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Managing infections that complicate care of neutropenic patients with leukemia
and hematopoietic stem cell recipients has become a distinct specialty.
So much so, that an otherwise veteran infectious diseases specialist would
be uncomfortable for the first time applying his or her general expertise
to the neutropenic patient. There is no shortage of review articles, expert
opinions, consensus guidelines, and books to guide both hematology and
infectious diseases practitioners. Expert reviews are valuable in educating
and informing clinicians about the myriad of pathogens that can cause infec-
tions in immunocompromised patients. Their practical usefulness is limited
to some extent because most expert reviews presuppose knowing the identity
of the pathogen. Clinical medicine is not practiced looking backwards. In
this volume, we therefore attempted to write an owners manual rather than
a collection of reviews.

The audience for this book is the practicing hematologist who treats neutro-
penic patients with leukemia and stem cell transplant recipients. This targeted
hematologist has experience treating infections but not the formal background
of the infectious diseases specialist. This book is not a substitute for formal
training in infectious diseases. However, we hope that it will provide a work-
ing insight into infections and cancer; enough information to promote under-
standing of the principles that are the basis for the approach to neutropenic
fever and other infections in patients with hematological malignancies. This
book is divided into three sections. The first section consists of three chapters
reviewing viral, bacterial, and fungal pathogens. The emphasis has been on
usefulness with brief descriptions of the microbes and diseases they cause
in patients with hematological malignancies, diagnostic methods, and treat-
ments. These three chapters have extensive tables to improve quick access to
information. The second section consists of chapters devoted to management
of infections in patients with the different underlying hematological malig-
nancies. The emphasis in these chapters is not a comprehensive review of all
possible infections. Instead, the authors have focused on their approaches to
diagnosing potential pathogens in their infected patients. The authors of these
chapters draw on their extensive expertise in providing a roadmap for hema-
tologists to manage efficiently the complexities of infections in their patients.
The third section consists of several important topics that are often ignored
in most books about infections and hematological malignancies. Treating the
population of patients seen in a large cancer center entails several considera-
tions beyond finding the germ and prescribing the right drug.

Preface
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Preface

We hope that clinicians “in the trenches” will find this book useful not just
in treating individual patients, but also in building strong infectious diseases
programs within their respective cancer centers. History tells us that the future
will continue to change with new pathogens, new treatments for hematological
malignancies, and other new challenges.

Baltimore, MD Michael Kleinberg, MD, PhD
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Chapter 1

Introduction: Approach to the Patient

Michael Kleinberg and E.J. Bow

Abstract The empirical treatment of febrile neutropenic patients with suspected
infections is one of the true success stories in the supportive care of patients with
hematological malignancies. The essence of the febrile neutropenia paradigm is
the shift of focus from microbial pathogens to the immune deficiencies of the
host: immune deficiencies intrinsic to the underlying malignancies themselves
and to the therapies employed to treat them. The impact of immune dysfunc-
tion can be best understood in terms of assessments of risks and likelihoods:
the risks of acquiring a particular infection and the likelihoods of achieving a
successful outcome if infected. The risks of prolonged neutropenia associated
with treatment of acute leukemia are probably the best known to hematologists
and infectious diseases specialists because of a long record of groundbreaking
studies published over the last 50 years. The lessons learned have been applied
to other patients with different immune defects, such as recipients of allogeneic
stem cell transplants. There have been many reviews, chapters, position papers
from professional societies, etc. over the years, promoting various guidelines
for the general approach to managing infections in patients with hematological
malignancies. However, experienced clinicians know that these guidelines, ir-
respective of their origins, are merely stepping stones to the initial approach to
the potentially infected patient. There is no substitute for standing at the patient’s
bedside. The goal should be to individualize therapy based on the generic para-
digm, taking into account unique features in any patient’s situation that might
optimize the condition for success and diminish the risks of failure.

1. Introduction

Dramatic improvements in the outcomes of neutropenic patients with serious
infections represent one of the most significant advances in the treatment of
hematological malignancies. The expected mortality rate was greater than
60% for the bacteremic neutropenic patient treated for acute leukemia in the
1960s [1]. Forty years later, the mortality rate has dropped to less than 5%

From: Managing Infections in Patients With Hematological Malignancies: Contemporary 1
Hematology, Edited by: M. Kleinberg, DOI 10.1007/978-1-59745-415-5_1,
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2 M. Kleinberg and E.J. Bow

[2], outcomes even better in many cases compared to bacteremias in patients
without neutropenia. Success in treating neutropenic infections comes despite
extension of therapy for acute leukemia to older patients with greater debili-
ties who would never have been considered as candidates for myeloablative
chemotherapy in earlier decades. The improved outcomes can be traced to the
improved general supportive care for patients with leukemia, the development of
more potent anti-infectives with broader spectrum, and the development of the
febrile neutropenia paradigm for managing the infected neutropenic patient. The
latter is nothing more than a structured approach to the empirical administration
of anti-infectives to the potentially infected neutropenia patient while awaiting
the results of diagnostic tests such as cultures. Today, this empirical approach
is a universally established standard of care for patients with acute leukemia.
However, it should be noted that this was not the case in the 1960s and 1970s
when the febrile neutropenia paradigm was a sharp break from infection dis-
eases orthodoxy. More recently, variations of the febrile neutropenia approach
have been adapted to non-neutropenic immunocompromised patients, such as
stem cell transplant recipients with suspected infections.

2. Treatment of Infections in Neutropenic Patients:
A Brief History

Fever and infection represent the most important complications of myeloabla-
tive cytotoxic therapy that results in severe mucositis and prolonged neutro-
penia. More than 90% of patients undergoing intensive cytotoxic therapy for
acute leukemia (AL) or myeloablative conditioning for allogeneic hematopoietic
stem cell transplantation (HSCT) will develop a febrile neutropenic episode
suspicious for infection [3, 4]. The differential diagnosis must consider both
infectious and non-infectious causes, and vary over the course of the bone
marrow reconstitution/engraftment.

It was more than 40 years ago that the relationship between the circulating
neutrophil count and the risk of pyogenic infection was established through
the observations of Bodey et al. [5, 6]. During the 1950s, infectious diseases
physicians adhered to the then accepted principles of infectious diseases prac-
tice by not prescribing antibacterial therapy until a source of infection and/or
a specific pathogen had been identified. The infection-related mortality among
febrile neutropenic patients with acute leukemia was very high during that
period [7]. It was not until the early 1960s that the first randomized clinical trial
on empirical antibiotic therapy in leukemia patients permitted the investigators,
Curtin and Marshall, to conclude that “in some patients, therapy must be started
before bacteriological data become available” [§]. The most common cause of
infection during that period was penicillin-resistant Staphylococcus aureus.
The principle of early administration of empirical antibacterial therapy did
not become well accepted until Schimpff and colleagues from the University
of Maryland Cancer Center published their observations on the importance of
prompt initiation of broad-spectrum combination antibacterial therapy with
carbenicillin and gentamicin, broadening the spectrum of antimicrobial activ-
ity against gram-negative bacteria [9]. Moreover, the seminal observations by
this group describing the relationship between mucosal colonization by health-
care facility-acquired bacterial pathogens and invasive infection in patients
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with acute myeloid leukemia provided a foundation for our understanding of
the pathogenesis of these infections [10] and for the introduction of preventa-
tive strategies [11].

The introduction of new antibiotics led to the successful treatment of targeted
pathogens which were soon replaced by other bacteria with some resistance
to the newly introduced antibacterials. After the introduction of methicillin in
the early 1960s targeting Staphylococcus aureus, gram-negative enteric bacilli
such as Escherichia coli and Klebsiella pneumoniae emerged as the predomi-
nant pathogens. Introduction of the first generation cephalosporin, cephalothin,
effective against enteric bacteria, led to improved outcomes when combined
often with an aminoglycoside. Predictable in hindsight, Pseudomonas aeru-
ginosa, resistant to cephalothin and poorly responsive to aminoglycosides,
emerged as a prominent pathogen associated with mortality rates of more than
75%, especially among patients who failed to recover myeloid function [7].
Subsequently, the introduction of the first anti-pseudomonal carboxypenicillin,
carbenicillin, had a significant impact upon survival for leukemia patients with
P. aeruginosa bacteremia. Compared to treatment with other monotherapies
available at that time, such as polymyxin or gentamicin where survival rates
for Pseudomonas bacteremias were only 20-40%, carbenicillin treatment
was associated with improved survivals in excess of 75%. In the 1980s, the
introduction of more potent anti-pseudomonal penicillins and third generation
cephalosporins, such as ceftazidime, with broad anti-gram negative bacterial
coverage replaced the older antibacterial agents.

The duration of antibacterial therapy once initiated was examined by Pizzo
and his colleagues at the National Cancer Institute [12]. These investigators
observed recrudescence rates of 41% among neutropenic patients in whom
the initial empirical antibiotic regimen had been discontinued at the time
of defervescence. Based upon these observations, guidelines have generally
recommended that the initial antibacterial regimen be continued until myeloid
recovery defined by an increase in the circulating absolute neutrophil count to
at least 0.5x 10%/L over two successive days [13].

Every advance in infection management of neutropenic patients led to the
revelation of new problems. With more and more effective antibacterial agents
targeting bacterial infections, it became clear in the 1980s that the problem of
life-threatening infections had not been solved in many neutropenic patients.
The question of how to manage patients with persistent neutropenic fever
despite broad-spectrum antibacterial therapy was addressed first by Pizzo and
colleagues in the early 1980s [14] and later by the European Organization
for Research and Treatment of Cancer (EORTC) [15]. Pizzo demonstrated
that the persistent pyrexia was associated with systemic fungal infections in a
high proportion of patients and that the empirical addition of a systemic anti-
fungal agent, amphotericin B deoxycholate improved outcomes. Since those
seminal observations, empirical anti-fungal therapy has become a standard
practice world-wide [13, 16-22]. The role of other antibacterial approaches
specifically targeting gram-positive infections among patients with the persist-
ent neutropenic fever syndrome has also been studied [23].

And so, after almost 50 years of evolving treatment strategies, there is a consen-
sus approach to managing infections in patients with hematological malignancies
practiced in broad outlines by virtually all hematologists and infectious diseases
practitioners. The consensus approach to febrile neutropenia is undeniably

3
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effective as will be detailed in the chapters that follow. The remainder of this
chapter will discuss some general concepts on how the findings from the large
body of published studies can be applied at the patient’s bedside.

3. Centrality of the Host and Immune Deficiency

In general, people with normal immune function are infected by professional
pathogens such as Streptococcus pneumoniae, Staphylococcus aureus, influ-
enza, and other bacteria, viruses, and parasites that have evolved to survive the
innate and adaptive immune defenses. Commensal GI and skin flora, fungal
spores, and environmental microbes ingested, inhaled and contacted daily do
not cause disease in the absence of injury, overwhelming exposure, or some
other event that heightens infectivity. In contrast, these otherwise innocu-
ous microbes cause the majority of infections in neutropenic patients and in
hematopoietic stem cell recipients. Pathogens and the infections they cause
will be discussed extensively in the chapters that follow. However, it is the
immune defects in the patient with hematological malignancies that permit
infections by these otherwise harmless germs. Not surprisingly, the pheno-
types of infections will be modulated heavily across the spectrum of immune
deficiencies of patients with hematological malignancies.

One of the most important concepts in the approach to infections in the
febrile neutropenic patient is the recognition of risk [24-29]. Risk can be
defined in two ways. First, risk may be defined in terms of the probability for
developing a febrile neutropenic infection; and second, it may be defined in
terms of the likelihood for significantly poor outcomes due to that infection.
An understanding of the risks in the latter case may be used to define the
approaches to management; for instance, in-patient versus out-patient treat-
ment strategies and administration of intravenous versus oral formulations of
antimicrobial therapy. These considerations have significant economic and
quality of life ramifications. These two aspects of risk will be expanded upon
in several of the chapters that follow.

The centrality of the host is illustrated in the brief history of febrile neutrope-
nia mentioned above. The neutropenic patient can never be rendered free of all
infections as long as the neutropenia persists. It is not possible to sterilize the
neutropenic patient. Rather, the recurring story is that of conquering a trouble-
some pathogen by improvements in the approach to infection management or
the introduction of new anti-infectives, followed soon after by the appearance
of a new opportunistic germ. As long as the patient’s immune system remains
crippled, there will always be a microbe, resistant to previous anti-infectives,
capable of causing a life-threatening infection. This concept is at the heart of the
management of infections in patients with hematological malignancies. This is
also the most difficult concept to apply at the bedside of an individual patient.

4. Expectations

The immune dysfunction of the patient with a hematological malignancy
determines the risk for acquiring a serious infection (modulated in part by the
toxicity of chemotherapy and GVHD, co-morbid medical conditions, etc.).
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The core concept of the febrile neutropenia paradigm is anticipation; that
is, the prediction of likely pathogens in the potentially infected neutropenic
patient and the probability that the pathogen will be treated successfully with
the chosen course of anti-infectives. Positive blood cultures are not meant
to diagnose a bacterial infection, but rather to confirm the correctness of the
initial pathogen diagnosis and the appropriateness of the original antibiotic
prescription. For this anticipatory strategy to be effective, the clinician must
estimate correctly the probability that the febrile patient is truly infected, con-
sider the likely pathogens, and predict the susceptibilities of these pathogens
to anti-infectives. Much of this information is well-described from febrile
neutropenia trials and in hospital-specific antibiotic susceptibility profiles for
bacterial infections in the neutropenic patient with acute leukemia. Similar
information for viral and fungal infections is not well understood and limits
the estimates of risk for these kinds of infections.

It is important to recognize that infection incidence rates from febrile
neutropenia trials and even hospital-specific antibiotic susceptibility profiles
reflect results from a population of patients. The challenge to the clinician
is in applying this information at the bedside of the individual patient. The
clinician cannot consider all patients with febrile neutropenia to be identical
to each other or to the “average” patient composite characterized by the mean
and median of the study populations. Most neutropenic patients with fevers
and suspected infections will be managed successfully with generic protocol
antimicrobial strategies. However, experienced clinicians recognize when
trial-based estimates of infection risk, potential pathogens, and antimicrobial
susceptibilities must be modified by individual patient considerations. For
instance, the presence of cellulitis surrounding an indwelling catheter exit
site may merit the addition of vancomycin. Or, a broad spectrum antibiotic
with anaerobic activity may be preferred in a patient with abdominal pain
and tenderness and suspected neutropenic enterocolitis. Less obvious, broader
spectrum coverage should be considered for a patient hospitalized, even
briefly, in a ward such as an intensive care unit, endemic with multiple-drug
resistant bacteria. This process of generating an estimate of risk for the indi-
vidual patient with febrile neutropenia may seem daunting, especially to the
non-infectious diseases specialist. However, the complexity of this process can
be reduced by a systematic focus on potential infections rather than just fever
and neutropenia and by predicting likely pathogens and their susceptibilities
to antimicrobials. Developing a disciplined approach will be discussed in more
detail in later chapters.

The large number of studies of bacterial infections in febrile neutropenia in
patients with acute leukemia serves as an excellent illustration of the concepts
of risk and expectations. In general, acute leukemia febrile neutropenia trials
are single or multiple institution studies that compare the efficacies of two
antibiotic regimens through randomized allocation of neutropenic patients into
two treatment arms. While the particulars of individual trials do vary, there are
considerable similarities between virtually all studies owing to the homogene-
ity of the depth and duration of neutropenia produced by the chemotherapies
used to treat acute leukemia. The incidence of microbiologically and clinically
documented bacterial infections varies between 20 and 40% [30-34]. These
high rates of bacterial infections justify the empirical approach of treating
all febrile neutropenic patients with antibiotics. It is remarkable that the

5
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infectious mortality associated with the initial febrile neutropenia event is
0-2%, especially considering the high frequency of bacteremias. In fact, today
the clinician can stand at the bedside of a patient with newly diagnosed acute
leukemia and answer with confidence that the risk of death from infection
associated with that first fever is less than the risk of death from bacteremias
in many other non-cancer patients without neutropenia. This low rate of infec-
tious mortality also explains the proliferation of so many permutations on
the basic paradigm, so much so that it seems that no two institutions use the
same febrile neutropenia protocols [35]. All protocols will appear effective to
their advocates. In fact, using the clinically appropriate infectious mortality
outcome endpoint, there is no standard comparative trial design with suf-
ficient statistical power to differentiate between two variations of standard
febrile neutropenia protocols. Therefore, it is not surprising to find that many
physicians feel most comfortable using the febrile neutropenia protocols they
learned at the institutions where they trained, and they are sometimes resistant
to adopting the specifically established guidelines at other hospitals.

It is important to recognize that there is potential danger even when the
attributable mortality rate associated with the initial febrile neutropenia event
is so low. For example, suppose that an institution adopts new antibiotic
guidelines that lead to a doubling of the baseline mortality rate for initial
febrile neutropenia from 1 to 2%. It is doubtful that treating physicians or
even a database tracking patient outcomes would be capable of identifying
this “spike” in the mortality rate because adverse outcomes are so rare. This
example illustrates the potential problems in dealing with serious future
issues such as the increasing rates of antibacterial resistance in both Gram
positive and Gram negative bacteria. Even a serious problem with resistance,
one that doubles the mortality rates for the initial febrile neutropenia event,
may get lost in the noise of statistical fluctuations and may not be detectable
in standard clinical trial designs. Therefore, it is imperative that institutions
design their own febrile neutropenia protocols with this in mind. Cancer cent-
ers should focus considerably on adherence to the best practices in much the
same way that airlines, surgeons, and critical care specialists developed quality
assurance checklists and procedures to further reduce the already low rates
of airline accidents, surgical deaths [36], and blood stream infections [37],
respectively. To maintain low mortality rates for infections associated with the
initial neutropenic fever, cancer centers should all have standard procedures
for a periodic review of the appropriateness of protocol empirical antibiotics in
light of changing bacterial resistance patterns, mechanisms to quickly identify
the initial fever in the neutropenic patient, administration of antibiotic within
15-30 min of prescription, and a robust quality control system. This critically
important topic will be discussed further in Chap. 13.

Most often, infectious mortality in patients with hematological malignan-
cies is not due to infections associated with the initial neutropenic fever [38—41].
These later infections are often referred to as secondary infections or superinfec-
tions and will be discussed in detail in Chap. 5. Unfortunately, estimating the
risk for developing these subsequent infections is not as straightforward as for
the risks of febrile neutropenia. For neutropenic patients, the cumulative risk for
later infections appears to be time-dependent; that is, there is a fixed risk per
day of neutropenia developing an infection. Over time, patients with the long-
est periods of neutropenia will have the highest cumulative risks of developing
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later infections [5]. The risks for developing infections in allogeneic stem cell
recipients are significantly more complicated and will be discussed in Chap. 8.

5. Attributable Success and Attributable Failure

The second element of risk is the likelihood of achieving a successful response
in an immunocompromised patient with a hematological malignancy in whom
a specific infection is treated with the appropriate anti-infectives. In general, a
successful outcome depends on three factors; the potency of the anti-infective
against the pathogen, the correct identification of all the causative infections
and pathogens, and the degree and duration of the immune dysfunction. For
an example of the latter, a patient with newly diagnosed acute leukemia or an
autologous stem cell recipient is likely to recover near complete immune func-
tion with the resolution of neutropenia. These patients are likely to have better
outcomes for any infections compared to patients with refractory leukemia and
persistent neutropenia or allogeneic stem cell recipients with slow engraftment
or ongoing GVHD and resultant unresolved immune dysfunction. Therefore,
achieving a successful outcome depends on more than just prescribing the
correct anti-infective.

The task of estimating the chances for successful outcomes is complicated
by one fundamental problem. For many infections, physicians are unable to
assess conclusively whether a patient’s lack of response to an anti-infective
is due to failure of the drug or to failure of the host. An example of the latter
is a patient with refractory leukemia and chronic neutropenia. This patient is
not expected to have a long life span; in fact, it is predictable that the patient
may succumb to one infection or another at some point in an uncertain future.
The perpetually neutropenic patient may survive one or more life-threatening
infections. For these successes, most would agree that the prescribed anti-
infectives functioned successfully, especially because there was no assistance
from immune system. However, at some point, the crippled immune system
will fail, despite the best efforts with anti-infectives known to be effective in
identical infections in patients whose neutropenia has resolved. Attribution of
the cause in these anti-infective treatment failures is difficult and controver-
sial. For instance, in a multicenter trial of unrelated allogeneic HSCT, there
were sharp disagreements between the local site investigators and the central
expert panel in attributing the causes of death of study participants [42]. The
expert panel changed 56% of the local cause-of-death determinations, many
of which reclassified infection-related causes to progression of malignancies
or advanced GVHD. An infection may have been the “final nail in the coffin,”
but it was the malignancy-related failures and treatment toxicities that were the
principal causes of the deaths. Because of this uncertainty, all-cause mortality
is more widely accepted as a trial endpoint than mortality attributed to infec-
tion because determining whether death has occurred is less controversial than
determining why the death occurred. Use of the all-cause mortality endpoint is
probably reasonable when a majority of deaths are infection related. However,
use of the all-cause mortality endpoint is suspect when non-infectious mortal-
ity rates exceed infection-related rates.

Attribution of success and failure is central to the interpretation of trials
of anti-infectives in infections in patients with hematological malignancies.

7
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Unfortunately, the design of trials examining outcomes for infections in
patients with hematological malignancies largely ignores this difficult issue.
Most influential studies are randomized trials, often with blinding, that com-
pare two anti-infectives against defined pathogen(s) in patients with hemato-
logical malignancies. Sometimes, there is enrollment stratification for known
pre-existing risks to prevent confounding results by skewed assignment to the
two treatment arms. Other heterogeneities that cannot be foreseen at enroll-
ment, such as bone marrow recovery after chemotherapy or occurrence of
severe GVHD, are assumed to be balanced between the two arms through
randomization. The endpoints of many of these trials are often complex, usu-
ally as concessions to sample size limitations and feasibilities of trial design.
For example, side effects and breakthrough infections with pathogens resistant
to the study anti-infectives are considered treatment failures in febrile neutro-
penia trials even if the patient’s infection was successfully treated by bedside
clinical criteria [30, 32, 34, 43]. Disregarding these complexities, trial results
are designed to show that either the two agents are equivalent (or non-inferior),
or in some cases, superior or inferior within the bounds of statistical uncer-
tainty. However, these trials are not designed statistically to be a clinically
relevant measure of anti-infective efficacy, despite comments to the contrary
in the discussion sections of publications. Several of these pivotal trials will be
discussed in the chapters that follow.

Examining a trial comparing voriconazole and amphotericin B deoxy-
cholate for treatment of aspergillosis in patients with acute leukemia and
stem cell recipients illustrates how difficult it is to predict individual patient
responses because of problems in attributing bad outcomes to anti-infective
failure [44]. In this trial (to be discussed more fully in the Chap. 4), patients
with aspergillosis were randomized to receive either voriconazole or
amphotericin B deoxycholate for 12 weeks. Analysis showed that patients
treated with voriconazole had a 53% rate of success by trial defined criteria
which was 21% better than the success-rate for the amphotericin B-treated
patients. This difference met the statistical criteria for superiority, and the
results of this trial led to the licensing of voriconazole around the world for
treatment of aspergillosis. While this study clearly showed that voriconazole
should be preferred over amphotericin B deoxycholate in treating aspergil-
losis, the trial-defined success rate of 53% hardly inspires confidence of a
successful outcome in the voriconazole-treated individual patient. However,
a closer examination of all the outcomes in this trial show that only 28%
of the voriconazole-treated patients failed because of aspergillosis that was
unresponsive to voriconazole [44]. The other 25% were judged failures by
trial-defined criteria, and included patients lost to follow-up, deaths unrelated
to aspergillosis, and patients alive after 12 weeks but with responses to treat-
ment less satisfactory than the preset defined criteria for success. There is
an inherent uncertainty in attributing outcomes to infection versus nonin-
fectious causes and it is likely to be impossible to resolve this uncertainty.
In the real world, the physician at the bedside must be satisfied with an
educated best estimate, rather than being able to predict treatment success
with absolute certainty. For example, the clinician caring for a neutropenic
patient with aspergillosis should expect a successful clinical response with
voriconazole much better than the stated 53% in the trial report. In fact,
clinical responses for Aspergillus pneumonia treated with voriconazole are
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consistent with the outcomes for serious bacterial pneumonias treated with
antibiotics generally regarded as highly effective.

As discussed in the preceding paragraphs, it is difficult with so many infec-
tions to know accurately just how effectively an anti-infective performs, even
when the pathogens and infections are reasonably well-understood. In many
cases, a treating physician may not even know with certainty the identity of the
infecting pathogen. Patients with hematological malignancies are notorious for
being multiply infected with more than one pathogen at a time, or for developing
serial infections, including the sudden onset of a life-threatening superinfec-
tion. Unfortunately, this leads frequently to successive cycles of empirical anti-
infective prescription in an attempt to stay ahead of new clinically diagnosed
infections for which no pathogens have yet been identified. The danger in this
situation is that the estimates made by any clinician in these situations may be
erroneous, especially when they result from a string of serial assumptions.

The third consideration for estimating the likelihood of achieving a suc-
cessful response in the immunocompromised patient with a hematological
malignancy is determining how the nature and extent of immune dysfunction
contribute to the outcomes. This important topic will be discussed extensively
in several of the chapters that follow. In the face of a serious infection, many
physicians will attempt to reverse the immune suppression. There is little
published data suggesting that this intuitively attractive approach is help-
ful. The effects of some measures, such as administering G-CSF to hasten
granulocyte recovery or stopping marrow suppressive agents, may be seen in
a few days and should be pursued. Reducing the doses of some immunosup-
pressants such as corticosteroids is unlikely to have any benefit in the short
or even intermediate term. The immune suppression induced by other agents
such as alemtuzumab or anti-thymocyte globulin is probably irreversible on
the time scale of an infection. Unfortunately, patients with the greatest degree
of immune dysfunction have the highest likelihoods of developing infection,
especially with fungal and viral pathogens, and they are also likely to have the
poorest outcomes.

6. Approach to the Patient

The treating physician should not be daunted by the complexity of treating
infections in patients with hematological malignancies. Chapters 2—4 in this
book provide the information necessary to choose the best anti-infectives
to treat specific pathogens. Chapters 5-8 focus on the host and the specific
immune deficiencies that influence the outcomes of infections. The remaining
chapters discuss important issues that detail the institutional component of an
effective infectious diseases program.

The following comments should be kept in mind

1. The importance of the careful construction of institution-specific infectious dis-
eases protocols as described in Chap. 13 cannot be overemphasized. A common
approach to treating infections leads to institutional memory and experience
which is the foundation for a wise evolution of the protocols over time.

2. Having said that, an institutional protocol is only a guide that provides a
common starting point for managing infections. This protocol should not

9
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be a sacred text etched in stone. The clinician should strive to develop suf-
ficient expertise to recognize the outlier patient whose infection deviates
from the norm.

3. Even though empirical treatment is rampant (and often necessary) in
patients with hematological malignancies, the proper management of infec-
tions must always be grounded in a thorough understanding of the potential
pathogens, the pharmacokinetics and pharmacodynamics of anti-infectives
used to treat these infections, the expected course of the treated infections,
and the impact of the underlying malignancies and immune dysfunction
on outcomes. There should always be in place the necessary expertise to
construct a reasoned approach, grounded in the fundamentals of infectious
diseases, to diagnosis and to treat even in the most difficult situations.

4. Infections do not respond instantaneously after anti-infectives are started.
Persistence of fever for 3—4 days is to be expected in the patient suc-
cessfully treated for febrile neutropenia (see Chap. 5). The patient with
aspergillosis may worsen clinically after starting antifungals, and the chest
CT may worsen for 14 days even with ultimately successful treatment
(Chap. 4). Persistence of fever should not supersede other clinical indica-
tors of patient improvement. A persistent fever should not be an automatic
invitation to modify an otherwise appropriate anti-infective regimen.

There will, undoubtedly, be major changes in the future for the management
of infections in patients with hematological malignancies. These changes will
be driven by new pathogens, increased resistance to existing anti-infectives,
and evolution in practice of oncology, in particular for allogeneic stem cell
transplants. Sadly, changes we are less likely to see will be continuation with
the anti-infective pipeline which has, in the past regularly produced new
agents to attack new problems. As drug resistance in both Gram positive and
Gram negative bacteria spreads, monotherapy for febrile neutropenia will
likely become the first casualty to this inexorable onslaught. This tsunami of
resistant bacteria will not wash over all the institutions at once; rather, hospi-
tals with high rates of Pseudomonas, Acinetobacter, and Klebsiella, resistant
to all beta-lactam antibiotics and Staphylococcus aureus and Enterococcus,
increasingly resistant to vancomycin, will be in the forefront of development
of novel empirical treatment regimens.
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Chapter 2

Viruses

Stanley I. Martin and Jay A. Fishman

Abstract Viral infections are an important and often unrecognized compo-
nent of disease in immunocompromised patients. The diagnosis and manage-
ment of viral infections have expanded largely because of new quantitative
molecular diagnostic assays. Well-recognized pathogens such as herpes sim-
plex virus (HSV), cytomegalovirus (CMV), and respiratory viruses have been
joined by newly recognized pathogens such as BK virus, human herpesvirus-6
(HHV-6), and human metapneumovirus in this highly susceptible patient popu-
lation. The role of Epstein-Barr virus (EBV) and Human herpesvirus-8 (HHV-
8) in lymphoproliferative diseases also continue to be clarified. As a result,
the management of viral infections in patients with hematologic malignancies
continues to be a growing challenge for the clinician.

Keywords Antivirals ¢ Cytomegalovirus ¢ Herpes viruses ®* Hematological
malignancy ¢ Respiratory viruses ¢ Epstein-Barr virus ¢ Polyoma virus
Adenovirus ¢ Viral infections

1. Herpesviruses

The herpesviruses are large, enveloped double-stranded DNA viruses that pro-
duce a lifelong infection within the host. The ability to establish latency makes
these viruses a common and potentially life-threatening challenge in patients
with hematologic malignancies or in those who have undergone hematopoietic
stem cell transplantation (HSCT). Herpesvirus infection should be considered
a dynamic interaction between latent virus and the immune system of the indi-
vidual patient. In the immunocompromised host, latent infection reactivates
leading to invasive disease, immune-mediated complications or, Epstein-Barr
virus (EBV) and human herpesvirus-8 (HHV-8), malignancy.

There are eight known human herpesviruses that are traditionally divided
into three subfamilies based on genomic organization, homology, and location
of latency (Table 2-1).

From: Managing Infections in Patients With Hematological Malignancies: Contemporary
Hematology, Edited by: M. Kleinberg, DOI 10.1007/978-1-59745-415-5_2,
© Humana Press, a part of Springer Science+Business Media, LLC 2010

15



16 S.I. Martin and J.A. Fishman

Table 2-1. Classification of the herpesviruses.

Virus Subfamily Location of latency

Herpes simplex virus, type 1 o Dorsal root ganglia
Herpes simplex virus, type 2 Dorsal root ganglia
Varicella-zoster virus Dorsal root ganglia
Cytomegalovirus Bone marrow myeloprogenitor cells
Human herpesvirus-6 Bone marrow myeloprogenitor cells
Human herpesvirus-7 Bone marrow myeloprogenitor cells

Epstein-Barr virus B lymphocytes

= R DT ™ R R

Human herpesvirus-8
(Kasposi’s sarcoma
herpesvirus)

B lymphocytes

2. Herpes Simplex Virus, Type 1 and 2

Herpes simplex viruses, type 1 and 2 (HSV-1 and HSV-2), are transmitted
through intimate or mucocutaneous contact including the oral mucosa, genita-
lia, ocular epithelium, anal mucosa, respiratory tract, and bloodstream. HSV-1
is classically associated with herpes labialis, infection of the oral mucosa.
HSV-2 is classically associated with herpes genitalis, infection of the genital
tract. Both are common throughout the United States. Previous studies have
suggested that as many as 62% of healthy adults have serologic evidence of
previous infection with HSV-1, and 21% with HSV-2 [1]. Recent trends sug-
gest an overall decrease in the incidence of HSV-2, though HSV-1 may be
becoming a more common cause of genital herpes infection [2]. Clinically, the
two viruses are indistinguishable.

2.1. Clinical Syndromes

Localized reactivation of HSV-1 or -2 can lead to cutaneous herpes lesions or
keratoconjunctivitis through distribution of the involved nerve fibers from the
dorsal root ganglia where the virus remains latent. With the loss of cellular
immunity in the setting of hematologic malignancy, disseminated disease has
been reported [3]. Diffuse cutaneous eruptions covering multiple dermatomes
may occur, or may involve other organs with or without concomitant cutane-
ous lesions (Table 2-2).

Tonsillar abscess formation due to HSV has also been reported in a
patient with a history of chronic myelogenous leukemia who underwent
HSCT [9]. In patients with chronic lymphocytic leukemia, a syndrome
of generalized lymphadenopathy has been attributed to HSV alone [10]
and with coinfection of HSV-1, HSV-2, and EBV [11]. Localized lym-
phadenopathy due to HSV may be seen in individuals with oral or genital
infections that may be asymptomatic in the severely compromised host.
Necrotizing spinal myelopathy has been reported in a patient with T-cell
leukemia, confirmed with immunohistochemical staining [12]. These pres-
entations are uncommon.
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Table 2-2. HSV-1 and HSV-2 syndromes.

Anatomic location/syndrome

Symptoms/presentation

Mucocutaneous

Oral/ peri-oral Vesicle formation with or without ulceration in affected skin areas,

Genital usually followed by crusting of the visible lesions

Disseminated

Esophagitis Odynophagia, dysphagia, retrosternal chest pain [4]

Hepatitis Fever, abdominal pain, leucopenia, nausea/vomiting, with or with-
out cutaneous lesions [5]

Pneumonitis Dyspnea, cough, fever [6]

Central/Peripheral Nervous System
Meningitis

Encephalitis

Radiculopathy (myelitis)

Fever, headache, nausea/vomiting, photophobia, stiff neck

Fever, headache, impaired consciousness, seizures, other focal neu-
rologic deficits

Autonomic dysfunction [7], radiculopathy, possibly transverse
melts [8]

Ocular

Keratoconjunctivitis Pain, decreased vision, characteristic dendritic corneal lesions
Chorioretinitis Decreased vision, acute retinal necrosis with blindness
Immunologic

Erythema multiforme

Distinctive eruption on affected skin with characteristic histology

(T-cell infiltration)

HSV Herpes simplex virus

2.2. Diagnosis

The diagnosis of HSV can often be made clinically for limited oral, peri-oral,
or genital infections with characteristic vesicles or ulcerations. The use of the
classic Tzanck smear looking for viral cytopathic effect can be useful although
the study is limited by lack of specificity and the need for expert interpretation.
Molecular techniques and immunostaining provide increased speed, sensitiv-
ity, and specificity and are gaining wider use (Table 2-3).

Mucocutaneous disease is often diagnosed with fluorescent immunostain-
ing of cell scrapings taken from the lesions. This allows testing for other
herpesviruses that may cause a similar clinical picture (e.g., varicella-zoster
virus), and to exclude HSV involvement in the evaluation of oral lesions that
could result from other causes such as drug toxicity. Esophagitis, pneumonitis
and hepatitis are also frequently best diagnosed through the use of immunohisto-
chemical staining for HSV-specific antigens on biopsy specimens. In these
settings, HSV may be a part of a dual infection (e.g., with Candida species,
other viruses). Cultures are of little value in disease involving organs beyond
the mucocutaneous barrier. Cultures from respiratory specimens, in particular,
can be misleading if positive, given the frequency of asymptomatic shed-
ding of the virus from the oropharynx in immunocompromised individuals.
Disease involving the central nervous system (CNS) is frequently diagnosed
by molecular amplification assays such as polymerase chain reaction (PCR)
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Table 2-3. HSV-1 and -2 Diagnostics.

Diagnostic test Description

Comments

Serology Evaluation of the serum for presence of
HSV-1 and HSV-2-specific IgG and IgM

antibodies

Culture Swabs taken from the lesions or biopsies
from tissue samples grow HSV in
cell culture media; results in 24-48 h

depending on viral titer

PCR Molecular gene amplification specific for
HSV; commonly used on CSF, tissue

lesions or vitreous fluid

Routine pathological
examination

Histopathology of biopsies with routine
H&E staining or from Tzanck smears
reveal giant multinucleated cells, cyto-
pathic effect or intranuclear inclusions

Fluorescent or Slides of cells prepared from scrapings of

Can be negative in acute infection or in
patients with hypogammaglobuline-
mia; indicates only past infection

Dependent on proper processing of
specimen (viral culture media and
transport and storage at 4°C); sen-
sitivity decreases if lesions are over
48 h old; may give false positive
results from respiratory specimens

Assay not standardized, but high sensi-
tivity and specificity

Cellular changes from tissue can be
seen with other herpesviruses (VZV,
CMYV, etc.); dependent on quality of
sample and local expertise

Proper cell handling technique required

immunohisto-
chemical staining

lesions or tissue biopsies; HSV-specific
monoclonal antibodies with indirect
fluorescence or direct immunostaining

HSV Herpes simplex virus; PCR Polymerase chain reaction; CSF Cerebrospinal fluid; H&E Hematoxylin and eosin; VZV
Varicella-zoster virus; CMV Cytomegalovirus

of cerebrospinal fluid (CSF) samples. The sensitivity and specificity of HSV
PCR from CSF is thought to be close to 95% [13], though specimens taken
early or late in the clinical course may be more likely to be falsely negative
[14]. Brain biopsy with immunohistochemical staining remains definitive for
HSV encephalitis if PCR is unrevealing and diagnosis is essential. Ocular
disease is often made on clinical examination, though PCR of cell scrapings
in keratoconjunctivitis or vitreous fluid in the case of retinal disease may also
play arole [15].

2.3. Therapy

Treatment should be considered in all patients with active HSV infection and
underlying hematologic malignancy or HSCT. Immunocompromised hosts
are at a greater risk for severe disease and dissemination. Minor herpes labia-
lis infections can spread rapidly to the pharynx, the esophagus, and via the
bloodstream to multiple organs and cutaneous dermatomes. The most widely
available agents for treatment of HSV infections are nucleoside analogues that
inhibit the synthesis of HSV viral DNA. The most frequently used agent by far
is acyclovir, though valacyclovir, famciclovir, vidarabine, and foscarnet can
be used depending on the clinical scenario (Table 2-4). Intravenous therapy
should be considered as initial therapy for progressive or disseminated infec-
tion in immunocompromised hosts.

Valacyclovir is an L-valine ester prodrug of acyclovir. After absorption, it
is metabolized into acyclovir by the liver. This prodrug form of acyclovir can
achieve higher plasma levels than equivalent doses of oral acyclovir, and thus less
frequent dosing can be used for similar therapeutic levels of drug (bid vs. 5/day).



Table 2-4. HSV therapeutics.
Syndrome Therapeutic options

Mucocutaneous HSV Acyclovir 400 mg po 5x/day
Acyclovir 5 mg/kg IV q8h
Valacyclovir 500 mg to 1 g po bid
Famciclovir 500 mg po bid

Disseminated HSV Acyclovir 10 mg/kg IV q 8 h
Esophagitis Acyclovir 5 mg/kg IV q 8 h
Hepatitis Acyclovir 5-10 mg/kg IV q 8 h
Pneumonitis Acyclovir 5-10 mg/kg IV q 8 h
Encephalitis/meningitis Acyclovir 10 mg/kg IV q 8 h
Keratoconjunctivitis Topical therapy with either:

3% acyclovir gel
3% vidarabine ointment
1% trifluorothymidine drops

Chorioretinitis or acute retinal necrosis Acyclovir 10 mg/kg IV q 8 h

Erythema multiforme Treat as localized mucocutaneous disease

HSV Herpes simplex virus

Famciclovir is the diacetyl ester prodrug of penciclovir and is rapidly
converted by the body. Vidarabine was the first antiherpesvirus drug to be of
proven value, but is rarely used in clinical practice due to inferiority in
clinical trials to acyclovir and significant toxicities, including neurotoxicity with
parasthesias, ataxia, seizures, and rarely coma [16, 17]. Foscarnet is a direct
noncompetitive inhibitor of herpesvirus DNA polymerase and has in vitro
activity against all herpesviruses. Foscarnet undergoes little intracellular
metabolism, and is not dependent on the herpetic thymidine kinase (required
to phosphorylate acyclovir to the active state) and therefore may be used in the
treatment of acyclovir-resistant strains of HSV that arise due to mutations in
the viral thymidine kinase. The utility of foscarnet is limited by nephrotoxicity,
symptomatic hypocalcemia, and other electrolyte (magnesium, potassium)
losses that require co-infusion with a large amount of fluid.

With the exception of the topical ocular antiviral agents, dosages of all
agents listed in Table 2-4 are modified in the setting of renal insufficiency.
Length of therapy is usually for 7-14 days, with the exception of disease
involving the CNS, wherein therapy is often extended to a total of 14-21 days
because of risk for recurrence [18, 19]. For acyclovir resistance, foscarnet is
generally used at doses of 40 mg/kg IV every 8 h for 14-21 days, depending
on clinical response [20].

Patients with hematologic malignancies have a higher incidence of HSV
shedding in their saliva, are at increased risk for reactivation of HSV with
intensified immunosuppression, and are at increased risk of atypical manifes-
tations and dissemination of disease. In the setting of HSCT, HS V-seropositive
individuals may have a reactivation rate of 65-90% [21]. Thus, the routine
implementation of prophylaxis has been advocated in any patient who has
evidence of prior infection with HSV (HSV-1 or -2 seropositive) with hema-
tologic malignancy undergoing chemotherapy or HSCT. Suppression can be
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in the form of acyclovir 400 mg po bid or higher, valacyclovir 500 mg po
qd or bid, or famciclovir 250 mg po bid beginning on the day of condition-
ing or induction and continuing until resolution of neutropenia or 6 weeks,
whichever is longer. If patients cannot tolerate oral therapy, then IV acyclovir
250 mg/m? IV every 12 h is also effective [22].

3. Varicella-Zoster Virus

Varicella-zoster virus (VZV) is the third member of the a-subfamily of human
herpesviruses. Classically, VZV is associated with two clinical syndromes:
varicella, known as chickenpox, and herpes zoster, known as shingles. As with
HSYV, the patient with an underlying lymphoproliferative disorder or HSCT is
at higher risk for dissemination of disease and systemic involvement, blurring
the clinical entities. Although frequently considered a benign childhood illness
in the immunocompetent population, VZV carries an overall case fatality rate
of 2—4 deaths per 100,000, with greatest risk among older adults and infants
[23]. Older estimates before the era of effective antiviral therapy and zoster
immunoglobulin put the mortality in those children with acute lymphocytic
leukemia who developed primary VZV at 7% [24]. Compared to HSV, how-
ever, infection is even more ubiquitous, with over 90% of people in temperate
climates infected before adolescence [25]. Infection is typically spread via the
respiratory tract during acquisition of primary infection, or by physical contact
with mucocutaneous lesions. Due to the great infectivity of VZV, attack rates
can be as high as 100% in the susceptible host [26].

3.1. Clinical Syndromes

Primary infection, or varicella, presents with fever and often the simultaneous
development of a characteristic cutaneous vesicular rash that can involve
mucosal surfaces (oropharynx, conjunctiva, genitourinary tract, etc.). It begins
with small macular erythematous lesions that progress to a vesicular stage
before crusting-over during a 1-2 day period. The lesions evolve at different
times so that some lesions may be healing while fresh lesions emerge.

Primary infection in patients with leukemia or in patients who have under-
gone HSCT occurs most often in children and can lead to dissemination with
involvement of multiple organs, including the CNS as meningitis, encephalitis,
or vasculitis of the intracranial vessels. In the immunocompromised or immu-
nologically naive host, infection produces skin lesions that persist for longer
periods, and may be associated with hepatitis, cholangitis, pneumonitis, uveitis,
or cause a sepsis-like syndrome with disseminated intravascular coagulation
[24]. Bacterial superinfection of skin lesions can occur with organisms including
Staphylococcus aureus, leading to cellulitis, deeper soft-tissue involvement,
and sepsis [27].

3.2. Diagnosis

Often, the diagnosis of routine varicella or zoster can be made based on
physical examination when a characteristic rash and distribution is observed
or when exposure in the case of primary infection is present. The differential
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includes other viral infections such as HSV or enteroviruses, both of which
can have atypical presentations in the immunocompromised host. Again, as
with HSV, the Tzanck smear of cell scrapings from a cutaneous lesion may
be useful, but lacks sensitivity and specificity. Use of specific molecular tech-
niques is common for diagnosis of VZV (Table 2-5).

There is some serological cross-reactivity between VZV and HSV-1
due to similarities in the viral glycoprotein B [28]. Multiple methods
exist to measure antibodies to VZYV, including fluorescent antibody to
membrane antigen (FAMA) methods, enzyme-linked immunosorbent
assays (EIA), latex agglutination methods, complement fixation assays,
and other immunofluorescent assays. Individual laboratories may vary
in their approach. Overall, serologic tests are not as clinically useful in
rapidly diagnosing VZV as PCR and antigen detection. Most cases of
VZV in the immunocompromised occur as a result of viral reactivation;
serologic testing to determine those at risk for primary infection is not
100% reliable in these hosts [29]. Though the exact sensitivity and spe-
cificity of PCR from CSF for VZV is unclear, PCR is becoming relied
upon by more and more physicians for diagno