HPYV 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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Table 2.3. Prevalence of Any HPV Infection, by Risk Factors in U.S. Females

Risk Factor Sample Size HPV Prevalence, % (95% C.1.)
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 first 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.

more than 14% of the women (aged 18-25) reporting only one lifetime
vaginal sex partner still demonstrated evidence of an HPV infection.®3
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.
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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 influence 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.®* Another
study, based in Hawaii, also demonstrated that cervical HPV acquisition
decreased with income.?’

Geographical Variation: General HPV Prevalence

An interesting geographical comparison was provided in a 2005 pooled
analysis of studies from different regions (Table 2.4).%¢ 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.1.)

Sub-Saharan Africa
Nigeria, Ibadan (2004)

Asia
India, Ambilikai (2005)
Vietnam, Ho Chi Minh (2003)
Thailand, Lampang (2003)
Korea, Busan (2003)
Thailand, Songkla (2003)
Vietnam, Hanoi (2003)

Subtotal

South America
Colombia, Bogota (2002)
Argentina, Concordia (2003)
Chile, Santiago (2004)
Subtotal

Europe
Netherlands, Amsterdam (2000)
Italy, Turin (2005)
Spain, Barcelona (2003)
Subtotal

All areas

25.6 (22.4-28.8)

14.2 (12.0-16.4)
10.6 (0.7-2.4)
7.2 (5.3-9.2)

13.3 (4.7-21.9)
3.6 (1.9-5.4)
1.6 (0.7-2.4)
8.7 (7.9-9.5)

13.9 (12.1-15.7)
16.3 (13.7-18.9)

11.9 (9.6-14.3)
14.3 (13.1-15.5)

7.7 (4.1-11.3)
9.2 (7.5-11.0)
1.4 (0.5-2.2)

5 (4.2-6.2)

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 intensified 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.®” 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.$$

Geographical Variation: Type-Specific 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 profile among actual cancer patients
may ultimately be even more relevant (see Chapters 4 and 5), models of
vaccine efficacy 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
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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 specific to the
United States.?°

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 stratified in more geographical
detail (Table 2.5).

Data from specific countries offers further granularity to the
picture.’’=?3 For example, a 2005 paper described prevalence rates for
selected oncogenic HPV types among Taiwanese women (Table 2.6).%*
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

Proportion of Infected Women (%)
HPV Type Europe South America Asia Sub-Saharan Africa

16 8
18
31
33
35
42
45
52
56
58
81

Source: Clifford et al., The Lancet, 2005. Used by permission.
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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
41-50 342 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.
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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.®>>?¢ In general, an estimated two-
thirds of HPV infections clear within 1 year, and more than 90% clear
within 3 years.””?

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.”
Countries such as Finland and Sweden have had population-based invi-
tational screening programs in place for five decades, augmented by a
national registration system.!’® 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.'”®192 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 § years, but the trend largely disappeared upon reanalysis with
a newer classification scheme.' 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,'%*
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.'® Likewise, an increase in cer-
vical adenocarcinoma between 1958 and 1996 has been observed across
the Swedish population.' 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.'?”
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.'% A similar increase was found in Sweden between 1969
and 1989.' In contrast, DNA analysis of cervical samples in a 1990
Australian study indicated no significant change in HPV-16 prevalence
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over a 15-year period."'® It is clear that developing current information
about HPV prevalence trends in different populations would assist in
calibrating prevention efforts.

Age-Specific Prevalence

Before considering modifiable risk factors related to HPV infection and
carcinogenesis in Chapter 3, it is useful to underline the role of a non-
modifiable 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.'!! The same inverse rela-
tionship with age was recently revealed for high-risk HPV infection in
Finland."? 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).""3 But at least three other age-
specific 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 profiles is illustrated by a specific
national population in Figure 2.3.

Variations in age-specific profiles were confirmed 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-stratified informa-
tion, mostly drawn from Europe and North America.!"* The greatest
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Figure 2.3. HPV prevalence patterns, by geographical area: age-specific percentage of
infected women. Source: Franceschi et al., International Journal of Cancer, 2006.
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inconsistency in the age-specific 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.!'S 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.''® This information provides a
key rationale for administering HPV vaccines before adolescence.
Studies have shown that the age-specific prevalence patterns also vary
across individual HPV types.''” 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 specific 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.!"® The occurrence of high-risk HPV in older women
continues to be a focus of research,'”” 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.!?* 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 3,
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.'?’'?> Most
importantly for the purposes of this book, the disease has been shown
to be caused by HPV-6 and 11.!23124 The most likely transmission route
in such cases is a vertical one, with the virus being passed during vaginal
delivery.'?s 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.!?¢ Other factors indirectly related
to HPV infection, such as primary or secondary immunodeficiency, have
been suggested with respect to RRP, but the evidence is inconsistent.'?’

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.!?8

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.'?’

The story may be extended to prepubescent age groups, specifically
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.'®® HPV has also been implicated in
the development of psoriasis in children.!3!

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.!32:133 In several patient series, the proportion thought to
have acquired HPV from sexual abuse was limited to 3-35%.'3* 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.!3S 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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Table 2.7. HPV Detection in Finnish Children
HPV DNA Prevalence (%)

Sample Subset/Age 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.

over the first 26 months of life.!3¢ 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).13”

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.'®® 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%.'%

The specific assay methodology may account for conflicting 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-specific 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.'*
A U.S. study from the following year examined oral samples from 268
healthy young people.'*! 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 significant. 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 confirmed 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.!*?

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.'*3 A further obstacle is the fact that detection is HPV type-specific.!**
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Table 2.8. Studies of HPV-16 Seroprevalence in Children, by Geographical
Area

HPV

Year First Author Sample Size Age  Location Seroprevalence (%)
1997  Luxton 35 0-10 UK 5.7
1997 Marais 155 1-12  South Africa 2.5
1997 Mund 66 1-10 Germany 1.5
1998  Cubie 1,192 11-13  Scotland 7.6
1999  af Geijersstam 1,031 0-13 Sweden 3
1999 Manns 100 2-5 Jamaica 3
2000 Marais 115 2-12  South Africa 6.1
2005 Dunne 1,316 6-11 U.S. 2.4
2007 Chen 238 1-12 Taiwan 0.84

Sources: Dunne et al., Journal of Infectious Diseases, 2005; Chen et al., Journal of Clinical
Virology, 2007.

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.!4%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."” 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 efficacy of
licensed HPV vaccines is largely limited to females who are HPV-naive
to virus types targeted by the vaccine.
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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.!

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 specific body sites will be
provided in subsequent chapters.

Over 150 different human papillomavirus (HPV) types are cur-

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 specific. 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 specific vertebrate in order to complete
its life cycle.?® Thus, HPV functions as a parasite, and more specifically
as an obligate parasite.*

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
stratified squamous epithelia.® 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 fingernails.
Keratin filaments are part of the cytoskeleton that creates cellular rigid-
ity. Keratinization, also known as cornification, 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.®

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, reflecting the direct physical contact involved
with most HPV transmission (as opposed to, e.g., transfer by blood or
other bodily fluids). Skin clearly qualifies 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 fit 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.”

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.®-!! Despite intensive investigation, it
has not been possible to draw firm conclusions about HPV involvement
with breast cancer.!>! The evidence for HPV connection with other
glandular tissues (e.g., salivary, prostate) is absent or ambiguous.'*'$

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.” Dead skin cells are continuously shed from the stratum
corneum, a process known as exfoliation.?’ This phenomenon allows
for the methods of HPV detection that depend on skin swabs.?!

Skin epithelium may be characterized as a stratified 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 (=flattened) cells at the
surface. Keratin can comprise up to 85% of the total cellular protein
in the outermost cells.?? 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. Specific types of kera-
tin are found in various epithelial cells in the skin and other organs.?
Keratinocyte is therefore an appropriate term for a cell from strati-
fied squamous epithelia found anywhere in the body, even though the
degree of progressive keratinization varies among different tissues.”***
In particular, keratinization in surface linings other than the skin may be
markedly less than that found in the epidermis itself.?® 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 stratified 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 identifies
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 Stratified 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 (uncircumecized)
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. Significantly, 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—Iless than 0.003% for vulval and vaginal
cancers combined.?” 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 specifically in the context
of men having sex with men.?

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 stratified 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 635 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.?

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.?°

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.3!

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 inflammation.
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.3?

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, specifically the category known
as stratified 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.®?
Interestingly, the infected epithelial cells are marked by, among other
features, changes in their normal keratin profile (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.>* One intriguing exception to this “rule” has
been the observed association between HPV and colorectal cancer.33-37
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 stratified
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.’® While the specific character of the primary cellular tar-
get is still being investigated, some evidence points to epithelial stem
cells.?*° Another possibility proposed in the case of the cervix is the
mucosal columnar cells that merge into the stratified epithelium of the
transformation zone.*' 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
clarified. A full description will ultimately explain how viral DNA is
transported into the host nucleus and allowed to function there without
effective opposition.*

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.*> As men-
tioned in Chapter 2, most HPV infections are cleared by the host within
2 years.*** The rapid accumulation of infections after sexual debut is
balanced in favor of viral clearance in women after age 25. This is why
age-specific 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.*

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.*” This fact
may help to explain the increased occurrence of HPV-related lesions
in immunocompromised individuals.*® Another intriguing finding is
the fact that oncogenic HPV types tend to persist longer than low-risk
types.* 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 first place, mechanisms
that prevent virally infected cells from being eliminated efficiently, and
mechanisms “used” by tumor cells to evade the usual counterattacks
mounted by the immune system.%5!
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The first strategy employed by HPV to avoid detection and elimina-
tion has been described as “maintaining a low profile” 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

e 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, confirms that “HPV infection per se does
not elicit any major damage likely to evoke the principal innate immu-
nity danger signals.”>?

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.”* 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 inflammatory 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.>*

One aspect of the immunity “battlefield” 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.’*% 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.’” The most
significant 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.’$

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.>’
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
fitness.®°

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 influence the MHC is thought to predispose individuals
toward cancer, especially when it is related to pathogenic infection.®!
This molecular variation in disease susceptibility has been examined in
cervical cancer in particular.®%* 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.®

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.”%¢

Finally, one intriguing observation is specific 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 inflammation 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.”®” 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.®® 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,®”~"! mostly based on cervical
cancer as the prototypical malignancy.”> 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 ES in disrupting cellular
functions has also been elucidated.”>” Collateral benefits 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).7%-7¢

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., affinity) for keratinocytes in the
specific animal in question. Three possible courses of events can follow
successful papillomavirus entry into target cells’”:

1. Maintenance of viral DNA in an extrachromosomal form that
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

2. Conversion from latent into a productive infection that involves
genome amplification and the assembly of complete virions,
which ultimately may be transmitted to other hosts

3. Integration of viral DNA into host cellular genome, which is
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.”®
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.” 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. Specifically, 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).®®#! A consistent
interaction between E6 and the p53 pathway has been demonstrated
across many oncogenic HPV types.®? Another recent report described
a reduced impact of E7 from HPV-26, 53, and 66, offering an elegant
confirmation of the intermediate risk status of these viral types.®? The
immortalization role of E6 and/or E7 has also been demonstrated in skin
neoplasia related to HPV types 8 and 38.5485

Researchers have discovered several other molecular targets affected
by E6 and E7, many having a direct role in malignant transformation
(see below).%-38 Interestingly, some dysregulation effects seem to differ
across the range of HPV-16 E6 variants, suggesting the existence of viral
phenotypes that are particularly “beneficial to carcinogenesis.”®® 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.*® 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.”!*2
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Keratinization as Mark and Marker

Adjustments of the keratin profile 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.”>¢ The umbrella technical term for abnormal kera-
tinization is dyskeratosis. The basic pattern of dyskeratosis involves an
overall intensification of certain types of keratin in affected cells.”” Such
changes are distinct and generally observable when cells are examined for
HPV-related disease, for example, in secondary prevention programs.

Itisimportant 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 magnification 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.”® 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”).”>!%° 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.'01-102

The fact that specific forms of keratin are generated during the pro-
liferation of infected epithelial cells makes keratin typing a potentially
useful diagnostic tool. In fact, “keratin filament proteins are regarded
as the single invariable characteristic of epithelial cells, persisting even
in metastatic tumors where all other identifying features are lost.”1%3
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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
first 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.'%*

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 amplification of the viral
genome. All of the early viral proteins have been implicated in this process,
though the precise roles of E4 and ES5 are still being elucidated.%51%¢

As stated earlier, HPV encodes two structural proteins that are
expressed once the process of genome amplification 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.!"” 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.'’®

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.'” There is evidence, at least in the case of cervical
cancer, that ES may also play a critical role in the initiation of neoplasia,
but a lesser role in cancer progression.'!°
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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.!!!

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.''? 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 sufficient, indicating that secondary mutational
events are also required.”'’3 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.''*

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.”'!s
In fact, one study described the impact on host cells of oncogenic HPV
infections as “genomic chaos.”''® 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 final 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.''” 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 final carcinogenic state. 11811

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.'?-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.!??
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HUMAN PAPILLOMAVIRUS:
ASSOCIATIONS WITH
CERviIcAL CANCER

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

he investigation of infections associated with cancer has been

strongly influenced by the story of human papillomavirus (HPV),

dating from even before the virus was isolated and characterized.
Indirectevidence 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.?*
As early as 1842, it was noticed that cervical cancers occurred only in
married women?®; 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.”® The suspected sexually trans-
mitted agent waseventuallyidentifiedas HPV. Asintroduced in Chapter2,
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 specific cause
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of any major human cancer.”” In short, HPV has been proposed as the
first necessary cause of a human cancer ever identified, accounting for
its dominant status in biological and clinical studies of infection and
cancer, and its high profile in the present book.?

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%.° The
HPV-related cancers also comprise various mucosal neoplasms of the
head and neck and certain skin tumors.!~!> A particularly serious can-
cer connected to HPV, especially in high-risk male subpopulations, is
squamous cell carcinoma of the anus."

Other HPV-cancer associations are being actively investigated,
including lung tumors.* 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.



HPV: Associations with Cervical Cancer 81
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.'>'® The distribution of cervical cancer impact according to a
crude stratification 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.!” 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.'’

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."

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.



82 HPV and Other Infectious Agents in Cancer

70

50
40 A M

30 A

Incidence (per 100,000 population)

@ O o 2 D> @D & 8 '3
& o i€ FoP o &S S SISNS SSRGS
RO & Dl S IR ST A & &R\ (S N SR GRS
W ST T I T S T EEE T TR EE C
G 4y & A\ (¢} & & >
<@
<~ S &

Selected countries

Figure 4.1. Cervical cancer incidence, by country, 2003. Source: Steckley et al.,
Biomedicine ¢& Pharmacotherapy, 2003.

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.?® While small on a global scale, the
figures 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.?'-23 Intraregional variation also exists, for example,
among the five Appalachian states.?*

A pattern of variability may be seen across the provinces of Canada,
as detailed in Figure 4.2.%° 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
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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.

reflect the fact that, in 1949, the province became the first jurisdiction
in the world to implement an organized, population-based program to
screen for cervical cancer.?®

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.2” Breast
cancer incidence has steadily risen, whereas cervical cancer occurrence

has declined.
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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.%8
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.%

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 4.3.3° While differ-
ent methods of collecting data seem to generate deviations from the
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Figure 4.3. Age-standardized incidence and mortality rates for cervical cancer,
Canada 1978-2007. Source: Canadian Cancer Statistics, 2007.



HPV: Associations with Cervical Cancer 85

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.?!-3

Other statistical reports indicate that the picture for Asian-Americans
is complex.’® Vietnamese and Korean groups demonstrate notably high
incidence, a phenomenon that seems to be driving the cervical cancer
rate for all Asian and Pacific Islanders higher than that of non-Hispanic
whites.?” This trend, which is contrary to that seen in Table 4.3, may
reflect 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.? This is similar
to the pattern seen for Chinese Americans in Los Angeles reported in
the same era (the early 1990s).%° Interestingly, this was part of a period
where Asian and Pacific Islander groups as a whole did not enjoy an
advantage compared with U.S. Caucasians in terms of cervical cancer
rates.*

In sum, it appears that three cautions should be observed when draw-
ing conclusions about specific 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 Pacific 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 fluctuations 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.*! By contrast, cervical cancer inci-
dence (and mortality) is known to be higher among Aboriginal women
of Canada.*> 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.*}

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.** The elevated rate of cervical cancer was consistent with an
earlier report examining Manitoba First Nations reserves.* 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, reflecting an age-standardized incidence rate six times the
national average.*®
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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.*” 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).*®

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.*° According
to 1991-1996 statistics, cervical cancer was the most common female
malignancy in the region.’! 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.°2 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 confirmed 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).’® 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.’* 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.’>-*¢ 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.””

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,®®** although this is
not likely to be typical for Aboriginal women who live off-reserve.
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Table 4.4. Cervical Cancer and First Nations, by Time Period Ages 15-74,
Ontario, Canada

Incidence (per 100,000) Incidence Rate Ratio

First Nations General First Nations vs.
Year of Diagnosis ~ Population Population 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% confidence interval in brackets.

Second, and likely a reflection of the first 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.®® 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.®!

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.®> 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.”®

There is a strong evidence base specifically 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 confirmed
by molecular biological research. For example, a recent study suggested
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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.®*

The gradually increasing disclosure of the natural history of HPV
infections within cervical tissues has been an important part of the sci-
entific 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.®® The same type of infec-
tions put women at a significantly increased risk of invasive cervical
cancer.%®

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.®’

Sometimes multiple histologies present at the same time.®® While evi-
dence has suggested that squamous lesions coexisting with glandular
lesions have a different etiology than squamous lesions appearing on
their own,®>”° 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.”
Only a few rare histological variants of cervical adenocarcinoma seem
unrelated to HPV infection.” 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-
ficity 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
defined 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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Figure 4.4. Cumulative proportion of cervical cancers by HPV type. Source: Bosch et al.,
International Journal of Gynecology and Obstetrics, 2006. Used by permission.

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).>~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.”

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
five types were comparable to the pattern observed in the other study,
though in a different order: HPV-33, 45, 31, 58 and, finally, 52.77

A further project examined 55 reports (dated 1996-2004) from
across the world, with a specific focus on HPV typology associated
with low-grade squamous intraepithelial lesions (LSIL) of the cervix. In
addition to demonstrating geographical variation in HPV type-specific
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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Table 4.5. Risk Factors Over 2 Year Follow-up for Cervical Cancer
Progression, by HPV Type

Odds Ratio of

Progressing to

CIN3 (Compared
% of ASC-US Cases % of LSIL Cases to HPV-Negative

Viral Type Leading to CIN3 Leading to CIN3 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% confidence interval in brackets.

is a disproportionate involvement of these viral types in malignancy,
confirming 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.””®

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 significance, 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.” 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 finding that holds across all parts of the world.3%8!
Putting it in different terms, HPV-16 demonstrates the highest risk for
disease progression,®? and equivalently the lowest propensity for spon-
taneous tumor regression.®> Additional research has shown that patients
with cervical HPV-16 have a higher risk for recurrent or residual CIN3
after treatment for neoplasia.®* 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.’>-*” For example, in certain jurisdictions, HPV-18
appears to be equally or even more prevalent than HPV-16 in cervi-
cal adenocarcinomas.®®° This was recently demonstrated in a dramatic
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way among cervical adenocarcinoma patients in Indonesia.”! Likewise,
HPV-18 appears to predominate in the presentation of adenosquamous
carcinoma of the cervix.”? 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.”?
As a consequence, the benefit 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.”*¢ 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.”®” 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.”

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.”” For example, the inci-
dence rate of adenocarcinoma in Canada has increased since 1970.1%
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.'%" 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.!?

Multiple Viral Types

Several studies have demonstrated a high frequency of multiple HPV
infections in cervical carcinomas.'®-% For the most part, coinfections
seem to reflect random combinations of HPV types.!° There has been
some evidence that multiple infections are found more often in ade-
nosquamous carcinomas of the cervix.10%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.!” Some research has even suggested that
single tumor cells can contain multiple HPV genomes.!'? 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.!!!

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.”!'> 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.”'® Other research
has suggested that there is no increased risk with multiple types com-
pared with situations with single HPV infections.!"* One recent study
even suggested that the frequency of single infections increased with the
severity of the cervical lesion.'!

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.''® Such
intratypic modulation in tissues with multiple infections may partially
account for the difference between vaccine efficacy under experimen-
tal conditions and more recent effectiveness data related to real-world
reductions in high-grade cervical lesions.!”

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).""8 TARC 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.!"*-12! 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).12?

The various meta-analyses confirm that HPV-16/18 dominate the
inventory of viral types detected in cervical cancer in all parts of the
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Figure 4.5. Proportion of selected HPV types in cervical cancer, by region. Source:
Smith et al., International Journal of Cancer, 2007.

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 profile
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 reflect similar
sample sizes.

The information in Table 4.6 confirms previously discussed points
about the preferential involvement of HPV-16 in higher grade lesions,
and about geographical variation of disease specific 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 a, species 9 (or a9). For



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

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

HPV Types Categorized LSIL (%)  HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%) LSIL (%)  HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%)
by Species n=101 n=130 n =241 n=73l11 n=7391 n =291 n=_86 n=_86
a9

HPV 16 37 52 8 32 7 32 8 23

HPV 31 3 4 1 2 S 9 1 6

HPV 33 2 S 2 12 1 1 2

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
o7

HPV 18 0 6 N 2 2 2 N 5

HPV 39 0 0 6 1 S 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. (Continued)

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

HPV Types Categorized LSIL (%)  HSIL/CIS/ICC (%)  LSIL (%)  HSIL/CIS/ICC (%) LSIL (%)  HSIL/CIS/ICC (%) LSIL (%) HSIL/CIS/ICC (%)
by Species n=101 n=130 n =241 n=73l1 n=7391 n =291 n=_86 n=_86
ald

HPV 51 1 0 10 3 N 4 1 3

HPV 82 0 1 - - 0 0 0 2
ab

HPV 53 2 2 11 2 S S 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: Ttaly: 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.
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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
identified in several other studies.'?3-12® The importance of these two
types has also recently been noted in Singapore and Hong Kong.'?’

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."3® A recent Canadian study further underlined this con-
cern; HPV-31 was found to contribute more significantly to cervical
cancer in the province of Saskatchewan than type 18, the significance of
which “will depend on the level of cross protection offered by the new
vaccines.”’3" 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.!3?-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.!3*

Whatever the final 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.”!3’

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.'3¢ Several
reports have been recently published on the variations within HPV-16/18
and other types from the same HPV species.!?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
specific HPV genotypes. As part of this work, investigators have identi-
fied 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 efficacy. Questions have been raised, but few
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conclusions advanced, about this topic for over a decade.'*® 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.'**15! 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.'>> 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 specific populations.'* For example, the prevalence of highly
carcinogenic variants of HPV-16 and related types may explain the ele-
vated cervical cancer burden in Mexico."”® 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.!*¢

Clinical Utility of HPV Genotyping

Implications of the data concerning type-specific disease development
extend beyond vaccine effectiveness to the potential utility of HPV DNA
testing.!’” 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,!58-162

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.”!¢3

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.'**

Finally, the detection of specific genotypes, in turn allowing predic-
tions concerning progression to cancer or prognosis after cancer, could
further clarify management approaches.'® For instance, infection with
HPV-31 has been associated with better survival, and HPV-18 with
worse survival, in cervical cancer patients,'*®'¢” although this finding has
been questioned in a more recent study.'®® 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.!®’

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.'7° 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.!”!
The bimodal pattern may reflect 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,'”>'”3 as well as a tendency to progress toward
single-type infections and select for an integrated viral clone that can
aggressively move toward malignancy.'”* 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.'”

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 first sexual intercourse, and risky sexual behavior in a woman’s male
partners.'76"178 A recent pooled analysis of studies covering more than
11,000 women confirmed that certain factors related to risky sexual
behavior are associated with HPV positivity.!””

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.'® 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.!81-183

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.!8*

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.'®® 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.!86:187

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.!®® 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.'s’

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 influences in this regard include declines in parity
and improved diets.!*

DISEASE COFACTORS

While HPV has been identified 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 sufficient cause of disease.!! This conclusion is
reinforced on an epidemiologic level; while varying cervical cancer rates
sometimes can be traced to varying HPV prevalence'*?; the relation-
ship does not seem to hold for every country.'”® 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.'**1?¢ Some of the
suggestions continue to be controversial, including smoking and oral
contraceptive use.'””

The mechanisms related to increased susceptibility may be classified
as follows:

[N

. Creation of the conditions for persistent HPV infection

. Reactivation of a latent infection

3. Enhancement of the carcinogenic potency of HPV molecular
products

4. Promotion of malignancy in the target tissue in some other way

\®)

The most robust form of the first 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
identified 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 identified. 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.!?%1%

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.?%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.?’* 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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Reflecting 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.?07-209

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.?'%21" Likewise, polymorphisms of the human leukocyte
antigen have been shown to interact with HPV-16 variants and thereby
modify cervical cancer risk.?'? Even as such information continues to
accumulate, it must be acknowledged that the relationship between
host polymorphisms and HPV variants remains “poorly understood.”?!3
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.?'*

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.?'5-2!7 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.!® It should be noted that this author and colleagues have
posited similar mechanisms for the connection between drug addiction
and cervical cancer.?’” However, several studies on smoking and cervi-
cal cancer have specifically controlled for such confounding effects.??°
A recent reanalysis of results involving 13,541 cervical squamous carci-
noma cases confirmed that there was a significant 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
first intercourse, duration of oral contraceptive use, number of full-term
pregnancies, and lifetime number of sexual partners.?! Interestingly, an
association with smoking was not found for adenocarcinoma in this and
other studies,??? reinforcing the suggestion of direct mechanisms rather
than an artifact of risky sexual behavior.

Recent studies have confirmed 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 influence on malignant transformation of HPV-
infected cells, and the creation of genotoxic DNA adducts in the cervical
epithelium.??322* 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.??’ In regard to genotoxicity, it
is known that certain smoking-related carcinogens do accumulate in
cervical tissues.??¢ Indeed, researchers have suggested that some cancers
arise specifically 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.??”

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.??$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.?*!-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.?3%?3

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.?’%237 The classic influences 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.?3® On the other hand,
there have long been suggestions that extended hormonal contraceptive
use, a high number of pregnancies, and an early age at first 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.”?3* While this result is consistent with earlier sys-
tematic reviews,24%-?*! the latest studies have generated further questions
about oral contraceptive use, HPV infection, and related disease.?*?: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.?**
In contrast, research published in 2007 implicated longer term use in
cervical cancer risk.?* Similar to active and passive smoking, attention
has been focused on genetic polymorphisms that may increase cervical
cancer susceptibility with oral contraception.?#6:247

The potential mechanisms of a causal connection between oral
contraceptive use and cervical neoplasia are still being investigated.
Explanations involving a particular hormonal profile 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.?*

The findings 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
first 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 “difficulty of disentangling the effect of reproductive vari-
ables from sexual behavior and HPV infection.”?* However, research
where these confounding variables have been controlled has confirmed
the associations between pregnancy and cervical cancer.?’° 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.?’!

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.?? 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.?’3 A recent pooled analysis of eight
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papers arrived at a contrary conclusion.?’* At the other extreme, one
2005 study questioned whether number of pregnancies or age of first
pregnancy are actually associated with an increased risk of CIN3 at all,
demonstrating again that this area of research remains very fluid.?*

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 specific regions,?’ the dominant focus
has been on more universal STIs, such as herpes simplex virus (HSV),
Chlamydia trachomatis, and human immunodeficiency virus (HIV). A
recent comprehensive review identified three other viruses that may also
influence cervical cancer development: cytomegalovirus, Epstein-Barr
virus, and adeno-associated virus.?%”

Before HPV was established as the key pathogen involved with
cervical cancer, HSV was actively examined as a causative agent.?3%2%
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,?**2¢! the balance of evidence raises doubts about such an
association.62-266

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.?®”
Increased risk of cancer in women infected with Chlamydia may be
mediated by chronic inflammation.?*® This is consistent with established
and investigational models emphasizing the carcinogenic role of inflam-
mation in tissue microenvironments affected by infection.2¢°27! 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.?’>?’5 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.?’®

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,?”” 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.?’®2”” 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.?°

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 first and most obvious involves immunodeficiency, 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,?®! 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
reflect HPV reactivation.”?$2 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.?®> 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-
defining 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 immunodeficiency
caused by HIV has a cancer risk profile that differs from other immu-
nosuppressed conditions (such as created by transplantation).?®* 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.?®’ 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.?8¢

A final intriguing aspect of coinfection is offered by the adeno-
associated virus (AAV), which in fact is negatively associated with cer-
vical cancer.?®” The protective effect seems to be mediated by complex,
bidirectional interactions between AAV and HPV.?$8



HPV: Associations with Cervical Cancer 107

Micronutrients, Diet, and Obesity

The effect of plasma micronutrients on cervical cancer has been an
intensive area of investigation.?®® 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, B-carotene,
and several other micronutrients were associated with a “significant
decrease in the clearance time of type-specific HPV infection, particu-
larly during the early stages of infection.”?°* 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.?*!
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.??>2%3 Folate supplementation, on the other hand, has
been associated with reductions in the development of CIN.2%

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.?” The few
studies related to obesity may point to an impact on cervical adeno-
carcinoma incidence.?’® The evidence for an unfavorable influence on
cervical cancer mortality is stronger; while a mediated effect by way of
risky sexual behavior seems to have been ruled out,?*” there is a definite
possibility that higher mortality is related mostly to poor screening rates
among obese women.2%8:2%9

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 first 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.”3% 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.’"!
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HUMAN PAPILLOMAVIRUS:
ASSOCIATIONS WITH
NONCERVICAL CANCER

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

Ithough 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.? 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.>*

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 finding 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 finding 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.”

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.®

The relevant noncervical gynecological cancers will be the first 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, specifically to the
genetic perturbations involved with carcinogenesis.”

Cancer of the Vulva

Vulvar® and vaginal cancers are rare, together accounting for only 7%
of cancers of the female genital tract in the United States’ Consequently,
the research attention paid to these diseases has been quite limited, espe-
cially compared with the flood of literature on cervical cancer.'® 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.'! Similar trends have recently been reported for vulvar
cancer in Germany.!?

HPV has been implicated in a variety of lesions in the vulva, includ-
ing genital warts, vulvar intraepithelial neoplasia (VIN), and malignan-
cies.'> About 75-90% of vulvar cancers are squamous cell carcinomas,
with the balance including melanoma, adenocarcinoma, and other rarer
forms.*-1¢ In recent years, researchers have discovered that vulvar car-
cinomas and related VIN represent two distinct disease pathways.!”!8
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).!” Such tumors usually occur in
patients of advanced age, and are characterized by poor prognosis.?®?!
Significantly, 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.???? 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.?*?’

As already suggested, age is associated with the HPV status of vulvar
cancer; patients with HPV-positive cancers tend to be younger.3%3! This
pattern was confirmed 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.*

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 figure of around 40%).3?
Variation is also evident in more recent data. Thus, the figure 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 influencing
the wide range of results: small sample sizes and changes in the detec-
tion technology applied in each study.

A final 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.’® 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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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.

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.®* Other research among
VIN patients has found even higher prevalence rates for HPV-16—up
to 90% .44 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.*?

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.** Overall, these
data suggest that the first proposed HPV vaccination programs (which
in fact target HPV-16 and -18) could have a substantial impact on vul-
var cancer.* While promise is also held out for therapies that target
infection,® 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.* The final impact may depend on the true distribution of viral
types in HPV-related cancer.*” 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.*

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.*

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



HPV: Associations with Noncervical Cancer 133

in the promotion and development of vulvar carcinoma is still under
discussion.”® The growing evidence base admittedly is drawn from
quite variable data that may in part reflect ongoing challenges in clas-
sifying different types of vulvar lesions.’! 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.’?:%3

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.’* It is not a sufficient
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.>=57 There are definitely other factors involved;
a notable proportion of older women with vulvar cancer are neither
infected with HPV nor are they smokers.**

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”).’*°
An intriguing pathway potentially explaining local advancement of can-
cer involves HPV-infected, transformed cells in one site disseminating
throughout the genital mucosa.®**> 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 defined 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.%-4

Whatever the final 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.®® 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.®® 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.®”®® 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.®®=’! 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.”? Interestingly, some earlier studies
did support the idea of HSV-2 as an independent risk factor for vulvar
cancer development.”?

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.” 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.”> Discussion has arisen on whether
the increase in sunbathing and nude artificial tanning will influence the
incidence of vulvar melanomas.” 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),”” 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.”® 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.”” 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.?® 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.’! A spectrum of HPV types has also been found
in vaginal specimens from women without lesions; the affinity 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.®?

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 first intercourse, and
smoking were all associated with an increased risk of in situ and invasive
vaginal cancer.®> The role of smoking in high-grade VaIN was recently
confirmed in a U.S. study.®* 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.% 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.®¢-%”
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
specific relationship to HPV coinfection has not been clarified.®®

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.®>° 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.”’*? This
phenomenon alone should motivate intensified detection of HPV infec-
tion and surveillance for new primary lesions in survivors of cervical
cancer.”? 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.®*

As HPV-16 and -18 seem to be the dominant types found in VaIN
and vaginal carcinomas,”? 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.”” 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 specific
subsite of HPV-related VaIN.”8
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Cancer of the Penis

Penile cancer is an “aggressive and mutilating disease that deeply affects
the patient’s self-esteem.”® 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.!°1%2 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.' Nonetheless, in the
studies that have been conducted, researchers consistently detect HPV
DNA in lesions of the male genitals.!°*1%5 Although the evidence is accu-
mulating in this way, an etiological connection between HPV and penile
cancer is not yet fully established.!?-1%% Indeed, alternate causal factors
continue to be proposed that are independent of HPV infection.!®”

Earlier reports suggested that HPV DNA is present in 75-100% of
penile intraepithelial neoplasia (PIN).!1%1! This result, which has been
confirmed 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.''?
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).!!3114
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.''’

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.!'*!'® 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.!”

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%.!2°-'27 The variation
may reflect the sensitivity of detection methods, different definitions
of penile cancer, or geographical diversity in the prevalence of HPV
infection.!?$12% 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%.13%-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).!3?
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.!**

As with other anogenital cancers, a variety of HPV types have been
detected in penile lesions.'>* However, HPV-16 once again dominates
the spectrum in both premalignant and malignant lesions, a finding
that is consistent across the spectrum of patient ages and histological
categories.'3!37 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 significantly 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.!3$

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 specifically. 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.'
Surprisingly, the mixed infections sometimes involved low-risk types 6
and 11, usually associated with benign genital warts.'* Highly specific
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.'*! There
is also emerging evidence of an association between low-risk HPV types,
such as 6 and 11, and penile cancer in South America.!*



Table 5.2. Prevalence of HPV Types in Penile Cancer

Study

Cancer
Cases

HPV-16

(%)

HPV-16
HPV-18  and -18

(%) (%)

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

McCance et al.
(1986)
International
Journal of Cancer
Iwasawa et al. (1993)
Journal of Urology
Cupp et al. (1995)
Journal of Urology
Levi et al. (1998)
International
Journal of Cancer
Bezerra et al. (2001)
Cancer
Carter et al. (2001)
Cancer Research
Rubin et al. (2001)
American Journal of
Pathology
Daling et al. (2005)
International
Journal of Cancer
Senba et al. (2006)
Journal of Medical
Virology
Lont et al. (2006)
International
Journal of Cancer
Pascual et al. (2007)
Histology and
Histopathology
Scheiner et al. (2008)
International Braz
J Urol
Tornesello et al.
(2008)
International
Journal of Cancer

53

123

42

50

82

33

142

94

65

171

49

45

41

51

57

40

32

16

70

25

69

22

65

27

44

55

>1

12

24

21

11

43 (HPV-6)

138
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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.!*3:144

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.'*-'%° There is an increased risk of penile
squamous carcinoma in men with a history of anogenital warts, which
seems plausible.’® 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.’”’5? Coinfections of other
microbes and HPV, as well as UV radiation (used in the treatment of
psoriasis), may play a role in carcinogenesis.'*3!5* Surveillance to allow
early detection of lesions has been recommended by some authors in
the case of HIV infection,'>S even though it seems that only a handful
of penile carcinoma cases have been observed in HIV-positive males.!s
While PIN is frequent in HIV-positive men with anal dysplasia, penile
carcinoma may only be modestly elevated in such patients.!s

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.'*®-1¢* 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.'** Squamous cell carcinomas of the penis are
particularly rare among males circumcised as neonates, though recent
instances have been reported.'®61¢” 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.!¢$-17!

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.'”> 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 benefits in terms of avoiding sexually transmitted
infections (STTs) 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.'”?7* 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.”!”® 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.”® 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).'77

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.'”8-180 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, specifically the inner layer of the
prepuce, which is histologically continuous with the mucosal epithelium
of the glans penis.!8!:182

Nothing is straightforward when the topic is circumcision. The
very localization of HPV infection on the penis is a matter of some
controversy.'*>13% Studies in 2006 and 2007 concluded that the penile
shaft was the subsite most likely to be HPV positive.'$5'8¢ 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.'®” Likewise, while there is a known associa-
tion between HPV and urethral lesions,!®8 there have been no examples
of infection detected at this subsite but not on the glans.!®’

In sum, the glans, combined with the foreskin mucosa, appears to
be a key zone for primary HPV infection; these tissues also reflect 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.”’® 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 amplification of the large quantities of infectious HPV
that are required for reinfection and passage studies.”!"!

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.'”>'”* 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.'**

Despite the preceding analysis, the main conclusion probably should
be that more research is required. As if to confirm 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.!?%1%

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.!”7-2°° Not surprisingly, the role of circumcision in
HIV prevention has engendered similar lively debate, combined with
intensive ongoing investigation.??202 If the preventive effects with
regards to HIV and other STIs are ultimately confirmed, 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.?’® Indeed,
most of the studies taking males into account have been concerned with
HPV transmission to women from men with genital infections.?04205
Although the evidence is not uniform,2°¢ 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 flat penile lesions that are sometimes difficult to detect.?!!
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.?!? The fact first 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.”?'* This has
been confirmed 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%.2'421¢ 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”).?"”

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.?'® 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.?!%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 influence of each posited risk factor has been ques-
tioned by recent studies.??! The research varies in quality, with only
a subset of studies controlling for confounding by using multivariate
analysis.??? 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.??3

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.??® MSM who are HIV-negative also dem-
onstrate high prevalence of anal HPV infection across all age groups.??’
This fact likely accounts for the high frequency of anal intraepithelial
neoplasia (AIN) among the HIV-negative cohort.?3 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.?3-232
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.”?3 Certainly, the calls to consider HPV
vaccination in males have only intensified as the campaign to vaccinate
females has been launched in different jurisdictions.?3#23

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-defined subpopula-
tions. Whereas vulvar, vaginal, and penile cancers must be classified as
rare malignancies, and even anal cancer is relatively uncommon in a
general population,?® 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.??”-?3% 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.%%°
This trend was initially paralleled by the growing impact of HIV infec-
tion and related acquired immunodeficiency.?**-2*> 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.?*-24 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.?”

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.?*® Consequently, theories about the
cause of anal cancer have steadily shifted away from chronic irritation
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(due to hemorrhoids, inflammatory bowel disease, etc.) toward a carci-
nogenic, sexually transmitted agent, namely, HPV.24%: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 figure close to 25%.2°1252 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.?53
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%.2%

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%).2%
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 confirmed in
molecular analyses of gene expression.?*¢

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.?’” In short, there appears to be epidemiological

Table 5.3. Prevalence of HPV Types in Anal Cancer

Other
HPV HPV-16 HPV-18  Types
Cancer  Positive
Study Cases (%) Percent of Positive Cases
Holm et al. (1994) 99 81 93
Modern Pathology
Frisch et al. (1997)
New England Journal of 388 88 73 6 11
Medicine
Daling et al. (2004) 306 g3 73 -
Cancer
Varnai et al. (2006)
International Journal of 47 81 87 3 10
Colorectal Disease
Tachezy et al. (2007) 22 81 82

Acta Pathologica,
Microbiologica, et
Immunologica Scandinavica
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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.”?
The so-called transformation zone is precisely where the majority of
AIN and anal cancers develop.?** 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 defined 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.?¢?

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 sufficient for causation.?61-262
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.263-2¢% 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
finding is the fact that the risk of AIN is inversely correlated with CD4
counts, which is a measure of immune competence.?®® 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.?”
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.?”! Anal tumors also arise at an earlier age than in HIV-negative
individuals.?”? 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-defining 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.?73274

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 specific
behaviors, including anal sex.?”>-28° 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.?*! The idea that
microtraumas caused by anal intercourse contribute to both HPV infec-
tion and disease development remains a distinct possibility.2%?

The evidence related to specific 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.?®® 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).?%* 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).2% This is consistent with the results
of earlier research that focused on anal sex in women and the prevalence
of AIN.2%¢

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.287-2%2

Second Primary Cancers

A recent case report described two patients with HPV-related anal carci-
noma who subsequently developed oral squamous cell carcinoma.?* 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
first 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 first and second primary, (2) an iatrogenic effect of treatment
(e.g., radiation) for the first primary, and (3) a common environmen-
tal factor (such as exposure to a viral infection).?** 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 first
primary.2

Given the fact that data from large cohorts of patients are required
to detect elevated SPC risk, and that cervical cancer is the first primary
with an HPV link that occurs in sizeable numbers, most of the relevant
information has been gathered on that malignancy. As well, because
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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.?*® One
of the most recent (and largest) studies examined over 100,000 women
with cervical cancer, analyzing rates of SPC. There was an almost five
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.??” This coincides well with the elevated rates of
vaginal lesions found in series of patients who underwent hysterectomy
for cervical cancer.?®?% 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.’®® The risk of anal cancer is also
elevated following cervical cancer, as much as six times.3*-3°2 This result
is consistent with the higher prevalence of anal HPV found in women
with cervical HPV infections and lesions.3%334 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 3%

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 survivors3©6-397;
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.’?® 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-16.3% 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.’!%3!! In other words, rather than being an etiologic agent,
HPYV 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 qualification 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.?'? 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.3'4-31¢

Despite the available evidence, a decisive conclusion remains to be
reached about the etiologic link between HPV and such cancers.31%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.’!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.32:322 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.’??

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.32* This
pattern, which matches the survival profile in some anogenital cancers
associated with the virus, may be mostly driven by clinical experience
in the oropharyngeal subregion.??5:32¢ 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, specifically involving HPV-positive lymph nodes, enjoy
better survival than those with advanced head and neck cancers not
caused by the virus.3%’

The differential etiology and disease course and prognosis makes it
very important to detect HPV directly or indirectly in head and neck
cancer patients.’”® Confirming oncogenic viral types such as HPV-16
offers increased possibilities for secondary prevention among at least a
portion of head and neck cancers.??%33% 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.?3! 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 profiles 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 confirmed that the cancers operate differently at
the molecular level compared with HPV-negative head and neck tumors
(see section “Aspects of Transformation™).33*33% 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.33¢

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.?” 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.?*® 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.3%’
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.’* As the cause
of head and neck cancers continues to be investigated, researchers are
being careful to ensure that viral associations “fit coherently within our
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current framework of knowledge of the epidemiology and biology of
HPV infection.”?*! 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.”3#
HPV-16 prevalence in particular has been linked to sexual history.3** As
well, women with genital HPV infections have demonstrated a higher
risk of HPV infection in their oral mucosa.*** 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.’*-34¢ 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.347348

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.?**35° One qualification 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.>*!
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.?>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.3**3% This pathway may explain the appar-
ent spread of oncogenic HPV types in the reverse direction, from the
anogenital region to the hands.’® 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.>*” 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.”3%

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.?**-3¢* HPV-related tumors
are characterized as nonkeratinizing.3¢%-3¢¢ The distinctive keratin pro-
file is sometimes traceable even in the metastases of laryngeal, nasopha-
ryngeal, and oral cancers.’®” 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.3¢%3¢* 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.
Specific head and neck sites of interest include the oral cavity, the tonsils,
the larynx, and the sinonasal area.?”? For convenience, ocular, aural and
esophageal cancers will be included under this category, though they are
often classified 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).37*

Oral Cavity Cancers

The fact that “oral cavity” is a nonspecific 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 identified within the
oral cavity include the alveolus, the gingiva (gums), the tongue (usually
specified as the oral or mobile tongue), and sometimes the floor of the
mouth.3” 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).3”® A further complex-
ity in the literature is the fact that oral and oropharyngeal cancers are
sometimes conflated 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.3$1-385

A review of research from 1985 to 2003 found HPV positivity rang-
ing anywhere from 0 to 100% in oral squamous cell carcinoma.?*¢ 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%.3%” Another review from 2005
indicated that 22% of oral cancers were found to be positive for HPV.38%
Finally, several recent studies have reinforced the evidence of HPV
involvement in a subset of oral squamous cell carcinomas.?*-3°2 The
specific detection method used in the different studies found in the liter-
ature may account for most of the variation in prevalence results.3?3-3%
As noted earlier, investigations of HPV involvement in the oral cavity
have sometimes been localized to subsites such as the floor of the mouth
and especially the tongue.3?%3%7

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.?**% Some evidence suggests that
HPV-16 is not as common in oral cancers compared with oropharyngeal
tumors.*1-493 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).*0*

It should be acknowledged that a definite viral connection has not yet
been confirmed for the oral cavity (or even, according to some authori-
ties, for the oropharynx).*05-408 According to current evidence, the most
that can be said with complete confidence is that HPV is one of several
risk factors in oral squamous cell carcinomas, with differing degrees of
importance in various populations.*0?-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 States*!® There is a concern that disease caused
by HPV may be on the rise in the HIV-positive population in the United
States, specifically HPV-32-associated oral warts and HPV-16-associated
carcinomas.*!

At the same time that an enlarged benefit of vaccination is being pro-
moted, the rationale for a population program to screen for oral cancer
is under examination. One challenge involves the identification of at-risk
cohorts that might benefit 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).*!
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So far, the search for factors to allow for risk stratification has not
yielded conclusive results.*'® Whether there is influence from tobacco,
alcohol, or coinfection with other viruses on HPV-related oral cancer
remains obscure.*'” Notably, there appears to be little increase in the
incidence of HPV-related oral cancer among HIV-positive individuals.*!®
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.*”? Studies remain divided on the extent of the HPV role in cancers of
the oral cavity proper.#?%-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.*?> 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,*?3
which in turn may generate concern about overtreatment of HPV-related
oropharyngeal carcinomas.*** 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.**>*¢ The suggestion is that the trend is being driven
by rising attribution of tumors related to HPV.#”

As recently reinforced by a Canadian study, the localization of HPV
carcinogenicity may be further refined, ultimately focusing on two subsites:
the tonsils (see below) and the base of the tongue.*?® 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.*2%:430

HPV-16 appears to be the dominant type detected in malignancies in
the oropharynx*; this is especially true for cancer of the tonsils.**? 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.*3
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.** 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.*35#¢ 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.*” In addition,
one study has shown that husbands of women with cervical cancer had
an increased risk of tonsillar cancer.**

Molecular evidence has also been steadily accumulating. HPV DNA
was first 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.**#4 This has confirmed the tonsils
as a “hot spot” for viral transformation.*!*Z In fact, consistent with
the thesis developed in this book, the viral initiation of carcinogenesis is
localized specifically in the tonsillar crypts, precisely where one finds the
stratified squamous epithelium targeted by HPV infection. #3444

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.**® Generally, Asian populations seem
to demonstrate a lower prevalence of HPV-related tonsillar cancer.*4¢

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.**’** 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 reflects changing
patterns of sexual activity in recent decades.**°

There is a growing understanding that HPV-related cancers in the
tonsils are a distinct clinicopathologic entity compared with HPV-
negative tumors.*=#33 In fact, the latter variety of cancer is influenced
mostly by smoking and alcohol consumption,*** a pattern that was first
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.*
Clinically, patients with HPV-positive cancers demonstrate better sur-
vival#6-4¢1; this effect appears to be enhanced with higher viral load.*¢?
On the other hand, there is mixed evidence concerning the rate of recur-
rence and of SPCs following HPV-related primary tonsillar cancer.#63464
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.*®S
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On the prevention front, the lack of influence from “classic” head
and neck cancer risk factors, that is, smoking and excessive alcohol
drinking,*¢®*7 has steered researchers of HPV-positive tonsillar malig-
nancy toward other risk topics. This has included the protective effect
of certain genetic polymorphisms.#68:46?

HPV-16 is the viral type that appears to be detected most frequently
in normal tonsillar tissue,*”° though the profile in tumor-free individuals
or in cases of benign disease is still being elucidated.*”"*’? 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.*”* In a 2006 study, HPV was detected in 49%
of cases of tonsillar cancer; type 16 was found in 87% of those cases.*”
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.”*7¢
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.*””

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.””® 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.*72-481

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 N

Unknown 6

Source: Syrjanen, Journal of Clinical Pathology, 2004.



156 HPV and Other Infectious Agents in Cancer

the glottic and supraglottic larynx; one subsite or the other tends to
dominate in terms of cancer risk in different parts of the world.*$2483 It
is also possible that the different study results reflect variations in detec-
tion methods.*%*

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 11.435:4%¢ Interestingly, malignant transfor-
mation of these benign lesions appears to be a rare occurrence.*®” 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.*8848°

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.%°° In some benign and malig-
nant tumors, HPV-16 and -18 and other high-risk types have also been
detected.*1#924% 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,** even though in vitro studies have demonstrated the
carcinogenic effect of HPV-16 oncoproteins in laryngeal cells.*?

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.*® 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.*”
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.**

Sinonasal Cancers

Many characteristics of cancer in the sinonasal area are similar to those
seen with HPV-related lesions at other mucosal sites.*”” 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.>%0

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.’® A 2005
study confirmed 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.’*> 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.’”® 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 first proposed
in 1982, but the evidence developed since that time has been mixed.
Studies using a variety of detection methods have identified 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.’®”-12 Rates of HPV-
positive esophageal cancer generally appear to be higher in Asian and
southern European populations, as well as among Alaska natives.’'3-15
On the other hand, a 2008 study suggested that HPV is not associated
with esophageal carcinogenesis in Korea.’!®

An example of the conflicting 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.’'”*!8 International interest in this topic continues to be strong.
For example, Iranian researchers recently reported HPV prevalence of
24% in esophageal cancers.’"”

HPV-16 is the most frequently identified 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.°2° 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.*?'22 Furthermore, there is evidence
that HPV infection and tobacco or alcohol abuse may act synergistically
to increase the risk of esophageal cancer’?®; such susceptibility has also
been related to genetic polymorphisms in the host.’*

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.’?’
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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.’2¢-328 Nonetheless, the evidence for an etiological link between
HPV and squamous cell carcinoma of the surface of the eye remains
mixed.’?*3* 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.”*3’

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. 36537

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

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.’*!-*

Other Head and Neck Tumors and Lung Cancer

Tracing the complex anatomy of the head and neck identifies 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).3#3-544

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.’*-5%7 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 modification.’*$>* An intriguing finding in one study was the pre-
ponderance of HPV-31 in nasopharyngeal carcinoma.°

A 2002 review noted that HPV DNA had been detected in a cumu-
lative 2,468 cases of bronchial carcinoma reported in the literature.’!
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 identified in the phar-
ynx, larynx, and bronchi.>s?

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%.%%3 There are indications of both gender and
geographic variations.**** 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%.5%7 This is very close
to the global total of 24.5% derived from a 2008 meta-analysis of 4,508
cases over 53 studies.>®

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 sufficient evidence to inspire further
research on the potential role of the virus in pulmonary tumors.>° One
line of inquiry will involve determining the differential impact of infec-
tion in various lung tissues.’*=5%2 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.>3-3¢7 Finally, potential host risk factors and viral disease
mechanisms are being worked out at a molecular level.’*® A Taiwanese
research team is leading the investigation of the role of HPV oncopro-
teins in lung tissues.’**=57!

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.’”?=7* 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.’”>*7¢ 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.’””-78

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 confirmed 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 briefly 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 final 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 efficacy of any vaccination program. The
list of investigational interests includes gender-specific sites such as the
ovary and the prostate gland. While there has been evidence offered
for HPV (especially type 16) involvement in ovarian carcinomas,’”9-5%!
the preponderance of recent research has pointed to explanations other
than primary infection/disease for any weak HPV DNA signal.’82-58
Results for endometrial tissues, though limited, have been more com-
pelling, with evidence of HPV involvement being particularly strong for
adenosquamous carcinomas.’*¢*87 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.’*¥-50 This conclusion was recently confirmed in a
brief review of the latest research.’”!

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.’*?> 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.’*3-5%° 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 insufficient and/or conflicting,
notwithstanding the suggested interaction with another infection-based
risk factor for bladder cancer, namely, schistosomiasis.’*®=¢°0 In sum, the
evidence is inadequate to confirm 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,®°-¢%> though the most recent
analyses have been more equivocal.®%3-%%5 Research in this area is plagued
by a familiar problem: the detection of virus in a tissue is not proof
of etiology.®¢ 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)®0”%8 or possibly by the bloodstream®%¢1%; and (2)
mammary epithelial cells that “partly lose control in proliferation” and
thus are more susceptible to persistent HPV infection.®'' 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.®'2-¢1* 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.®'

Whatever the eventual fate of these hypothesized linkages, there is
no doubt that clarification 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.®16-617

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.®?® Viral skin infections are especially
found in immunosuppressed individuals, including organ transplant
patients.®?1-622 For example, all eight of the known human herpes viruses
have been studied in the context of transplantation.®”> Human herpes
virus 8, the causative agent in Kaposi sarcoma, is notable because of
its connection to the immunodeficiency 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.®?* Recently, a melanoma-associated retrovirus has been
identified in mice and humans.®*> These examples notwithstanding, it
is fair to say that most of the research on infections and skin cancer has
focused on HPV.

As the final 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.®2¢

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 first category of complexity is generated by both histological and
terminological confusion. Thus, in addition to the difficulty 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.®?” This is true of a term such as actinic keratosis (also
known as solar keratosis), which is sometimes defined so that it essen-
tially overlaps with Bowen’s disease. Clinical classification 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 first 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 difficult to apply the
proper label to a particular lesion because of uncertainty about how it
will progress.

Adding to the confusion of definitions, 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 final
consideration, all malignant or potentially malignant lesions of the ker-
atotic sort need to be distinguished from the (usually) benign Bowenoid
papules®?® 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.®?’

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.%3° They seem to be part of the “normal flora,” sometimes existing as
infections within hair follicles.®3' However, there is increasing evidence
that conditions such as impaired immunity and sun exposure may move
HPYV 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).%3%: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).%** 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.3%63¢

HPV Types and Skin Diseases

Although HPV types that populate the skin were the first to be identi-
fied, knowledge of how they function has not kept pace with the inves-
tigation of mucosal HPV types (HPV-6, -16, etc.).®*” Of just over 100
HPV types that have been fully characterized to date, almost half seem
to have a specific tropism for the skin. While fully 34 types come from
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the beta (B) and gamma (y) 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 classified as gam-
mapapillomaviruses, and therefore are destined to join this skin-related
inventory.®¥ In whatever way HPV typology evolves, it is clear that for
now the beta (B) 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 defini-
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 (defined as having
a genome >10% different than any other type) have been detected on
human skin.®*® 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
agenus, and to certain HPV types from the other genera. Some of the

Genus Species Prototype  Other types ——»
o papillomavirus 1

2 [HPV-10 _ [HPV-3 [HPV-28 [HPV-29[HPV-78]HPV-94]
3

4 [HPV-2 [HPV-27]HPV-57]

5

6

7

8 [HPV-7 [HPV-40]

B papillomavirus HPV-5 HPV-8 [HPV-12[HPV-14]HPV-19[HPV-20[HPV-21[HPV-24]HPV-25[HPV-36][HPV-47[HPV-93
HPV-9 HPV-15[HPV-17|HPV-22|HPV-23[HPV-37|HPV-38[HPV-80 |
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2
3 HPV-49 HPV-75 |HPV-76
4
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2 HPV-48

3 HPV-50

4 HPV-60
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Legend

Skin cancer or precursor
Other skin lesions | HPV type

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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best-characterized cutaneous associations of this sort (essentially involv-
ing various types of skin wart) are summarized in Table 5.5.64°

In addition to these conditions, a wide range of HPV types has
been detected in the skin of patients with NMSC.¢41642 The first 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 (specifically species 1
and 2) is associated with EV.%* 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.®*+¢* 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.t46-64°
Most important, the EV condition appears to lead to squamous cell
carcinoma, most likely under the influence of HPV infection.t%0:651

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. 32,653
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.®** 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.®>* Other 2008 studies
seemed to confirm the important role of species 2 betapapillomaviruses
(as well as the gamma genus) in the etiology of skin cancer.®*¢-%°% 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.65%:6¢0

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 final 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.%¢!

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 first 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-specific susceptibilities of different individuals.”®¢?

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.%3-66¢ 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.®¢”
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.®®® 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.®*%-¢73 Intriguingly, EV-specific HPV types are defective for an
important growth-promoting function (normally encoded by an ES/ES
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.®’* 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.t”*

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.®’®¢”7 One of the clearest associations identi-
fied exists between HPV-16 and Bowen’s disease.®”8-%80 Acknowledging



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

Syndrome Inheritance Features Skin Manifestation HPV Association Lead Author
Xeroderma Autosomal Rare; predisposes chil-  Hypersensitivity Half of 40 squamous Luron (2007)
pigmentosum recessive dren to skin cancers; to ultraviolet cell carcinomas
causes DNA repair irradiation from patients tested
deficiency positive for HPV
Cowden Autosomal Rare (1 in 200,000 Hamartomas Majority of cutaneous  Schaller (2003)
syndrome (CS) dominant affected); associated (benign tumours); lesions in CS
with cancer; facial contain HPV DNA
symptoms typically trichilemmomas
appear by late 20s (benign hair
follicle tumours);
other lesions
Netherton Autosomal Rare, causes complex Ichthyosis, eczema, Immunodeficiency Weber (2001)
syndrome recessive immunological and alopecia with leads to HPV
dysfunction abnormal hair infection; 7 of 22
shafts biopsies positive for
HPV DNA
Hailey-Hailey Autosomal Manifestation in late Uncomfortable HPV-16 and -39 found  Ochiai (1999)
disease dominant teenage years or in skin plaques, in squamous cell
adulthood which may smell carcinoma adjacent
unpleasant to Hailey-Hailey
lesions
Fanconi anemia  Autosomal Rare bone marrow Development of HPV DNA detected in ~ Kutler (2003)
recessive failure syndrome squamous cell car- 84% of squamous

cinomas observed

cell carcinoma
specimens from case
subjects
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the previous discussion of somewhat fluid 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 classified 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.®® 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 stage®®? may contain keratinocytes immortal-
ized by HPV-16 that are actually susceptible to UV-induced apoptosis
(i.e., cellular death).®® This counteracts the general tendency for
UV-affected tissues to resist apoptosis of damaged cells, which in turn
increases the risk of skin cancers.?®* Other research has suggested that the
effects on apoptosis may vary according to other molecular factors.®®
Thus, some evidence points to an antiapoptotic impact of infection,
including (at least under certain conditions) infection with HPV-16.6%¢
A similar effect has been recently seen with species 1 betapapillomavi-
rus types.®®” 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 difficult 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.®®® The current
significance 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.®® 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.®*¢! 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.t®> 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 benefits of prophylactic vaccine applications.®*3



HPV: Associations with Noncervical Cancer 169

NOTES

[ee]

10

11

12

13

14

15

16

17

Chan SY, Delius H, Halpern AL et al. Analysis of genomic sequences of 95
papillomavirus types: uniting typing, phylogeny, and taxonomy. Journal of
Virology. 1995; 69(5): 3074-83.

Gillison ML, Chaturvedi AK, Lowy DR. HPV prophylactic vaccines and the
potential prevention of noncervical cancers in both men and women. Cancer.
2008; 113(suppl 10): 3036-46.

Myers ER. The economic impact of HPV vaccines: not just cervical cancer.
American Journal of Obstetrics and Gynecology. 2008; 198(5): 487-8.

Hu D, Goldie S. The economic burden of noncervical human papillomavirus
disease in the United States. American Journal of Obstetrics and Gynecology.
2008; 198(5): 500 e1-7.

Monk BJ, Tewari KS. The spectrum and clinical sequelae of human papilloma-
virus infection. Gynecologic Oncology. 2007; 107(2 suppl 1): S6-13.
Louchini R, Goggin P, Steben M. The evolution of HPV-related anogenital can-
cers reported in Quebec—Incidence rates and survival probabilities. Chronic
Diseases in Canada. 2008; 28(3): 99-106.

Huang FY, Kwok YK, Lau ET et al. Genetic abnormalities and HPV sta-
tus in cervical and vulvar squamous cell carcinomas. Cancer Genetics and
Cytogenetics. 2005; 157(1): 42-8.

Also known as vulval.

Duong TH, Flowers LC. Vulvo-vaginal cancers: risks, evaluation, prevention
and early detection. Obstetrics and Gynecology Clinics of North America.
2007; 34(4): 783-802.

Madsen BS, Jensen HL, van den Brule AJ et al. Risk factors for invasive
squamous cell carcinoma of the vulva and vagina—population-based case-
control study in Denmark. International Journal of Cancer. 2008; 122(12):
2827-34.

Judson PL, Habermann EB, Baxter NN et al. Trends in the incidence of inva-
sive and in situ vulvar carcinoma. Obstetrics and Gynecology. 2006; 107(5):
1018-22.

Hampl M, Deckers-Figiel S, Hampl JA et al. New aspects of vulvar cancer:
changes in localization and age of onset. Gynecologic Oncology. 2008; 109(3):
340-S.

Kennedy CM, Boardman LA. New approaches to external genital warts and
vulvar intraepithelial neoplasia. Clinical Obstetrics and Gynecology. 2008;
51(3): 518-26.

Giles GG, Kneale BL. Vulvar cancer: the Cinderella of gynaecological oncol-
ogy. Australian and New Zealand Journal of Obstetrics and Gynaecology.
1995; 35(1): 71-5.

Saraiya M, Watson M, Wu X et al. Incidence of in situ and invasive vulvar
cancer in the US, 1998-2003. Cancer. 2008; 113(suppl 10): 2865-72.
Giuliano AR, Tortolero-Luna G, Ferrer E et al. Epidemiology of human papil-
lomavirus infection in men, cancers other than cervical and benign conditions.
Vaccine. 2008; 26(suppl 10): K17-28.

Crum CP. Carcinoma of the vulva: epidemiology and pathogenesis. Obstetrics
and Gynecology. 1992; 79(3): 448-54.



170

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

HPV and Other Infectious Agents in Cancer

Bonvicini F, Venturoli S, Ambretti S et al. Presence and type of oncogenic
human papillomavirus in classic and in differentiated vulvar intraepithe-
lial neoplasia and keratinizing vulvar squamous cell carcinoma. Journal of
Medical Virology. 20055 77(1): 102-6.

van der Avoort A, Shirango H, Hoevenaars BM et al. Vulvar squamous cell car-
cinoma is a multifactorial disease following two separate and independent path-
ways. International Journal of Gynecological Pathology. 2006; 25(1): 22-9.
Fox H, Wells M. Recentadvances in the pathology of the vulva. Histopathology.
2003; 42(3): 209-16.

Monk BJ, Burger RA, Lin F et al. Prognostic significance of human papilloma-
virus DNA in vulvar carcinoma. Obstetrics and Gynecology. 1995; 85(5 Pt 1):
709-15.

Santos M, Landolfi S, Olivella A et al. p16 overexpression identifies HPV-
positive vulvar squamous cell carcinomas. American Journal of Surgical
Pathology. 20065 30(11): 1347-56.

Srodon M, Stoler MH, Baber GB et al. The distribution of low and high-risk
HPV types in vulvar and vaginal intraepithelial neoplasia (VIN and VaIN).
American Journal of Surgical Pathology. 2006; 30(12): 1513-8.

Santos M, Landolfi S, Olivella A et al. p16 overexpression identifies HPV-
positive vulvar squamous cell carcinomas. American Journal of Surgical
Pathology. 20065 30(11): 1347-56.

Rufforny I, Wilkinson EJ, Liu C et al. Human papillomavirus infection and
p16(INK4a) protein expression in vulvar intraepithelial neoplasia and invasive
squamous cell carcinoma. Journal of Lower Genital Tract Disease. 2005; 9(2):
108-13.

Riethdorf S, Neffen EF, Cviko A et al. p16INK4A expression as biomarker for
HPV 16-related vulvar neoplasias. Human Pathology. 2004; 35(12): 1477-83.
Hampl M, Wentzensen N, Vinokurova S et al. Comprehensive analysis of
130 multicentric intraepithelial female lower genital tract lesions by HPV
typing and p16 expression profile. Journal of Cancer Research and Clinical
Oncology. 2007; 133(4): 235-45.

de Koning MN, Quint WG, Pirog EC. Prevalence of mucosal and cutaneous
human papillomaviruses in different histologic subtypes of vulvar carcinoma.
Modern Pathology. 2008; 21(3): 334-44.

McCluggage WG. Recent developments in vulvovaginal pathology.
Histopathology. 2009; 54(2): 156-73.

Kagie M], Kenter GG, Zomerdijk-Nooijen Y et al. Human papillomavirus
infection in squamous cell carcinoma of the vulva, in various synchronous epi-
thelial changes and in normal vulvar skin. Gynecologic Oncology. 1997; 67(2):
178-83.

Goffin F, Mayrand MH, Gauthier P et al. High-risk human papillomavirus
infection of the genital tract of women with a previous history or current high-
grade vulvar intraepithelial neoplasia. Journal of Medical Virology. 2006;
78(6): 814-9.

Basta A, Adamek K, Pitynski K. Intraepithelial neoplasia and early stage vul-
var cancer. Epidemiological, clinical and virological observations. European
Journal of Gynaecological Oncology. 1999; 20(2): 111-4.

Hildesheim A, Han CL, Brinton LA et al. Human papillomavirus type 16 and
risk of preinvasive and invasive vulvar cancer: results from a seroepidemiologi-
cal case-control study. Obstetrics and Gynecology. 1997; 90(5): 748-54.



34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

HPV: Associations with Noncervical Cancer 171

Ngan HY, Cheung AN, Liu SS et al. Abnormal expression or mutation of TP53
and HPV in vulvar cancer. European Journal of Cancer. 1999; 35(3): 481-4.
Menczer ], Fintsi Y, Arbel-Alon S et al. The presence of HPV 16, 18 and p53
immunohistochemical staining in tumor tissue of Israeli Jewish women with
cervical and vulvar neoplasia. European Journal of Gynaecological Oncology.
2000; 21(1): 30-4.

Koyamatsu Y, Yokoyama M, Nakao Y et al. A comparative analysis of human
papillomavirus types 16 and 18 and expression of p53 gene and Ki-67 in cervical,
vaginal, and vulvar carcinomas. Gynecologic Oncology. 2003; 90(3): 547-51.
Huang FY, Kwok YK, Lau ET et al. Genetic abnormalities and HPV sta-
tus in cervical and vulvar squamous cell carcinomas. Cancer Genetics and
Cytogenetics. 2005; 157(1): 42-8.

Hampl M, Sarajuuri H, Wentzensen N et al. Effect of human papillomavirus
vaccines on vulvar, vaginal, and anal intraepithelial lesions and vulvar cancer.
Obstetrics and Gynecology. 2006; 108(6): 1361-8.

Hillemanns P, Wang X. Integration of HPV-16 and HPV-18 DNA in vulvar
intraepithelial neoplasia. Gynecologic Oncology. 2006; 100(2): 276-82.
Almeida G, do Val I, Gondim C et al. Human papillomavirus, Epstein-
Barr virus and p53 mutation in vulvar intraepithelial neoplasia. Journal of
Reproductive Medicine. 2004; 49(10): 796-9.

Bonvicini F, Venturoli S, Ambretti S et al. Presence and type of oncogenic
human papillomavirus in classic and in differentiated vulvar intraepithe-
lial neoplasia and keratinizing vulvar squamous cell carcinoma. Journal of
Medical Virology. 2005; 77(1): 102-6.

Srodon M, Stoler MH, Baber GB et al. The distribution of low and high-risk
HPV types in vulvar and vaginal intraepithelial neoplasia (VIN and ValN).
American Journal of Surgical Pathology. 2006; 30(12): 1513-8.

Kagie M]J, Kenter GG, Tollenaar RA et al. p53 protein overexpression is com-
mon and independent of human papillomavirus infection in squamous cell
carcinoma of the vulva. Cancer. 1997; 80(7): 1228-33.

Maclean AB. Vulval cancer: prevention and screening. Best Practice and
Research. Clinical Obstetrics and Gynaecology. 20065 20(2): 379-95.

van Poelgeest M1, van Seters M, van Beurden M et al. Detection of human papil-
lomavirus (HPV) 16-specific CD4+ T-cell immunity in patients with persistent
HPV16-induced vulvar intraepithelial neoplasia in relation to clinical impact of
imiquimod treatment. Clinical Cancer Research. 2005; 11(14): 5273-80.
Hampl M, Sarajuuri H, Wentzensen N et al. Effect of human papillomavirus
vaccines on vulvar, vaginal, and anal intraepithelial lesions and vulvar cancer.
Obstetrics and Gynecology. 2006; 108(6): 1361-8.

Skapa P, Zamecnik J, Hamsikova E et al. Human papillomavirus (HPV) profiles
of vulvar lesions: possible implications for the classification of vulvar squamous
cell carcinoma precursors and for the efficacy of prophylactic HPV vaccination.
American Journal of Surgical Pathology. 20075 31(12): 1834-43.

Insinga RP, Liaw KL, Johnson LG et al. A systematic review of the prevalence
and attribution of human papillomavirus types among cervical, vaginal, and
vulvar precancers and cancers in the United States. Cancer Epidemiology,
Biomarkers and Prevention. 2008; 17(7): 1611-22.

Ahr A, Rody A, Kissler S et al. [Risk factors for recurrence of vulvar intra-
epithelial neoplasia Il (VIN III)]. Zentralblatt fur Gynakologie. 20065 128(6):
347-51.



172

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

HPV and Other Infectious Agents in Cancer

Bonvicini F, Venturoli S, Ambretti S et al. Presence and type of oncogenic
human papillomavirus in classic and in differentiated vulvar intraepithe-
lial neoplasia and keratinizing vulvar squamous cell carcinoma. Journal of
Medical Virology. 20055 77(1): 102-6.

Medeiros F, Nascimento AF, Crum CP. Early vulvar squamous neoplasia:
advances in classification, diagnosis, and differential diagnosis. Advances in
Anatomic Pathology. 2005; 12(1): 20-6.

Scurry J, Wilkinson EJ. Review of terminology of precursors of vulvar
squamous cell carcinoma. Journal of Lower Genital Tract Disease. 2006;
10(3): 161-9.

Sideri M, Jones RW, Wilkinson EJ et al. Squamous vulvar intraepithelial neo-
plasia: 2004 modified terminology, ISSVD Vulvar Oncology Subcommittee.
Journal of Reproductive Medicine. 20055 50(11): 807-10.

Goffin F, Mayrand MH, Gauthier P et al. High-risk human papillomavirus
infection of the genital tract of women with a previous history or current high-
grade vulvar intraepithelial neoplasia. Journal of Medical Virology. 2006; 78(6):
814-9.

Basta A, Adamek K, Pitynski K. Intraepithelial neoplasia and early stage vul-
var cancer. Epidemiological, clinical and virological observations. European
Journal of Gynaecological Oncology. 1999; 20(2): 111-4.

Madeleine MM, Daling JR, Carter JJ et al. Cofactors with human papilloma-
virus in a population-based study of vulvar cancer. Journal of the National
Cancer Institute. 1997; 89(20): 1516-23.

Hussain SK, Madeleine MM, Johnson LG et al. Cervical and vulvar cancer
risk in relation to the joint effects of cigarette smoking and genetic variation in
interleukin 2. Cancer Epidemiology Biomarkers and Prevention. 2008; 17(7):
1790-9.

Giles GG, Kneale BL. Vulvar cancer: the Cinderella of gynaecological oncol-
ogy. Australian and New Zealand Journal of Obstetrics and Gynaecology.
1995; 35(1): 71-5.

Denny L, Ngan HYS. Section B: malignant manifestations of HPV infection:
carcinoma of the cervix, vulva, vagina, anus, and penis. International Journal
of Gynecology and Obstetrics. 2006; 94(suppl 1): S50-5.

Monk BJ, Tewari KS, Koh WJ]. Multimodality therapy for locally advanced
cervical carcinoma: state of the art and future directions. Journal of Clinical
Oncology. 2007; 25(20): 2952-65.

Vinokurova S, Wentzensen N, Einenkel ] et al. Clonal history of papillomavi-
rus-induced dysplasia in the female lower genital tract. Journal of the National
Cancer Institute. 2005; 97(24): 1816-21.

Hampl M, Wentzensen N, Vinokurova S et al. Comprehensive analysis of
130 multicentric intraepithelial female lower genital tract lesions by HPV
typing and p16 expression profile. Journal of Cancer Research and Clinical
Oncology. 2007; 133(4): 235-45.

Edgren G, Sparen P. Risk of anogenital cancer after diagnosis of cervical intra-
epithelial neoplasia: a prospective population-based study. Lancet Oncology.
2007; 8(4): 311—6.

Mourton SM, Sonoda Y, Abu-Rustum NR et al. Resection of recurrent cervical
cancer after total pelvic exenteration. International Journal of Gynecological
Cancer. 2007; 17(1): 137-40.



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

HPV: Associations with Noncervical Cancer 173

Evans HS, Newnham A, Hodgson SV et al. Second primary cancers after
cervical intraepithelial neoplasia IIT and invasive cervical cancer in Southeast
England. Gynecologic Oncology. 2003; 90(1): 131-6.

Goffin F, Mayrand MH, Gauthier P et al. High-risk human papillomavirus
infection of the genital tract of women with a previous history or current high-
grade vulvar intraepithelial neoplasia. Journal of Medical Virology. 2006; 78(6):
814-9.

Jamieson DJ, Paramsothy P, Cu-Uvin S et al. Vulvar, vaginal, and perianal
intraepithelial neoplasia in women with or at risk for human immunodefi-
ciency virus. Obstetrics and Gynecology. 2006; 107(5): 1023-8.

Conley LJ, Ellerbrock TV, Bush T]J et al. HIV-1 infection and risk of vul-
vovaginal and perianal condylomata acuminata and intraepithelial neoplasia:
a prospective cohort study. The Lancet. 20025 359(9301): 108-13.

Santegoets LA, Seters M, Helmerhorst TJ et al. HPV related VIN: highly pro-
liferative and diminished responsiveness to extracellular signals. International
Journal of Cancer. 2007; 121(4): 759-66.

Casolati E, Agarossi A, Valieri M et al. Vulvar neoplasia in HIV positive
women: a review. Medycyna Wieku Rozwojowego. 2003; 7(4 Pt 1): 487-93.
Duarte-Franco E, Franco EL. Other gynecologic cancers: endometrial, ovarian,
vulvar and vaginal cancers. BMC Womens Health. 2004; 4(suppl 1): S14.
Kwasniewska A, Korobowicz E, Visconti ] et al. Chlamydia trachomatis and
herpes simplex virus 2 infection in vulvar intraepithelial neoplasia associated
with human papillomavirus. European Journal of Gynaecological Oncology.
20065 27(4): 405-8.

Hildesheim A, Han CL, Brinton LA et al. Human papillomavirus type 16 and
risk of preinvasive and invasive vulvar cancer: results from a seroepidemiologi-
cal case-control study. Obstetrics and Gynecology. 1997; 90(5): 748-54.
Boscoe FP, Schymura M]J. Solar ultraviolet-B exposure and cancer incidence
and mortality in the United States, 1993-2002. BMC Cancer. 2006; 6: 264.
Weinstock MA. Malignant melanoma of the vulva and vagina in the United
States: patterns of incidence and population-based estimates of survival.
American Journal of Obstetrics and Gynecology. 1994; 171(5): 1225-30.
Isenberg A, Paul Shackelford D. The value of tan lines: vulvar melanoma and
ultraviolet rays. Obstetrical and Gynecological Survey. 2001; 56(6): 377-80.
Wu X, Matanoski G, Chen VW et al. Descriptive epidemiology of vaginal
cancer incidence and survival by race, ethnicity, and age in the United States.
Cancer. 2008; 113(suppl 10): 2873-82.

Sugase M, Matsukura T. Distinct manifestations of human papillomaviruses
in the vagina. International Journal of Cancer. 1997; 72(3): 412-5.

Daling JR, Madeleine MM, Schwartz SM et al. A population-based study of
squamous cell vaginal cancer: HPV and cofactors. Gynecologic Oncology.
2002; 84(2): 263-70.

Koyamatsu Y, Yokoyama M, Nakao Y et al. A comparative analysis of human
papillomavirus types 16 and 18 and expression of p53 gene and Ki-67 in cer-
vical, vaginal, and vulvar carcinomas. Gynecologic Oncology. 2003; 90(3):
547-51.

Srodon M, Stoler MH, Baber GB et al. The distribution of low and high-risk
HPV types in vulvar and vaginal intraepithelial neoplasia (VIN and ValN).
American Journal of Surgical Pathology. 20065 30(12): 1513-8.



174

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

HPV and Other Infectious Agents in Cancer

Castle PE, Rodriguez AC, Porras C et al. A comparison of cervical and vaginal
human papillomavirus. Sexually Transmitted Diseases. 2007; 34(11): 849-55.
Daling JR, Madeleine MM, Schwartz SM et al. A population-based study of
squamous cell vaginal cancer: HPV and cofactors. Gynecologic Oncology.
2002; 84(2): 263-70.

Sherman JE Mount SL, Evans MF et al. Smoking increases the risk of high-
grade vaginal intraepithelial neoplasia in women with oncogenic human papil-
lomavirus. Gynecologic Oncology. 2008; 110(3): 396-401.

Barton HA, Cogliano V], Flowers L et al. Assessing susceptibility from early-
life exposure to carcinogens. Environmental Health Perspectives.2005; 113(9):
1125-33.

Swan SH. Intrauterine exposure to diethylstilbestrol: long-term effects in
humans. Acta Pathologica, Microbiologica et Immunologica Scandinavica.
2000; 108(12): 793-804.

Veurink M, Koster M, Berg LT. The history of DES, lessons to be learned.
Pharmacy World and Science. 2005; 27(3): 139-43.

Jamieson DJ, Paramsothy P, Cu-Uvin S et al. Vulvar, vaginal, and perianal
intraepithelial neoplasia in women with or at risk for human immunodefi-
ciency virus. Obstetrics and Gynecology. 2006; 107(5): 1023-8.

Daling JR, Madeleine MM, Schwartz SM et al. A population-based study of
squamous cell vaginal cancer: HPV and cofactors. Gynecologic Oncology.
2002; 84(2): 263-70.

Indraccolo U, Chiocci L, Baldoni A. Does vaginal intraepithelial neopla-
sia have the same evolution as cervical intraepithelial neoplasia? European
Journal of Gynaecological Oncology. 2008; 29(4): 371-3.

Edgren G, Sparen P. Risk of anogenital cancer after diagnosis of cervical
intraepithelial neoplasia: a prospective population-based study. Lancet
Omncology. 2007; 8(4): 311-6.

Daling JR, Madeleine MM, Schwartz SM et al. A population-based study of
squamous cell vaginal cancer: HPV and cofactors. Gynecologic Oncology.
2002; 84(2): 263-70.

Barzon L, Pizzighella S, Corti L et al. Vaginal dysplastic lesions in women
with hysterectomy and receiving radiotherapy are linked to high-risk human
papillomavirus. Journal of Medical Virology. 2002; 67(3): 401-5.

Frega A, French D, Piazze ] et al. Prediction of persistent vaginal intraepithe-
lial neoplasia in previously hysterectomized women by high-risk HPV DNA
detection. Cancer Letters. 2007; 249(2): 235-41.

Insinga RP, Liaw KL, Johnson LG et al. A systematic review of the prevalence
and attribution of human papillomavirus types among cervical, vaginal, and
vulvar precancers and cancers in the United States. Cancer Epidemiology,
Biomarkers and Prevention. 2008; 17(7): 1611-22.

Ferreira M, Crespo M, Martins L et al. HPV DNA detection and genotyp-
ing in 21 cases of primary invasive squamous cell carcinoma of the vagina.
Modern Pathology. 2008; 21(8): 968-72.

Vinokurova S, Wentzensen N, Einenkel ] et al. Clonal history of papillo-
mavirus-induced dysplasia in the female lower genital tract. Journal of the
National Cancer Institute. 2005; 97(24): 1816-21.

Indraccolo U, Del Frate E, Cenci S et al. Vaginal intraepithelial neoplasia and
human papillomavirus infection: a report of 75 cases. Minerva Ginecologica.
2006; 58(2): 101-8.



99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

HPV: Associations with Noncervical Cancer 175

Favorito LA, Nardi AC, Ronalsa M et al. Epidemiologic study on penile cancer
in Brazil. Official Journal of the Brazilian Society of Urology. 2008; 34(5):
587-93.

Hernandez BY, Barnholtz-Sloan J, German RR et al. Burden of invasive
squamous cell carcinoma of the penis in the United States, 1998-2003.
Cancer. 2008; 113(suppl 10): 2883-91.

Goodman MT, Hernandez BY, Shvetsov YB. Demographic and pathologic
differences in the incidence of invasive penile cancer in the United States,
1995-2003. Cancer Epidemiology, Biomarkers and Prevention. 2007; 16(9):
1833-9.

Barnholtz-Sloan JS, Maldonado JL, Pow-sang ] et al. Incidence trends in
primary malignant penile cancer. Urologic Oncology. 2007; 25(5): 361-7.
Giuliano AR, Tortolero-Luna G, Ferrer E et al. Epidemiology of human pap-
illomavirus infection in men, cancers other than cervical and benign condi-
tions. Vaccine. 2008; 26(suppl 10): K17-28.

Dianzani C, Calvieri S, Pierangeli A et al. Identification of human papilloma
viruses in male dysplastic genital lesions. New Microbiologica. 2004; 27(1):
65-9.

Daling JR, Madeleine MM, Johnson LG et al. Penile cancer: importance
of circumcision, human papillomavirus and smoking in in situ and invasive
disease. International Journal of Cancer. 2005; 116(4): 606-16.

Mosconi AM, Roila F, Gatta G et al. Cancer of the penis. Critical Reviews
in Oncology/Hematology. 2005; 53(2): 165-77.

Culkin DJ, Beer TM. Advanced penile carcinoma. Journal of Urology. 2003;
170(2 Pt 1): 359-65.

Salazar EL, Mercado E, Calzada L. Human papillomavirus hpv-16 DNA as
an epitheliotropic virus that induces hyperproliferation in squamous penile
tissue. Archives of Andrology. 2005; 51(4): 327-34.

Kayes O, Ahmed HU, Arya M et al. Molecular and genetic pathways in
penile cancer. Lancet Oncology. 2007; 8(5): 420-9.

Aynaud O, Ionesco M, Barrasso R. Penile intraepithelial neoplasia. Specific
clinical features correlate with histologic and virologic findings. Cancer.
1994; 74(6): 1762-7.

Dillner J, von Krogh G, Horenblas S et al. Etiology of squamous cell carci-
noma of the penis. Scandinavian Journal of Urology and Nephrology. 2000;
(205): 189-93.

Gross G, Pfister H. Role of human papillomavirus in penile cancer, penile
intraepithelial squamous cell neoplasias and in genital warts. Medical
Microbiology and Immunology. 2004; 193(1): 35-44.

Rubin MA, Kleter B, Zhou M et al. Detection and typing of human papilloma-
virus DNA in penile carcinoma: evidence for multiple independent pathways
of penile carcinogenesis. American Journal of Pathology. 2001; 159(4): 1211-8.
Gregoire L, Cubilla AL, Reuter VE et al. Preferential association of human pap-
illomavirus with high-grade histologic variants of penile-invasive squamous
cell carcinoma. Journal of the National Cancer Institite. 1995; 87(22): 1705-9.
A 2001 result for warty carcinoma was somewhat lower, but still in excess
of the HPV prevalence in squamous cell carcinoma. Bezerra AL, Lopes A,
Landman G et al. Clinicopathologic features and human papillomavirus DNA
prevalence of warty and squamous cell carcinoma of the penis. American
Journal of Surgical Pathology. 20015 25(5): 673-8.



176

115

116

117
118

119

120

121

122

123

124

125

126

127

128

129

HPV and Other Infectious Agents in Cancer

Across different older studies, the variation in HPV prevalence for squamous
cell carcinoma has been wide, from 5 to 48%. Melbye M, Frisch M. The role
of human papillomaviruses in anogenital cancers. Seminars in Cancer Biology.
1998; 8(4): 307-13. A more recent result in a small sample was 67%. Humbey
O, Cairey-Remonnay S, Guerrini JS et al. Detection of the human papilloma-
virus and analysis of the TP53 polymorphism of exon 4 at codon 72 in penile
squamous cell carcinomas. European Journal of Cancer. 2003; 39(5): 684-90.
Rubin MA, Kleter B, Zhou M et al. Detection and typing of human papil-
lomavirus DNA in penile carcinoma: evidence for multiple independent path-
ways of penile carcinogenesis. American Journal of Pathology. 2001; 159(4):
1211-8.

Micali G, Nasca MR, Innocenzi D et al. Penile cancer. Journal of the
American Academy of Dermatology. 2006; 54(3): 369-91.

Nehal KS, Levine V], Ashinoff R. Basal cell carcinoma of the genitalia.
Dermatologic Surgery. 1998; 24(12): 1361-3.

Lont AP, Kroon BK, Horenblas S et al. Presence of high-risk human papil-
lomavirus DNA in penile carcinoma predicts favorable outcome in survival.
International Journal of Cancer. 2006; 119(5): 1078-81.

Daling JR, Madeleine MM, Johnson LG et al. Penile cancer: importance
of circumcision, human papillomavirus and smoking in in situ and invasive
disease. International Journal of Cancer. 2005; 116(4): 606-16.

Perceau G, Derancourt C, Clavel C et al. Lichen sclerosus is frequently pres-
ent in penile squamous cell carcinomas but is not always associated with
oncogenic human papillomavirus. British Journal of Dermatology. 2003;
148(5): 934-8.

Rubin MA, Kleter B, Zhou M et al. Detection and typing of human papil-
lomavirus DNA in penile carcinoma: evidence for multiple independent path-
ways of penile carcinogenesis. American Journal of Pathology. 2001; 159(4):
1211-8.

Bezerra AL, Lopes A, Santiago GH et al. Human papillomavirus as a prog-
nostic factor in carcinoma of the penis: analysis of 82 patients treated with
amputation and bilateral lymphadenectomy. Cancer. 2001; 91(12): 2315-21.
Bunker CB. Topics in penile dermatology. Clinical and Experimental
Dermatology. 20015 26(6): 469-79.

Carter JJ, Madeleine MM, Shera K et al. Human papillomavirus 16 and 18
L1 serology compared across anogenital cancer sites. Cancer Research. 2001;
61(5): 1934-40.

Scheiner MA, Campos MM, Ornellas AA et al. Human papillomavirus and
penile cancers in Rio de Janeiro, Brazil: HPV typing and clinical features.
Official Journal of the Brazilian Society of Urology. 2008; 34(4): 467-76.
Tornesello ML, Duraturo ML, Losito S et al. Human papillomavirus gen-
otypes and HPV16 variants in penile carcinoma. International Journal of
Cancer. 2008; 122(1): 132-7.

Pascual A, Pariente M, Godinez JM et al. High prevalence of human papillo-
mavirus 16 in penile carcinoma. Histology and Histopathology. 2007; 22(2):
177-83.

Giovannelli L, Migliore MC, Capra G et al. Penile, urethral, and seminal
sampling for diagnosis of human papillomavirus infection in men. Journal of
Clinical Microbiology. 2007; 45(1): 248-51.



130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

HPV: Associations with Noncervical Cancer 177

Cupp MR, Malek RS, Goellner JR et al. The detection of human papilloma-
virus deoxyribonucleic acid in intraepithelial, in situ, verrucous and invasive
carcinoma of the penis. Journal of Urology. 1995; 154(3): 1024-9.

Melbye M, Frisch M. The role of human papillomaviruses in anogenital can-
cers. Seminars in Cancer Biology. 1998; 8(4): 307-13.

Dillner J, von Krogh G, Horenblas S et al. Etiology of squamous cell carci-
noma of the penis. Scandinavian Journal of Urology and Nephrology. 2000,
(205): 189-93.

Calculated from data summarized by Rubin MA, Kleter B, Zhou M et al.
Detection and typing of human papillomavirus DNA in penile carcinoma: evi-
dence for multiple independent pathways of penile carcinogenesis. American
Journal of Pathology. 2001; 159(4): 1211-8.

Backes DM, Kurman R], Pimenta JM et al. Systematic review of human pap-
illomavirus prevalence in invasive penile cancer. Cancer Causes and Control.
2009; 20(4): 449-57.

Meyer T, Arndt R, Christophers E et al. Association of rare human papil-
lomavirus types with genital premalignant and malignant lesions. Journal of
Infectious Diseases. 1998; 178(1): 252-5.

Salazar EL, Mercado E, Calzada L. Human papillomavirus hpv-16 DNA as
an epitheliotropic virus that induces hyperproliferation in squamous penile
tissue. Archives of Andrology. 2005; 51(4): 327-34.

Heideman DA, Waterboer T, Pawlita M et al. Human papillomavirus-16 is
the predominant type etiologically involved in penile squamous cell carci-
noma. Journal of Clinical Oncology. 2007; 25(29): 4550-6.

Senba M, Kumatori A, Fujita S et al. The prevalence of human papillomavi-
rus genotypes in penile cancers from northern Thailand. Journal of Medical
Virology. 20065 78(10): 1341-6.

Rubin MA, Kleter B, Zhou M et al. Detection and typing of human papil-
lomavirus DNA in penile carcinoma: evidence for multiple independent path-
ways of penile carcinogenesis. American Journal of Pathology. 2001; 159(4):
1211-8.

Turazza E, Lapena A, Sprovieri O et al. Low-risk human papillomavirus
types 6 and 11 associated with carcinomas of the genital and upper aero-
digestive tract. Acta Obstetricia et Gynecologica Scandinavica. 1997; 76(3):
271-6.

Wieland U, Jurk S, Weissenborn S et al. Erythroplasia of queyrat: coinfection
with cutaneous carcinogenic human papillomavirus type 8 and genital papil-
lomaviruses in a carcinoma in situ. Journal of Investigative Dermatology.
2000; 115(3): 396-401.

Dorfman S, Cavazza M, Cardozo ]. Penile cancer associated with so-called
low-risk human papilloma virus. Report of five cases from rural Venezuela.
Tropical Doctor. 2006; 36(4): 232-3.

Kalantari M, Villa LL, Calleja-Macias IE et al. Human papillomavirus-16
and -18 in penile carcinomas: DNA methylation, chromosomal recombina-
tion and genomic variation. International Journal of Cancer. 2008; 123(8):
1832-40.

Tornesello ML, Duraturo ML, Losito S et al. Human papillomavirus gen-
otypes and HPV16 variants in penile carcinoma. International Journal of
Cancer. 2008; 122(1): 132-7.



178

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

HPV and Other Infectious Agents in Cancer

Maden C, Sherman KJ, Beckmann AM et al. History of circumcision, medi-
cal conditions, and sexual activity and risk of penile cancer. Journal of the
National Cancer Institite. 1993; 85(1): 19-24.

Dillner J, von Krogh G, Horenblas S et al. Etiology of squamous cell carci-
noma of the penis. Scandinavian Journal of Urology and Nephrology. 2000;
(205): 189-93.

Daling JR, Madeleine MM, Johnson LG et al. Penile cancer: importance
of circumcision, human papillomavirus and smoking in in situ and invasive
disease. International Journal of Cancer. 2005; 116(4): 606-16.

Bleeker MC, Heideman DA, Snijders PJ et al. Penile cancer: epidemiol-
ogy, pathogenesis and prevention. World Journal of Urology. 2009; 27(2):
141-50.

Madsen BS, van den Brule AJ, Jensen HL et al. Risk factors for squamous cell
carcinoma of the penis—population-based case-control study in Denmark.
Cancer Epidemiology Biomarkers and Prevention. 2008; 17(10): 2683-91.
Denny L, Ngan HYS. Section B: malignant manifestations of HPV infec-
tion: carcinoma of the cervix, vulva, vagina, anus, and penis. International
Journal of Gynecology and Obstetrics. 2006; 94(suppl 1): S50-5.

Micali G, Nasca MR, Innocenzi D et al. Penile cancer. Journal of the
American Academy of Dermatology. 2006; 54(3): 369-91.

Mosconi AM, Roila F, Gatta G et al. Cancer of the penis. Critical Reviews
in Oncology/Hematology. 2005; 53(2): 165-77.

Tsen HF, Morgenstern H, Mack T et al. Risk factors for penile cancer: results
of a population-based case-control study in Los Angeles County (United
States). Cancer Causes and Control. 2001; 12(3): 267-77.

Aubin F, Puzenat E, Arveux P et al. Genital squamous cell carcinoma in men
treated by photochemotherapy. A cancer registry-based study from 1978 to
1998. British Journal of Dermatology. 2001; 144(6): 1204-6.

Cubilla AL, Velazquez EF, Young RH. Epithelial lesions associated with
invasive penile squamous cell carcinoma: a pathologic study of 288 cases.
International Journal of Surgical Pathology. 2004; 12(4): 351-64.
Aboulafia DM, Gibbons R. Penile cancer and human papilloma virus
(HPV) in a human immunodeficiency virus (HIV)-infected patient. Cancer
Investigation. 2001; 19(3): 266-72.

Kreuter A, Brockmeyer NH, Weissenborn SJ et al. Penile intraepithelial
neoplasia is frequent in HIV-positive men with anal dysplasia. Journal of
Investigative Dermatology. 2008; 128(9): 2316-24.

Ozsahin M, Jichlinski P, Weber DC et al. Treatment of penile carcinoma: to
cut or not to cut? International Journal of Radiation Oncology, Biology,
Physics. 2006; 66(3): 674-9.

Siow WY, Cheng C. Penile cancer: current challenges. Canadian Journal of
Urology. 2005; 12(suppl 1): 18-23.

Castellsague X, Bosch FX, Munoz N et al. Male circumcision, penile human
papillomavirus infection, and cervical cancer in female partners. New
England Journal of Medicine. 2002; 346(15): 1105-12.

Schoen EJ, Wiswell TE, Moses S. New policy on circumcision—cause for
concern. Pediatrics. 2000; 105(3 Pt 1): 620-3.

Bunker CB. Topics in penile dermatology. Clinical and Experimental
Dermatology. 20015 26(6): 469-79.



163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

HPV: Associations with Noncervical Cancer 179

Micali G, Innocenzi D, Nasca MR et al. Squamous cell carcinoma of the penis.
Journal of the American Academy of Dermatology. 1996; 35(3 Pt 1): 432-51.
Maden C, Sherman KJ, Beckmann AM et al. History of circumcision, medi-
cal conditions, and sexual activity and risk of penile cancer. Journal of the
National Cancer Institute. 1993; 85(1): 19-24.

Moses S, Bailey RC, Ronald AR. Male circumcision: assessment of health
benefits and risks. Sexually Transmitted Infections. 1998; 74(5): 368-73.
Ross BS, Levine V], Dixon C et al. Squamous cell carcinoma of the penis in
a circumcised man: a case for dermatology and urology, and review of the
literature. Cutis. 1998; 61(1): 41-3.

Saibishkumar EP, Crook J, Sweet J. Neonatal circumcision and invasive
squamous cell carcinoma of the penis: a report of 3 cases and a review of the
literature. Canadian Urological Association Journal. 2008; 2(1): 39-42.
Nielson CM, Schiaffino MK, Dunne EF et al. Associations between Male
Anogenital Human Papillomavirus Infection and Circumcision by Anatomic
Site Sampled and Lifetime Number of Female Sex Partners. Journal of
Infectious Diseases. 2009; 199(1): 7-13.

Giuliano AR, Lazcano E, Villa LL et al. Circumcision and sexual behav-
ior: factors independently associated with human papillomavirus detection
among men in the HIM study. International Journal of Cancer. 2009; 124(6):
1251-7.

Hernandez BY, Wilkens LR, Zhu X et al. Circumecision and human papil-
lomavirus infection in men: a site-specific comparison. Journal of Infectious
Diseases. 2008; 197(6): 787-94.

Auvert B, Sobngwi-Tambekou J, Cutler E et al. Effect of male circumcision
on the prevalence of high-risk human papillomavirus in young men: results
of a randomized controlled trial conducted in orange farm, South Africa.
Journal of Infectious Diseases. 2009; 199(1): 14-9.

Thami GP, Kaur S. Genital lichen sclerosus, squamous cell carcinoma and
circumcision. British Journal of Dermatology. 2003; 148(5): 1083-4.

Busby JE, Pettaway CA. What’s new in the management of penile cancer?
Current Opinion in Urology. 2005; 15(5): 350-7.

Kroon BK, Horenblas S, Nieweg OE. Contemporary management of penile
squamous cell carcinoma. Journal of Surgical Oncology. 20055 89(1): 43-50.
Kayes O, Ahmed HU, Arya M et al. Molecular and genetic pathways in
penile cancer. Lancet Oncology. 2007; 8(5): 420-9.

Frisch M, Friis S, Kjaer SK et al. Falling incidence of penis cancer in an uncir-
cumcised population (Denmark 1943-90). British Medical Journal. 1995;
311(7018): 1471.

Millett GA, Flores SA, Marks G et al. Circumcision status and risk of HIV
and sexually transmitted infections among men who have sex with men: a
meta-analysis. Journal of the American Medical Association. 2008; 300(14):
1674-84.

Thami GP, Kaur S. Genital lichen sclerosus, squamous cell carcinoma and
circumcision. British Journal of Dermatology. 2003; 148(5): 1083—4.
Velazquez EF, Cubilla AL. Lichen sclerosus in 68 patients with squamous cell
carcinoma of the penis: frequent atypias and correlation with special carci-
noma variants suggests a precancerous role. American Journal of Surgical
Pathology. 2003; 27(11): 1448-53.



180

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

HPV and Other Infectious Agents in Cancer

Recently, some connection was also drawn between lichen sclerosus and
high-risk HPV infection, which only serves to show that the topic of penile
lesions and HPV remains a fluid area of investigation. Nasca MR, Innocenzi
D, Micali G. Association of penile lichen sclerosus and oncogenic human
papillomavirus infection. International Journal of Dermatology. 2006;
45(6): 681-3.

Cold CJ, Taylor JR. The prepuce. British Journal of Urology International.
1999; 83(suppl 1): 34-44.

Velazquez EF, Soskin A, Bock A et al. Epithelial abnormalities and precan-
cerous lesions of anterior urethra in patients with penile carcinoma: a report
of 89 cases. Modern Pathology. 2005; 18(7): 917-23.

Weaver BA, Feng Q, Holmes KK et al. Evaluation of genital sites and sam-
pling techniques for detection of human papillomavirus DNA in men. Journal
of Infectious Diseases. 2004; 189(4): 677-85.

Van Howe RS. Reply to “HPV and circumcision: a biased, inaccurate and
misleading meta-analysis”. British Infection Society. 2007; 55(1): 93-6.
Hernandez BY, McDuffie K, Goodman MT et al. Comparison of physician-
and self-collected genital specimens for detection of human papillomavirus
in men. Journal of Clinical Microbiology. 2006; 44(2): 513-7.

Nielson CM, Flores R, Harris RB et al. Human papillomavirus prevalence and
type distribution in male anogenital sites and semen. Cancer Epidemiology,
Biomarkers and Prevention. 2007; 16(6): 1107-14.

Smith JS, Moses S, Hudgens MG et al. Human papillomavirus detection by
penile site in young men from Kenya. Sexually Transmitted Diseases. 2007,
34(11): 928-34.

Aynaud O, Ionesco M, Barrasso R. Cytologic detection of human papillomavi-
rus DNA in normal male urethral samples. Urology. 2003; 61(6): 1098-101.
Aguilar LV, Lazcano-Ponce E, Vaccarella S et al. Human papillomavirus in
men: comparison of different genital sites. Sexually Transmitted Infections.
2006; 82(1): 31-3.

Taylor JR, Lockwood AP, Taylor AJ. The prepuce: specialized mucosa of the
penis and its loss to circumcision. British Journal of Urology. 1996; 77(2):
291-S.

Christensen ND, Koltun WA, Cladel NM et al. Coinfection of human fore-
skin fragments with multiple human papillomavirus types (HPV-11, -40, and
-LVX82/MM7) produces regionally separate HPV infections within the same
athymic mouse xenograft. Journal of Virology. 1997; 71(10): 7337-44.
Allen DC, Cameron RI, eds. Histological Specimens: Clinical, Pathological
and Laboratory Aspects. London: Springer, 2004.

Szabo R, Short RV. How does male circumcision protect against HIV infec-
tion? British Medical Journal. 2000; 320(7249): 1592-4.

Aynaud O, Piron D, Bijaoui G et al. Developmental factors of urethral human
papillomavirus lesions: correlation with circumcision. British Journal of
Urology International. 1999; 84(1): 57-60.

Van Howe RS. Human papillomavirus and circumecision: a meta-analysis.
Journal of Infection. 2007; 54(5): 490-6.

Castellsague X, Albero G, Cleries R et al. HPV and circumcision: a biased,
inaccurate and misleading meta-analysis. Journal of Infection. 2007; 55(1):
91-3.



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

HPV: Associations with Noncervical Cancer 181

Szabo R, Short RV. How does male circumcision protect against HIV infec-
tion? British Medical Journal. 2000; 320(7249): 1592-4.

Patterson BK, Landay A, Siegel JN et al. Susceptibility to human immuno-
deficiency virus-1 infection of human foreskin and cervical tissue grown in
explant culture. American Journal of Pathology. 2002; 161(3): 867-73.
Donoval BA, Landay AL, Moses S et al. HIV-1 target cells in foreskins
of African men with varying histories of sexually transmitted infections.
American Journal of Clinical Pathology. 2006; 125(3): 386-91.
McCoombe SG, Short RV. Potential HIV-1 target cells in the human penis.
AIDS. 2006; 20(11): 1491-5.

Van Howe RS. Does circumcision influence sexually transmitted diseases?: a
literature review. British Journal of Urology International. 1999; 83(suppl 1):
52-62.

Weiss HA. Male circumcision as a preventive measure against HIV and other
sexually transmitted diseases. Current Opinion in Infectious Diseases. 2007,
20(1): 66-72.

Partridge JM, Koutsky LA. Genital human papillomavirus infection in men.
Lancet Infectious Diseases. 2006; 6(1): 21-31.

Castellsague X, Bosch FX, Munoz N. The male role in cervical cancer. Salud
Publica de Mexico. 2003; 45(suppl 3): S345-53.

Giuliano AR, Tortolero-Luna G, Ferrer E et al. Epidemiology of human pap-
illomavirus infection in men, cancers other than cervical and benign condi-
tions. Vaccine. 2008; 26(suppl 10): K17-28.

Rosenblatt C, Lucon AM, Pereyra EA et al. HPV prevalence among partners
of women with cervical intraepithelial neoplasia. International Journal of
Gynaecology and Obstetrics. 2004; 84(2): 156-61.

Rombaldi RL, Serafini EP, Villa LL et al. Infection with human papillo-
maviruses of sexual partners of women having cervical intraepithelial neo-
plasia. Brazilian Journal of Medical and Biological Research. 2006; 39(2):
177-87.

Nicolau SM, Camargo CG, Stavale JN et al. Human papillomavirus DNA
detection in male sexual partners of women with genital human papillomavi-
rus infection. Urology. 2005; 65(2): 251-5.

Bleeker MC, Hogewoning CJ, Van Den Brule AJ et al. Penile lesions and
human papillomavirus in male sexual partners of women with cervical intra-
epithelial neoplasia. Journal of the American Academy of Dermatology.
20025 47(3): 351-7.

Taner MZ, Taskiran C, Onan MA et al. Genital human papillomavirus
infection in the male sexual partners of women with isolated vulvar lesions.
International Journal of Gynecological Cancer. 2006; 16(2): 791-4.
Bleeker MC, Snijders PF, Voorhorst F]J et al. Flat penile lesions: the infectious
“invisible” link in the transmission of human papillomavirus. International
Journal of Cancer. 20065 119(11): 2505-12.

Castellsague X, Bosch FX, Munoz N et al. Male circumcision, penile human
papillomavirus infection, and cervical cancer in female partners. New
England Journal of Medicine. 2002; 346(15): 1105-12.

Dunne EF, Nielson CM, Stone KM et al. Prevalence of HPV infection among
men: a systematic review of the literature. Journal of Infectious Diseases.
2006; 194(8): 1044-57.



182

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

HPV and Other Infectious Agents in Cancer

Smith ]S, Moses S, Hudgens MG et al. Human papillomavirus detection by
penile site in young men from Kenya. Sexually Transmitted Diseases. 2007,
34(11): 928-34.

Giuliano AR, Lazcano-Ponce E, Villa LL et al. The human papillomavirus
infection in men study: human papillomavirus prevalence and type distribu-
tion among men residing in Brazil, Mexico, and the United States. Cancer
Epidemiology, Biomarkers and Prevention. 2008; 17(8): 2036—43.

Giuliano AR, Lu B, Nielson CM et al. Age-specific prevalence, incidence,
and duration of human papillomavirus infections in a cohort of 290 US men.
Journal of Infectious Diseases. 2008; 198(6): 827-35.

Nyitray A, Nielson CM, Harris RB et al. Prevalence of and risk factors
for anal human papillomavirus infection in heterosexual men. Journal of
Infectious Diseases. 2008; 197(12): 1676-84.

Flores R, Beibei L, Nielson C et al. Correlates of human papillomavirus
viral load with infection site in asymptomatic men. Cancer Epidemiology,
Biomarkers and Prevention. 2008; 17(12): 3573-6.

Kjaer SK, Munk C, Winther JF et al. Acquisition and persistence of human
papillomavirus infection in younger men: a prospective follow-up study
among Danish soldiers. Cancer Epidemiology, Biomarkers and Prevention.
2005; 14(6): 1528-33.

Lajous M, Mueller N, Cruz-Valdez A et al. Determinants of prevalence,
acquisition, and persistence of human papillomavirus in healthy Mexican
military men. Cancer Epidemiology, Biomarkers and Prevention. 2005;
14(7): 1710-6.

Partridge JM, Koutsky LA. Genital human papillomavirus infection in men.
Lancet Infectious Diseases. 2006; 6(1): 21-31.

Dunne EF, Nielson CM, Stone KM et al. Prevalence of HPV infection among
men: a systematic review of the literature. Journal of Infectious Diseases.
2006; 194(8): 1044-57.

Fletcher HM, Hanchard B. Poverty eradication and decreased human pap-
illoma virus related cancer of the penis and vulva in Jamaica. Journal of
Obstetrics and Gynaecology. 2008; 28(3): 333-5.

Sirera G, Videla S, Pinol M et al. High prevalence of human papillomavirus
infection in the anus, penis and mouth in HIV-positive men. AIDS. 2006;
20(8): 1201-4.

Smits PH, Bakker R, Jong E et al. High prevalence of human papillomavi-
rus infections in urine samples from human immunodeficiency virus-infected
men. Journal of Clinical Microbiology. 2005; 43(12): 5936-9.

Kreuter A, Brockmeyer NH, Hochdorfer B et al. Clinical spectrum and
virologic characteristics of anal intraepithelial neoplasia in HIV infection.
Journal of the American Academy of Dermatology. 2005; 52(4): 603-8.
van der Snoek EM, Niesters HG, Mulder PG et al. Human papillomavirus
infection in men who have sex with men participating in a Dutch gay-cohort
study. Sexually Transmitted Diseases. 2003; 30(8): 639-44.

Partridge JM, Koutsky LA. Genital human papillomavirus infection in men.
Lancet Infectious Diseases. 2006; 6(1): 21-31.

Chin-Hong PV, Vittinghoff E, Cranston RD et al. Age-Specific prevalence
of anal human papillomavirus infection in HIV-negative sexually active men
who have sex with men: the EXPLORE study. Journal of Infectious Diseases.
2004; 190(12): 2070-6.



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

HPV: Associations with Noncervical Cancer 183

Chin-Hong PV, Vittinghoff E, Cranston RD et al. Age-related prevalence of
anal cancer precursors in homosexual men: the EXPLORE study. Journal of
the National Cancer Institute. 2005; 97(12): 896-905.

Nielson CM, Flores R, Harris RB et al. Human papillomavirus prevalence and
type distribution in male anogenital sites and semen. Cancer Epidemiology,
Biomarkers and Prevention. 2007; 16(6): 1107-14.

Giuliano AR, Nielson CM, Flores R et al. The optimal anatomic sites for
sampling heterosexual men for human papillomavirus (HPV) detection: the
HPV detection in men study. Journal of Infectious Diseases. 2007; 196(8):
1146-52.

Dunne EF, Nielson CM, Stone KM et al. Prevalence of HPV infection among
men: a systematic review of the literature. Journal of Infectious Diseases.
2006; 194(8): 1044-57.

Kubba T. Human papillomavirus vaccination in the United Kingdom: what
about boys? Reproductive Health Matters. 2008; 16(32): 97-103.

Giuliano AR. Human papillomavirus vaccination in males. Gynecologic
Oncology. 2007; 107(2 suppl 1): S24-6.

Joseph DA, Miller JW, Wu X et al. Understanding the burden of human
papillomavirus-associated anal cancers in the US. Cancer. 2008; 113(suppl
10): 2892-900.

Steenbergen RD, de Wilde J, Wilting SM et al. HPV-mediated transforma-
tion of the anogenital tract. Journal of Clinical Virology. 2005; 32(suppl 1):
§25-33.

Palefsky J. Human papillomavirus and anal neoplasia. Current HIV/AIDS
Reports. 2008; 5(2): 78-85.

Nyitray A, Nielson CM, Harris RB et al. Prevalence of and risk factors
for anal human papillomavirus infection in heterosexual men. Journal of
Infectious Diseases. 2008; 197(12): 1676-84.

Johnson LG, Madeleine MM, Newcomer LM et al. Anal cancer incidence
and survival: the surveillance, epidemiology, and end results experience,
1973-2000. Cancer. 2004; 101(2): 281-8.

Zbar AP, Fenger C, Efron J et al. The pathology and molecular biology of
anal intraepithelial neoplasia: comparisons with cervical and vulvar intraepi-
thelial carcinoma. International Journal of Colorectal Disease. 2002; 17(4):
203-15.

Herat A, Whitfeld M, Hillman R. Anal intraepithelial neoplasia and anal
cancer in dermatological practice. Australasian Journal of Dermatology.
2007; 48(3): 143-55.

Palefsky JM. Anal squamous intraepithelial lesions: relation to HIV and
human papillomavirus infection. Journal of Acquired Immune Deficiency
Syndromes. 1999; 21(suppl 1): S42-8.

Piketty C, Darragh TM, Heard I et al. High prevalence of anal squamous
intraepithelial lesions in HIV-positive men despite the use of highly active
antiretroviral therapy. Sexually Transmitted Diseases. 2004; 31(2): 96-9.
D’Souza G, Wiley DJ, Li X et al. Incidence and epidemiology of anal cancer in
the multicenter AIDS cohort study. Journal of Acquired Immune Deficiency
Syndromes. 2008; 48(4): 491-9.

Orlando G, Tanzi E, Beretta R et al. Human papillomavirus genotypes and
anal-related lesions among HIV-1-infected men in Milan, Italy. Journal of
Acquired Immune Deficiency Syndromes. 2008; 47(1): 129-31.



184

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

HPV and Other Infectious Agents in Cancer

Moscicki AB, Schiffman M, Kjaer S et al. Updating the natural history of HPV
and anogenital cancer. Vaccine. Chapter 5, 2006; 24(suppl 3): S3/42-51.
Johnson LG, Madeleine MM, Newcomer LM et al. Anal cancer incidence
and survival: the surveillance, epidemiology, and end results experience,
1973-2000. Cancer. 2004; 101(2): 281-8.

Daling JR, Weiss NS, Hislop TG et al. Sexual practices, sexually transmitted
diseases, and the incidence of anal cancer. New England Journal of Medicine.
1987; 317(16): 973-7.

Clark MA, Hartley A, Geh JI. Cancer of the anal canal. Lancet Oncology.
2004; 5(3): 149-57.

Chang GJ, Welton ML. Human papillomavirus, condylomata acuminata, and
anal neoplasia. Clinics in Colon and Rectal Surgery. 2004; 17(4): 221-30.
Nyitray A, Nielson CM, Harris RB et al. Prevalence of and risk factors
for anal human papillomavirus infection in heterosexual men. Journal of
Infectious Diseases. 2008; 197(12): 1676-84.

Palefsky JM, Holly EA, Ralston ML et al. Prevalence and risk factors for anal
human papillomavirus infection in human immunodeficiency virus (HIV)-
positive and high-risk HIV-negative women. Journal of Infectious Diseases.
2001; 183(3): 383-91.

Nyitray A, Nielson CM, Harris RB et al. Prevalence of and risk factors
for anal human papillomavirus infection in heterosexual men. Journal of
Infectious Diseases. 2008; 197(12): 1676-84.

Holm R, Tanum G, Karlsen F et al. Prevalence and physical state of human
papillomavirus DNA in anal carcinomas. Modern Pathology. 1994; 7(4):
449-53.

Bruland O, Fluge O, Immervoll H et al. Gene expression reveals two dis-
tinct groups of anal carcinomas with clinical implications. British Journal of
Cancer. 2008; 98(7): 1264-73.

Daling JR, Madeleine MM, Johnson LG et al. Human papillomavirus, smok-
ing, and sexual practices in the etiology of anal cancer. Cancer. 2004; 101(2):
270-80.

Steenbergen RD, de Wilde J, Wilting SM et al. HPV-mediated transforma-
tion of the anogenital tract. Journal of Clinical Virology. 2005; 32(suppl 1):
S25-33.

Palefsky J, Handley J. What Your Doctor May Not Tell You about HPV and
Abnormal Pap Smears. New York: Warner, 2002.

Frisch M, Fenger C, van den Brule AJ et al. Variants of squamous cell carci-
noma of the anal canal and perianal skin and their relation to human papil-
lomaviruses. Cancer Research. 1999; 59(3): 753-7.

Gervaz P, Hirschel B, Morel P. Molecular biology of squamous cell carci-
noma of the anus. British Journal of Surgery. 2006; 93(5): 531-8.

Zbar AP, Fenger C, Efron ] et al. The pathology and molecular biology of
anal intraepithelial neoplasia: comparisons with cervical and vulvar intraepi-
thelial carcinoma. International Journal of Colorectal Disease. 2002; 17(4):
203-15.

Chang GJ, Welton ML. Human papillomavirus, condylomata acuminata, and
anal neoplasia. Clinics in Colon and Rectal Surgery. 2004; 17(4): 221-30.
Kreuter A, Brockmeyer NH, Hochdorfer B et al. Clinical spectrum and
virologic characteristics of anal intraepithelial neoplasia in HIV infection.
Journal of the American Academy of Dermatology. 2005; 52(4): 603-8.



265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

HPV: Associations with Noncervical Cancer 185

Pereira A, Lacerda HR, Barros RR. Prevalence and factors associated with
anal lesions mediated by human papillomavirus in men with HIV/AIDS.
International Journal of STD and AIDS. 2008; 19(3): 192-6.

Orlando G, Tanzi E, Beretta R et al. Human papillomavirus genotypes and
anal-related lesions among HIV-1-infected men in Milan, Italy. Journal of
Acquired Immune Deficiency Syndromes. 2008; 47(1): 129-31.

Kreuter A, Brockmeyer NH, Altmeyer P et al. Anal intraepithelial neoplasia
in HIV infection. Journal of the German Society of Dermatology. 2008;
6(11): 925-34.

Hessol NA, Holly EA, Efird JT et al. Anal intraepithelial neoplasia in a mul-
tisite study of HIV-infected and high-risk HIV-uninfected women. AIDS.
2009; 23(1): 59-70.

Gervaz P, Hirschel B, Morel P. Molecular biology of squamous cell carci-
noma of the anus. British Journal of Surgery. 20065 93(5): 531-8.

Zbar AP, Fenger C, Efron ] et al. The pathology and molecular biology of anal
intraepithelial neoplasia: comparisons with cervical and vulvar intraepithelial
carcinoma. International Journal of Colorectal Disease. 20025 17(4): 203-15.
Chin-Hong PV, Palefsky JM. Natural history and clinical management of anal
human papillomavirus disease in men and women infected with human immu-
nodeficiency virus. Clinical Infectious Diseases. 2002; 35(9): 1127-34.
Gervaz P, Hirschel B, Morel P. Molecular biology of squamous cell carci-
noma of the anus. British Journal of Surgery. 2006; 93(5): 531-8.

Darragh TM. Anal cytology for anal cancer screening: is it time yet?
Diagnostic Cytopathology. 2004; 30(6): 371-4.

Chiao EY, Giordano TP, Palefsky JM et al. Screening HIV-infected individu-
als for anal cancer precursor lesions: a systematic review. Clinical Infectious
Diseases. 20063 43(2): 223-33.

Piketty C, Darragh TM, Da Costa M et al. High prevalence of anal human
papillomavirus infection and anal cancer precursors among HIV-infected
persons in the absence of anal intercourse. Annals of Internal Medicine.
2003; 138(6): 453-9.

Patel HS, Silver AR, Northover JM. Anal cancer in renal transplant patients.
International Journal of Colorectal Disease. 2007; 22(1): 1-5.

Adami J, Gabel H, Lindelof B et al. Cancer risk following organ transplanta-
tion: a nationwide cohort study in Sweden. British Journal of Cancer. 2003;
89(7): 1221-7.

Watson AJ, Smith BB, Whitehead MR et al. Malignant progression of anal
intra-epithelial neoplasia. ANZ Journal of Surgery. 2006; 76(8): 715-7.
Scholefield JH, Castle MT, Watson NE. Malignant transformation of high-
grade anal intraepithelial neoplasia. British Journal of Surgery. 2005; 92(9):
1133-6.

Drobacheff C, Dupont P, Mougin C et al. Anal human papillomavirus DNA
screening by Hybrid Capture II in human immunodeficiency virus-positive
patients with or without anal intercourse. European Journal of Dermatology.
2003; 13(4): 367-71.

Gervaz P, Hirschel B, Morel P. Molecular biology of squamous cell carci-
noma of the anus. British Journal of Surgery. 2006; 93(5): 531-8.
Critchlow CW, Hawes SE, Kuypers JM et al. Effect of HIV infection on the
natural history of anal human papillomavirus infection. AIDS. 1998; 12(10):
1177-84.



186

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

HPV and Other Infectious Agents in Cancer

Moscicki AB, Durako SJ, Houser J et al. Human papillomavirus infection
and abnormal cytology of the anus in HIV-infected and uninfected adoles-
cents. AIDS. 2003; 17(3): 311-20.

Hernandez BY, McDuffie K, Zhu X et al. Anal human papillomavirus
infection in women and its relationship with cervical infection. Cancer
Epidemiology, Biomarkers and Prevention. 2005; 14(11 Pt 1): 2550-6.
Daling JR, Madeleine MM, Johnson LG et al. Human papillomavirus, smok-
ing, and sexual practices in the etiology of anal cancer. Cancer. 2004; 101(2):
270-80.

Moscicki AB, Hills NK, Shiboski S et al. Risk factors for abnormal anal
cytology in young heterosexual women. Cancer Epidemiology, Biomarkers
and Prevention. 1999; 8(2): 173-8.

Critchlow CW, Hawes SE, Kuypers JM et al. Effect of HIV infection on the
natural history of anal human papillomavirus infection. AIDS. 1998; 12(10):
1177-84.

Tsen HF, Morgenstern H, Mack T et al. Risk factors for penile cancer: results
of a population-based case-control study in Los Angeles County (United
States). Cancer Causes and Control. 2001; 12(3): 267-77.

Daling JR, Madeleine MM, Johnson LG et al. Human papillomavirus, smok-
ing, and sexual practices in the etiology of anal cancer. Cancer. 2004; 101(2):
270-80.

Chang GJ, Welton ML. Human papillomavirus, condylomata acuminata, and
anal neoplasia. Clinics in Colon and Rectal Surgery. 2004; 17(4): 221-30.
Edgren G, Sparen P. Risk of anogenital cancer after diagnosis of cervical
intraepithelial neoplasia: a prospective population-based study. Lancet
Oncology. 2007; 8(4): 311-6.

Nahas CS, Lin O, Weiser MR et al. Prevalence of perianal intraepithelial
neoplasia in HIV-infected patients referred for high-resolution anoscopy.
Diseases of the Colon and Rectum. 2006; 49(10): 1581-6.

Chaiyachati K, Cinti SK, Kauffman CA et al. HIV-infected patients with
anal carcinoma who subsequently developed oral squamous cell carcinoma:
report of 2 cases. Journal of the International Association of Physicians in
AIDS Care. 2008; 7(6): 306-10.

Krueger H, McLean D, Williams D. The Prevention of Second Primary
Cancers. Basel: Karger, 2008.

Balamurugan A, Ahmed F, Saraiya M et al. Potential role of human papilloma-
virus in the development of subsequent primary in situ and invasive cancers
among cervical cancer survivors. Cancer. 2008; 113(suppl 10): 2919-25.
Krueger H, McLean D, Williams D. The Prevention of Second Primary
Cancers. Basel: Karger, 2008.

Chaturvedi AK, Engels EA, Gilbert ES et al. Second cancers among 104,760
survivors of cervical cancer: evaluation of long-term risk. Journal of the
National Cancer Institute. 2007; 99(21): 1634-43.

Schockaert S, Poppe W, Arbyn M et al. Incidence of vaginal intraepithelial
neoplasia after hysterectomy for cervical intraepithelial neoplasia: a ret-
rospective study. American Journal of Obstetrics and Gynecology. 2008;
199(2): 113 el-5.

Gonzalez Bosquet E, Torres A, Busquets M et al. Prognostic factors for
the development of vaginal intraepithelial neoplasia. European Journal of
Gynaecological Oncology. 2008; 29(1): 43-S5.



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

HPV: Associations with Noncervical Cancer 187

Hampl M, Wentzensen N, Vinokurova S et al. Comprehensive analysis of
130 multicentric intraepithelial female lower genital tract lesions by HPV
typing and p16 expression profile. Journal of Cancer Research and Clinical
Oncology. 2007; 133(4): 235-45.

Hemminki K, Dong C, Vaittinen P. Second primary cancer after in situ and
invasive cervical cancer. Epidemiology. 2000; 11(4): 457-61.

Evans HS, Newnham A, Hodgson SV et al. Second primary cancers after
cervical intraepithelial neoplasia IIT and invasive cervical cancer in Southeast
England. Gynecologic Oncology. 2003; 90(1): 131-6.

Goodman MT, Shvetsov YB, McDuffie K et al. Acquisition of anal human
papillomavirus (HPV) infection in women: the Hawaii HPV Cohort study.
Journal of Infectious Diseases. 2008; 197(7): 957-66.

Veo CA, Saad SS, Nicolau SM et al. Study on the prevalence of human papil-
lomavirus in the anal canal of women with cervical intraepithelial neoplasia
grade III. European Journal of Obstetrics and Gynecology and Reproductive
Biology. 2008; 140(1): 103-7.

Kreuter A, Brockmeyer NH, Weissenborn SJ et al. Penile intraepithelial
neoplasia is frequent in HIV-positive men with anal dysplasia. Journal of
Investigative Dermatology. 2008; 128(9): 2316-24.

Widschwendter A, Brunhuber T, Wiedemair A et al. Detection of human
papillomavirus DNA in breast cancer of patients with cervical cancer history.
Journal of Clinical Virology. 2004; 31(4): 292-7.

Hennig EM, Nesland JM, Di Lonardo A et al. Multiple primary cancers
and HPV infection: are they related? Journal of Experimental and Clinical
Cancer Research. 1999; 18(1): 53-4.

Rose Ragin CC, Taioli E. Second primary head and neck tumor risk in patients
with cervical cancer—SEER data analysis. Head and Neck. 2008; 30(1):
58-66.

Georgieva S, Iordanov V. A woman with synchronous cervical, vaginal and
laryngeal squamous cell carcinomas and positive human papillomavirus type
16; case presentation with literature review. Journal of the Balkan Union of
Oncology. 2008; 13(1): 109-12.

Matsukura T, Sugase M. Pitfalls in the epidemiologic classification of human
papillomavirus types associated with cervical cancer using polymerase chain
reaction: driver and passenger. International Journal of Gynecologic Cancer.
2008; 18(5): 1042-50.

Giatromanolaki A, Sivridis E, Papazoglou D et al. Human papillomavirus
in endometrial adenocarcinomas: infectious agent or a mere “passenger”?
Infectious Diseases in Obstetrics and Gynecology. 2007; 2007: 60549.
Psyrri A, DiMaio D. Human papillomavirus in cervical and head-and-neck
cancer. Nature Clinical Practice Oncology. 2008; 5(1): 24-31.

Applebaum KM, Furniss CS, Zeka A et al. Lack of association of alcohol
and tobacco with HPV16-associated head and neck cancer. Journal of the
National Cancer Institute. 2007; 99(23): 1801-10.

Gillison ML, Shah KV. Role of mucosal human papillomavirus in nongenital
cancers. Journal of the National Cancer Institute Monographs. Chapter 9,
2003; (31): 57-65.

Hobbs CG, Sterne JA, Bailey M et al. Human papillomavirus and head and
neck cancer: a systematic review and meta-analysis. Clinical Otolaryngology.
2006; 31(4): 259-66.



188

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

HPV and Other Infectious Agents in Cancer

Haddad RI, Shin DM. Recent advances in head and neck cancer. New
England Journal of Medicine. 2008; 359(11): 1143-54.

Venuti A, Manni V, Morello R et al. Physical state and expression of human
papillomavirus in laryngeal carcinoma and surrounding normal mucosa.
Journal of Medical Virology. 2000; 60(4): 396-402.

Boy S, Van Rensburg EJ, Engelbrecht S et al. HPV detection in primary intra-
oral squamous cell carcinomas—commensal, aetiological agent or contami-
nation? Journal of Oral Pathology and Medicine. 2006; 35(2): 86-90.
Fakhry C, Gillison ML. Clinical implications of human papillomavirus in
head and neck cancers. Journal of Clinical Oncology. 2006; 24(17): 2606-11.
Kreimer AR, Clifford GM, Boyle P et al. Human papillomavirus types in
head and neck squamous cell carcinomas worldwide: a systematic review.
Cancer Epidemiology, Biomarkers and Prevention. 2005; 14(2): 467-75.
Syrjanen S. Human papillomaviruses in head and neck carcinomas. New
England Journal of Medicine. 2007; 356(19): 1993-5.

Devaraj K, Gillison ML, Wu TC. Development of HPV vaccines for HPV-
associated head and neck squamous cell carcinoma. Critical Reviews in Oral
Biology and Medicine. 2003; 14(5): 345-62.

Furniss CS, McClean MD, Smith JF et al. Human papillomavirus 6 seropositiv-
ity is associated with risk of head and neck squamous cell carcinoma, indepen-
dent of tobacco and alcohol use. Annals of Oncology. 2009; 20(3): 534-41.
De Petrini M, Ritta M, Schena M et al. Head and neck squamous cell car-
cinoma: role of the human papillomavirus in tumour progression. New
Microbiologica. 2006; 29(1): 25-33.

Ragin CC, Taioli E. Survival of squamous cell carcinoma of the head and
neck in relation to human papillomavirus infection: review and meta-analy-
sis. International Journal of Cancer. 2007; 121(8): 1813-20.

Fakhry C, Westra WH, Li S et al. Improved survival of patients with human
papillomavirus-positive head and neck squamous cell carcinoma in a pro-
spective clinical trial. Journal of the National Cancer Institute. 2008; 100(4):
261-9.

Armas GL, Su CY, Huang CC et al. The impact of virus in N3 node dissection
for head and neck cancer. European Archives of Oto-Rhino-Laryngology.
2008; 265(11): 1379-84.

Zhang MQ, El-Mofty SK, Davila RM. Detection of human papillomavirus-
related squamous cell carcinoma cytologically and by in situ hybridization
in fine-needle aspiration biopsies of cervical metastasis: a tool for identifying
the site of an occult head and neck primary. Cancer. 2008; 114(2): 118-23.
Braakhuis BJ, Snijders PJ, Keune W] et al. Genetic patterns in head and neck
cancers that contain or lack transcriptionally active human papillomavirus.
Journal of the National Cancer Institute. 2004; 96(13): 998-1006.

Smith EM, Wang D, Kim Y et al. p16(INK4a) Expression, human papillo-
mavirus, and survival in head and neck cancer. Oral Oncology. 2008; 44(2):
133-42.

Begum S, Westra WH. Basaloid squamous cell carcinoma of the head and
neck is a mixed variant that can be further resolved by HPV status. American
Journal of Surgical Pathology. 2008; 32(7): 1044-50.

Ritta M, De Andrea M, Mondini M et al. Cell cycle and viral and immu-
nologic profiles of head and neck squamous cell carcinoma as predictable
variables of tumor progression. Head and Neck. 2009; 31(3): 318-27.



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

HPV: Associations with Noncervical Cancer 189

Schlecht NF, Burk RD, Adrien L et al. Gene expression profiles in HPV-
infected head and neck cancer. Journal of Pathology. 2007; 213(3): 283-93.

Strati K, Lambert PF. Role of Rb-dependent and Rb-independent functions
of papillomavirus E7 oncogene in head and neck cancer. Cancer Research.
2007; 67(24): 11585-93.

Westra WH, Taube JM, Poeta ML et al. Inverse relationship between human
papillomavirus-16 infection and disruptive p53 gene mutations in squamous cell
carcinoma of the head and neck. Clinical Cancer Research. 2008; 14(2): 366-9.

Ragin CC, Modugno F, Gollin SM. The epidemiology and risk factors of
head and neck cancer: a focus on human papillomavirus. Journal of Dental
Research. 2007; 86(2): 104-14.

Gillison ML, D’Souza G, Westra W et al. Distinct risk factor profiles for
human papillomavirus type 16-positive and human papillomavirus type
16-negative head and neck cancers. Journal of the National Cancer Institute.
2008; 100(6): 407-20.

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

Pica F, Volpi A. Transmission of human herpesvirus 8: an update. Current
Opinions in Infectious Diseases. 2007; 20(2): 152-6.

D’Souza G, Fakhry C, Sugar EA et al. Six-month natural history of oral
versus cervical human papillomavirus infection. International Journal of
Cancer. 2007; 121(1): 143-50.

Gillison ML, Shah KV. Role of mucosal human papillomavirus in nongenital
cancers. Journal of the National Cancer Institute Monographs. Chapter 9,
2003; (31): 57-65.

Smith EM, Ritchie JM, Summersgill KF et al. Age, sexual behavior and
human papillomavirus infection in oral cavity and oropharyngeal cancers.
International Journal of Cancer. 2004; 108(5): 766-72.

Furniss CS, McClean MD, Smith JF et al. Human papillomavirus 16 and
head and neck squamous cell carcinoma. International Journal of Cancer.
2007; 120(11): 2386-92.

Giraldo P, Goncalves AK, Pereira SA et al. Human papillomavirus in the
oral mucosa of women with genital human papillomavirus lesions. European
Journal of Obstetrics, Gynecology, and Reproductive Biology. 2006; 126(1):
104-6.

Fakhry C, D’Souza G, Sugar E et al. Relationship between prevalent oral
and cervical human papillomavirus infections in human immunodeficiency
virus-positive and —negative women. Journal of Clinical Microbiology. 2006;
44(12): 4479-85.

Smith EM, Ritchie JM, Yankowitz J et al. HPV prevalence and concordance
in the cervix and oral cavity of pregnant women. Infectious Diseases in
Obstetrics and Gynecology. 2004; 12(2): 45-56.

Rintala M, Grenman S, Puranen M et al. Natural history of oral papilloma-
virus infections in spouses: a prospective Finnish HPV Family Study. Journal
of Clinical Virology. 2006; 35(1): 89-94.

Giraldo P, Goncalves AK, Pereira SA et al. Human papillomavirus in the oral
mucosa of women with genital human papillomavirus lesions. European
Journal of Obstetrics, Gynecology, and Reproductive Biology. 2006; 126(1):
104-6.



190

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

HPV and Other Infectious Agents in Cancer

Scully C. Oral cancer; the evidence for sexual transmission. British Dental
Journal. 2005; 199(4): 203-7.

Smith EM, Swarnavel S, Ritchie JM et al. Prevalence of human papilloma-
virus in the oral cavity/oropharynx in a large population of children and
adolescents. Pediatric Infectious Disease Journal. 2007; 26(9): 836-40.
Sinal SH, Woods CR. Human papillomavirus infections of the genital
and respiratory tracts in young children. Seminars in Pediatric Infectious
Diseases. 2005; 16(4): 306-16.

Sinclair KA, Woods CR, Kirse DJ et al. Anogenital and respiratory tract
human papillomavirus infections among children: age, gender, and potential
transmission through sexual abuse. Pediatrics. 2005; 116(4): 815-25.
Powell J, Strauss S, Gray ] et al. Genital carriage of human papilloma virus
(HPV) DNA in prepubertal girls with and without vulval disease. Pediatric
Dermatology. 20035 20(3): 191-4.

Padayachee A. Human papillomavirus (HPV) types 2 and 57 in oral ver-
rucae demonstrated by in situ hybridization. Journal of Oral Pathology and
Medicine. 1994; 23(9): 413-7.

Handley ], Hanks E, Armstrong K et al. Common association of HPV 2
with anogenital warts in prepubertal children. Pediatric Dermatology. 1997,
14(5): 339-43.

Clavel CE, Huu VP, Durlach AP et al. Mucosal oncogenic human papilloma-
viruses and extragenital Bowen disease. Cancer. 1999; 86(2): 282-7.

Smith EM, Ritchie JM, Yankowitz ] et al. HPV prevalence and concordance
in the cervix and oral cavity of pregnant women. Infectious Diseases in
Obstetrics and Gynecology. 2004; 12(2): 45-56. Note that precisely this
sort of autoinoculation has been suggested to explain the spread of oncogenic
HPV from the anogenital region to the female breast. Kan CY, Iacopetta B],
Lawson JS et al. Identification of human papillomavirus DNA gene sequences
in human breast cancer. British Journal of Cancer. 2005; 93(8): 946-8.
Herrero R, Castellsague X, Pawlita M et al. Human papillomavirus and oral
cancer: the International Agency for Research on Cancer multicenter study.
Journal of the National Cancer Institute. 2003; 95(23): 1772-83.

Gillison ML. Human papillomavirus-associated head and neck cancer is a
distinct epidemiologic, clinical, and molecular entity. Seminars in Oncology.
2004; 31(6): 744-54.

Slebos RJ, Yi Y, Ely K et al. Gene expression differences associated with
human papillomavirus status in head and neck squamous cell carcinoma.
Clinical Cancer Research. 2006; 12(3 Pt 1): 701-9.

Smeets SJ, Braakhuis BJ, Abbas S et al. Genome-wide DNA copy number
alterations in head and neck squamous cell carcinomas with or without onco-
gene-expressing human papillomavirus. Oncogene. 2006; 25(17): 2558-64.
Anderson CE, McLaren KM, Rae F et al. Human papilloma virus in
squamous carcinoma of the head and neck: a study of cases in south east
Scotland. Journal of Clinical Pathology. 2007; 60(4): 439-41.

Speel EJM, Claessen SHM, Hopman AHN et al. Genomic analysis of oropha-
ryngeal squamous cell carcinomas that contain or lack oncogenic HPV-16.
Clinical Otolaryngology. 2007; 32: 158.

Badaracco G, Rizzo C, Mafera B et al. Molecular analyses and prognostic relevance
of HPV in head and neck tumours. Oncology Reports. 2007; 17(4): 931-9.



365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

HPV: Associations with Noncervical Cancer 191

El-Mofty SK, Lu DW. Prevalence of high-risk human papillomavirus DNA in
nonkeratinizing (cylindrical cell) carcinoma of the sinonasal tract: a distinct
clinicopathologic and molecular disease entity. American Journal of Surgical
Pathology. 2005; 29(10): 1367-72.

El-Mofty SK, Patil S. Human papillomavirus (HPV)-related oropharyngeal
nonkeratinizing squamous cell carcinoma: characterization of a distinct phe-
notype. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontics. 2006; 101(3): 339-45.

Umudum H, Rezanko T, Dag F et al. Human papillomavirus genome detec-
tion by in situ hybridization in fine-needle aspirates of metastatic lesions from
head and neck squamous cell carcinomas. Cancer (Cancer Cytopathology).
2005; 105(3): 171-7.

Hoffmann M, Orlamunder A, Sucher J et al. HPV16 DNA in histologi-
cally confirmed tumour-free neck lymph nodes of head and neck cancers.
Anticancer Research. 2006; 26(1B): 663-70.

Begum S, Gillison ML, Nicol TL et al. Detection of human papillomavirus-16
in fine-needle aspirates to determine tumor origin in patients with metastatic
squamous cell carcinoma of the head and neck. Clinical Cancer Research.
2007; 13(4): 1186-91.

Hafkamp HC, Speel EJ, Haesevoets A et al. A subset of head and neck
squamous cell carcinomas exhibits integration of HPV 16/18 DNA and over-
expression of p16INK4A and p53 in the absence of mutations in p53 exons
5-8. International Journal of Cancer. 2003; 107(3): 394-400.

Rose B, Li W, O’Brien C. Human papillomavirus: a cause of some head and
neck cancer? Medical Journal of Australia. 2004; 181(18): 415-6.

Li G, Sturgis EM. The role of human papillomavirus in squamous carcinoma
of the head and neck. Current Oncology Reports. 2006; 8(2): 130-9.
Major T, Szarka K, Sziklai I et al. The characteristics of human papilloma-
virus DNA in head and neck cancers and papillomas. Journal of Clinical
Pathology. 2005; 58(1): 51-5.

Will C, Schewe C, Petersen I. Incidence of HPV in primary and metastatic
squamous cell carcinomas of the aerodigestive tract: implications for the estab-
lishment of clonal relationships. Histopathology. 2006; 48(5): 605-7.
Sugiyama M, Bhawal UK, Kawamura M et al. Human papillomavirus-16 in
oral squamous cell carcinoma: clinical correlates and 5-year survival. British
Journal of Oral and Maxillofacial Surgery. 2007; 45(2): 116-22.

El-Mofty SK, Patil S. Human papillomavirus (HPV)-related oropharyngeal
nonkeratinizing squamous cell carcinoma: characterization of a distinct phe-
notype. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontics. 2006; 101(3): 339-45.

Rosenquist K, Wennerberg J, Annertz K et al. Recurrence in patients with
oral and oropharyngeal squamous cell carcinoma: human papillomavirus
and other risk factors. Acta Oto-laryngologica. 2007; 127(9): 980-7.
Kreimer AR, Clifford GM, Snijders PJ et al. HPV16 semiquantitative viral
load and serologic biomarkers in oral and oropharyngeal squamous cell car-
cinomas. International Journal of Cancer. 2005; 115(2): 329-32.
Rosenquist K. Risk factors in oral and oropharyngeal squamous cell carci-
noma: a population-based case-control study in southern Sweden. Swedish
Dental Journal. Supplement. 2005; (179): 1-66.



192

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

HPV and Other Infectious Agents in Cancer

Hansson BG, Rosenquist K, Antonsson A et al. Strong association between
infection with human papillomavirus and oral and oropharyngeal squamous
cell carcinoma: a population-based case-control study in southern Sweden.
Acta Oto-laryngologica. 2005; 125(12): 1337-44.

Silva CE, Silva ID, Cerri A et al. Prevalence of human papillomavirus in
squamous cell carcinoma of the tongue. Oral Surgery, Oral Medicine, Oral
Pabtology, Oral Radiology and Endodontics. 2007; 104(4): 497-500.
Dahlgren L, Dahlstrand HM, Lindquist D et al. Human papillomavirus
is more common in base of tongue than in mobile tongue cancer and is a
favorable prognostic factor in base of tongue cancer patients. International
Journal of Cancer. 2004; 112(6): 1015-9.

Liang XH, Lewis J, Foote R et al. Prevalence and significance of human
papillomavirus in oral tongue cancer: the Mayo Clinic experience. Journal of
Oral and Maxillofacial Surgery. 2008; 66(9): 1875-80.

Siebers TJ, Merkx MA, Slootweg PJ et al. No high-risk HPV detected in
SCC of the oral tongue in the absolute absence of tobacco and alcohol—a
case study of seven patients. Oral and Maxillofacial Surgery. 2008; 12(4):
185-8.

Soderberg C, Perez DS, Ukpo OC et al. Differential loss of expression of com-
mon fragile site genes between oral tongue and oropharyngeal squamous cell
carcinomas. Cytogenetic and Genome Research. 2008; 121(3—4): 201-10.
Ha PK, Califano JA. The role of human papillomavirus in oral carcinogen-
esis. Critical Reviews in Oral Biology and Medicine. 2004; 15(4): 188-96.
Herrero R, Castellsague X, Pawlita M et al. Human papillomavirus and oral
cancer: the International Agency for Research on Cancer multicenter study.
Journal of the National Cancer Institute. 2003; 95(23): 1772-83.

Syrjanen S. Human papillomavirus (HPV) in head and neck cancer. Journal
of Clinical Virology. 2005; 32(suppl 1): S59-66.

Termine N, Panzarella V, Falaschini S et al. HPV in oral squamous cell car-
cinoma vs head and neck squamous cell carcinoma biopsies: a meta-analysis
(1988-2007). Annals of Oncology. 2008; 19(10): 1681-90.

Anaya-Saavedra G, Ramirez-Amador V, Irigoyen-Camacho ME et al. High
association of human papillomavirus infection with oral cancer: a case-con-
trol study. Archives of Medical Research. 2008; 39(2): 189-97.

Fujita S, Senba M, Kumatori A et al. Human papillomavirus infection in oral
verrucous carcinoma: genotyping analysis and inverse correlation with p53
expression. Pathobiology. 2008; 75(4): 257-64.

Luo CW, Roan CH, Liu CJ. Human papillomaviruses in oral squamous cell
carcinoma and pre-cancerous lesions detected by PCR-based gene-chip array.
International Journal of Oral and Maxillofacial Surgery. 20075 36(2): 153-8.
Tsantoulis PK, Kastrinakis NG, Tourvas AD et al. Advances in the biology of
oral cancer. Oral Oncology. 2007; 43(6): 523-34.

Giovannelli L, Campisi G, Colella G et al. Brushing of oral mucosa for diag-
nosis of HPV infection in patients with potentially malignant and malignant
oral lesions. Molecular Diagnosis and Therapy. 2006; 10(1): 49-55.

Furrer VE, Benitez MB, Furnes M et al. Biopsy vs. superficial scraping: detec-
tion of human papillomavirus 6, 11, 16, and 18 in potentially malignant
and malignant oral lesions. Journal of Oral Pathology and Medicine. 2006;
35(6): 338-44.



396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

HPV: Associations with Noncervical Cancer 193

Simonato LE, Garcia JF, Sundefeld ML et al. Detection of HPV in mouth
floor squamous cell carcinoma and its correlation with clinicopathologic
variables, risk factors and survival. Journal of Oral Pathology and Medicine.
2008; 37(10): 593-8.

da Silva CE, da Silva ID, Cerri A et al. Prevalence of human papillomavirus in
squamous cell carcinoma of the tongue. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology and Endodontics. 2007; 104(4): 497-500.

Gheit T, Vaccarella S, Schmitt M et al. Prevalence of human papillomavirus types
in cervical and oral cancers in central India. Vaccine. 2009; 27(5): 636-9.
Chen X, Sturgis EM, El-Naggar AK et al. Combined effects of the p53 codon 72
and p73 G4C14-t0-A4T14 polymorphisms on the risk of HPV16-associated
oral cancer in never-smokers. Carcinogenesis. 2008; 29(11): 2120-5.

Soares RC, Oliveira MC, Souza LB et al. Human papillomavirus in oral
squamous cells carcinoma in a population of 75 Brazilian patients. American
Journal of Otolaryngology. 2007; 28(6): 397-400.

Ha PK, Pai SI, Westra WH et al. Real-time quantitative PCR demonstrates
low prevalence of human papillomavirus type 16 in premalignant and
malignant lesions of the oral cavity. Clinical Cancer Research. 2002; 8(5):
1203-9.

Syrjanen S. PL7 Oral viral infections that could be transmitted oro-genitally.
Oral Diseases. 2006; 12(suppl 1): 2.

Volter C, He Y, Delius H et al. Novel HPV types present in oral papillomatous
lesions from patients with HIV infection. International Journal of Cancer.
1996; 66(4): 453-6.

Sugiyama M, Bhawal UK, Kawamura M et al. Human papillomavirus-16 in
oral squamous cell carcinoma: clinical correlates and 5-year survival. British
Journal of Oral and Maxillofacial Surgery. 2007; 45(2): 116-22.

Dahlstrom KR, Adler-Storthz K, Etzel CJ et al. Human papillomavirus type
16 infection and squamous cell carcinoma of the head and neck in never-
smokers: a matched pair analysis. Clinical Cancer Research. 2003; 9(7):
2620-6.

Luo CW, Roan CH, Liu CJ. Human papillomaviruses in oral squamous
cell carcinoma and pre-cancerous lesions detected by PCR-based gene-chip
array. International Journal of Oral and Maxillofacial Surgery. 2007; 36(2):
153-8.

Campisi G, Panzarella V, Giuliani M et al. Human papillomavirus: its iden-
tity and controversial role in oral oncogenesis, premalignant and malignant
lesions (review). International Journal of Oncology. 2007; 30(4): 813-23.
Acay R, Rezende N, Fontes A et al. Human papillomavirus as a risk factor in
oral carcinogenesis: a study using in situ hybridization with signal amplifica-
tion. Oral Microbiology and Immunology. 2008; 23(4): 271-4.

Campisi G, Panzarella V, Giuliani M et al. Human papillomavirus: its iden-
tity and controversial role in oral oncogenesis, premalignant and malignant
lesions (review). International Journal of Oncology. 2007; 30(4): 813-23.
Koyama K, Uobe K, Tanaka A. Highly sensitive detection of HPV-DNA in
paraffin sections of human oral carcinomas. Journal of Oral Pathology and
Medicine. 2007; 36(1): 18-24.

Balderas-Loaeza A, Anaya-Saavedra G, Ramirez-Amador VA et al. Human
papillomavirus-16 DNA methylation patterns support a causal association



194

412

413

414

415

416
417

418

419

420

421

422

423

424

425

426

427

428

HPV and Other Infectious Agents in Cancer

of the virus with oral squamous cell carcinomas. International Journal of
Cancer. 2007; 120(10): 2165-9.

Rivero ER, Nunes FD. HPV in oral squamous cell carcinomas of a Brazilian
population: amplification by PCR. Brazilian Oral Research. 20065 20(1): 21-4.
Chaturvedi AK, Engels EA, Anderson WF et al. Incidence trends for human
papillomavirus-related and —unrelated oral squamous cell carcinomas in the
United States. Journal of Clinical Oncology. 2008; 26(4): 612-9.

Cameron JE, Hagensee ME. Oral HPV complications in HIV-infected
patients. Current HIV/AIDS Reports. 2008; 5(3): 126-31.

Passmore JA, Marais D], Sampson C et al. Cervicovaginal, oral, and serum
IgG and IgA responses to human papillomavirus type 16 in women with
cervical intraepithelial neoplasia. Journal of Medical Virology. 2007; 79(9):
1375-80.

Tsantoulis PK, Kastrinakis NG, Tourvas AD et al. Advances in the biology of
oral cancer. Oral Oncology. 2007; 43(6): 523-34.

Lavelle CL, Scully C. Criteria to rationalize population screening to control
oral cancer. Oral Oncology. 2005; 41(1): 11-6.

Hille JJ, Webster-Cyriaque J, Palefski JM et al. Mechanisms of expression of
HHV8, EBV and HPV in selected HIV-associated oral lesions. Oral Diseases.
2002; 8(suppl 2): 161-8.

Balderas-Loaeza A, Anaya-Saavedra G, Ramirez-Amador VA et al. Human
papillomavirus-16 DNA methylation patterns support a causal association
of the virus with oral squamous cell carcinomas. International Journal of
Cancer. 2007; 120(10): 2165-9.

Kansky AA, Seme K, Maver PJ et al. Human papillomaviruses (HPV) in
tissue specimens of oral squamous cell papillomas and normal oral mucosa.
Anticancer Research. 2006; 26(4B): 3197-201.

Lim KP, Hamid S, Lau SH et al. HPV infection and the alterations of the pRB
pathway in oral carcinogenesis. Oncology Reports. 2007; 17(6): 1321-6.
Worden FP, Ha H. Controversies in the management of oropharynx can-
cer. Journal of the National Comprehensive Cancer Network. 2008; 6(7):
707-14.

Klozar J, Kratochvil V, Salakova M et al. HPV status and regional metastasis
in the prognosis of oral and oropharyngeal cancer. European Archives of
Oto-Rhino-Laryngology. 2008; 265(suppl 1): S75-82.

Worden FP, Ha H. Controversies in the management of oropharynx can-
cer. Journal of the National Comprehensive Cancer Network. 2008; 6(7):
707-14.

Ryerson AB, Peters ES, Coughlin SS et al. Burden of potentially human pap-
illomavirus-associated cancers of the oropharynx and oral cavity in the US,
1998-2003. Cancer. 2008; 113(suppl 10): 2901-9.

Ernster JA, Sciotto CG, O’Brien MM et al. Rising incidence of oropharyn-
geal cancer and the role of oncogenic human papilloma virus. Laryngoscope.
2007; 117(12): 2115-28.

Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in
relation to smoking prevalence: an emerging epidemic of human papilloma-
virus-associated cancers? Cancer. 2007; 110(7): 1429-35.

Pintos J, Black M]J, Sadeghi N et al. Human papillomavirus infection and
oral cancer: a case-control study in Montreal, Canada. Oral Oncology.
2008; 44(3): 242-50.



429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

HPV: Associations with Noncervical Cancer 195

Ji X, Neumann AS, Sturgis EM et al. p53 codon 72 polymorphism associated
with risk of human papillomavirus-associated squamous cell carcinoma of
the oropharynx in never-smokers. Carcinogenesis. 2008; 29(4): 875-9.
Chen X, Sturgis EM, Etzel CJ et al. p73 G4C14-t0o-A4T14 polymorphism
and risk of human papillomavirus-associated squamous cell carcinoma of
the oropharynx in never smokers and never drinkers. Cancer. 2008; 113(12):
3307-14.

Psyrri A, Prezas L, Burtness B. Oropharyngeal cancer. Clinical Advances in
Hematology and Oncology. 2008; 6(8): 604-12.

Romanitan M, Nasman A, Ramqvist T et al. Human papillomavirus fre-
quency in oral and oropharyngeal cancer in Greece. Anticancer Research.
2008; 28(4B): 2077-80.

Closmann JJ. The human papilloma virus, the vaccines, and oral and oropha-
ryngeal squamous cell carcinoma: what every dentist should know. General
Dentistry. 2007; 55(3): 252-4.

Andrews E, Seaman WT, Webster-Cyriaque J. Oropharyngeal carcinoma in
non-smokers and non-drinkers: a role for HPV. Oral Oncology. 2009; 45(6):
486-91.

Tran N, Rose BR, O’Brien CJ. Role of human papillomavirus in the etiology
of head and neck cancer. Head and Neck. 2007; 29(1): 64-70.

Chen R, Aaltonen LM, Vaheri A. Human papillomavirus type 16 in head and
neck carcinogenesis. Reviews in Medical Virology. 2005; 15(6): 351-63.
Frisch M, Biggar R]. Aetiological parallel between tonsillar and anogenital
squamous-cell carcinomas. The Lancet. 1999; 354(9188): 1442-3.
Hemminki K, Dong C, Frisch M. Tonsillar and other upper aerodigestive
tract cancers among cervical cancer patients and their husbands. European
Journal of Cancer Prevention. 2000; 9(6): 433-7.

Syrjanen S. HPV infections and tonsillar carcinoma. Journal of Clinical
Pathology. 2004; 57(5): 449-55.

Dahlstrand HM, Dalianis T. Presence and influence of human papilloma-
viruses (HPV) in tonsillar cancer. Advances in Cancer Research. 2005; 93:
59-89.

Venuti A, Badaracco G, Rizzo C et al. Presence of HPV in head and neck
tumours: high prevalence in tonsillar localization. Journal of Experimental
and Clinical Cancer Research. 2004; 23(4): 561-6.

Puscas L. The role of human papilloma virus infection in the etiology of
oropharyngeal carcinoma. Current Opinion in Otolaryngology and Head
and Neck Surgery. 2005; 13(4): 212-6.

Kim SH, Koo BS, Kang S et al. HPV integration begins in the tonsillar crypt
and leads to the alteration of p16, EGFR and c-myc during tumor formation.
International Journal of Cancer. 2007; 120(7): 1418-25.

Begum S, Cao D, Gillison M et al. Tissue distribution of human papillomavi-
rus 16 DNA integration in patients with tonsillar carcinoma. Clinical Cancer
Research. 2005; 11(16): 5694-9.

Li W, Tran N, Lee SC et al. New evidence for geographic variation in the role
of human papillomavirus in tonsillar carcinogenesis. Pathology. 2007; 39(2):
217-22.

Chien CY, Su CY, Fang FM et al. Lower prevalence but favorable survival for
human papillomavirus-related squamous cell carcinoma of tonsil in Taiwan.
Oral Oncology. 2008; 44(2): 174-9.



196

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

HPV and Other Infectious Agents in Cancer

Shiboski CH, Schmidt BL, Jordan RC. Tongue and tonsil carcinoma: increas-
ing trends in the U.S. population ages 20-44 years. Cancer. 2005; 103(9):
1843-9.

Golas SM. Trends in palatine tonsillar cancer incidence and mortality rates
in the United States. Community Dentistry and Oral Epidemiology. 2007,
35(2): 98-108.

Hammarstedt L, Dahlstrand H, Lindquist D et al. The incidence of tonsil-
lar cancer in Sweden is increasing. Acta Oto-laryngologica. 2007; 127(9):
988-92.

Hammarstedt L, Lindquist D, Dahlstrand H et al. Human papillomavirus as
a risk factor for the increase in incidence of tonsillar cancer. International
Journal of Cancer. 2006; 119(11): 2620-3.

El-Mofty SK, Lu DW. Prevalence of human papillomavirus type 16 DNA
in squamous cell carcinoma of the palatine tonsil, and not the oral cavity,
in young patients: a distinct clinicopathologic and molecular disease entity.
American Journal of Surgical Pathology. 2003; 27(11): 1463-70.

Dahlgren L, Mellin H, Wangsa D et al. Comparative genomic hybridiza-
tion analysis of tonsillar cancer reveals a different pattern of genomic imbal-
ances in human papillomavirus-positive and —negative tumors. International
Journal of Cancer. 2003; 107(2): 244-9.

Klussmann JP, Weissenborn SJ, Wieland U et al. Human papillomavirus-pos-
itive tonsillar carcinomas: a different tumor entity? Medical Microbiology
and Immunology. 2003; 192(3): 129-32.

D’Souza G, Kreimer AR, Viscidi R et al. Case-control study of human papil-
lomavirus and oropharyngeal cancer. New England Journal of Medicine.
2007; 356(19): 1944-56.

El-Mofty SK, Patil S. Human papillomavirus (HPV)-related oropharyngeal
nonkeratinizing squamous cell carcinoma: characterization of a distinct phe-
notype. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontics. 2006; 101(3): 339-45.

Hafkamp HC, Manni JJ, Haesevoets A et al. Marked differences in survival
rate between smokers and nonsmokers with HPV 16-associated tonsillar car-
cinomas. International Journal of Cancer. 2008; 122(12): 2656—64.

Chien CY, Su CY, Fang FM et al. Lower prevalence but favorable survival for
human papillomavirus-related squamous cell carcinoma of tonsil in Taiwan.
Oral Oncology. 2008; 44(2): 174-9.

Charfi L, Jouffroy T, de Cremoux P et al. Two types of squamous cell car-
cinoma of the palatine tonsil characterized by distinct etiology, molecular
features and outcome. Cancer Letters. 2008; 260(1-2): 72-8.

Weinberger PM, Yu Z, Haffty BG et al. Molecular classification identifies
a subset of human papillomavirus-associated oropharyngeal cancers with
favorable prognosis. Journal of Clinical Oncology. 2006; 24(5): 736-47.
Wittekindt C, Gultekin E, Weissenborn SJ et al. Expression of plé protein
is associated with human papillomavirus status in tonsillar carcinomas and
has implications on survival. Advances in Otorbinolaryngology. 2005; 62:
72-80.

Li W, Thompson CH, O’Brien C]J et al. Human papillomavirus positivity pre-
dicts favourable outcome for squamous carcinoma of the tonsil. International
Journal of Cancer. 2003; 106(4): 553-8.



462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

HPV: Associations with Noncervical Cancer 197

Cohen MA, Basha SR, Reichenbach DK et al. Increased viral load correlates
with improved survival in HPV-16-associated tonsil carcinoma patients. Acta
Oto-Laryngologica. 2008; 128(5): 583-9.

Rosenquist K, Wennerberg J, Annertz K et al. Recurrence in patients with
oral and oropharyngeal squamous cell carcinoma: human papillomavirus
and other risk factors. Acta Oto-laryngologica. 2007; 127(9): 980-7.
Licitra L, Perrone F, Bossi P et al. High-risk human papillomavirus affects
prognosis in patients with surgically treated oropharyngeal squamous cell
carcinoma. Journal of Clinical Oncology. 2006; 24(36): 5630-6.

Chung YL, Lee MY, Horng CF et al. Use of combined molecular biomark-
ers for prediction of clinical outcomes in locally advanced tonsillar cancers
treated with chemoradiotherapy alone. Head and Neck. 2009; 31(1): 9-20.
Hashibe M, Brennan P, Benhamou S et al. Alcohol drinking in never users
of tobacco, cigarette smoking in never drinkers, and the risk of head and
neck cancer: pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. Journal of the National Cancer Institute. 2007;
99(10): 777-89.

Ragin CC, Modugno F, Gollin SM. The epidemiology and risk factors of
head and neck cancer: a focus on human papillomavirus. Journal of Dental
Research. 2007; 86(2): 104-14.

Perrone F, Mariani L, Pastore E et al. p53 codon 72 polymorphisms in human
papillomavirus-negative and human papillomavirus-positive squamous cell
carcinomas of the oropharynx. Cancer. 2007; 109(12): 2461-5.

Na, II, Kang H]J, Cho SY et al. EGFR mutations and human papillomavi-
rus in squamous cell carcinoma of tongue and tonsil. European Journal of
Cancer. 2007; 43(3): 520-6.

Chen R, Sehr P, Waterboer T et al. Presence of DNA of human papillomavi-
rus 16 but no other types in tumor-free tonsillar tissue. Journal of Clinical
Microbiology. 2005; 43(3): 1408-10.

do Sacramento PR, Babeto E, Colombo J et al. The prevalence of human
papillomavirus in the oropharynx in healthy individuals in a Brazilian popu-
lation. Journal of Medical Virology. 2006; 78(5): 614-8.

Mammas IN, Sourvinos G, Michael C et al. Human papilloma virus in
hyperplastic tonsillar and adenoid tissues in children. Pediatric Infectious
Disease Journal. 20063 25(12): 1158-62.

Syrjanen S. HPV infections and tonsillar carcinoma. Journal of Clinical
Pathology. 2004; 57(5): 449-55.

D’Souza G, Kreimer AR, Viscidi R et al. Case-control study of human papil-
lomavirus and oropharyngeal cancer. New England Journal of Medicine.
2007; 356(19): 1944-56.

Hammarstedt L, Lindquist D, Dahlstrand H et al. Human papillomavirus as
a risk factor for the increase in incidence of tonsillar cancer. International
Journal of Cancer. 2006; 119(11): 2620-3.

Dahlstrand HM, Dalianis T. Presence and influence of human papilloma-
viruses (HPV) in tonsillar cancer. Advances in Cancer Research. 2005; 93:
59-89.

Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in
relation to smoking prevalence: an emerging epidemic of human papilloma-
virus-associated cancers? Cancer. 2007; 110(7): 1429-35.



198

478

479

480

481

482

483

484

485

486

487

488

489
490

491

492

493

494

HPV and Other Infectious Agents in Cancer

Aaltonen LM, Rihkanen H, Vaheri A. Human papillomavirus in larynx.
Laryngoscope. 20025 112(4): 700-7.

Torrente MC, Ampuero S, Abud M et al. Molecular detection and typing
of human papillomavirus in laryngeal carcinoma specimens. Acta Oto-
Laryngologica. 2005; 125(8): 888-93.

Manjarrez ME, Ocadiz R, Valle L et al. Detection of human papillomavi-
rus and relevant tumor suppressors and oncoproteins in laryngeal tumors.
Clinical Cancer Research. 2006; 12(23): 6946-51.

de Oliveira DE, Bacchi MM, Macarenco RS et al. Human papillomavirus
and Epstein-Barr virus infection, p53 expression, and cellular proliferation in
laryngeal carcinoma. American Journal of Clinical Pathology. 2006; 126(2):
284-93.

Hobbs CG, Sterne JA, Bailey M et al. Human papillomavirus and head and
neck cancer: a systematic review and meta-analysis. Clinical Otolaryngology.
2006; 31(4): 259-66.

Rees L, Birchall M, Bailey M et al. A systematic review of case-control stud-
ies of human papillomavirus infection in laryngeal squamous cell carcinoma.
Clinical Otolaryngology and Allied Sciences. 2004; 29(4): 301-6.

Torrente MC, Ampuero S, Abud M et al. Molecular detection and typing
of human papillomavirus in laryngeal carcinoma specimens. Acta Oto-
Laryngologica. 2005; 125(8): 888-93.

Licitra L, Bernier J, Grandi C et al. Cancer of the larynx. Critical Reviews in
Oncology / Hematology. 2003; 47(1): 65-80.

Balukova OV, Shcherbak LN, Savelov NA et al. Papilloma virus infection
in pretumor and tumor masses of the larynx. Vestnik Rossiiskoi Akademii
Meditsinskikh Nauk. 2004; (12): 36-9.

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

Lele SM, Pou AM, Ventura K et al. Molecular events in the progression of
recurrent respiratory papillomatosis to carcinoma. Archives of Pathology
and Laboratory Medicine. 2002; 126(10): 1184-8.

Syrjanen S. Human papillomavirus (HPV) in head and neck cancer. Journal
of Clinical Virology. 2005; 32(suppl 1): S59-66.

Licitra L, Bernier J, Grandi C et al. Cancer of the larynx. Critical Reviews in
Oncology / Hematology. 2003; 47(1): 65-80.

Venuti A, Manni V, Morello R et al. Physical state and expression of human
papillomavirus in laryngeal carcinoma and surrounding normal mucosa.
Journal of Medical Virology. 2000; 60(4): 396—402.

Balukova OV, Shcherbak LN, Savelov NA et al. Papilloma virus infection
in pretumor and tumor masses of the larynx. Vestnik Rossiiskoi Akademii
Meditsinskikh Nauk. 2004; (12): 36-9.

Laco ], Slaninka I, Jirasek M et al. High-risk human papillomavirus infection
and p16INK4a protein expression in laryngeal lesions. Pathology, Research
and Practice. 2008; 204(8): 545-52.

Hobbs CG, Sterne JA, Bailey M et al. Human papillomavirus and head and
neck cancer: a systematic review and meta-analysis. Clinical Otolaryngology.
2006; 31(4): 259-66.



495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

HPV: Associations with Noncervical Cancer 199

Liu HC, Chen GG, Vlantis AC et al. Inhibition of apoptosis in human laryn-
geal cancer cells by E6 and E7 oncoproteins of human papillomavirus 16.
Journal of Cellular Biochemistry. 2008; 103(4): 1125-43.

Venuti A, Manni V, Morello R et al. Physical state and expression of human
papillomavirus in laryngeal carcinoma and surrounding normal mucosa.
Journal of Medical Virology. 2000; 60(4): 396-402.

Rees L, Birchall M, Bailey M et al. A systematic review of case-control stud-
ies of human papillomavirus infection in laryngeal squamous cell carcinoma.
Clinical Otolaryngology and Allied Sciences. 2004; 29(4): 301-6.

Torrente MC, Ojeda JM. Exploring the relation between human papilloma
virus and larynx cancer. Acta Oto-laryngologica. 2007; 127(9): 900-6.
Syrjanen S. Human papillomavirus (HPV) in head and neck cancer. Journal
of Clinical Virology. 2005; 32(suppl 1): S59-66.

El-Mofty SK, Lu DW. Prevalence of high-risk human papillomavirus DNA in
nonkeratinizing (cylindrical cell) carcinoma of the sinonasal tract: a distinct
clinicopathologic and molecular disease entity. American Journal of Surgical
Pathology. 20055 29(10): 1367-72.

Syrjanen KJ. HPV infections in benign and malignant sinonasal lesions.
Journal of Clinical Pathology. 2003; 56(3): 174-81.

Hoffmann M, Klose N, Gottschlich S et al. Detection of human papilloma-
virus DNA in benign and malignant sinonasal neoplasms. Cancer Letters.
2006; 239(1): 64-70.

Katori H, Nozawat A, Tsukuda M. Relationship between p21 and p53
expression, human papilloma virus infection and malignant transformation
in sinonasal-inverted papilloma. Clinical Oncology. 2006; 18(4): 300-S5.
McKay SP, Gregoire L, Lonardo F et al. Human papillomavirus (HPV)
transcripts in malignant inverted papilloma are from integrated HPV DNA.
Laryngoscope. 2005; 115(8): 1428-31.

Katori H, Nozawa A, Tsukuda M. Markers of malignant transformation of
sinonasal inverted papilloma. European Journal of Surgical Oncology. 2005;
31(8): 905-11.

Kim JY, Yoon JK, Citardi MJ et al. The prevalence of human papilloma virus
infection in sinonasal inverted papilloma specimens classified by histological
grade. American Journal of Rhinology. 2007; 21(6): 664-9.

Kamangar F, Qiao YL, Schiller JT et al. Human papillomavirus serology and
the risk of esophageal and gastric cancers: results from a cohort in a high-risk
region in China. International Journal of Cancer. 2006; 119(3): 579-84.
Yao PF, Li GC, Li ] et al. Evidence of human papilloma virus infection and
its epidemiology in esophageal squamous cell carcinoma. World Journal of
Gastroenterology. 2006; 12(9): 1352-5.

Gao GF, Roth M]J, Wei WQ et al. No association between HPV infection
and the neoplastic progression of esophageal squamous cell carcinoma: result
from a cross-sectional study in a high-risk region of China. International
Journal of Cancer. 2006; 119(6): 1354-9.

Souto Damin AP, Guedes Frazzon AP, de Carvalho Damin D et al. Detection
of human papillomavirus DNA in squamous cell carcinoma of the esophagus
by auto-nested PCR. Diseases of the Esophagus. 2006; 19(2): 64-8.



200

511

512

513

514

515

S16

517

518

519

520

521

522

523

524

525

526

HPV and Other Infectious Agents in Cancer

Si HX, Tsao SW, Poon CS et al. Viral load of HPV in esophageal squamous
cell carcinoma. International Journal of Cancer. 2003; 103(4): 496-500.
Rai N, Jenkins GJ, McAdam E et al. Human papillomavirus infection in
Barrett’s oesophagus in the UK: an infrequent event. Journal of Clinical
Virology. 2008; 43(2): 250-2.

Will C, Schewe C, Petersen 1. Incidence of HPV in primary and metastatic
squamous cell carcinomas of the aerodigestive tract: implications for the
establishment of clonal relationships. Histopathology. 2006; 48(5): 605-7.
Lu XM, Monnier-Benoit S, Mo LZ et al. Human papillomavirus in esophageal
squamous cell carcinoma of the high-risk Kazakh ethnic group in Xinjiang,
China. European Journal of Surgical Oncology. 2008; 34(7): 765-70.

Miller BA, Davidson M, Myerson D et al. Human papillomavirus type 16
DNA in esophageal carcinomas from Alaska Natives. International Journal
of Cancer. 1997; 71(2): 218-22.

Koh JS, Lee SS, Baek HJ et al. No association of high-risk human papilloma-
virus with esophageal squamous cell carcinomas among Koreans, as deter-
mined by polymerase chain reaction. Diseases of the Esophagus. 2008; 21(2):
114-7.

Awerkiew S, Bollschweiler E, Metzger R et al. Esophageal cancer in Germany
is associated with Epstein-Barr-virus but not with papillomaviruses. Medical
Microbiology and Immunology. 2003; 192(3): 137-40.

Pantelis A, Pantelis D, Ruemmele P et al. p53 Codon 72 polymorphism, loss
of heterozygosity and high-risk human papillomavirus infection in a low-
incidence German esophageal squamous cell carcinoma patient cohort.
Oncology Reports. 2007; 17(5): 1243-8.

Far AE, Aghakhani A, Hamkar R et al. Frequency of human papillomavi-
rus infection in oesophageal squamous cell carcinoma in Iranian patients.
Scandinavian Journal of Infectious Diseases. 2007; 39(1): 58-62.

Matsha T, Donninger H, Erasmus RT et al. Expression of p53 and its
homolog, p73, in HPV DNA positive oesophageal squamous cell carcinomas.
Virology. 2007; 369(1): 182-90.

Dreilich M, Bergqvist M, Moberg M et al. High-risk human papilloma virus
(HPV) and survival in patients with esophageal carcinoma: a pilot study.
BMC Cancer. 2006; 6: 94.

Castillo A, Aguayo F, Koriyama C et al. Human papillomavirus in esoph-
ageal squamous cell carcinoma in Colombia and Chile. World Journal of
Gastroenterology. 2006; 12(38): 6188-92.

Lyronis ID, Baritaki S, Bizakis I et al. K-ras mutation, HPV infection and
smoking or alcohol abuse positively correlate with esophageal squamous car-
cinoma. Pathology Oncology Research. 2008; 14(3): 267-73.

Yang W, Zhang Y, Tian X et al. p53 Codon 72 polymorphism and the risk of
esophageal squamous cell carcinoma. Molecular Carcinogenesis. 2008; 47(2):
100-4.

Shuyama K, Castillo A, Aguayo F et al. Human papillomavirus in high- and
low-risk areas of oesophageal squamous cell carcinoma in China. British
Journal of Cancer. 2007; 96(10): 1554-9.

Sjo NC, von Buchwald C, Cassonnet P et al. Human papillomavirus in nor-
mal conjunctival tissue and in conjunctival papilloma: types and frequencies
in a large series. British Journal of Ophthalmology. 2007; 91(8): 1014-5.



527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

HPV: Associations with Noncervical Cancer 201

Karcioglu ZA, Issa TM. Human papilloma virus in neoplastic and non-neo-
plastic conditions of the external eye. British Journal of Ophthalmology.
1997; 81(7): 595-8.

Nakamura Y, Mashima Y, Kameyama K et al. Detection of human papil-
lomavirus infection in squamous tumours of the conjunctiva and lacrimal
sac by immunohistochemistry, in situ hybridisation, and polymerase chain
reaction. British Journal of Ophthalmology. 1997; 81(4): 308-13.

Toth J, Karcioglu ZA, Moshfeghi AA et al. The relationship between human
papillomavirus and p53 gene in conjunctival squamous cell carcinoma.
Cornea. 2000; 19(2): 159-62.

Basti S, Macsai MS. Ocular surface squamous neoplasia: a review. Cornea.
2003; 22(7): 687-704.

Tornesello ML, Duraturo ML, Waddell KM et al. Evaluating the role of
human papillomaviruses in conjunctival neoplasia. British Journal of Cancer.
2006; 94(3): 446-9.

Reszec ], Sulkowski S. The expression of P53 protein and infection of human
papilloma virus in conjunctival and eyelid neoplasms. International Journal
of Molecular Medicine. 2005; 16(4): 559-64.

Ateenyi-Agaba C, Weiderpass E, Tommasino M et al. Papillomavirus infec-
tion in the conjunctiva of individuals with and without AIDS: an autopsy
series from Uganda. Cancer Letters. 20065 239(1): 98-102.

de Koning MN, Waddell K, Magyezi J et al. Genital and cutaneous human pap-
illomavirus (HPV) types in relation to conjunctival squamous cell neoplasia: a
case-control study in Uganda. Infectious Agents and Cancer. 2008; 3: 12.

Sen S, Sharma A, Panda A. Immunohistochemical localization of human pap-
illoma virus in conjunctival neoplasias: a retrospective study. Indian Journal
of Ophthalmology. 2007; 55(5): 361-3.

Scott TU, Karp CL, Nuovo GJ. Human papillomavirus 16 and 18 expres-
sion in conjunctival intraepithelial neoplasia. Ophthalmology. 2002; 109(3):
542-7.

Tulvatana W, Bhattarakosol P, Sansopha L et al. Risk factors for conjunctival
squamous cell neoplasia: a matched case-control study. British Journal of
Ophthalmology. 2003; 87(4): 396-8.

Nakamura Y, Mashima Y, Kameyama K et al. Detection of human papil-
lomavirus infection in squamous tumours of the conjunctiva and lacrimal
sac by immunohistochemistry, in situ hybridisation, and polymerase chain
reaction. British Journal of Ophthalmology. 1997; 81(4): 308-13.
Ateenyi-Agaba C, Weiderpass E, Smet A et al. Epidermodysplasia verruci-
formis human papillomavirus types and carcinoma of the conjunctiva: a pilot
study. British Journal of Cancer. 2004; 90(9): 1777-9.

Sjo NC, von Buchwald C, Cassonnet P et al. Human papillomavirus in nor-
mal conjunctival tissue and in conjunctival papilloma: types and frequencies
in a large series. British Journal of Ophthalmology. 2007; 91(8): 1014-35.
Palazzi MA, Yunes JA, Cardinalli IA et al. Detection of oncogenic human
papillomavirus in sporadic retinoblastoma. Acta Opbhthalmologica
Scandinavica. 2003; 81(4): 396-8.

Gillison ML, Chen R, Goshu E et al. Human retinoblastoma is not caused by
known pRb-inactivating human DNA tumor viruses. International Journal
of Cancer. 2007; 120(7): 1482-90.



202

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

HPV and Other Infectious Agents in Cancer

Gerein V, Rastorguev E, Gerein ] et al. Incidence, age at onset, and potential
reasons of malignant transformation in recurrent respiratory papillomatosis
patients: 20 years experience. Otolaryngology—Head and Neck Surgery.
2005; 132(3): 392-4.

Fakhry C, Gillison ML. Clinical implications of human papillomavirus in head
and neck cancers. Journal of Clinical Oncology. 2006; 24(17): 2606-11.
Hording U, Nielsen HW, Daugaard S et al. Human papillomavirus types 11
and 16 detected in nasopharyngeal carcinomas by the polymerase chain reac-
tion. Laryngoscope. 1994; 104(1 Pt 1): 99-102.

Krishna SM, James S, Kattoor J et al. Human papilloma virus infection in
Indian nasopharyngeal carcinomas in relation to the histology of tumour.
Indian Journal of Pathology and Microbiology. 2004; 47(2): 181-5.
Mirzamani N, Salehian P, Farhadi M et al. Detection of EBV and HPV
in nasopharyngeal carcinoma by in situ hybridization. Experimental and
Molecular Pathology. 2006; 81(3): 231-4.

Tung YC, Lin KH, Chu PY et al. Detection of human papilloma virus and
Epstein-Barr virus DNA in nasopharyngeal carcinoma by polymerase chain
reaction. Kaohsiung Journal of Medical Sciences. 1999; 15(5): 256-62.
Gerein V, Rastorguev E, Gerein J et al. Incidence, age at onset, and potential
reasons of malignant transformation in recurrent respiratory papillomatosis
patients: 20 years experience. Otolaryngology—Head and Neck Surgery.
2005; 132(3): 392-4.

Lopez-Lizarraga E, Sanchez-Corona ], Montoya-Fuentes H et al. Human
papillomavirus in tonsillar and nasopharyngeal carcinoma: isolation of HPV
subtype 31. Ear, Nose, and Throat Journal. 2000; 79(12): 942-4.

Syrjanen KJ. HPV infections and lung cancer. Journal of Clinical Pathology.
2002; 55(12): 885-91.

Chen YC, Chen JH, Richard K et al. Lung adenocarcinoma and human pap-
illomavirus infection. Cancer. 2004; 101(6): 1428-36.

Park MS, Chang YS, Shin JH et al. The prevalence of human papillomavi-
rus infection in Korean non-small cell lung cancer patients. Yonsei Medical
Journal. 2007; 48(1): 69-77.

Will C, Schewe C, Petersen I. Incidence of HPV in primary and meta-
static squamous cell carcinomas of the aerodigestive tract: implications
for the establishment of clonal relationships. Histopathology. 2006; 48(5):
605-7.

Fei Y, Yang J, Hsieh WC et al. Different human papillomavirus 16/18 infec-
tion in Chinese non-small cell lung cancer patients living in Wuhan, China.
Japanese Journal of Clinical Oncology. 20065 36(5): 274-9.

Castillo A, Aguayo F, Koriyama C et al. Human papillomavirus in lung car-
cinomas among three Latin American countries. Oncology Reports. 2006;
15(4): 883-8.

Nadji SA, Mokhtari-Azad T, Mahmoodi M et al. Relationship between lung
cancer and human papillomavirus in north of Iran, Mazandaran province.
Cancer Letters. 2007; 248(1): 41-6.

Klein F, Kotb WF, Petersen I. Incidence of human papilloma virus in lung
cancer. Lung Cancer. 2009; 65(1): 13-8.

Zhao X, Rasmussen S, Perry J et al. The human papillomavirus as a possible
cause of squamous cell carcinoma: a case study with a review of the medical
literature. American Surgeon. 20065 72(1): 49-50.



560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

HPV: Associations with Noncervical Cancer 203

Chen YC, Chen JH, Richard K et al. Lung adenocarcinoma and human pap-
illomavirus infection. Cancer. 2004; 101(6): 1428-36.

Carlson JW, Nucci MR, Brodsky J et al. Biomarker-assisted diagnosis of
ovarian, cervical and pulmonary small cell carcinomas: the role of TTF-1,
WT-1 and HPV analysis. Histopathology. 2007; 51(3): 305-12.

Aguayo F, Castillo A, Koriyama C et al. Human papillomavirus-16 is inte-
grated in lung carcinomas: a study in Chile. British Journal of Cancer. 2007,
97(1): 85-91.

Wang Y, Wang A, Jiang R et al. Human papillomavirus type 16 and 18 infec-
tion is associated with lung cancer patients from the central part of China.
Omncology Reports. 2008; 20(2): 333-9.

Boscolo-Rizzo P, Da Mosto MC, Fuson R et al. HPV-16 E6 L83V variant in
squamous cell carcinomas of the upper aerodigestive tract. Journal of Cancer
Research and Clinical Oncology. 2009; 135(4): 559-66.

Giuliani L, Favalli C, Syrjanen K et al. Human papillomavirus infections in
lung cancer. Detection of E6 and E7 transcripts and review of the literature.
Anticancer Research. 2007; 27(4C): 2697-704.

Park MS, Chang YS, Shin JH et al. The prevalence of human papillomavirus
infection in Korean non-small cell lung cancer patients. Yonsei Medical
Journal. 2007; 48(1): 69-77.

Giuliani L, Jaxmar T, Casadio C et al. Detection of oncogenic viruses (SV40,
BKYV, JCV, HCMV, HPV) and pS53 codon 72 polymorphism in lung carci-
noma. Lung Cancer. 2007; 57(3): 273-81.

Buyru N, Altinisik ], Isin M et al. p53 codon 72 polymorphism and HPV
status in lung cancer. Medical Science Monitor. 2008; 14(9): CR493-7.

Hsu NY, Cheng YW, Chan IP et al. Association between expression of
human papillomavirus 16/18 E6 oncoprotein and survival in patients with
stage I non-small cell lung cancer. Oncology Reports. 2009; 21(1): 81-7.
Cheng YW, Wu TC, Chen CY et al. Human telomerase reverse transcriptase acti-
vated by E6 oncoprotein is required for human papillomavirus-16/ 18-infected
lung tumorigenesis. Clinical Cancer Research. 2008; 14(22): 7173-9.

Cheng YW, Lee H, Shiau MY et al. Human papillomavirus type 16/18 up-
regulates the expression of interleukin-6 and antiapoptotic Mcl-1 in non-
small cell lung cancer. Clinical Cancer Research. 2008; 14(15): 4705-12.
Jin YT, Tsai ST, Li C et al. Prevalence of human papillomavirus in middle
ear carcinoma associated with chronic otitis media. American Journal of
Pathology. 1997; 150(4): 1327-33.

Tsai ST, Li C, Jin YT et al. High prevalence of human papillomavirus types
16 and 18 in middle-ear carcinomas. International Journal of Cancer. 1997,
71(2): 208-12.

Wang M, Hu M, Liu C et al. The study of human papillomavirus
(HPV) DNA expression in middle-ear carcinomas. Journal of Clinical
Otorhinolaryngology. 2001; 15(7): 293-5.

Santos Torres Sde M, Castro TW, Bento RF et al. Middle ear papilloma.
Revista Brasileira de Otorrinolaringologia 2007; 73(3): 431.

Syrjanen KJ. HPV infections in benign and malignant sinonasal lesions.
Journal of Clinical Pathology. 2003; 56(3): 174-81.

Sjo NC, von Buchwald C, Cassonnet P et al. Human papillomavirus: cause
of epithelial lacrimal sac neoplasia? Acta Ophthalmologica Scandinavica.
2007; 85(5): 551-6.



204

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

HPV and Other Infectious Agents in Cancer

Buchwald C, Skoedt V, Tos M. An expansive papilloma of the nasolachry-
mal drainage system harbouring human papilloma virus. Rhinology. 1996;
34(3): 184-5.

Wu QJ, Guo M, Lu ZM et al. Detection of human papillomavirus-16 in ovar-
ian malignancy. British Journal of Cancer. 2003; 89(4): 672-5.

Yang HJ, Liu VW, Tsang PC et al. Comparison of human papillomavirus
DNA levels in gynecological cancers: implication for cancer development.
Tumour Biology. 2003; 24(6): 310-6.

Konidaris S, Kouskouni EE, Panoskaltsis T et al. Human papillomavirus infec-
tion in malignant and benign gynaecological conditions: a study in Greek
women. Health Care for Women International. 2007; 28(2): 182-91.

Quirk JT, Kupinski JM, DiCioccio RA. Analysis of ovarian tumors for
the presence of human papillomavirus DNA. Journal of Obstetrics and
Gynaecology Research. 20065 32(2): 202-35.

Kuscu E, Ozdemir BH, Erkanli S et al. HPV and p53 expression in epithelial
ovarian carcinoma. European Journal of Gynaecological Oncology. 2005;
26(6): 642-5.

Giordano G, D’Adda T, Gnetti L et al. Detection of human papillomavirus
in organs of upper genital tract in women with cervical cancer. International
Journal of Gynecological Cancer. 2006; 16(4): 1601-7.

Elishaev E, Gilks CB, Miller D et al. Synchronous and metachronous endo-
cervical and ovarian neoplasms: evidence supporting interpretation of the
ovarian neoplasms as metastatic endocervical adenocarcinomas simulating
primary ovarian surface epithelial neoplasms. American Journal of Surgical
Pathology. 2005; 29(3): 281-94.

O’Leary JJ, Landers R], Crowley M et al. Human papillomavirus and mixed
epithelial tumors of the endometrium. Human Pathology. 1998; 29(4): 383-9.
Gingelmaier A, Gutsche S, Mylonas I et al. Expression of HPV, steroid recep-
tors (ERalpha, ERbeta, PR-A and PR-B) and inhibin/activin subunits (alpha,
betaA and betaB) in adenosquamous endometrial carcinoma. Anticancer
Research. 2007; 27(4A): 2011-7.

Sutcliffe S, Giovannucci E, Gaydos CA et al. Plasma antibodies against
Chlamydia trachomatis, human papillomavirus, and human herpesvirus type
8 in relation to prostate cancer: a prospective study. Cancer Epidemiology,
Biomarkers and Prevention. 2007; 16(8): 1573-80.

Korodi Z, Dillner J, Jellum E et al. Human papillomavirus 16, 18, and 33
infections and risk of prostate cancer: a Nordic nested case-control study.
Cancer Epidemiology, Biomarkers and Prevention. 2005; 14(12): 2952-5.
Leiros GJ, Galliano SR, Sember ME et al. Detection of human papillomavi-
rus DNA and p53 codon 72 polymorphism in prostate carcinomas of patients
from Argentina. BMC Urology. 2005; 5: 15.

Kong DB, Zheng XY, Xie LP et al. Is prostate cancer an HPV-associated
lesion? Medical Hypotheses. 2009; 72(1): 101.

Gunter J. Genital and perianal warts: new treatment opportunities for human
papillomavirus infection. American Journal of Obstetrics and Gynecology.
2003; 189(suppl 3): S3-11.

Hodges A, Talley L, Gokden N. Human Papillomavirus DNA and P16INK4A
are not detected in renal tumors with immunohistochemistry and sig-
nal-amplified in situ hybridization in paraffin-embedded tissue. Applied
Immunobhistochemistry and Molecular Morphology. 2006; 14(4): 432-5.



594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

HPV: Associations with Noncervical Cancer 205

Kong CS, Welton ML, Longacre TA. Role of human papillomavirus in
squamous cell metaplasia-dysplasia-carcinoma of the rectum. American
Journal of Surgical Pathology. 2007; 31(6): 919-25.

Damin DC, Caetano MB, Rosito MA et al. Evidence for an association of
human papillomavirus infection and colorectal cancer. European Journal of
Surgical Oncology. 2007; 33(5): 569-74.

Gutierrez J, Jimenez A, de Dios Luna J et al. Meta-analysis of studies analyz-
ing the relationship between bladder cancer and infection by human papil-
lomavirus. Journal of Urology. 2006; 176(6 Pt 1): 2474-81.

Youshya S, Purdie K, Breuer J et al. Does human papillomavirus play a role
in the development of bladder transitional cell carcinoma? A comparison
of PCR and immunohistochemical analysis. Journal of Clinical Pathology.
2005; 58(2): 207-10.

Barghi MR, Hajimohammadmehdiarbab A, Moghaddam SM et al.
Correlation between human papillomavirus infection and bladder transi-
tional cell carcinoma. BMC Infectious Diseases. 2005; 5: 102.

Yang H, Yang K, Khafagi A et al. Sensitive detection of human papillomavi-
rus in cervical, head/neck, and schistosomiasis-associated bladder malignan-
cies. Proceedings of the National Academy of Sciences of the United States
of America. 2005; 102(21): 7683-8.

Helal Tel A, Fadel MT, El-Sayed NK. Human papilloma virus and p53 expres-
sion in bladder cancer in Egypt: relationship to schistosomiasis and clinico-
pathologic factors. Pathology Oncology Research. 2006; 12(3): 173-8.
Damin AP, Karam R, Zettler CG et al. Evidence for an association of
human papillomavirus and breast carcinomas. Breast Cancer Research and
Treatment. 2004; 84(2): 131-7.

Yasmeen A, Bismar TA, Kandouz M et al. E6/E7 of HPV type 16 promotes
cell invasion and metastasis of human breast cancer cells. Cell Cycle. 2007;
6(16): 2038-42.

de Cremoux P, Thioux M, Lebigot I et al. No evidence of human papilloma-
virus DNA sequences in invasive breast carcinoma. Breast Cancer Research
and Treatment. 2008; 109(1): 55-8.

Lindel K, Forster A, Altermatt HJ et al. Breast cancer and human papillo-
mavirus (HPV) infection: no evidence of a viral etiology in a group of Swiss
women. Breast. 2007; 16(2): 172-7.

Amarante MK, Watanabe MA. The possible involvement of virus in breast
cancer. Journal of Cancer Research and Clinical Oncology. 2009; 135(3):
329-37.

Choi YL, Cho EY, Kim JH et al. Detection of human papillomavirus DNA by
DNA chip in breast carcinomas of Korean women. Tumour Biology. 2007;
28(6): 327-32.

Kan CY, Iacopetta BJ, Lawson JS et al. Identification of human papillomavi-
rus DNA gene sequences in human breast cancer. British Journal of Cancer.
2005; 93(8): 946-8.

de Villiers EM, Sandstrom RE, zur Hausen H et al. Presence of papilloma-
virus sequences in condylomatous lesions of the mamillae and in invasive
carcinoma of the breast. Breast Cancer Research. 2005; 7(1): R1-11.
Widschwendter A, Brunhuber T, Wiedemair A et al. Detection of human
papillomavirus DNA in breast cancer of patients with cervical cancer history.
Journal of Clinical Virology. 2004; 31(4): 292-7.



206

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624
625

626

HPV and Other Infectious Agents in Cancer

Hennig EM, Suo Z, Thoresen S et al. Human papillomavirus 16 in breast
cancer of women treated for high grade cervical intraepithelial neoplasia
(CIN III). Breast Cancer Research and Treatment. 1999; 53(2): 121-35.
Liang W, Tian H. Hypothetic association between human papillomavirus
infection and breast carcinoma. Medical Hypotheses. 2008; 70(2): 305-7.
Yasmeen A, Bismar TA, Kandouz M et al. E6/E7 of HPV type 16 promotes
cell invasion and metastasis of human breast cancer cells. Cell Cycle. 2007,
6(16): 2038-42.

Shai A, Pitot HC, Lambert PF. p53 Loss synergizes with estrogen and papil-
lomaviral oncogenes to induce cervical and breast cancers. Cancer Research.
2008; 68(8): 2622-31.

Yasmeen A, Bismar TA, Dekhil H et al. ErbB-2 receptor cooperates with E6/
E7 oncoproteins of HPV type 16 in breast tumorigenesis. Cell Cycle. 2007,
6(23): 2939-43.

Subhawong AP, Subhawong T, Nassar H et al. Most basal-like breast carcino-
mas demonstrate the same Rb-/p16+ immunophenotype as the HPV-related
poorly differentiated squamous cell carcinomas which they resemble mor-
phologically. American Journal of Surgical Pathology. 2009; 33(2): 163-75.
Akil N, Yasmeen A, Kassab A et al. High-risk human papillomavirus infec-
tions in breast cancer in Syrian women and their association with Id-1
expression: a tissue microarray study. British Journal of Cancer. 2008; 99(3):
404-7.

Mendizabal-Ruiz AP, Morales JA, Ramirez-Jirano L] et al. Low frequency of
human papillomavirus DNA in breast cancer tissue. Breast Cancer Research
and Treatment. 2009; 114(1): 189-94.

Kahn JA, Lan D, Kahn RS. Sociodemographic factors associated with high-
risk human papillomavirus infection. Obstetrics and Gynecology. 2007;
110(1): 87-9S.

Cazzaniga M, Gheit T, Casadio C et al. Analysis of the presence of cutaneous
and mucosal papillomavirus types in ductal lavage fluid, milk and colostrum
to evaluate its role in breast carcinogenesis. Breast Cancer Research and
Treatment. 2009; 114(3): 599-605.

Viscidi RP, Shah KV. Cancer. A skin cancer virus? Science. 2008; 319(5866):
1049-50.

Nindl I, Rosl F. Molecular concepts of virus infections causing skin cancer
in organ transplant recipients. American Journal of Transplantation. 2008;
8(11): 2199-204.

Ulrich C, Hackethal M, Meyer T et al. Skin infections in organ transplant
recipients. Journal of the German Society of Dermatology. 2008; 6(2):
98-105.

Tan HH, Goh CL. Viral infections affecting the skin in organ transplant
recipients: epidemiology and current management strategies. Amierican
Journal of Clinical Dermatology. 20065 7(1): 13-29.

Molho-Pessach V, Lotem M. Viral carcinogenesis in skin cancer. Current
Problems in Dermatology. 2007; 35: 39-51.

Hengge UR. Role of viruses in the development of squamous cell cancer and mel-
anoma. Advances in Experimental Medicine and Biology. 2008; 624: 179-86.
van Seters M, ten Kate FJ, van Beurden M et al. In the absence of (early)
invasive carcinoma, vulvar intraepithelial neoplasia associated with lichen



627

628
629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

HPV: Associations with Noncervical Cancer 207

sclerosus is mainly of undifferentiated type: new insights in histology and
aetiology. Journal of Clinical Pathology. 2007; 60(5): 504-9.

Kessler GM, Ackerman AB. Nomenclature for very superficial squamous cell
carcinoma of the skin and of the cervix: A critique in historical perspective.
American Journal of Dermatopathology. 2006; 28(6): 537-45.

The condition is known as Bowenoid papulosis.

Hama N, Ohtsuka T, Yamazaki S. Detection of mucosal human papilloma
virus DNA in bowenoid papulosis, Bowen’s disease and squamous cell carci-
noma of the skin. Journal of Dermatology. 2006; 33(5): 331-7.

Nindl I, Gottschling M, Stockfleth E. Human papillomaviruses and non-
melanoma skin cancer: basic virology and clinical manifestations. Disease
markers. 2007; 23(4): 247-59.

Jenson AB, Geyer S, Sundberg JP et al. Human papillomavirus and skin can-
cer. Journal of Investigative Dermatology. 2001; 6(3): 203-6.

Akgul B, Cooke JC, Storey A. HPV-associated skin disease. Journal of
Pathology. 2006; 208(2): 165-75.

Jenson AB, Geyer S, Sundberg JP et al. Human papillomavirus and skin can-
cer. Journal of Investigative Dermatology. 2001; 6(3): 203-6.

Alam M, Ratner D. Cutaneous squamous-cell carcinoma. New England
Journal of Medicine. 2001; 344(13): 975-83.

Cassarino DS, Derienzo DP, Barr R]. Cutaneous squamous cell carcinoma: a
comprehensive clinicopathologic classification. Part one. Journal of Cutaneous
Pathology. 2006; 33(3): 191-206.

Cassarino DS, Derienzo DP, Barr R]. Cutaneous squamous cell carcinoma: a
comprehensive clinicopathologic classification. Part two. Journal of Cutaneous
Pathology. 20065 33(4): 261-79.

Feltkamp MC, de Koning MN, Bavinck JN et al. Betapapillomaviruses: inno-
cent bystanders or causes of skin cancer. Journal of Clinical Virology. 2008;
43(4): 353-60.

Chen Z, Schiffman M, Herrero R et al. Human papillomavirus (HPV) types 101
and 103 isolated from cervicovaginal cells lack an E6 open reading frame (ORF)
and are related to gamma-papillomaviruses. Virology. 2007; 360(2): 447-53.
Forslund O. Genetic diversity of cutaneous human papillomaviruses. Journal
of General Virology. 2007; 88(Pt 10): 2662-9.

This information is drawn from the fuller picture of HPV disease associa-
tions offered in the table appending Chapter 2.

Forslund O, Ly H, Reid C et al. A broad spectrum of human papillomavirus
types is present in the skin of Australian patients with non-melanoma skin can-
cers and solar keratosis. British Journal of Dermatology. 2003; 149(1): 64-73.
Iftner A, Klug SJ, Garbe C et al. The prevalence of human papillomavirus
genotypes in nonmelanoma skin cancers of nonimmunosuppressed individu-
als identifies high-risk genital types as possible risk factors. Cancer Research.
2003; 63(21): 7515-9.

Dell’Oste V, Azzimonti B, De Andrea M et al. High beta-HPV DNA loads
and strong seroreactivity are present in epidermodysplasia verruciformis.
Journal of Investigative Dermatology. 2009; 129(4): 1026-34.

Forslund O, Iftner T, Andersson K et al. Cutaneous human papillomaviruses found
in sun-exposed skin: beta-papillomavirus species 2 predominates in squamous
cell carcinoma. Journal of Infectious Diseases. 2007; 196(6): 876-83.



208

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

HPV and Other Infectious Agents in Cancer

Chen AC, McMillian NA, Antonsson A. Human papillomavirus type spec-
trum in normal skin of individuals with or without a history of frequent sun
exposure. Journal of General Virology. 2008; 89: 2891-97.

Mahe E, Bodemer C, Descamps V et al. High frequency of detection of
human papillomaviruses associated with epidermodysplasia verruciformis
in children with psoriasis. British Journal of Dermatology. 2003; 149(4):
819-25.

Li YH, Chen G, Dong XP et al. Detection of epidermodysplasia verruci-
formis-associated human papillomavirus DNA in nongenital seborrhoeic
keratosis. British Journal of Dermatology. 2004; 151(5): 1060-5.

Cronin JG, Mesher D, Purdie K et al. Beta-papillomaviruses and psoriasis: an
intra-patient comparison of human papillomavirus carriage in skin and hair.
British Journal of Dermatology. 2008; 159(1): 113-9.

Carlson JA, Cribier B, Nuovo G et al. Epidermodysplasia verruciformis-
associated and genital-mucosal high-risk human papillomavirus DNA are
prevalent in nevus sebaceus of Jadassohn. Journal of the American Academy
of Dermatology. 2008; 59(2): 279-94.

Nindl I, Gottschling M, Stockfleth E. Human papillomaviruses and non-
melanoma skin cancer: basic virology and clinical manifestations. Disease
markers. 2007; 23(4): 247-59.

Harwood CA, Surentheran T, Sasieni P et al. Increased risk of skin can-
cer associated with the presence of epidermodysplasia verruciformis human
papillomavirus types in normal skin. British Journal of Dermatology. 2004;
150(5): 949-57.

Akgul B, Lemme W, Garcia-Escudero R et al. UV-B irradiation stimulates the
promoter activity of the high-risk, cutaneous human papillomavirus 5 and 8
in primary keratinocytes. Archives of Virology. 2005; 150(1): 145-51.
Vasiljevic N, Nielsen L, Doherty G et al. Differences in transcriptional activity
of cutaneous human papillomaviruses. Virus Research. 2008; 137(2): 213-9.
Patel AS, Karagas MR, Perry AE et al. Exposure profiles and human papillo-
mavirus infection in skin cancer: an analysis of 25 genus beta-types in a pop-
ulation-based study. Journal of Investigative Dermatology. 2008; 128(12):
2888-93.

Forslund O, Iftner T, Andersson K et al. Cutaneous human papillomaviruses
found in sun-exposed skin: beta-papillomavirus species 2 predominates in
squamous cell carcinoma. Journal of Infectious Diseases. 2007; 196(6):
876-83.

Waterboer T, Abeni D, Sampogna F et al. Serological association of beta and
gamma human papillomaviruses with squamous cell carcinoma of the skin.
British Journal of Dermatology. 2008; 159(2): 457-9.

Asgari MM, Kiviat NB, Critchlow CW et al. Detection of human papilloma-
virus DNA in cutaneous squamous cell carcinoma among immunocompetent
individuals. Journal of Investigative Dermatology. 2008; 128(6): 1409-17.
Kullander J, Handisurya A, Forslund O et al. Cutaneous human papillomavi-
rus 88: remarkable differences in viral load. International Journal of Cancer.
2008; 122(2): 477-80.

Massimi P, Thomas M, Bouvard V et al. Comparative transforming poten-
tial of different human papillomaviruses associated with non-melanoma skin
cancer. Virology. 2008; 371(2): 374-9.



660

661

662

663

664

665

666

667

668

669

670

671

HPV: Associations with Noncervical Cancer 209

Dang C, Koehler A, Forschner T et al. E6/E7 expression of human papillo-
mavirus types in cutaneous squamous cell dysplasia and carcinoma in immu-
nosuppressed organ transplant recipients. British Journal of Dermatology.
2006; 155(1): 129-36.

The table references are Luron L, Avril MF, Sarasin A et al. Prevalence
of human papillomavirus in skin tumors from repair deficient xeroderma
pigmentosum patients. Cancer Letters. 2007; 250(2): 213-9; Schaller ],
Rohwedder A, Burgdorf WH et al. Identification of human papillomavirus
DNA in cutaneous lesions of Cowden syndrome. Dermatology. 2003;207(2):
134-40; Weber F, Fuchs PG, Pfister HJ et al. Human papillomavirus infec-
tion in Netherton’s syndrome. British Journal of Dermatology. 2001; 144(5):
1044-9; Ochiai T, Honda A, Morishima T et al. Human papillomavirus
types 16 and 39 in a vulval carcinoma occurring in a woman with Hailey-
Hailey disease. British Journal of Dermatology. 1999; 140(3): 509-13; and
Kutler DI, Wreesmann VB, Goberdhan A et al. Human papillomavirus DNA
and p53 polymorphisms in squamous cell carcinomas from Fanconi anemia
patients. Journal of the National Cancer Institute. 2003; 95(22): 1718-21.
Weissenborn SJ, De Koning MN, Wieland U et al. Intrafamilial transmis-
sion and family-specific spectra of cutaneous betapapillomaviruses. Journal
of Virology. 2009; 83(2): 811-6.

Kusters-Vandevelde HV, de Koning MN, Melchers W] et al. Expression
of P14(Arf), P16(Ink4a) and P53 in Relation to Hpv in (Pre) Malignant
Squamous Skin Tumors. Journal of Cellular and Molecular Medicine. 2008:
Epublished ahead of print.

Pfister H. Human papillomavirus and skin cancer. Journal of the National
Cancer Institute Monograph. Chapter 8, 2003; (31): 52-6.

Akgul B, Cooke JC, Storey A. HPV-associated skin disease. Journal of
Pathology. 2006; 208(2): 165-75.

Majewski S, Jablonska S. Current views on the role of human papilloma-
viruses in cutaneous oncogenesis. International Journal of Dermatology.
2006; 45(3): 192-6.

Nindl I, Gottschling M, Stockfleth E. Human papillomaviruses and non-
melanoma skin cancer: basic virology and clinical manifestations. Disease
markers. 2007; 23(4): 247-59.

Termorshuizen F, Feltkamp MC, Struijk L et al. Sunlight exposure and (sero)
prevalence of epidermodysplasia verruciformis-associated human papilloma-
virus. Journal of Investigative Dermatology. 2004; 122(6): 1456-62.
Simmonds M, Storey A. Identification of the regions of the HPV 5 E6 pro-
tein involved in Bak degradation and inhibition of apoptosis. International
Journal of Cancer. 2008; 123(10): 2260-6.

Underbrink MP, Howie HL, Bedard KM et al. E6 proteins from multiple
human betapapillomavirus types degrade Bak and protect keratinocytes
from apoptosis after UVB irradiation. Journal of Virology. 2008; 82(21):
10408-17.

Gabet AS, Accardi R, Bellopede A et al. Impairment of the telomere/telom-
erase system and genomic instability are associated with keratinocyte
immortalization induced by the skin human papillomavirus type 38. FASEB
Journal. 2008; 22(2): 622-32.



210

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

HPV and Other Infectious Agents in Cancer

Cordano P, Gillan V, Bratlie S et al. The E6E7 oncoproteins of cutane-
ous human papillomavirus type 38 interfere with the interferon pathway.
Virology. 2008; 377(2): 408-18.

Akgul B, Ghali L, Davies D et al. HPVS early genes modulate differentia-
tion and cell cycle of primary human adult keratinocytes. Experimental
Dermatology. 2007; 16(7): 590-9.

Orth G. Host defenses against human papillomaviruses: lessons from
epidermodysplasia verruciformis. Current Topics in Microbiology and
Immunology. 2008; 321: 59-83.

Patel AS, Karagas MR, Pawlita M et al. Cutaneous human papillomavirus
infection, the EVER2 gene and incidence of squamous cell carcinoma: a case-
control study. International Journal of Cancer. 2008; 122(10): 2377-9.
Zheng S, Adachi A, Shimizu M et al. Human papillomaviruses of the mucosal
type are present in some cases of extragenital Bowen’s disease. British Journal
of Dermatology. 2005; 152(6): 1243-7.

Iftner A, Klug SJ, Garbe C et al. The prevalence of human papillomavirus
genotypes in nonmelanoma skin cancers of nonimmunosuppressed individu-
als identifies high-risk genital types as possible risk factors. Cancer Research.
2003; 63(21): 7515-9.

Sun JD, Barr R]J. Papillated Bowen disease, a distinct variant. American
Journal of Dermatopathology. 20065 28(5): 395-8.

Murao K, Kubo Y, Takiwaki H et al. Bowen’s disease on the sole: p16INK4a
overexpression associated with human papillomavirus type 16. British
Journal of Dermatology. 2005; 152(1): 170-3.

Zheng S, Adachi A, Shimizu M et al. Human papillomaviruses of the mucosal
type are present in some cases of extragenital Bowen’s disease. British Journal
of Dermatology. 2005; 152(6): 1243-7.

Delloste V, Azzimonti B, Mondini M et al. Altered expression of UVB-
induced cytokines in human papillomavirus-immortalized epithelial cells.
Journal of General Virology. 2008; 89(Pt 10): 2461-6.

Where lesions are still prone to regression; this is a histological presentation
essentially equivalent to actinic keratosis, by one definition.

Daher A, Simbulan-Rosenthal CM, Rosenthal DS. Apoptosis induced by
ultraviolet B in HPV-immortalized human keratinocytes requires caspase-9
and is death receptor independent. Experimental Dermatology. 2006; 15(1):
23-34.

Erb P, Ji J, Kump E et al. Apoptosis and pathogenesis of melanoma and non-
melanoma skin cancer. Advances in Experimental Medicine and Biology.
2008; 624: 283-95.

Mouret S, Favier A, Beani JC et al. Differential p53-mediated responses to
solar-simulated radiation in human papillomavirus type 16-infected kerati-
nocytes. Experimental Dermatology. 2007; 16(6): 476—84.

Leverrier S, Bergamaschi D, Ghali L et al. Role of HPV E6 proteins in pre-
venting UVB-induced release of pro-apoptotic factors from the mitochon-
dria. Apoptosis. 2007; 12(3): 549-60.

Struijk L, van der Meijden E, Kazem S et al. Specific betapapillomaviruses
associated with squamous cell carcinoma of the skin inhibit UVB-induced
apoptosis of primary human keratinocytes. Journal of General Virology.
2008; 89(Pt 9): 2303-14.



688

689

690

691

692

693

HPV: Associations with Noncervical Cancer 211

Karagas MR, Nelson HH, Sehr P et al. Human papillomavirus infection and
incidence of squamous cell and basal cell carcinomas of the skin. Journal of
the National Cancer Institute. 2006; 98(6): 389-95.

Hazard K, Karlsson A, Andersson K et al. Cutaneous human papillomavi-
ruses persist on healthy skin. Journal of Investigative Dermatology. 2007,
127(1): 116-9.

Masini C, Fuchs PG, Gabrielli F et al. Evidence for the association of human
papillomavirus infection and cutaneous squamous cell carcinoma in immu-
nocompetent individuals. Archives of Dermatology. 2003; 139(7): 890-4.
Boxman IL, Russell A, Mulder LH et al. Case-control study in a subtropi-
cal Australian population to assess the relation between non-melanoma skin
cancer and epidermodysplasia verruciformis human papillomavirus DNA in
plucked eyebrow hairs. The Nambour Skin Cancer Prevention Study Group.
International Journal of Cancer. 2000; 86(1): 118-21.

Ambretti S, Venturoli S, Mirasoli M et al. Assessment of the presence of
mucosal human papillomaviruses in malignant melanomas using combined
fluorescent in situ hybridization and chemiluminescent immunohistochemis-
try. British Journal of Dermatology. 2007; 156(1): 38—44.

Sterling JC. Human papillomaviruses and skin cancer. Journal of Clinical
Virology. 2005; 32(suppl 1): S67-71.



This page intentionally left blank



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.!

The development of cancer is commonly a multistage process,

and precursors of malignancies often take a long time to emerge.
The benefit 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 reflect 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,

Disease prompted or promoted by HPV tends to develop slowly.
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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
first 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,
reflecting 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 defines 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 identification 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.?

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 difficulty of maintaining adequate screening programs
is the lack of consensus between medical bodies on specific screening
guidelines, a challenge that has only increased with the advent of new
technologies.?* 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.® 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.® 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.”

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 difficult 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.® 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—benefit 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.’

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).'%!!
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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.'”? 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.”'® 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.'* The relatively
low sensitivity of the test contributes to the significant 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.!
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.'®
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.!” A recent study in Australia showed
that even irregular screening can significantly reduce the risk of devel-
oping invasive cervical cancer.'®

In addition to perceived problems with test accuracy, there are a
number of specific technical issues related to Pap smears. For instance,
cervical adenocarcinomas in younger women are especially hard to
detect by means of conventional cytology.'®?° 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.?"?> Undetected can-
cer, which is the most serious sequelae of false negative results in Pap
smears, has generated significant litigation and large court awards in
recent decades.?

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.?*?’

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-
firmed that extended tip spatulas appeared to be superior for collecting
samples from the cervix, especially when combined with a cytobrush.?

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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fluid 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.?” Some comparisons of LBC with
conventional Pap have confirmed the advantages of the new technology,
though not consistently across all populations.?$-3% A recent systematic
review and meta-analysis raised serious questions about whether LBC
is more sensitive and specific than conventional Pap smears.3! 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.>* 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.3’ 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,3*3” 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 benefit.

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.’® On the
other hand, there may be a public health benefit in combining specialized
tests for agents such as Chlamydia with scheduled Pap smears.>** 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.*!
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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).*> 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.® The evidence for the utility of self-collection for traditional
cytological analysis remains mixed.***

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.*® A growing body of evidence
suggests that immigrants and ethnic minorities are particularly vulner-
able to disparities in screening.*” 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.*® 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.*-5!

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.>* While this may partly reflect the lower cumulative
years of opportunity to be tested, another study based on 2002-2003
data confirmed that Canadian women aged 18-29 years also report the
lowest rate of being screened less than 3 years ago.** 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.*’

Data from a number of countries demonstrate that factors other
than age have an influence 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 States’*~%° Such barriers
and related disparities seem to have been mitigated to some degree in
Canada, probably due to the universal health insurance system.®' 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.®>% Ethnic groups
also demonstrate variation in Pap smear participation, with lower rates
seen, for example, among Vancouver Chinese groups and Nova Scotian
Black communities.®4¢

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.®®®” This pattern correlates
with some older evidence of higher cervical cancer incidence and mor-
tality rates among native women (see Chapter 4).°® 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.®>”°
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).”! 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.”? 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 efficiency 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.”3

Any proven instance of underscreening is a cause for concern,’*”s
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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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.

screening.”® In this regard, the relevant Cochrane review identified the
following potential approaches to improve screening rates””:

e general invitations (letters, calls, etc.), plus reminders to those
overdue

e cducation (materials, home visits, etc.) and counseling

e risk factor assessment during other health care encounters

® economic incentives

In all, 35 studies were identified 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.””® The same sort of perspective helps to
explain the intense interest in an augmented prevention program involving
prophylactic vaccines.
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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.”” 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.”$® 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.882 As well, pressure to consider HPV-DNA
testing continues to arise in light of the perceived deficiencies of current
routine screening methods. Indeed, recent studies have confirmed that
HPV-DNA testing is significantly (and substantially) more sensitive for
detecting high-grade CIN when compared with conventional cytology.®3
On the other hand, the test is not as specific as the Pap smear, with the
resulting false positives leading to instances of overtreatment, especially
in younger women.%*

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 specific 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
final planning equation.®’

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.®¢8” 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).%8

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.%%°

An ongoing Canadian trial is assessing the different findings 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.”!
This confirms 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.’>?3 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.**

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?® 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.”®

One proposal in the U.S. context for integrating HPV-DNA testing
and Pap smears is outlined in Figure 6.2.°7

Specific 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.®®

Both rfgative Pap(-i/liPVl-H ASC-USiHPV (-) ASC-US/HPV(+) Pap> or=LSIL
‘ Repeat screening | | Colposcopy
| In 3 years | | In 6-12 months | | In 12 months |

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.
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These recommendations for specific 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.’*~1°! 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).'%?

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.!%

Issues Related to Sample Source and Collection

Self-collection has been identified 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.!04105
A 2007 Canadian meta-analysis indicated that there is little evidence
supporting a self-collection strategy and further investigation was rec-
ommended.'? 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.!?”-1%8

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

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.!'! 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.!'!?!13
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.'™*

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.!'> The development of
new techniques to estimate the amount of HPV in clinical samples has
allowed such conclusions to be fine-tuned. For instance, high-risk HPV
viral load has been found to be significantly associated with cervical can-
cer precursors, especially higher grade CIN and larger lesions.''¢'20 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.!'?!-12¢

As was briefly 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 fluorescence in
situ hybridization being particularly sensitive.'?” 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 find
use as a predictor of potential disease development after diagnosis.'?$12
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.'30-132

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.!3* Similar to
measurements of DNA integration, nRNA may be most appropriate in
evaluating the risk of progression rather than in primary screening.!3*

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.!3¢-138

Seroprevalence is not identical to positive infection status.!?’
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 specific populations.'* 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
efficacy evaluation of current HPV vaccines is directly tied to whether
the vaccinated population is HPV-naive.!*! 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.'** This tech-
nology is beginning to come on-stream, at least for secondary testing
following an abnormal Pap smear.!*> The use of high-resolution pho-
tographs of the cervix (so-called cervicography) also continues to be
explored.!*

In some areas of the world, financial 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.'*® 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 beneficial in regions where medical treatment is normally a long
journey from home.'*¢-148 In fact, such concerns may even be relevant in
developed countries such as Canada that have remote communities.'*

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.!3%15! 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.'s? 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.!

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.'>* In fact, anoscopy has been
shown to be more accurate in some jurisdictions.' %% 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 ~ Sample of cervical e History of long use ¢ Results not immediately e Available in many
cytology cells taken by e Widely accepted available countries since 1950s
(Pap smear) provider and ¢ Permanent record of test ¢ Systems needed to ensure ¢ Cytology-based
examined by ¢ Training and mechanisms for timely communication of programs have reduced
trained quality control established test results and follow-up of cancer mortality in
cytotechnicians in  ® Modest investments in existing women developed countries
a laboratory programs can improve services ® Transport required for
¢ High specificity specimen to laboratory and

for results to clinic
¢ Requires laboratory quality

assurance
® Moderate sensitivity
Liquid-based Sample of ¢ Fewer inadequate or ¢ Results not immediately e Selected as screening
cytology cervical cells is unsatisfactory samples available method in some
(LBC) obtained with requiring patient call-back and e Supplies and laboratory developed countries
a small brush, rescreening facilities more expensive (e.g., UK)
immersed in * Once cytotechnicians are than for conventional
special liquid proficient, LBC samples take cytology
and sent to less time to review ¢ No controlled studies, to
laboratory for e Samples can be used for date, comparing sensitivity
processing and molecular analysis (such as and specificity with

screening HPV DNA testing) conventional cytology



HPV DNA
testing

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

Visual
methods
(VIA and
VILI)

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

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 specificity in women
over age 35

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

Results not immediately
available

High unit cost

Complex laboratory
requirements and specimen
transport

Low specificity in young
women leading to
overtreatment

Storage of reagents
problematic

High provider variability
Lower specificity resulting
in high referral rate and
overtreatment

No permanent record of
test

Not appropriate for
postmenopausal women
Lack of standardization
Frequent retraining needed

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

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 procedures'’; other recent
research has generated the opposite conclusion with respect to the refer-
ence case.'”® A discussion similar to cervical cancer screening has been
initiated concerning the pros and cons of self-collected anal cytology
samples.'*’

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.'60-162

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.'®3 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.'**1%5 The
continuing methodological questions have prompted recent studies of
various collection strategies.'®® 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.'”” Another U.S. study supported the value
of self-collected samples in men,'®8 whereas recent research in British
Columbia, Canada, suggested that there are “continued opportunities”
to improve such techniques.'®’

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
HPYV prevalence.'”® 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.!”!

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.'”? 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.!”3174

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.'"> 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.!7!77
In particular, the male sexual partners of women with HPV-related dis-
ease exhibit a high risk of infection, and therefore could benefit from
targeted screening.!”8

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 flat, 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.!”*180

Early detection or diagnosis of oral cavity carcinoma is actually dif-
ficult to achieve.” Technologies to enhance visual detection do exist,
but they have not yet been validated for a true screening program.'s2.183
The U.S. Preventive Services Task Force has concluded that the evidence
is insufficient to recommend for or against routine screening of adults
for oral cancer.'®* Likewise, the relevant Cochrane review did not find
enough evidence to support a universal screening program for oral
cancer.!’

In fact, no population-based screening programs for oral cancer have
been established in developed countries, though various organizations
have advocated opportunistic approaches.'$® For instance, dentists in the
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United States and Canada are interested in additional training to facili-
tate early detection of oral cancers that might be related to HPV.187188

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 field 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.'® More specific and reproducible assays are aimed at improv-
ing current screening programs and avoiding “unnecessary medical
intervention and psychological distress for the affected women.”"? 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)."®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.!”

Representative Biomarker: pl6(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."”*'*S 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.'?®1%7 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).!98-202
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Many studies have shown that p16(INK4a) is strongly expressed in
cases of high-grade cervical dysplasia.?® 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).204205

pl16(INK4a) can be detected in the laboratory using immunohis-
tochemical methods.?’® The protein is one of the biomarkers that can
be detected in LBC samples.??” 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.?%%2%° For example, the identification of p16(INK4a) may
confirm the diagnosis of cervical dysplasia in certain ambiguous Pap
smears.>!0

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-
efficiency.”?!!

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.”?!2



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 amplification

E6 HPYV oncoprotein, causes
multiple changes in
cell mechanisms, most
notably interruption of
P53 mechanism

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

Host Cell Functional Markers

pl6 (or pl6™Nk4a) 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

Assay, such as
for mRNA

Assay, such as
for mRNA

Assay, such as
for mRNA

Immunohisto-
chemistry

Found to be expressed at
higher levels than E7

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

Found in the majority of
cervical carcinomas

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

Middleton (2003)

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

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

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



pS3

pRb
(retinoblastoma
protein)

p21 (CDKNT1A)

Tumor suppressor protein

that detects DNA
damage and promotes
p21 expression;
degraded by HPV
oncoprotein E6

Tumor suppressor protein,

degraded through
formation of a complex
with HPV oncoprotein
E7

Cyclin-dependent kinase

inhibitor, specifically
affecting Cyclin D;
blocked directly by E7
and indirectly by E6
through p53 interaction;
(counterintuitively) is
overexpressed in many
HPV-related carcinomas

Cervix, Immunohisto-
anorectal chemistry
region,
penis,
aerodigestive
tract, and
mouth

Cervix and Immunohisto-
anorectal chemistry
region

Cervix and Immunohisto-
anorectal chemistry
region

The related gene is

the most frequently
mutated in human
neoplasms and, as such,
p53 is less useful as a
specific HPV disease
marker than p16;
further, mutations of
pS3 gene may not serve
a major role in HPV-
induced carcinogenesis

Expression (but not

function) increased
in squamous cell
carcinoma; useful
surrogate biomarker
for early HPV-related
events

Overexpressed in invasive

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

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

Lu (2003),
Nemes (2006)

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 Cervix and Immunohisto- Significantly decreased Keating (2001), Holm
inhibitor, specifically anorectal chemistry in carcinoma and early (2001)
affecting Cyclin E; region HPV-related events
blocked directly by E7 and
underexpressed in HPV
related carcinomas
DNA ploidy Degree of repetition of Flow cytometry Diploid cancers are more Ochatt (2006)
number of chromosomes similar to normal
within a cell; normal human cells and are
human cells are diploid often less harmful and
(two sets), while more responsive to
cancerous cells can therapies; tetraploid
be diploid, tetraploid and aneuploid cancers
(four sets), or aneuploid are more dangerous
(uneven number of
chromosomes)
ICBP90 Cell cycle regulator Cervix Immunohisto- Found to be one of the Lorenzato (2005)
protein; downregulated chemistry most accurate tests

by p53; overexpressed in
cancer cells
Elevated levels in HPV-

distinguishing high-
and low-grade SIL

EGFR (epidermal Nose, sinuses, Flow cytometry;  Low levels indicate

growth factor positive sinonasal and pharynx immunohisto- increased likelihood

receptor) inverted papilloma; chemistry of survival in
decreased expression in oropharyngeal
HPV- and pl6-positive squamous cell
oropharyngeal squamous carcinomas

cell carcinomas

Katori (2005),
Reimers (2007)



Ki67

Cyclin A

Cyclin D

Cyclin E

Cyclin G

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

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

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

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

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

Immunohisto-
chemistry

Cervix, anus,
and penis

Immunohisto-
chemistry

Immunohisto-
chemistry

Immunohisto-
chemistry

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

Higher levels associated
with some HPV types

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

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

Possibly useful for detecting

CIN and squamous cell

carcinoma; overexpressed

in both lesions

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

Mansour (2007)

Bahnassy (2007),
Queiroz (2006)

Bahnassy (2007),
Keating (2001)

Liang (2006)

(Continued)



Table 6.2. (Continued)

Biomarker Role in HPV Disease Sites Studied Detection Stage of Application Lead Authors and Date
TGF-a Induces epithelial Cervix, nose, Immunohisto- Overexpressed in malignant Katori (2005)
(transforming development; upregulated sinuses, head, chemistry and premalignant tissues
growth factor-a) in some HPV-related and neck
cancers
MCM-2, -5, -6, -7 Chromosome maintenance Cervix Immunohisto- Expected to play a role Malinowski (2005),
proteins; overexpressed chemistry in improving the Murphy (2005)
as a result of HPV screening and detection
infection and subsequent of cervical disease
uncontrolled activation
of gene transcription
CDC6 (cell Protein essential for Cervix Immunohisto- Possibly useful in Murphy (2005)
division cycle) DNA replication; chemistry detection of high-grade
preferentially expressed and invasive lesions
in high-grade lesions and of the cervix; limited
invasive squamous cell utility for low grade
carcinoma dysplasia
S100A8 Cell cycle regulating Mouth Suppression Suspected to play an Lo (2007)
protein; upregulated subtractive important role in
and overexpressed hybridization; oral carcinogenesis
in HPV-18-positive immunohisto- following HPV-18
oral squamous cell chemistry infection; thus

carcinoma

potentially a powerful
biomarker and even a
therapeutic target in
patients



PCNA

(proliferating cell
nuclear antigen)

Mitotic frequency

(MPM-2)

MMP (metallo-
proteinases)

Telomerases

Antiapoptotic
markers

CEA (carcino-
embryonic
antigen)

Protein factor in DNA
synthesis, increasing
speed up to 1000x;
overexpressed in
precancerous epithelial
inflammations

Labels proteins related to
cell cycle, specifically
mitosis

Expression increased in
precancerous sinonasal
lesions of inverted
papilloma

Ribonucleoprotein
enzymes; support tumor
growth by allowing cells
to divide repeatedly

without DNA corruption

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

Glycoprotein found
in embryos during
development; produced
by some cancers

Cervix

Nose and
sinuses

Premalignant
and
malignant
tissues

Immunohisto-

chemistry

Flow cytometry

Immunohisto-
chemistry

Immunohisto-
chemistry

Immunohisto-
chemistry

Blood tests

Positivity for marker
slightly precedes
accumulation of viral
DNA

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

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

Overexpressed in cancers

Positivity combined with
high Ki67 only found
in malignant tumors

Keating (2001)

Katori (2006)

Keating (2001)

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 Tumor-associated antigen;  Cervix Immunohisto- Identifies low- and high- Keating (2001)
anhydrase I1X) exact relationship with chemistry grade SILs, invasive
HPV not understood carcinomas, and
adenocarcinomas at rates
of 65%, 77%, 92%, and
100%, respectively
CDK4 (Cyclin- Affects growth and Cervix Immunohisto- Significantly increased Bahnassy (2007)
dependent synthesis stages of cell chemistry in squamous cell
kinase) cycle; regulated by carcinoma and early
Cyclin D; overexpressed HPV-related events
in HPV-related
carcinoma
COX-2 Inflammation protein; Cervix Immunohisto- No significant Saldivar (2007)
expressed in chemistry relationship to HPV
premalignant lesions positivity found;
further trials suggested
Host Cell Structural Markers
Cytokeratins (CK) Provide cell structure; Cervix and Immunohisto- Expression of CK8, 16 Carrilho (2005),
expression varies by cell mouth chemistry and 17 is useful marker Regauer (2007),

type, and can be altered
by HPV infection

of high-grade CIN;
changes in CK1, 10, 13,
14,15,18 and 19 are
also measurable

Akgul (2007)



Involucrin

CDh44

Integrin a6

Provides structure
in epithelial cells;
expression altered by
HPV infection
Cell-surface glycoprotein;
downregulated during
transition from CIN
to invasive squamous
carcinoma

Transmembrane protein,

with a role in cellular
shape and mobility;
expression increased in
HPV-infected cells

Squamous Immunohisto-
epithelium chemistry
Cervix Immunohisto-

chemistry
Microfluidic
screening

May help distinguish
benign from malignant
neoplasms

Awaiting further studies

Investigational method of
HPV detection

Keating (2001)

Wankhede (2006)
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7

HUMAN PAPILLOMAVIRUS:
PREVENTION OF INFECTION AND
DISEASE

The relevance and high level of scientific interest surrounding HPVs are
related to the oncogenic potential of some viral types belonging to this family
and the possibility to influence the incidence of various tumour forms like
cervical carcinoma, improving the efficacy of specific screening programs or
defining preventive strategies like vaccination.!

e 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.? 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
first prevention category (avoiding exposure) flows naturally from this
perspective; in the case of HPV, exposure control overlaps strongly with
protection against sexually transmitted infections (STTIs) 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.* But the story has definitely moved beyond the uterine cer-
vix. Apart from the surgeries and other treatments specific to cervical
cancer management, all the tools in the list are also relevant to the other
HPV-related malignancies.

PREVENTION APPROACHES

A flowchart 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
flowchart 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 Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication Transformation

1. Avoiding Exposure to the Agent

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

Exposure . .| Nonmalignant disease R .
toagent Infection due to infection b »| Malignancy
A A IS A
Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
exposure infection eradication cofactor eradication transformation
D e e R e e »
Primary Prevention of Infection that Causes Cancer Secondary Prevention of Infection

that Causes Cancer (assumes detection of
infection and/or early infectious disease)

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.’ 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.®’

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.”® 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.” Clearly, for some interventions there is a disconnection between
theoretical effectiveness (which should properly be called efficacy) 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.'® 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

Agree that Strategy 1s Usually
Agree that Strategy Worth Recommending to the

Is Highly Effective Sexually Active
Prevention Strategy % 95% CI* % 95% CI
1. Monogamy 95 (94-97) 81t (78-83)
2. Limiting number of 95 (94-96) — —
sexual partners
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.

“Confidence interval.

tResponse for strategy 1 and 2 combined.
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the spread of HPV.!"! 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 significance for cervical cancer
prevention.'? 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.'® Beyond the impact on infection
per se, other studies have identified an association between condom use
and reduced occurrence of HPV-related disease, improved regression
of neoplasia, and/or faster clearance of infection.!*'® Whatever new
research may show, it is unlikely that condom use for preventing HPV
infection will ever achieve the level of efficacy demonstrated in the con-
trol of, for example, HIV transmission.!” Condoms do not seem poised
to rival the promise of vaccines in the prevention of infection.?%!

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 identified
and studied at the population level. These include the following;:

¢ education and media campaigns for safer sexual behavior

e integration of case-finding into routine health care

® mass treatment of persons in at-risk communities, even if they are
asymptomatic

e 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 five 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.?> 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.23-2°

A 2008 systematic review of interventions to prevent STIs examined
three of the same community-based studies identified by the Cochrane
review (including the one trial that showed some measure of success).
In fact, all the identified population-level studies were based in the same
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African communities covered by Cochrane.?® 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 STT interventions need to be implemented beyond the classic
clinical setting in order to have any real impact.?”

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 reflect 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; confir-
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.?

Individual and group approaches to STI control. The majority of the
studies identified in the 2005 systematic review noted earlier actually
dealt with individual approaches, with a smaller number (n = 9) focus-
ing on group-based programs.?’ A third of the group-based interventions
involved counseling and skills building that led to significant decreases
in STT 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% STT incidence).?’ The most recent literature has
supported the efficacy of cognitive-behavioral group interventions for
STT control.?! Overall, a large percentage of these group projects dem-
onstrated significant success, a conclusion mirrored by earlier reviews of
the literature.’> A Cochrane review completed in 2000 confirmed 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.3?

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.”3*
Moreover, the studies specifically 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 specific subpopulations.?*-3¢ Targeted
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health promotion programs indeed may be worth pursuing. Promising
results from one U.S. study revealed that an HPV-specific protocol was
highly effective in increasing knowledge about the virus and its sequelae
in adolescents.?”

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.3$

Whatever the ultimate effectiveness of STT 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 intensified 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
identified route would likely prompt a quest for another set of exposure
prevention measures.

Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication 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 definition
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 later®

e 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).*® 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 defined in Figure
7.1), but could accomplish primary prevention of cancer

e 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.*!

Approved prophylactic vaccines. Gardasil™ was the first 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 efficacious, particularly for vaccine-specific HPV types in
HPV-naive women who receive three doses over 6 months; as well, it
has a good safety profile.*?

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 first developed for hepatitis B.*

Gardasil™ and Cervarix™ demonstrate similar levels of efficacy in
preventing type- specific HPV infection and cancer precursors; they also
enjoy comparable safety profiles. These two vaccines are compared at a
qualitative level in Table 7.2.

Bottom line: efficacy and effectiveness. Efficacy 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 efficacy
and effectiveness of HPV vaccines (summarized in Table 7.3).** These



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 Baculovirus
(Saccharomyces expression
cerevisiae)

Adjuvant Aluminum Aluminum
hydroxyphosphate hydroxide plus
sulfate 3-deacylated
(proprietary monophosphoryl
Merck aluminum lipid A

Vaccine Evaluation
Efficacy: Persistent HPV
infection
HPV 16 or 18 CIN 2+
HPV 16 or 18 CIN 3
VIN or VaIN 2+
Genital warts
Therapeutic efficacy
Safety at 6 years
Cross protection (persistent
HPYV infection)
Cross protection (lesions)
Duration of protection (as of
2007)
Adolescent immunogenicity/
safety trials

Immunogenicity in
preadolescents

Immunogenicity in older
women

Phase III trial locations

Phase II trial locations

adjuvant)

Proven

Proven
Proven
Proven

Proven

None
Demonstrated
6 months

Reported
5-6 years

Females 9-15 years
Males 9-15 years

Proven
Proven

North America
(25%); Latin
America (27%);
Europe (44%);
Asia-Pacific (4%)

Brazil (34%); Europe
(21%); USA (45%)

(proprietary GSK
AS04 adjuvant)

Proven

Proven

Not proven
Not reported
Not in target
None
Demonstrated
12 months

Not reported
5-6 years

Females 10-14
years

Males 10-18 years

Proven

Proven

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

Brazil (>50%);
North America
(<50%)
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Table 7.3. Gardasil Phase IlI Trial Information

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

Protocol population

Subjects naive to target HPV types at
enrolment and through month 7,
no protocol deviations

99% (93-100%)

Unrestricted population

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

General population

All subjects, regardless of baseline 44% (31-55%)
status with respect to HPV infec-
tion and cervical neoplasia
Effectiveness Against High-Grade
Cervical Lesions, Regardless of
Causal HPV Type

General population

All subjects, regardless of baseline 17% (7-29%)
status with respect to HPV infec-
tion and cervical neoplasia

Source: Future II Study Group, The Lancet, 2007. Used by permission.

four studies enrolled 20,583 healthy women aged 15-26. Exclusion
criteria included a previous abnormal Pap smear, a lifetime history of
five or more sex partners, and pregnancy.

This summary clearly indicates that the efficacy 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™.* This is
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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,*® level of cross-
protection,*” and selection of adjuvant.*®

Many other types of trials have been announced or already launched
for both Gardasil™ and Cervarix™, including efficacy, immunogenicity
bridging, safety in older women, safety and immunogenicity in HIV-
infected individuals, and efficacy in males.* 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.*°

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.’! 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™.32

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 final 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 efficacy (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 efficacy 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: Efficacy 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.

e 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%¢ 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%.5” 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.’®=%° It seems

Table 7.4. Impact of Prevention Modalities on Cervical Cancer Risk

Lifetime Cervical Cancer Risk % Reduction
With no intervention 2.19% 66%
With current screening 0.75% 86%

With current screening & vaccination 0.30% 60%
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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.®!¢2

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, difficult to finalize. Indeed, the same innovation in molec-
ular-level technologies that have made vaccine development possible
in the first 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).%3

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

1. Removing the most threatening oncogenic types through vaccina-
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.

2. Another collateral effect of HPV vaccination would be a struc-
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.

3. There are questions about how vaccination will alter client atti-
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 benefits of both vac-
cination and screening must be maintained in an integrated prevention
strategy.®* 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%).%5 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 influence 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.

e Even what is already known about HPV presents challenges for
mathematical modeling. It is difficult 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.

e 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 influ-
ence decisions about expanding the vaccine indications to include
older populations.

e There is a need to understand the costs and value of including
older women and boys in a vaccination program.

e 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).®¢

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

1. Will the vaccine ultimately prevent not only cervical lesions but
also cervical cancers and death?

2. How long will vaccine protection last?

3. Will the vaccine have the same effect on preadolescent girls as on
the main 16- to 26-year-old trial subjects?

4. Will other HPV strains emerge as significant oncogenic serotypes
if HPV-16 and -18 are effectively suppressed?®®

5. Will vaccinated women continue to regularly access screening?

6. Will vaccination affect natural immunity against HPV?

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

Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication Transformation

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 therapy®’) will likely
be restricted to investigational groups or special cases rather than being
deployed at a population level.
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Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication Transformation

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.”” However,
as detailed in Chapter 4, more recent analysis has confirmed 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 confirmed 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.”!

In addition to the primary prevention potential of cessation (or not
smoking in the first 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.”? 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.”

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 benefits in terms of reducing cancer incidence, even
though the impact on HPV infection rates is less clear.”* The importance
of STT 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.”

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.”® 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.”” However, the asso-
ciation does not seem to pertain to the Canadian setting.”® 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.”” 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.® 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.

Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication Transformation

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 final
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 affin-
ity between the categories, reflecting 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 definitive, but no therapy has
yet been identified that can eliminate HPV infection.®"-*? This gap has
been confirmed 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.$?

Despite the obstacles noted earlier, researchers continue to pursue
measures that could eliminate an HPV infection. The most popular
investigational approach is therapeutic vaccines.**% 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 efficacious, 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.$¢

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 virus®”:

¢ 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

e 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 sources®® and
basic vaccine technology. The various approaches include peptide/pro-
tein, DNA, VLPs, dendritic and Langerhans cells, and recombinant
viruses.®*3 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.”**’

Initial results from small phase I trials of therapeutic vaccines
have been mixed,'° although more recent research has shown more
promise,'?'=193 and a variety of innovations are being pursued to increase
efficacy. For example, encouraging results have emerged from investiga-
tions of ways to enhance vaccine potency by linking HPV antigens to
other proteins.!**1%5 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.'?%107

While most of the trials on therapeutic vaccines in humans have
focused on genital diseases (including vulval and vaginal dysplasia'®),
researchers hope that there will be benefits for other parts of the body,
such as HPV-related tumors in the head and neck.!*!'% Given the bur-
den of cancer caused by HPV, and the fact that the full benefits 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.'"! This vaccination strategy gen-
erally targets a combination of early and late viral proteins.!!?

Avoiding Preventing Prophylactic Preventing Therapeutic Interrupting
Exposure Infection Eradication Cofactor Eradication Transformation

6. Interrupting Transformation Related to Infection

It is understandable that the immunotherapies targeting HPV infec-
tion may overlap with the final prevention topic, which focuses on viral
or cellular processes that lead to cancer. There is a fine 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 confirmed in the only systematic review located,
which dates to 2000.'"® While effective antiviral therapies for subclini-
cal HPV infection are not yet available in practice, progress continues
to be made at a research level.!*

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.''>'1¢ 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).!” The ultimate quest is
for a targeted antiviral, rather than simply the induction of nonspecific
inflammation that in turn generates a “bystander immune response.”!!8
Antivirals for HPV are especially important for the substantial popula-
tion of immunosuppressed individuals who may not benefit 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.!*”

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.'2°-122 A 2007 Cochrane
review of the effectiveness of retinoids in treating CIN concluded that
these agents were not effective in preventing progression.'?> 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.!?#125 While modest results have been shown
for a few agents, further testing has been impeded, due in large part to
side effects.

Nonsteroidal antiinflammatories and gene therapies are also at an early
stage of investigation.'?*"'28 Finally, an experimental treatment for HPV
infection, photodynamic therapy, has so far shown variable efficacy.'*

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 difficult
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.”!3°
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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. Confirmation 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 scientific 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,'3132 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.'3? 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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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.!

INTRODUCTION

aundice was recognized as a disease symptom as long ago as the

fifth century BC, and an infectious cause was already suspected by

the eighth century AD.? The viral origin of certain forms of hepatic
disease was confirmed in the last 50 years; more recently, two hepatitis
viruses have been specifically 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 cancer?; it is the fifth most common malignancy in the world,
and the most rapidly increasing cancer in the United States.’ The inci-
dence of HCC has also increased in Canada in the last two decades.®”
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 intensified.?-1°

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 first true cancer vaccine is now over 25 years old.
Indeed, the implementation of highly efficacious and safe childhood vac-
cination programs for HBV around the world has dramatically reduced
the global prevalence of hepatitis B.'"" 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.!?

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.!? Classically, viruses labeled with the term hepatitis are hepa-
totropic, that is, they replicate in hepatocytes and thus cause acute or
chronic hepatitis.!* Hepatitis simply means “inflammation of the liver.”
A term such as “hepatitis C” is used to name the inflammation 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. Reflecting this reality, some authorities have introduced the term
“HCV syndrome” to cover the entire set of HCV-related diseases.'

As indicated in Table 8.1, six types of virus have been identified
and named as hepatitis so far, though one form does not warrant that
identification.'®!”

This inventory continues to be fine-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.'”® One intriguing aspect of GBV-C is that it appears to reduce
the impact of human immunodeficiency virus (HIV) in cases of coinfec-
tion." Hepatitis F has not yet been confirmed, but it has been reserved
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Table 8.1. Summary of Hepatitis Viruses

Hepatitis Year Nucleic Chronic Vaccine

Type Identified Acid Transmission ~ Risk Groups Hepatitis Available

A 1973 RNA  Fecal-oral 5-to 14-year No Yes
olds

B 1965 DNA Blood borne 25-to 39-year Yes Yes
olds

C 1988 RNA Blood borne 20- to 39-year Yes No
olds with high
risk behaviors

D 1977 RNA Blood borne Multiple blood  Yes (as a No
transfusion co- or
recipients (e.g.,  super-

hemophiliacs); infection)
injection drug

users
E 1983 RNA Fecal-oral 15-to 40-year No No
olds
G 1995 RNA Blood borne None Unclear No

Source: Fry, American Surgeon, 2007; Gillcrist, Journal of the American Dental Association,
1999.

as the label for a novel blood-borne infection detected in different parts
of the world.?*?' Other hepatotropic viruses (e.g., TTV, SENV) have
been isolated, notably in transfusion patients, but their disease asso-
ciations are unclear.??-2* 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 identified.

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.?

Eight HBV genotypes have been identified 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.?® For example, while genotype A is more prevalent in
North America and Europe, genotypes B and C are more commonly
found in Asia.?”?$ Subtype A1 is endemic in South Africa, and has been
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associated with a higher risk for development of HCC.?*3° 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.?!
However, the exact clinical implication of each genotype and its geo-
graphical connection remains controversial.3%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.>* 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.?’ Finally, genotype F also cleared
the antigen relatively early, but showed a greater tendency to revert to
the HBeAg-positive state.>

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”).?” 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.3®

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.®® 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.*?

There are six major HCV genotypes, and several subtypes.*! Similar to
HBY, each genotype is associated with a characteristic geographical dis-
tribution and clinical course.*>* 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.** 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.”* 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.#¢

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-
sified both HBV and HCV as human carcinogens.*” The designation
of HBV was based on over 20 years of evidence showing that the virus
is an etiological agent for HCC.*® 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.%

Accepting the best-supported data, an estimated 50-55% of the
most common liver cancers are attributable to HBV infection, whereas
HCV has been identified in approximately 25-30% of cases.’%5' 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,’? the proportion linked to viruses may be lower.

The exact epidemiologic profile 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.’*> The more important driver
may be the prevalence of the viruses in the population of interest. For



292 HPV and Other Infectious Agents in Cancer

example, in Egypt, with the highest prevalence of HCV worldwide, over
60% of HCC cases are attributable to HCV infection alone.** 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-
sified as idiopathic.®

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 confirmed 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 specific countries in these regions, including Japan, Pakistan,
and Mongolia.’®* What is true in these specific 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.’”

Liver cancer rates are increasing in both the United States and
Canada, with a concomitant growth in the economic burden of illness.*’
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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Figure 8.1. Hepatitis virus prevalence in hepatocellular carcinoma cases by region.
Source: Raza et al., British Journal of Cancer, 2007. Used by permission.
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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.¢%-!

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,*-%* though the majority of cases of hepatic
LELC actually seem to be associated with Epstein-Barr virus.®’

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.®®¢” The evidence for HCV involvement seems to be strongest in
developed countries of the West,**7° whereas HBV may be the predomi-
nant cause of ICC in Asian nations such as South Korea and China.”"-"?
Although still rare, ICC incidence has been increasing in some coun-
tries, including the United States.”® As a final note, the hepatitis viruses
appear not to be involved with extrahepatic cholangiocarcinoma.”

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).”>~7”

Although hepatitis viruses are primarily associated with the liver,
HBYV and especially HCV have been implicated in various nonmalignant
extrahepatic diseases. Demonstrating direct viral involvement, however,
has sometimes proven to be elusive.”®

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.” The concern is that hepatitis infections
may be playing a role in this growing population health issue.

HBYV infection has been implicated in certain forms of extrahepatic
NHL.3%-% The association appears to hold for B-cell NHL rather than
the T-cell variety.®> HCV has also been strongly connected to a spectrum
of NHLs outside the liver.3¢-! The prevalence of HCV detected in inves-
tigations of NHL has ranged from 7% to 37%.%

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.”® In addition to inflammatory arthropathies,
HBYV infection has been linked to polyarteritis nodosa, glomerulonephri-
tis, and dermatitis.”* 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.?s»*
For instance, data from one study raised questions about whether HBV
actually replicates in human lymphatic tissue.””

It is also difficult to consider HCV-related carcinogenesis without
referring to various nonmalignant or premalignant disorders occurring
outside the liver.”®*° A sizeable percentage of patients with chronic HCV
infection may develop such diseases.!” Confirmed or suspected extra-
hepatic manifestations of the virus include mixed cryoglobulinemia
(MC), glomerulonephritis, and Sjogren’s syndrome (or sicca complex).!!
Associations with HCV have also been posited for diabetes, arthritis,
and thyroid disease.!”?-1% The pathophysiologic basis for most of these
disorders again seems to involve immunological (possibly autoimmune)
processes that can lead to some form of lymphoproliferation.'%¢-1% Thus,
it is specifically the autoimmune types of thyroid disease that have been
linked to HCV.'” As noted earlier, an understanding of this sort of sys-
temic impact of HCV''%1!1 has led to the suggestion that its associated
conditions should be identified as a formal syndrome.!!?

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.'3-'"> 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.''® HCV infection is known to be the main causative factor of
MC and related disorders, acting through a “multifactorial and multistep
pathogenetic process.”!"” 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.!!811

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, Sjogren’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. Sjogren’s syndrome has in fact gener-
ated special interest among HCV and cancer researchers. The disease is
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characterized by lymphocytic infiltration of exocrine glands, specifically
salivary and lachrymal glands, leading to the characteristic “sicca com-
plex” symptoms of dry mouth and dry eye.'?* Importantly, a subset of
cases presenting with symptoms similar to Sjogren’s syndrome have been
connected to both HCV infection and various B-cell lymphomas.'?!

The latter combination of clinical features has further sharpened
the focus on “suspected links between autoimmunity, infection, and
cancer.”'?? Patients with Sjogren-like characteristics in particular dem-
onstrate a predominance of mucosa-associated lymphoid tissue (MALT)
lymphomas.'?® 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."*#'2> The MALT lympho-
mas associated specifically with Sjogren’s syndrome occur extranodally
in organs where HCV is also known to replicate, such as exocrine
glands and the stomach.'?%'?” This may be coincidental, purely a mat-
ter of “molecular mimicry,” rather than proof of identical etiology.'?%'?
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.’*® This type of evidence raises the possibility
that HCV infection acts as an exogenous trigger rather than as a direct
agent of transformation.!3!

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.!32-134 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.!35-138

An additional line of evidence supporting the overlap of diverse
HCV-related conditions has emerged from research on second primary
cancer (SPC)."* 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.'*® 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.'*!

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.'*> For example, HCV-related marginal zone
lymphomas have been shown to respond to antiviral therapy.'*?

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.”!#4

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 first 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 fluids (e.g., saliva, semen,
vaginal fluids, 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 inefficient,!4%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 bloodstream'’:

¢ From infected mother to her baby (known as vertical transmission)

e Use of contaminated equipment during injection drug use

e 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)

e 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, specific
transmission patterns vary greatly from country to country.'#®* 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."* 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.’’!

In Africa and Asia, where HBV is endemic, transmission typically
occurs in the first five years of life.!*? Horizontal transmission through
familial contactin early childhood appears to be a common mode of infec-
tion in Africa, though precise mechanisms are not well understood.'>
Some studies have suggested that normal, casual contact between par-
ent and child may be part of the overall story.'* 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.'> This
finding 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).!%¢

HBYV 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.!”” 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.'

In developed countries, transmission through blood transfusions or tis-
sue transplantation is now rare due to effective screening of donations.'s’
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.!¢%1¢! 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.'®> 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.'®® Likewise, while there is evidence of intrauterine transmission
of HBV, it is a rare occurrence.'®*!%5 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.!®¢ Risks
associated with such acquisition can be virtually eliminated through
pediatric vaccination.

The age of acquisition of the virus influences the geographic pattern
of HBV prevalence. Infection rates are highest in regions where transmis-
sion typically occurs during the perinatal or early childhood period.!¢7-16%
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The prevalence in countries is usually classified as high, intermediate, or
low based on seroprevalence rates. Each of these categories is reflected in
Table 8.2.1°

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%."° 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”).'”! 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).!”?
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.'”

Because of immigration and travel from endemic regions, preva-
lence of HBV is increasing in the developed world.'* This fact has been

Table 8.2. Global HBV Prevalence by Age of Infection and Geographical
Location

Typical Age of Chronically Serologic Evidence of Past
Infection Geographic Region Infected (%) Infection (%)
Perinatal/ Southeast Asia, 8 70-90
early sub-Saharan
childhood Africa
Mixed” Eastern Europe, 1-7 10-60
Middle East,
Russia
Adults engag-  United States, <1 5-7
ing in Western
high-risk Europe,
behaviorf Australia

“Infant, early childhood, adult transmission patterns.
tfinjection 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.'” Countries in
Europe, including the UK, Netherlands, and Iceland, have detected a
relatively high frequency of HBV infections among immigrants.’¢-'7% In
Iceland, for instance, immigrants from endemic countries account for
an estimated 80-90% of reported HBV cases.'”’

With its very active immigration program, HBV infection will likely
remain a health concern in Canada for some time."® 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.'8"-182 This compares with reported totals of 2
million chronically infected with HBV in the United States.!®?

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.'$*

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)!®>1%¢; one authority has suggested that up
to 60% of HCV infections in Canada may be traced to drug abuse.'$”
Reinforcing this conclusion, almost 80% of injecting-drug users in the
United States are known to be infected with HCV.!®8 As a final note, an
association between noninjection drug use (e.g., cocaine, methamphet-
amines) and HCV infection has not been established.!®® Nonetheless,
there have been attempts to encourage safer noninjection drug use prac-
tices, including a project developed in Vancouver, Canada.'”’

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).""! Specific behaviors of concern
are those that cause mucosal trauma, such as fisting.'”>'?3 Higher trans-
mission rates have been associated with the presence of other sexually
transmitted infections (STTs), 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."#!%> 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.!?®1%7

In HCV-endemic regions of the world, infection occurs mainly in
infants and young children through vertical and horizontal transmis-
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.'”’

An estimated 5% of infants born to HCV-infected mothers are
themselves infected.?? If the mother is coinfected with HIV, the risk of
an affected offspring appears to be elevated.?! 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.??? 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.?”
The introduction of nucleic acid amplification testing in 1998-2000 in
the United States, Canada, Australia, Japan, and other developed coun-
tries further reduced the risk related to blood products.?’® 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.??” 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.?!°

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.?" 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%).2'? 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.?!3
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 States?'

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%.2'5 This estimate for all of Canada is similar to recent

sion.
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data from the province of Alberta that indicated the seroprevalence of
HCYV in tissue and organ donors to be 0.48%; by comparison, the rate
for HBV in that study was only 0.09%.2'¢ 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 18.9.2"7

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%).2'8 Injection drug use also is the main force behind the over 3 mil-
lion individuals chronically infected with HCV in the United States?!’

DISEASE MECHANISM AND PROCESSES

In this section, the specific pathogenic elements involved with HBV- and
HCV-related cancer will be briefly 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.?2%-22! Tt 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, inflammation becomes the
foundation of chronic hepatitis that can in turn initiate the progression
to nodular fibrosis, cirrhosis, and, ultimately, HCC.??? 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.??3 At least one of these diseases will eventually manifest itself in
an estimated 15-40% of chronically infected, untreated patients.??* In
fact, cirrhosis usually precedes the onset of HCC.??* Annually, 1-5% of
chronic HBV carriers who have cirrhosis will progress to cancer.?2¢
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.??”-228
Notably, the pattern with HCV is reversed: the chronicity rate appears
to be lower in individuals acquiring the virus at a younger age.?*’

The explanation for the sometimes dramatic difference in outcomes
among HBV carriers is not always clear. Potential drivers include a
number of sometimes overlapping factors?3:

e Infection clearance
e Viral replication/degree of hepatocellular injury
* Disease clearance

As suggested earlier, there is some evidence that viral genotype influ-
ences the outcome of HBV infection.?’! One study revealed an associa-
tion between genotype Al and HCC risk; genotype C was correlated
with increased cancer risk in other research.?3233 Even stronger evi-
dence has suggested that high viral load, as manifested by elevated levels
of viral DNA in sera, increases HCC risk.23%23

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.??®?3” The classic phases of HBV chronic infection
are outlined in Figure 8.2, reflecting the changes in prevailing levels of
HBYV antigen e and DNA.?3® The first 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.2% Initial
immunoactivity (or some form of reactivation) presents the most serious
risks. It may be accompanied by an inflammatory response, hepatic tis-
sue injury, and, eventually, the onset of HCC.?*? 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 th