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Program Overview
Cancer patients may experience multiple concurrent symptoms—symptom clusters—caused by their disease,
their treatment, or a combination of both. The complex relationships between and among symptoms, as well as
their clinical antecedents and consequences, have not been well described. Studying the complex symptoms
of oncology patients will yield increased understanding of the patterns of association, interaction, and synergy
among symptoms that produce specific clinical outcomes. It will also provide a scientific basis and new direc-
tions for clinical assessment and intervention.

The majority of clinical studies on symptoms associated with cancer are focused on a single symptom
rather than on clusters. Although this approach has led to advances in our understanding of a particular symp-
tom, patients rarely present with a single symptom. Therefore, even though research focused on single symp-
toms needs to continue, it is imperative that symptom management research begins to focus on evaluating
multiple concurrent symptoms, using cross-sectional and longitudinal study designs. In addition, research
needs to focus on evaluating the relationships between symptoms, as well as specific interventions and patient
outcomes.

Recognition of symptom clusters should help the understanding of symptom pathophysiology and the
targeting of therapies that perhaps can be used to relieve multiple symptoms in that cluster. This could result
in improved quality of life for patients with advanced cancer and perhaps reduce polypharmacy, lessen drug
side effects, and have pharmacoeconomic benefits. Symptom clustering in cancer patients is clearly both an
emerging field of investigation and also a timely topic for continuing education regarding patient management.
This monograph discusses symptom clustering involving fatigue, pain, thrombosis, nausea, and vomiting in the
context of disease effects and chemotherapy-associated effects.

Educational Objectives

At the conclusion of this activity, participants should be better able to:

• Assess recent advances in defining and managing symptom clusters in cancer patients

• Discuss the management of early and delayed-onset chemotherapy-induced nausea and
vomiting (CINV) and identify key elements of the American Society of Clinical Oncology
(ASCO) and National Comprehensive Cancer Network (NCCN) guidelines

• Define breakthrough cancer pain, its causes, and options for managing breakthrough pain
(BTP) in cancer patients

• Identify fatigue as an expected outcome of cancer itself in addition to cancer treatments
and discuss its management

• Discuss the importance of recognizing and managing cancer-related thrombosis and
identify key components of the recent NCCN guidelines

Intended Audience

This program has been designed for medical oncologists and oncology nurses.

Commercial Support

This activity is supported by educational grants from Cephalon Inc., GlaxoSmithKline,
and Merck Oncology.

Disclosure of Significant Relationships
with Relevant Commercial Companies/Organizations

In accordance with policies set forth by the national accrediting bodies, it is required that any faculty who
presents or authors an activity designated for accreditation to disclose any significant finan-
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cial interest or other relationship the faculty has with the manufacturer(s) of any commercial product(s) that
may or may not be discussed in his/her educational activity. These affiliations include, but are not limited to:
grants, research support, consultation fees, speaker’s bureaus, and directly purchased stock.

Faculty Member Disclosure

Stuart M. Lichtman, MD, FACP Speaker's bureau for Amgen, sanofi-aventis

Sonia Ancoli-Israel, PhD Discusses off-label treatments that are commonly used for insomnia
Speaker's bureau for Cephalon, Inc, King Pharmaceuticals, Inc.,
Neurocrine Biosciences, Inc., sanofi-aventis, and Sepracor, Inc.
Consultation fees from Acadia, Cephalon, Inc., Ferring
Pharmaceuticals, GlaxoSmithKline, King Pharmaceuticals, Inc.,
Merck, Neurocrine Biosciences, Inc., Neurogen, Inc., sanofi-aventis,
Sepracor, Inc., and Takeda Pharmaceuticals North America, Inc.

Richard J. Gralla, MD Discusses Abstract #9111 from the ASCO 2007 meeting which
describes an investigational use of the antiemetic aprepitant;
identifies that this is an investigational use of this approved agent.

Consultation fees from Merck, Helsinn, MGI Pharma

Neal E. Slatkin, MD Discusses unlabeled/investigational use of morphine, oxycodone,
hydromorphone for cancer BTP

Speaker's bureau for Pfizer, Ortho-Biotech, Cephalon, Valeant;
grant/research support from Bioscience Delivery, Cephalon,
Sucampo, Pfizer, Wyeth; consultation fees from Valeant, Cephalon,
Wyeth

Michael B. Streiff, MD Speaker's bureau for sanofi-aventis, GlaxoSmithKline; consultation
fees from sanofi-aventis, Eisai

Accreditation

This activity has been planned and implemented in accordance with the Essential Areas and policies of the
Accreditation Council for Continuing Medical Education through the joint sponsorship of the University of
Kentucky College of Medicine and Continuing Edge. The University of Kentucky College of Medicine is accred-
ited by the ACCME to provide continuing medical education for physicians.

The University of Kentucky College of Medicine designates this educational activity for a maximum
of 2.0 AMA PRA Category 1 Credits™. Physicians and nurses should only claim credit commensurate with the
extent of their participation in the activity. The University of Kentucky College of Medicine presents this activ-
ity for educational purposes only. Participants are expected to utilize their own expertise and judgment while
engaged in the practice of medicine. The content of this monograph is provided solely by authors who have
been selected because of recognized expertise in their field.

How to Obtain Credit

1. Read the monograph in its entirety
2. After reading the monograph, go to www.CECentral.com/getcredit
3. Enter program code MEN07231
4. Complete posttest and evaluation electronically and obtain credit
5. Participants may also fill out and mail the CME Posttest and Answer and Evaluation Form; see pages 25-27.
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Abstract
Much progress has been made in the treatment of cancer yet
this disease and its management are widely known to be asso-
ciated with a constellation of adverse effects. Attempts to ame-
liorate these adverse effects have largely relied on approaching
and treating symptoms individually. It is possible that treat-
ment may be optimized if related symptoms — symptom clus-
ters— can be identified and dealt with simultaneously. For
example, the symptoms of fatigue, pain, sleep deprivation, and
depression are often seen together in cancer patients.
Together, these may be considered as the "pain cluster." Other
proposed clusters include the fatigue/anorexia-cachexia clus-
ter, the neuropsychological cluster, the upper gastrointestinal
cluster, the nausea and vomiting cluster, the aerodigestive clus-
ter, and the debility cluster. Symptoms need not necessarily
share a common etiology to be grouped together in a cluster
(although some may have a common etiology), but a common
pathophysiology may be implied. More research is needed to
determine the relationships between baseline factors and the
development of symptom clusters and to determine the precise
role of clusters in treatment.

Introduction
A key aspect of the overall management of patients with cancer
is controlling symptoms that interfere with patients’ quality of
life.1 Cancer patients may present with any of a very large num-
ber of symptoms that may negatively impact patient well-being.2,3

In one study of 1000 cancer patients, 38 different symptoms were
reported, and each was reported by at least 3% of patients with
known symptom status.3 Pain, easy fatigue, nausea, and vomiting
were reported by 84%, 69%, 36%, and 23% of patients with
known symptom status, respectively, and these were each among
the most commonly reported symptoms. Recent studies of
patients with cancer have shown that patients with advanced
cancer are likely to have multiple chronic symptoms that are
moderate or severe in intensity. These symptom clusters are
closely related to age and performance status as well as the
patient’s prognosis.1

Symptom Clusters
Symptom clusters in cancer patients have been defined as
three or more concurrent symptoms that are related to each
other. The suggested strength of those relationships has not
been specified and the symptoms within a cluster are not
required to have the same etiology. In addition, the amount of
time that all of the symptoms within the clusters need to be
present to be considered a “cluster” has not been specified.
Nevertheless, it has been suggested that symptom clusters
have an adverse effect on patient outcomes and may have a
synergistic effect as a predictor of patient morbidity.4

While operational criteria for the definition of a symp-
tom cluster in cancer patients remain to be fully described,
results from one recent study of 25 symptoms in a cohort of
922 patients employed cluster analysis in conjunction with
hierarchical analysis to define symptom clusters. In this analy-
sis, a correlation ≥ 0.68 between pairs of symptoms was the
threshold for grouping symptoms into a cluster. This approach
identified seven clusters, as listed in Table 1.1 The investigators
who carried out this analysis suggested that understanding
these clusters and their underlying pathophysiology has the
potential to guide targeting of therapies that may benefit sev-
eral symptoms within the cluster. Such an approach has the
potential to decrease polypharmacy and improve quality of life
for cancer patients.1

Pain-Depression-Fatigue: A Common
and Well-Described Symptom Cluster
in Cancer Patients
Pain, depression, and fatigue often occur together in patients
with cancer. Results from a recent analysis of data from the
Health and Retirement Study provided strong evidence for the
comorbidity of these three symptoms in individuals with and
without cancer.5 Analysis of results for 2161 subjects with a his-
tory of cancer and 15049 without cancer history indicated that
the prevalences of pain (33% versus 29%), depression (21%
versus 18%), and fatigue (25% versus 18%) were all signifi-
cantly higher in patients with cancer.5 Further analysis of infor-
mation from these two groups indicated that 7.8% of subjects

What Do We Currently Know About Symptom Clusters
in Cancer Patients?

Stuart M. Lichtman, MD, FACP
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with a history of cancer had the cluster of pain, fatigue, and
depression versus 5.7% of those without a history of cancer.5

Further analysis from this study indicated that the risk for at
least 2 of the symptoms from the triad of pain, fatigue, and
depression was increased by several other factors in addition to
cancer history, including older age, female sex, and increasing
number of comorbid medical conditions.5

Results from another study of cancer patients with
bone metastases referred to a palliative radiotherapy clinic also
identified symptoms that occur together. This study evaluated
information collected from 518 patients with bone metastases
using the Edmonton Symptom Assessment Scale (ESAS) with
a symptom cluster defined as at least 2 symptoms that occur
together, are stable, and are relatively independent of other
clusters. Patients were assessed at 1, 2, 4, 8, and 12 weeks post-
radiation treatment and analyses included both responders and
nonresponders to radiation, with response defined by the
International Bone Metastases Consensus Working Party. The
four most common symptoms in this group of patients were
poor sense of well-being (93.5%), fatigue (92.3%), pain
(84.1%), and drowsiness (81.8%). A principal components fac-
tor analysis of study data identified three symptom clusters: 1)
fatigue, pain, drowsiness, and poor sense of well-being; 2) anx-
iety and depression; and 3) shortness of breath, nausea, and
poor appetite. Symptom clusters in these patients were not
static and they changed following radiation therapy. Pain clus-
tered with different symptoms or remained a separate symp-
tom among patients who responded to radiotherapy. In con-
trast, symptom clusters remained largely consistent among
those who did not respond to treatment.6

Why Do Symptoms Cluster
in Cancer Patients?
The results summarized in the preceding sections provide
strong support for the view that specific symptoms are likely to
occur together in cancer patients. The reason for this grouping

has not been elucidated, but several investigators have put for-
ward hypotheses to explain symptom clustering in cancer
patients.

Cleeland and colleagues have suggested that cluster-
ing of symptoms may be related to a phenomenon referred to
as cytokine sickness.7 Studies in animals and human patients
have indicated that injection of pro-inflammatory cytokines,
most notably interleukin (IL)-1, produce sickness-related
behavior8,9; and Cleeland and coworkers have suggested that
elevated levels of pro-inflammatory cytokines may underlie
clustering of specific symptoms that occur commonly in
patients with cancer. They noted that treatment of patients
with chronic hepatitis C infection, chronic myelogenous
leukemia, melanoma, or renal cell carcinoma with pro-inflam-
matory cytokines, including interferon and IL-2, may produce
symptoms that include pain, fatigue, cognitive impairment,
depression, and even psychosis.7

A recent animal study has provided clear support for
the links between treatment with conventional chemothera-
peutic agents, activation of cytokine-related pathways, and
sickness symptoms. Wood and colleagues showed that injection
of etoposide into mice induced production of IL-6 in
macrophages and induced changes in behavior indicative of
sickness in these animals, including decreased food intake,
weight loss, reduced hemoglobin, and less voluntary wheel run-
ning.10 Study results also indicated significant correlations
between IL-6 concentration and fatigue, cachexia, and hemo-
globin levels.10 These findings from animal experiments are
closely paralleled by results from a study that assessed the
effects of chemotherapy in 90 breast cancer patients (70 treat-
ed with paclitaxel and 20 who received 5-fluorouracil, doxoru-
bicin, and cyclophosphamide). Study results indicated that
chemotherapy increased levels of IL-6, IL-8, and IL-10. The rise
in IL-10 levels was correlated with development of joint pain
and IL-8 concentrations were correlated with the emergence of
flu-like symptoms.11

It is important to note that inflammatory pathways are
also abnormally activated in untreated cancer patients.
Evaluation of tissue from 56 patients with gastroesophageal
cancer and 12 healthy controls indicated that pro-inflammatory
cytokines, including IL-1�, IL-6, IL-8, and tumor necrosis factor-�
were significantly over-expressed in tissues from the cancer
patients versus controls at both the mRNA and protein levels.12

Thus, a growing body of evidence provides support
for the view that clustering of symptoms in cancer patients may
have a clear biologic basis related to the impact to cancer ther-
apy, and perhaps the disease itself, on inflammatory pathways.

Treatment of Symptom Clusters
in Cancer Patients
Guiding principles for the treatment of cancer patients are list-
ed in Table 2 and should provide the basis for management
throughout the course of disease. These basic principles include
active symptom evaluation and management at each patient

Table 1. Symptom Clusters in Cancer Patients
Demonstrated by Correlational Analysis
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encounter and at every stage of the disease from diagnosis to
end of life; a primary role for symptom management after sur-
gery, chemotherapy, radiation, or hormonal or biologic thera-
pies; the fact that clustering of symptoms with potentially over-
lapping etiology (eg, pain, depression, and fatigue) makes “pure”
diagnoses for patients’ symptoms relatively unimportant; and
that management of symptoms can be accomplished with a com-
bination of accepted and less accepted treatment modalities,
particularly when the latter have favorable side effect profiles.13

The fact that symptoms cluster in cancer patients has
the potential to simplify management and it is important to seek
treatments that are accepted for one symptom, but also may
have efficacy in the treatment of others. For example, cognitive-
behavioral therapy (CBT) may be useful for pain management
and fatigue reduction. Administration of erythropoietic agents
can correct anemia and decrease fatigue.13 Similarly, overlap-
ping pain and fatigue in cancer patients have been shown to
respond to a movement and exercise program. Results from one
study of women undergoing radiotherapy for breast cancer
showed that participation in an exercise program (an individu-
alized, self-paced walking program carried out at home) signifi-
cantly improved physical functioning and decreased symptom
intensity, particularly fatigue, anxiety, and difficulty sleeping.14

Conclusions
We are just beginning to recognize symptom clusters in cancer
patients and many questions remain to be answered. For exam-
ple, we do not know whether they are disease- or problem-spe-
cific (ie, are specific symptom clusters more likely to be asso-
ciated with specific cancers or therapies?), or whether they
vary as a function of other patient characteristics (eg, patient
age, sex, receiving curative versus palliative care). Longitudinal
studies are also needed to determine whether clustering of
symptoms changes over time; and it is particularly important to
determine which therapies are most likely to have beneficial
effects on multiple symptoms within a cluster.

Table 2. Basic Principles of Symptom Management
in Cancer
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Abstract
The control of emesis remains a key issue in supportive care in
cancer. As both a side effect of treatment and a symptom in
some malignancies, emesis is a persistent problem in all aspects
of cancer care. Marked progress has occurred in the basic
understanding of the mechanisms underlying emesis, the con-
trol of emesis, and in the documentation of the impact of nau-
sea and vomiting on patients receiving anticancer treatment.
Studies have shown that failure to control emesis causes an
immediate major fall in patient-expressed quality of life.
Patients rate their quality of life as unchanged 3 days after
receiving chemotherapy if complete control of emesis is main-
tained. In contrast, those without complete control indicate a
one-third decline in quality of life over the same time interval.
Emesis affects many of the dimensions of quality of life.
Patients experiencing emesis are unable to function normally.
This affects social, psychological and spiritual factors beyond
the physical and functional domains. The strategy for main-
taining quality of life during treatment requires prevention of
emesis and the assurance of complete control whenever possi-
ble. Adherence to the guidelines published in the last 2-3 years
by major organizations, such as the American Society of
Clinical Oncology (ASCO), the Multinational Association of
Supportive Care in Cancer (MASCC), the European Society for
Medical Oncology (ESMO), and the National Comprehensive
Cancer Network (NCCN) leads to improved emetic control. All
of these guidelines support the use of corticosteroids plus sero-
tonin-receptor antagonists and neurokinin-receptor antago-
nists in appropriate risk groups to prevent acute and delayed
emesis. Controlling emesis mitigates a variety of problems at
the center of maintaining good quality of life during chemother-
apy and in the whole spectrum of cancer care.

Introduction
Two of the most frequent adverse effects associated with cancer
chemotherapy are nausea and vomiting. The effects of these
problems are so broad that quality of life is negatively influenced
if control of emesis is poor. This has been well demonstrated in a
number of trials, including a major study using the validated
Functional Living Index-Emesis (FLIE) and Functional Living
Index-Cancer (FLIC). The study demonstrated that patients who
experienced chemotherapy-induced emesis had a significant

reduction in quality of life while no decline in quality of life was
demonstrated for those who did not report emesis. Scores from
the FLIE indicated that patients with cancer-induced emesis felt
that vomiting, and to a slightly lesser extent nausea, negatively
affected their ability to complete household tasks, enjoy meals,
spend time with family and friends, and maintain daily function
and recreation.15

The high impact of emesis in patients results from the
fact that it affects all dimensions of quality of life. This is illus-
trated in Table 3, which lists the 5 major dimensions or domains
incorporated in the concept of quality of life and the correspon-
ding detrimental outcomes that may occur if emesis is poorly
controlled. Whatever one’s degree of acceptance of the concept
of symptom clustering, it is clear that controlling emesis in
patients receiving cancer chemotherapy is vital if one is to avoid
many symptoms and maintain a good level of quality of life.

Emesis associated with chemotherapy may be either
acute (occurring within 24 hours after treatment) or delayed
(occurring more than 24 hours after treatment). Delayed emesis
occurs frequently after treatment with chemotherapeutic agents
of moderate or high emetogenic risk, and occurs more frequent-
ly than estimated by many oncology nurses or physicians.16 In one
study, the observed rates of delayed emesis with highly and mod-
erately emetogenic chemotherapy were 50% and 28%, respec-
tively. The respective estimates by oncologists and nurses were
22% and 15%.17 This underestimation can be associated with
undertreatment of delayed emesis and with quality of life
decreases that could have been prevented.

Chemotherapy-Induced Symptom Clusters:
Focus on Nausea and Vomiting

Richard J. Gralla, MD

Table 3. The 5 Major Dimensions or Domains
Incorporated in the Concept of “Quality of Life”

and Corresponding Detrimental Outcomes
That May Occur if Emesis is Poorly Controlled
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Antiemetic Therapy:
Current Treatment Guidelines
Current guidelines from MASCC, ASCO, and NCCN indicate
that there are three major classes of antiemetic drugs for first-
line prevention in most settings: corticosteroids, serotonin-
receptor antagonists (5-HT3), and neurokinin type 1 (NK1)-
receptor antagonists; the guidelines note that different agents
or combinations are suited for different clinical situations.18-20

For example, for acute emesis, the most recent update of the
ASCO guidelines (Table 4) recommends the combination of a
serotonin-receptor antagonist, dexamethasone, and an NK1-
receptor antagonist, in patients receiving agents with high
(>90%) emetic risk. Treatment with a serotonin-receptor antag-
onist plus a corticosteroid is recommended in patients receiving
agents with moderate (30%-90%) emetic risk, unless the
chemotherapy is a regimen based on anthracycline-cyclophos-
phamide (“AC” chemotherapy). In that instance, an NK1-recep-
tor antagonist is added. A single agent (dexamethasone alone
or a serotonin-receptor antagonist) can be used for prevention
in patients receiving agents with low (10%-30%) emetic risk.18

Efficacy of Specific Treatments

Serotonin-receptor antagonists

Serotonin-receptor antagonists have been used for prevention
of chemotherapy-induced emesis for nearly two decades.
Agents in this class include ondansetron, granisetron, tro-
pisetron, dolasetron, and palonosetron. While all of these drugs

have demonstrated efficacy, there are some studies suggesting
that the newest member of this class, palonosetron, may be
more efficacious. Palonosetron has preclinical advantages in
that it has markedly greater binding affinity for the 5-HT3
receptor, and a longer half-life in the blood than the older sero-
tonin-receptor antagonists. Single doses of palonosetron have
been compared with ondansetron in one phase 3 trial and with
dolasetron in a second phase 3 trial. A total of 1132 patients
receiving moderately emetic chemotherapy were included in
these trials.

Superior results in acute and delayed emesis were
observed with palonosetron over the comparative agents in
each study.21 Both these studies used single doses of single
agents. Comparative studies with combinations of antiemetics
or with continued dosing have not been reported.

NK1-receptor antagonists

Substance P is a tachykininan, an 11-amino-acid regulatory
peptide that is found in many parts of the central, peripheral,
and enteric nervous systems. Substance P is the natural ligand
for the NK1 receptor, and in animals, substance P administra-
tion can cause emesis.22 In the laboratory, NK1-receptor antag-
onists have a broad spectrum of antiemetic activity. This activ-
ity has been shown to inhibit emesis induced by centrally act-
ing agents (eg, apomorphine and loperimidine) and peripherally
acting drugs (eg, copper sulfate and cisplatin).22

Currently, the only NK1-receptor antagonist commer-
cially available (or with reported results of phase 3 trials at the
time of this writing) is aprepitant. Phase 3 studies demonstrat-
ed that aprepitant provides significant added efficacy when
combined with a standard treatment using a serotonin-recep-
tor antagonist and a corticosteroid for preventing both acute
and delayed emesis in patients receiving high-risk chemother-
apy (cisplatin) and moderately emetic chemotherapy (“AC”).
As an example, a multicenter, randomized, double-blind, place-
bo-controlled parallel-group study included 568 patients treat-
ed with cisplatin chemotherapy. These patients were random-
ized to receive either ondansetron plus dexamethasone or
aprepitant plus ondansetron plus dexamethasone. The triple-
drug combination was significantly superior to standard treat-
ment; over the entire 5-day observation period after
chemotherapy, 62.7% of patients in the aprepitant 3-agent
group and 43.3% who received the 2-agent standard treatment
had complete responses (no emesis and no rescue therapy).
For acute emesis, the complete response rates were 82.8% and
68.4%, respectively. For days 2–5, the respective complete
response rates were 67.7% and 46.8%.23 A second similar com-
parison of aprepitant plus ondansetron and dexamethasone
versus ondansetron and dexamethasone in 530 patients receiv-
ing ≥ 70 mg/m2 cisplatin indicated that the addition of aprepi-
tant to standard treatment resulted in significantly lower risk
for emesis on days 1-5, day 1, and days 2-5.24

Additional analyses of these results have demonstrat-
ed that men and women have the same degree of control of
both acute and delayed emesis when aprepitant is added to the
standard regimen. This is particularly important in that it has

Table 4. Treatment Recommendations
for Antiemetic Prophylaxis
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Recommendations for Antiemetics in Oncology.18



previously been more difficult to control emesis in women.
However, when aprepitant is added to therapy, this difference
disappears, and equivalent complete response rates are seen
for both men and women (Table 5).25

Clinical trial results have also shown that the aprepi-
tant-containing three-drug combination provides sustained
efficacy over multiple chemotherapy cycles. In a recent study,
866 women with breast carcinoma who were previously
untreated with chemotherapy were treated with cyclophos-
phamide alone or in combination of with doxorubicin or epiru-
bicin. As in the studies described above, patients were ran-
domly assigned to receive either aprepitant plus ondansetron
and dexamethasone or only the serotonin-receptor antagonist
and the corticosteroid. Data on nausea, emesis, and use of res-
cue medication were collected over four cycles of chemothera-
py and a complete response to treatment was defined as no
emesis or use of rescue therapy. Complete response rates
declined over cycles of chemotherapy, but remained signifi-
cantly higher with the aprepitant-containing regimen versus
two-drug treatment over the duration of follow-up.26 As an
example, the rates for the complete control of vomiting (the
most accurately measured endpoint) were 63% for those on
the 3-drug regimen and 39% for those receiving only the 2-
agent standard regimen (Figure 1). The rate of discontinuation
of chemotherapy before completion of all four cycles was lower
in the patients who had aprepitant added to ondansetron and
dexamethasone.26

Aprepitant has been studied as a second-line or “sal-
vage” therapy in patients receiving AC chemotherapy not effec-
tively controlled by the combination of a serotonin-receptor
antagonist and dexamethasone in their first treatment cycle.
Forty-two women were enrolled in the trial. Of these, 34
women did not have complete emetic control with their first
cycle of treatment. In cycle 2, all treatments remained the same
except that aprepitant was added to therapy. During cycle 1,
only 38% of patients had no emesis; the 34 patients who had

emesis during the first cycle had a much higher complete con-
trol rate of emesis in the second cycle—79%—with the addi-
tion of aprepitant.27

Aprepitant, palonosetron, and dexamethasone have
recently been combined in an investigational single-dose regi-
men which is being studied to determine whether it would
maintain or improve upon efficacy while providing maximum
convenience in that all agents were given only prior to
chemotherapy. In this interesting study, the typical 3-day
aprepitant dose was given as 1 oral administration (a total of
285 mg) plus palonosetron at the usual 0.25 mg IV dose, plus
dexamethasone at 20 mg orally. The 41 previously untreated
patients were evaluated for protection from vomiting and nau-
sea over the ensuing 5 days following AC chemotherapy. The
percentages of patients with no emesis were 100% for acute
emesis and 95% for all 5 post-treatment days. The compelling
results seen with higher-dose aprepitant as part of a 3-drug sin-
gle-day treatment indicate that this strategy deserves further
study in large randomized trials.28

Conclusions
Antiemetics continue to be crucial in the treatment of patients
with most malignancies. These agents decrease chemotherapy-
induced emesis and help preserve quality of life in patients
receiving chemotherapy. They also permit safe delivery of
chemotherapy on an outpatient basis. Newer antiemetic agents
and the employment of combination therapy significantly
improve control in both acute and delayed emesis. Effective man-
agement of emesis and related symptoms (eg, nausea, decreased
appetite, symptoms associated with fluid and electrolyte loss) is
increasingly important as new anticancer agents are introduced
and as chemotherapy is used in a broader range of patients.
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Table 5. Efficacy of Aprepitant plus Ondansetron
and Dexamethasone Versus Ondansetron and
Dexamethasone Only in Preventing Acute and

Delayed Emesis in Men and Women Receiving Cisplatin
(≥ 70 mg/m2)

Figure 1. Sustained No Vomiting Rate (“AC”
Chemotherapy) over Four Cycles of Chemotherapy
in Patients Receiving Aprepitant plus Ondansetron
and Dexamethasone Versus Ondansetron and

Dexamethasone Only

Adapted with permission from Herrstedt et al.26
CANCER. Vol. 104, No. 7, 2005,1548-1555. ©2005 American
Cancer Society. This material is reproduced with permission of

Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

Data from Hesketh et al.25



Abstract
Though cancer pain is often considered as a unified concept,
there are at least two distinct core components of its clinical
presentation. The first is the tendency for cancer pain to influ-
ence, and in turn be influenced by, other common symptoms of
cancer such as fatigue and depression. The recognition that
these symptoms often occur together in cancer patients has
provided much of the impetus for development of the concept
of symptom clusters. The second is the tendency for cancer
pain to be both persistent (ie, to cause discomfort and distress
throughout most of the day) and to also be marked by flares
and exacerbations which occur independently or in relation-
ship to activity. These latter occurrences have been termed
"breakthrough" pain (BTP). This brief review relates the phe-
nomenon of BTP to the construct of symptom clusters, empha-
sizing how the former may interfere with patient mood, func-
tion, and overall quality of life. The potential impact of the
patient's emotional state on the appearance of pain flares is
also considered. Potential strategies for controlling BTP, par-
ticularly those designed to more closely match the temporal
profiles of this episodic pain are reviewed.

Introduction
Pain is one of the most prevalent and feared complications of
cancer and its treatment.29 It has been estimated that 50% of can-
cer patients will experience pain at some point during the course
of their disease and that pain is present in 75% of patients with
advanced or terminal illness.30 Cancer-related pain, which may
arise from either the cancer or its treatment, is often heteroge-
neous in its etiology and consequent to the different types of pain
that may exist simultaneously in a single patient. Pain may be
multifocal in patients with widespread metastases, and is not
uncommonly severe, requiring high drug doses and rational
polypharmacy to achieve optimal pain control. Additionally, pain
arising directly from malignancies may remit in response to
chemotherapy only to relapse as the benefits of such therapy
begin to wane.

While there are many agents available for the manage-
ment of cancer-related pain, selection of therapy may be limited
by a number of factors, including clotting problems that may con-
traindicate specific medications; dysphagia and partial gastroin-

testinal obstruction that may interfere with absorption of orally
administered agents; renal or hepatic insufficiency; and drug
interactions associated with medications used to treat other
acute or chronic conditions in these patients.

“Total pain” in the cancer patient has multiple dimen-
sions that go beyond the pain that results from nociceptive stim-
uli.31 Other physical conditions, such as fatigue, sleepiness, nau-
sea, and constipation may impact the perception of pain or
become independent causes of distress. Likewise, psychosocial
and cognitive factors such as anxiety; depression; interpersonal
distress arising from family, social, and financial problems; and
normative distress due to alienation, existential, spiritual prob-
lems and the meaning of the pain in the context of the patient’s
illness, often contribute greatly to the patient’s overall level of
distress and their report of pain.32

Apart from occasional fluctuations in the level of per-
sistent pain, the majority of cancer patients additionally experi-
ence periodic exacerbations of moderate-to-severe pain that
occurs against a background of well-controlled persistent pain.
Commonly referred to as breakthrough pain (BTP),33 such flares
of pain have been shown to negatively impact quality of life and
levels of function. The remainder of this section of the mono-
graph focuses on the characteristics, impact and management of
BTP in cancer patients.

Characteristics and Prevalence
of Breakthrough Pain
The consensus panel on the assessment and management of
BTP has identified three types of BTP. The first of these is inci-
dent pain that results from activity or movement. Some causes
of incident pain are predictable—such as those regularly asso-
ciated with a particular movement—while others are unpre-
dictable. Examples of the latter might be rib metastasis pain
occasionally induced by cough, or abdominal pain following
certain meals but not others. Incident pain that is predictable
is often relatively responsive to anticipatory treatment with
pharmacologic agents or to interventions aimed at the underly-
ing cause of the pain. The second type of BTP is idiopathic or
spontaneous pain. Examples include colicky abdominal cramp-
ing in a patient with peritoneal carcinomatosis, or paroxysmal

The Pain Cluster and Managing
Breakthrough Pain

Neal E. Slatkin, MD
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neuralgia superimposed upon background neuropathic pain.
Since these types of pain cannot be anticipated, the thrust of
treatment is often preventive; breakthrough episodes are treat-
ed with rapid-acting abortive medications. The third recognized
type of BTP occurs when pain escalates just prior to the next
scheduled dose of the around-the-clock (ATC) analgesic; this is
sometimes referred to as end-of-dose failure. Although short-
acting BTP medications may be used to bridge the gap in anal-
gesia, treatment modifications in the face of BTP are usually
focused on adjusting the drug regimen, such as by increasing
the ATC dose or decreasing its dosing interval.34

Studies in diverse settings of cancer pain have shown
a high prevalence of breakthrough pain. A survey of 164 cancer
inpatients with controlled background pain indicated that
51.2% had experienced one or more episodes of BTP during
the previous day.33 Seventy percent of cancer outpatients being
treated at a Veterans Administration Medical Center were
found to have BTP, which was unpredictable in 58%. For most
patients the increase in pain was very rapid, with a median time
from onset to worst pain severity of 3 minutes.35 Finally, a
survey of 245 cancer patients admitted to a hospice indicated
that 89% had BTP. More than one-third of the episodes of BTP
experienced by patients in this study were described as severe
or excruciating. Episodes of BTP occurred often (median
number of episodes per day = 7) and most (59%) were
unpredictable.36

The majority of BTP appears to arise from the same
origin as persistent background pain33 and shares the same
characteristics. Results from one survey indicated that the
background pain had both nociceptive and neuropathic fea-
tures in 52% of patients, nociceptive characteristics alone in
38%, and was solely neuropathic in 10%. In another survey, the
BTP itself was classified as somatic in 46% of patients, visceral
in 30%, neuropathic in 10%, and having mixed etiology in 16%.36

Portenoy and others have identified a number of fac-
tors that increase the likelihood that a cancer patient will expe-
rience BTP.33 These include worse Karnofsky Performance
Status (KPS), the presence of metastatic or locally advanced
disease, more persistent background pain, and more frequent
prn dosing. An international survey of 1095 patients (64.8%
with BTP) identified additional patient, disease, pain, and
treatment characteristics significantly associated with
increased risk for the development of BTP, including a multi-
plicity of pain locations; vertebral, pelvic, or long bone metas-
tasis; metastatic plexopathy and radiculopathy; and the use of
adjuvant treatments and nonopioid analgesics.37

Impact of Breakthrough Pain
BTP has a profoundly negative impact on quality of life for can-
cer patients. Results from the above-described study of 1095
patients with cancer-related pain indicated that the presence of
BTP was a significant predictor of overall higher pain intensi-
ty.38 Portenoy and colleagues assessed quality of life in 80 can-
cer patients with controlled background pain and no reported
BTP the previous day and 84 similar patients who had con-

trolled background pain but did report having BTP the previ-
ous day. Scores for the patients with BTP were significantly
higher (ie, worse) for all components of the Brief Pain
Inventory (BPI). Measurements of mood, depression, and anx-
iety were also worse in the patients with BTP versus those
without these episodes.33 Taylor and others found similar
results in patients with non-cancer BTP, and additionally
showed an improvement in these quality-of-life measures fol-
lowing medication treatment.39

For many patients, their worst pain is their BTP.
Using a multivariate analysis, Hwang found that a patient’s
worst pain severity most highly predicted interference of their
pain with function and this in turn was most highly predictive
of declines in quality of life.35 The occurrence of BTP also great-
ly increases healthcare utilization and the costs of care. Results
from a survey of 1000 cancer patients indicated that the annu-
al cost of pain-related hospitalizations, emergency department
visits, and physician visits was $12 000 per year for patients
with BTP versus $2400 per year for those without BTP.40

Finally, patients with BTP are likely to report dissatisfaction
with their pain treatment and control.36

Treatment of Breakthrough Pain
A variety of approaches can be employed in managing the
patient with BTP. Education is useful for many patients, partic-
ularly those with predictable incident BTP who often respond
best to taking breakthrough medication in anticipation of
planned activity. When this approach fails, patients can be
instructed in modifying activities that result in BTP or, if nec-
essary, in avoiding them completely. Management of end-of-
dose BTP typically requires alteration of the ATC treatment
regimen with increased doses or shorter dosing intervals. Other
potential approaches to the management of BTP include radia-
tion therapy, orthotic devices, surgical stabilization including
vertebroplasty, and possibly radiofrequency lesioning.41

The pharmacologic management of idiopathic or
unpredictable incident BTP is particularly challenging. The
treatment selected should have pharmacokinetic and pharma-
codynamic characteristics that match the temporal properties
of these episodes. The peak intensity of these subtypes of BTP
is reached rapidly after onset (typically within 3–5 minutes)
and episodes are relatively brief, lasting about 30 to 60 minutes
(Figure 2). An analgesic with a rapid onset of action and short
duration of effect is therefore best suited for unpredictable
episodes of BTP.41

Fentanyl is a potent, highly lipophilic synthetic opioid
with an established safety profile, and is currently available in
parenteral, transdermal and transmucosal formulations, with
sublingual, intranasal, and inhaled delivery systems undergoing
investigation. Due to its rapid parenteral/transmucosal distri-
bution into the central nervous system, it is suited for novel,
rapid-onset formulations that can be employed for the treat-
ment of BTP.41
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Only two fentanyl-based formulations have been rig-
orously tested for the treatment of BTP in cancer patients and
have FDA approval for this indication. The first approved rapid-
onset preparation was oral transbuccal fentanyl citrate
(OTFC). This formulation consists of a fentanyl citrate in a
sugar matrix lozenge attached to a stick; the medication is
administered by actively rubbing the lozenge inside the buccal
mucosa. The high lipophilicity of the fentanyl and high vascu-
larity of the buccal mucosa allows rapid absorption of medica-
tion into the bloodstream with maximum plasma drug concen-
trations reached in about 20 minutes. This preparation has
been shown effective for the treatment of BTP and also has a
favorable safety profile.

In a double-blind, double-dummy randomized trial,
OTFC produced superior pain relief to immediate-release mor-
phine at all time points from 15 to 60 minutes, and with a high-
er percentage of patients enjoying > 33% relief at 15 minutes.42

In a retrospective review of chronic non-cancer BTP, patients
reported significantly shorter times to meaningful and maxi-
mum pain relief with OTFC than their usual short-acting BTP
medication.39 A recent meta-analysis of clinical trials has
demonstrated significant efficacy of OTFC over control treat-
ment in providing pain relief at 15 minutes after administration
(Table 6).43 Most recently, both OTFC and intravenous mor-
phine decreased BTP in cancer patients by > 33% at 15 min-
utes, with a greater degree of analgesia achieved with par-
enteral morphine at 15 but not 30 minutes.44 The most common
adverse events reported for OTFC in clinical trials include nau-
sea, headache, somnolence, and dizziness.45

While OTFC has a good efficacy and safety record for
the treatment of BTP, the formulation does have potentially
important limitations, including a transbuccal bioavailability of
only 22%,46 potential child safety issues due its sugar base and
resemblance to a “lollipop,” the dependence of its efficacy on
active administration, the attendant need for education on
proper medication administration, and risk for dental caries.

The fentanyl buccal tablet (FBT) is a second-genera-
tion rapid-onset opioid developed to improve upon the phar-
macokinetics of transbuccal delivery and the ease and pre-
dictability of administration. The FBT is formulated using tech-
nology that produces an effervescent reaction facilitating fen-
tanyl absorption across the buccal mucosa. This formulation
demonstrates higher fentanyl bioavailability and a shorter time
to maximum concentration than OTFC.46 The FBT has been
shown to be effective for the treatment of BTP in cancer
patients,47 with statistically significant pain relief demonstrated
in some patients at 10 minutes following use, and clinically sig-
nificant relief in more than 50% of patients by 30 minutes. A
number of potential advantages of FBT over OTFC can be iden-
tified including a lower requirement for patient education on
route of administration and proper placement of the tablet, a
much less conspicuous method of dosing, and a lower risk for
dental caries.

Other novel routes of opioid delivery in the treatment
of BTP include intranasal, sublingual, and pulmonary adminis-
tration. For example, the AERx® PainManagement System
(PMS) (Aradigm Corporation, Hayward, CA) employs 1-micron
sized nozzles to allow fine particles of medications, such as
morphine or fentanyl, to be delivered to the pulmonary alveo-
lar bed. This leads to rapid absorption into systemic circula-
tion,48 providing fast relief from pain. This approach to mor-
phine delivery has been demonstrated to provide more rapid
reduction in pain intensity than oral morphine sulfate in cancer
patients with BTP (Figure 3).49

Patient-controlled analgesia (PCA) can also be
employed for the management of BTP. This approach provides
flexible dosing and permits delivery of drug boluses for
episodes of BTP. It also allows consistent medication delivery
and it is very useful in patients with unstable pain. Disadvan-
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Table 6. Oral Transbuccal Fentanyl Citrate Shows
Superiority over Placebo, Normal Release Morphine,

and Previous Rescue Medication for Relief of
Cancer-Related BTP at 15 Minutes in a Review of

Four Comparative Studies (N = 393)a

Figure 2. Temporal Characteristics of Persistent
and Breakthrough Pain

Dark blue area indicates persistent or breakthrough pain.
Shading indicates analgesic activity (note that this

does not always match the intensity of pain).
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Conclusions
Breakthrough pain is a common and often poorly addressed
symptom in many cancer patients, even in those with well-
controlled persistent pain. Results from a large number of stud-
ies have shown that BTP is associated with increased function-
al impairment and decreased quality of life. These effects may
alter patient perception of persistent pain. The presence of
BTP is also associated with lower overall satisfaction with the
pain control regimen.

Pharmacologic treatment for BTP should have phar-
macokinetic and pharmacodynamic properties that match the
temporal characteristics of BTP. Oral transmucosal fentanyl
formulations, particularly FBT, are well suited for the treat-
ment of BTP, and other approaches to rapid analgesic adminis-
tration, such as inhaled morphine, are also worthy of addition-
al study.

Figure 3. Efficacy of Inhaled Versus Oral Morphine
in Cancer Patients with BTP

Data from Slatkin.49

tages of PCA include the high cost of the pump, inconvenience
associated with refilling the device, and safety concerns about
bolus dosing in cognitively impaired patients.50



Abstract
Fatigue affects three-fourths of patients undergoing
chemotherapy or radiation therapy and is a source of great con-
cern to these individuals. Cancer-related fatigue is generally
characterized by a subjective sense of persistent tiredness not
commensurate with recent activity and not relieved by rest.
Disruption of chronobiological functions, such as sleep pat-
terns, contributes to fatigue in cancer patients; cancer patients
have significantly more difficulty sleeping than healthy individ-
uals. Although some studies have suggested that this may be a
result of psychological distress and physical pain associated
with cancer, other data suggest that difficulty in sleeping may
be independent of these factors. Insomnia affects >50% of can-
cer patients, most of whom indicate that cancer exacerbated or
caused their sleep difficulties.

Interventions for cancer-related fatigue include exer-
cise, cognitive behavioral therapy (CBT), and pharmacologic
interventions. Hematopoietic support that elevates hemoglobin
levels has also been shown to relieve fatigue and improve qual-
ity of life in cancer patients. Other investigational interventions
for fatigue include antidepressants, corticosteroids, and psy-
chostimulants. Antidepressants have not improved fatigue in
limited clinical trials; corticosteroids have been shown to tem-
porarily decrease fatigue in short-term studies of metastatic
cancer patients, but potential side-effect issues warrant longer-
term evaluations. There have been very few well-controlled
studies of traditional psychostimulant therapy in cancer
patients with fatigue; however, two studies—one open-label
and one double-blind—have shown improvements in fatigue
and randomized controlled trials are currently ongoing.

Introduction
Fatigue is one of the most frequent complaints of cancer patients.
It has been reported that over 75% of patients undergoing
chemotherapy or radiation therapy report feeling tired and
weak.51,52 Cancer-related fatigue encompasses multiple domains,
including physical, emotional, mental, and general/motivation-
al53,54; and it is a condition about which cancer patients express
great concern.51 Cancer-related fatigue does not end when treat-
ment is completed; it can persist for months or years after the
end of therapy.51

Fatigue is generally defined as a state of weariness after
a period of exertion—mental or physical—characterized by a
decreased capacity for work and reduced efficiency to respond to
stimuli. However, this definition does not fully describe the expe-
rience of cancer patients, who have a decreased capacity to carry
out normal daily activities and an abnormally slow physical recov-
ery from routine tasks. Fatigue in cancer patients is more severe
than that experienced by healthy individuals; it is also more dis-
tressing and not relieved by rest.55 The NCCN defines cancer-
related fatigue as a distressing, persistent, subjective sense of
tiredness or exhaustion related to cancer or cancer treatment
that is not proportional to recent activity and interferes with
usual functioning.51

The impact of fatigue in patients with cancer is exacer-
bated due to the fact that it is underdiagnosed and undertreat-
ed.51 Many patients do not discuss fatigue with their healthcare
providers. Reasons for this lack of communication include the
assumptions that fatigue is an expected outcome of their cancer
treatment, that it will not persist, and that nothing could be done
to improve their condition.56

Etiology of Fatigue in Cancer Patients
Physical, psychological, and social factors may all contribute to
the development of fatigue in cancer patients (Figure 4).
Physical factors that may lead to fatigue in cancer patients
include cachexia, weight loss, and biochemical, hematological
and endocrine abnormalities.57 Development of cancer- or
treatment-related anemia may be an important physical cause
of fatigue in cancer patients.58 Depression is a major psycholog-
ical component of fatigue. It is common in both cancer patients
and in others reporting fatigue. However, the cause and effect
relationship between fatigue and depression in cancer patients
has not been well established.57

Chronobiologic factors (eg, sleep disturbance, altered
circadian rhythms) and social/cultural factors (eg, education
and socioeconomic status) may also contribute to the develop-
ment of fatigue in cancer patients.57 The guidelines established
by the NCCN suggest that pain, emotional distress, sleep dis-
turbance, anemia, poor nutrition, altered activity levels, and
comorbid diseases unrelated to cancer may all contribute to
the development of fatigue in cancer patients.51

Managing Fatigue
and Cluster Overlap
Sonia Ancoli-Israel, PhD
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Sleep Disruption in Cancer Patients
Sleep disruption is common in cancer patients.59,60 Savard and
colleagues have estimated the prevalence of insomnia in a
cohort of 300 consecutive women who had been treated with
radiotherapy for non-metastatic breast cancer. Study results
indicated that 19% of the subjects met diagnostic criteria for an
insomnia syndrome, and that insomnia was chronic in all but
one of these individuals. Thirty-three percent of the patients
began experiencing insomnia after the diagnosis of breast can-
cer and 58% reported that cancer either caused or aggravated
their sleep difficulties. A number of factors were associated
with increased risk for the development of insomnia. These
included sick leave, unemployment, widowhood, lumpectomy,
chemotherapy, and a less-severe cancer stage at diagnosis.61

It has been suggested that sleep problems in patients
with cancer may result from the disease itself, or may be a part
of a stress reaction to having cancer, be secondary to other can-
cer symptoms (eg, pain), or be an adverse reaction to cancer
treatment.62 However, sleep disturbances have been reported
by cancer patients even when pain and anxiety were low, sug-
gesting that the sleep problem may be independent of these
psychological/physiological factors.63

A recent study by Ancoli-Israel and colleagues has
demonstrated that many women with breast cancer are likely
to experience disturbed sleep and fatigue prior to the initiation
of chemotherapy. This study included 85 women with Stage I-
III breast cancer who were scheduled to begin adjuvant or
neoadjuvant anthracycline-based chemotherapy. Each subject
had sleep/wake activity recorded with actigraphy for 72 con-
secutive hours and filled out questionnaires on sleep, fatigue,
depression, and functional outcome. Study results indicated
that the women slept for an average of 6.0 hours per night and
napped for 1.1 hours during the day. Results obtained with the

Pittsburgh Sleep Quality Index indicated disturbed sleep and
poor sleep quality. The total score for this measure was 7.0
(any score > 5 is indicative of poor sleep). Women in this study
also reported significant fatigue and there was a correlation
between disturbed sleep and fatigue. Women with disturbed
sleep were also more likely than those with normal sleep to
report that cancer affected their ability to function. While none
of the women in this study were clinically depressed, higher
scores on the Center for Epidemiologic Studies Depression
Scale (CES-D) were significantly correlated with poorer sleep,
greater fatigue, and decreased ability to function. These
results indicate that breast cancer patients with disturbed
sleep experience significant daily dysfunction secondary to
fatigue. They also suggest that strategies to improve disturbed
sleep prior to initiation of chemotherapy may be beneficial in
improving function in breast cancer patients.64

Evaluation and Treatment of Fatigue
in Cancer Patients
Patient evaluation

The NCCN recommends that fatigue be screened for, assessed,
and managed according to clinical practice guidelines. All
patients should be screened for fatigue at their initial visit, at
regular intervals during and following cancer treatment, and as
clinically indicated. Severity of fatigue should be measured on
a 0-10 scale (0 = no fatigue and 10 = worst fatigue imaginable)
or categorically (none, mild, moderate, severe). Patients with
moderate-to-severe fatigue (4-10 on the 10-point scale) should
have a focused history that includes collection of information
about disease status and treatment to rule out recurrence or
progression, current medications and medication changes,
review of systems, and an in-depth fatigue assessment (onset,
pattern, duration, change over time, associated or alleviating
factors, and interference with function). Careful attention
should be paid to potentially treatable contributing factors that
may include pain, emotional distress, sleep disturbance, ane-
mia, nutritional abnormalities, activity level, and comorbid
disease (Table 7).51

Treatment

Cancer patients with fatigue should receive adequate informa-
tion about the causes and significance of fatigue and education
regarding daily self-monitoring of fatigue levels and approach-
es to its management. They should also be reassured that
treatment-related fatigue is not necessarily an indicator of dis-
ease progression.51 A wide range of pharmacologic and non-
pharmacologic interventions have been employed to manage
fatigue in patients with cancer.

Pharmacotherapy

Pharmacologic interventions that have been employed in can-
cer patients with fatigue include hematopoietic growth factors
to treat anemia, psychostimulants, antidepressant therapy,
and corticosteroids.
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Figure 4. Factors that May Contribute to the Development
of Fatigue in Cancer Patients

Reprinted with permission from Ancoli-Israel and Moore.
The relationship between fatigue and sleep

in cancer patients: a review. Eur J Cancer Care.
Published by Wiley-Blackwell.57



As noted above, anemia is common in cancer patients
and low hemoglobin levels have been correlated with fatigue. A
systematic review of results from clinical trials of erythro-
poiesis-stimulating agents (ESA), including epoetin or darbe-
poetin alfa, indicates that treatment with these growth factors
can increase hemoglobin levels, decrease fatigue, increase
activity levels, and improve quality of life in patients with can-
cer-related anemia.65 (It should be noted that the FDA issued a
label change for these agents in 2007 directing physicians to
monitor hemoglobin levels so the patient takes the minimum
ESA dosage needed to avoid a blood transfusion. The change
was the result of recent clinical trials showing that patients
with chronic kidney failure who take higher than the recom-
mended dose of ESAs were at increased risk of death, strokes,
heart attacks and blood clots; cancer patients not on
chemotherapy taking recommended doses of ESAs also had an
increased risk of death; and those taking ESAs at the recom-
mended dose after orthopedic surgery experienced an
increased risk of blood clots.66)

Psychostimulants, most notably methylphenidate,
have been employed to treat excessive daytime sleepiness sec-
ondary to insomnia in patients with cancer. Methylphenidate
has been shown to be effective in relieving fatigue in cancer
patients in several open-label studies and one double-blind
trial. However, the potential benefits of this agent should be
weighed against its common adverse events, including irritabil-
ity, anorexia, insomnia, labile mood, nausea, and tachycardia.65

Studies of modafinil to treat fatigue as well as cogni-
tive function in cancer patients have not yet been published,
but preliminary findings from three studies presented at sci-
entific conferences suggest that this treatment may provide
benefit in reducing the severity of fatigue and improving some
aspects of cognitive function.67-69

The antidepressant paroxetine has been evaluated in
patients with cancer-related fatigue. In one study, 549 patients
who reported fatigue during their second chemotherapy cycle
were randomly assigned to 20 mg/day of paroxetine or placebo
for 8 weeks. Assessments of fatigue and depression were per-
formed at cycles 3 and 4 of chemotherapy. No difference was
detected in fatigue between patient groups, but there was a
significant between-group difference in severity of depres-
sion.70 A second double-blind clinical trial of 94 breast cancer
patients carried out by the same group indicated that treat-
ment with paroxetine also relieved depression, but did not sig-
nificantly improve fatigue in this group.71

Results from studies of corticosteroid administration
indicated that these agents decreased fatigue, relieved pain,
and improved quality of life in patients with metastatic can-
cers. It is important to note that these trials had short
durations and that longer-term trials may be warranted
because of the well-known side effects (eg, osteoporosis) of
corticosteroids.65

Nonpharmacologic interventions

Results from a large number of studies have demonstrated that
a wide range of nonpharmacologic interventions, including
exercise and CBT, are effective in decreasing fatigue in cancer
patients.

A large number of studies have demonstrated a sig-
nificant benefit from exercise in patients with cancer-related
fatigue. Results from these trials have demonstrated that both
hospital- and home-based exercise programs can significantly
decrease fatigue and psychological distress, and improve
quality of life.72-74

Cognitive-behavioral therapy (CBT) for insomnia has
also been shown to have significant benefit in reducing the
severity of insomnia and fatigue in cancer patients in con-
trolled clinical trials. Results from a small study that included
10 patients with metastatic breast cancer and insomnia indi-
cated that CBT resulted in improvements in sleep efficiency
and total wake time. Treatment also decreased fatigue and
improved mood and global and cognitive dimensions of quality
of life.75 A larger study that included 57 women with insomnia
caused or aggravated by breast cancer indicated that 8 weekly
sessions of CBT administered in a group setting resulted in sig-
nificantly better subjective sleep indices, decreased use of
medication, lower levels of depression and anxiety, and better
quality of life than a control condition. These benefits were
maintained up to 12 months after the intervention.76

The results summarized in this section provide clear
support for the use of nonpharmacologic interventions in the
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Table 7. Recommended Evaluation for Cancer Patients
With Moderate-to-Severe Fatigue

Reproduced with permission from The NCCN 4.2007
Cancer-Related Fatigue Clinical Practice Guidelines in Oncology.
©National Comprehensive Cancer Network, 2007. Available at:

http://www.nccn.org. Accessed October 3, 2007.
To view the most recent and complete version of the guidelines,

go online to www.nccn.org.51
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treatment of insomnia and fatigue in cancer patients. Such
approaches may be particularly suited for this population
because they have minimal risk for interacting with cancer
treatment, do not add to the pharmacologic burden for the
patient, and can target specific symptoms, (such as insomnia
and fatigue) that are common in this group.77

Conclusions
Fatigue and sleep disturbance are both very common in cancer
patients. These symptoms decrease patients’ ability to carry
out daily activities and decrease quality of life. Despite the

availability of pharmacologic and nonpharmacologic treatments
with proven benefit, fatigue is underdiagnosed and undertreat-
ed in this population. All cancer patients should be evaluated
for fatigue and therapy should be initiated when appropriate.
Aggressive intervention to decrease poor sleep, depression,
and fatigue in cancer patients prior to the initiation of therapy
may decrease the severity of these symptoms after the initia-
tion of treatment. This suggestion is strongly supported by
recent study results indicating all of these symptoms are exac-
erbated by cancer treatment regardless of their severity prior
to intervention.78



Abstract
Venous thromboembolism (VTE) is a serious threat to the gen-
eral population but is of particular concern in cancer patients.
As a result of their disease and its treatment, cancer patients
have a 4-7–fold increased risk of VTE compared to the general
population. Despite widespread recognition of the association
between VTE and cancer, prophylaxis remains underutilized.
Consequently, health care quality organizations have made the
use of risk-stratified VTE prophylaxis a priority for patient safe-
ty. Numerous clinical studies confirm the benefit of VTE pro-
phylaxis. The first oncology-specific guidelines for the man-
agement of VTE—developed by the NCCN—recommend that
all medical and surgical oncology patients receive risk-stratified
VTE prophylaxis upon hospital admission. Pharmacologic pro-
phylaxis with unfractionated heparin (UFH), low-molecular-
weight heparin (LMWH—eg, enoxaparin, dalteparin), or a pen-
tasaccharide anticoagulant that selectively inhibits factor Xa
(ie, fondaparinux) is preferred in the absence of contraindica-
tions. Since the risk of VTE in surgical oncology patients
extends beyond the period of acute hospitalization, extended
prophylaxis should be considered for high-risk patients follow-
ing discharge. In contrast, routine use of anticoagulant-based
central venous catheter prophylaxis is not supported by the lit-
erature. For cancer patients who develop VTE, more conven-
ient treatment options such as fondaparinux or an LMWH that
can be administered at home are replacing UFH as the standard
of care for acute therapy. Since vitamin K antagonists such as
warfarin are associated with inferior outcomes in cancer
patients with VTE, NCCN guidelines recommend that physi-
cians strongly consider employing monotherapy with a LMWH
for the first 3-6 months of therapy.

Introduction
Venous thromboembolism is a common complication of cancer and
its treatment, and is a significant source of morbidity and mortali-
ty in patients with malignancies.79 Cancer has been shown to be a
significant independent risk factor for the development of VTE
and increases the risk of thrombotic events by 4-7–fold.80,81 Venous
thromboembolism has been demonstrated to occur in about 15%
of cancer patients, and these events result in a 2-3–fold increase in
mortality risk in this population.82,83 Morbidity associated with VTE

includes post-thrombotic syndrome (occurring in 37% of patients
over 2 years of follow-up),84 and recurrent thrombosis and bleed-
ing (occurring in 21% and 12%, respectively, over 1 year).85

Despite the availability of a wide range of agents for
VTE prophylaxis, the occurrence of VTE events is increasing in
cancer patients. Over the period from 1979 to 1999, the inci-
dence of venous thromboembolism in cancer patients increased
from approximately 1.5 to 3.5 per 100 hospital discharges.86

Etiology of VTE in Cancer Patients
The pathophysiologic mechanisms that give rise to the
increased risk for VTE in cancer patients are not fully under-
stood. It has been noted that cancer patients have evidence of
activation of the coagulation cascade, even in the absence of
symptomatic thrombosis. Investigators have documented that
cancer patients have elevated levels of several markers of acti-
vated coagulation including elevated levels of thrombin-
antithrombin complexes, prothrombin fragment 1 + 2, and D-
dimer.87 The process by which cancer cells trigger activation of
the coagulation cascade is multifactorial. A wide variety of can-
cer cells have been demonstrated to express tissue factor, a key
cofactor in the initiation of coagulation, and cancer procoagu-
lant, a cysteine protease that can activate coagulation factor
X.79 These factors directly activate the coagulation cascade.
Tumor cells can also indirectly activate coagulation through the
production of proinflammatory/procoagulant cytokines (such
as IL-1, IL-8, and tumor necrosis factor-�) that trigger tissue
factor expression by monocytes and endothelial cells, upregu-
late expression of anti-fibrinolytic proteins such as plasmino-
gen activator inhibitor (PAI-1) and downregulate endogenous
anticoagulants such as the protein C anticoagulant pathway.
Interleukin-8 also acts as a chemoattractant for neutrophils,
which may adhere to the vascular endothelium and promote
thrombus formation.88 Extrinsic compression of vessels by
lymph node or tumor masses can lead to venous stasis and ves-
sel wall injury that may also contribute to the development of
VTE in cancer patients.79,87

Cancer-Related Thrombosis:
Can It Be Related to a Symptom Cluster?

Michael B. Streiff, MD
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Risk Factors for VTE in Cancer Patients
A number of factors are associated with an increased risk for
thromboembolism in cancer patients. These risk factors
include advanced age, the type (the risk is highest in patients
with pancreatic and brain tumors) and extent (patients with
metastatic cancer are at greater risk than those with localized
disease) of cancer, major surgery, immobility, chemotherapy,
hormonal therapy, radiotherapy, treatment with anti-
angiogenic agents, central venous catheters, acute medical ill-
ness, a previous history of VTE, thrombophilia, and obesity.88,89

Failure to prescribe adequate prophylaxis also con-
tributes to the increased burden of thrombotic disease experi-
enced by cancer patients. Results from the FRONTLINE survey
of 3891 respondents indicated that only 52% of surgeons and
less than 5% medical oncologists routinely prescribed throm-
boprophylaxis in their cancer patients. In addition, 24% of
medical oncologists and 11% of cancer surgeons reported using
aspirin for VTE prophylaxis, despite the absence of good evi-
dence supporting the effectiveness of this agent in the preven-
tion of VTE in cancer patients.90 These results highlight the
need for continued educational programs that increase aware-
ness among providers regarding the risk of VTE in cancer
patients and optimal approaches to prophylaxis.

VTE Prophylaxis in Cancer Patients:
Current Guidelines
The NCCN recommends that all cancer patients at risk receive
prophylaxis against VTE. Patient characteristics placing them
at high risk for thromboembolism are summarized in Table 8.
Patients without contraindications to pharmacotherapy (ie,
recent central nervous system bleeding, intracranial or spinal
lesion at high risk for bleeding, significant active or chronic
bleeding, thrombocytopenia, severe platelet dysfunction,
underlying bleeding disorder, epidural anesthesia/lumbar punc-
ture, or high risk for falls) should be treated with a LMWH
(enoxaparin, tinzaparin, or dalteparin), the pentasaccharide
fondaparinux, or UFH. Agents demonstrated to be effective for
extended outpatient VTE prophylaxis include LMWH, fonda-
parinux, and warfarin adjusted to an International Normalized
Ratio of 2 to 3. Those with a contraindication to anticoagulant
prophylaxis should receive mechanical prophylaxis with gradu-
ated compression stockings and sequential compression
devices until this contraindication is no longer present.89

Benefits of VTE Prophylaxis

Prophylaxis in medical patients

Two recent meta-analyses of results from clinical trials have
demonstrated significant benefit of VTE prophylaxis in medical
patients.91,92 Dentali et al examined nine randomized trials,
including 19958 patients, that compared anticoagulant prophy-
laxis versus no treatment in hospitalized medical patients. The
investigators found that prophylaxis was associated with a sta-
tistically significant 60% reduction in the risk of pulmonary
embolism (PE) and fatal PE and with a trend toward fewer

symptomatic deep venous thromboses (DVT) and an increase
in major bleeding. Anticoagulant prophylaxis had no effect on
all-cause mortality.91 Similar results were obtained by a second
meta-analysis performed by Wein et al. These investigators
analyzed 36 studies comparing UFH, LMWH/heparinoid, and
fondaparinux to control/placebo as well as twice-daily (BID)
and thrice-daily (TID) UFH compared to each other and
LMWH/heparinoid. They found that anticoagulant prophylaxis
with either UFH, LMWH/heparinoid, or fondaparinux reduced
the risk of DVT by 55% (relative risk [RR] 0.45; 95% confidence
interval [CI], 0.39-0.53) and PE by 43% (RR 0.57; 95% CI, 0.45-
0.72) compared with no prophylaxis. Thrice-daily UFH was
associated with a greater risk reduction in DVT (RR, 0.27; 95%
CI, 0.20-0.36) than twice-daily UFH (RR, 0.52; 95% CI, 0.28-
0.96). LMWHwas associated with a lower risk of DVT than UFH
(RR, 0.68; 95% CI, 0.52-0.88) with no significant difference in
PE, major bleeding, or mortality.92

Prophylaxis with LMWH versus no treatment
or unfractionated heparin in surgical patients

VTE prophylaxis also has significant benefits in surgical
patients. Mismetti and colleagues analyzed 59 randomized
studies of 54144 general surgical patients that received LMWH,
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UFH, or placebo/control for VTE prophylaxis. Eight studies
including 5520 patients compared LMWH with placebo/no
treatment. In these, LMWH significantly decreased the risk of
asymptomatic DVT, clinical PE, and clinical VTE compared
with no treatment or placebo. LMWH was compared with UFH
in 51 studies that enrolled 48 624 patients. LMWH was associ-
ated with a significant reduction in clinical VTE compared with
UFH while asymptomatic DVT, clinical PE, mortality and bleed-
ing were similar in both treatment groups.93

LMWH versus factor Xa inhibition

Direct inhibition of factor Xa with fondaparinux has been
shown to be at least as effective as administration of the LMWH
dalteparin for prophylaxis against VTE in patients undergoing
high-risk abdominal surgery. In a double-blind, double-dummy
randomized study, patients scheduled for major abdominal sur-
gery under general anesthesia received once-daily subcuta-
neous injections of fondaparinux or dalteparin for 5-9 days.
Among 2048 patients evaluable for efficacy, 4.6% of those who
received fondaparinux had VTE, versus 6.1% of those adminis-
tered dalteparin; this difference represented a relative risk
reduction of 24.6% (95% CI, -9.5% to 47.9%) indicating that
fondaparinux was at least as effective as dalteparin in preven-
tion of VTE in patients undergoing major abdominal surgery.
Among these cancer surgery patients, 4.7% of those who
received fondaparinux and 7.7% of those administered dal-
teparin had VTE; a 39% relative risk reduction (95% CI, 6.7 to
59.7) for VTE with fondaparinux compared to dalteparin.
Overall, major bleeding was observed in 3.4% of patients who
received fondaparinux versus 2.4% of those administered
dalteparin.94

Importance of long-term prophylaxis
in patients undergoing cancer surgery

The clinical impact of VTE on patient outcomes is underscored
by the results of the @RISTOS Project, a prospective observa-
tional study of 2373 cancer patients undergoing general, uro-
logic, or gynecologic surgery. Overall, 81.6% of patients
received inpatient VTE prophylaxis, but only 30.7% continued
to receive prophylaxis after discharge. Symptomatic VTE
developed in 2.1% of patients with 40% of events occurring
more than 21 days after surgery. VTE was responsible for 46%
of patient deaths during the 30-day follow-up period. In com-
parison, only 7% of deaths were due to bleeding. Risk factors
for VTE included a previous history of VTE (odds ratio [OR]
6.0; 95% CI, 2.1-16.8), operative times of 2 hours or more (OR
4.5; 95% CI, 1.1-19.0), bed rest for more than 3 days (OR 4.4;
95% CI, 2.5-7.8), advanced stage disease (OR 2.7; 95% CI, 1.4-
5.2) and age 60 years or more (OR 2.6; 95% CI, 1.2-5.7). These
data indicate the importance of optimizing VTE prophylaxis in
cancer surgery patients and considering extended prophylaxis
in high-risk subjects.95

Results from two large-scale clinical trials have
demonstrated the effectiveness of prolonged prophylaxis with
LMWH (dalteparin or enoxaparin) in patients undergoing
major surgery. The ENOXACAN II study included 332 patients
undergoing planned curative open surgery for abdominal or

pelvic cancer who received enoxaparin daily for 6-10 days and
were then randomly assigned to enoxaparin or placebo for an
additional 21 days. The rates of VTE at the end of double-blind
treatment were 4.8% for enoxaparin versus 12.0% for placebo.
At 3 months after surgery, the respective values were 5.5% and
13.8%. There were no between-group differences in bleeding
or other complications.96

More recently, Rasmussen and colleagues carried out
a multicenter, prospective, assessor-blinded, open-label, ran-
domized trial that compared 7 versus 28 days of prophylaxis
against VTE with dalteparin in 427 patients undergoing major
abdominal surgery. The primary efficacy endpoint was objec-
tively verified VTE occurring between 7 and 28 days after sur-
gery. The rates of VTE with short- and long-term prophylaxis
were 16.3% and 7.3%, respectively; the risk for bleeding events
was not increased with long- versus with short-term
prophylaxis.97

Catheter prophylaxis

While results from individual clinical trials and meta-analyses
provide strong support for VTE prophylaxis in medical and sur-
gical cancer patients, the case for prophylaxis to prevent cen-
tral venous catheter thrombosis is less clear. Two early open-
label studies that evaluated VTE in patients with long-term
catheter placement using venography indicated that low-dose
warfarin (1 mg daily) and dalteparin (2500 IU daily) were each
significantly more effective than no treatment.98,99 Results from
the study of low-dose warfarin found that 9.5% of patients
receiving warfarin developed symptomatic VTE versus 25% of
those who did not receive treatment.98 More recent studies that
have evaluated both LMWH and warfarin in patients with long-
term catheters have failed to demonstrate significant benefit of
prophylaxis in decreasing clinical or venographic VTE.100-102

Consequently, at this time, available data do not support rou-
tine use of VTE prophylaxis to prevent central venous catheter
thrombosis.

Alternatives for long-term VTE treatment
in cancer patients

With conventional treatment of VTE using warfarin, cancer
patients are 3-fold more likely to suffer recurrent thromboem-
bolism and 2-6–fold more likely to suffer major bleeding than
patients without cancer.85,103 This disparity in clinical outcomes
has prompted investigation of the efficacy and safety of LMWH
in the long-term treatment of VTE in cancer patients. In the
CANCENOX study, Meyer and colleagues compared enoxa-
parin (1.5 mg/kg daily) to warfarin for 3 months in an open-
label multicenter trial of 146 cancer patients undergoing treat-
ment of VTE. The primary endpoint was a composite of major
bleeding and recurrent VTE. At the end of 3 months of follow-
up, 21.1% of patients treated with warfarin experienced events
compared with 10.5% of those receiving enoxaparin (P = 0.09).
There was also a trend toward greater mortality in the warfarin
arm (22.7% vs 11.3%, respectively, P = 0.07). There were 6
deaths resulting from hemorrhage among the patients who
received warfarin versus none in the enoxaparin group.104
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The LITE (Long-term Innovations in TreatmEnt)
study randomized 200 cancer patients with VTE to tinzaparin
(175 IU/kg daily) for the entire 3-month treatment course ver-
sus initial therapy with UFH (at least 5 days) followed by long-
term (84 days) warfarin therapy.105 At 3 months, 6 patients on
tinzaparin and 10 on warfarin had suffered recurrent throm-
boembolism. By 12 months 7 patients taking tinzaparin and 16

patients taking warfarin experienced a recurrent VTE (P =
.044). Major bleeding (7% versus 7%) was identical in both
treatment groups. The largest randomized study of LMWH in
the treatment of VTE in cancer patients is the Comparison of
Low-Molecular-Weight Heparin versus Oral Anticoagulant
Therapy for the Prevention of Recurrent Venous Thromboem-
bolism in Patients with Cancer (CLOT) study. Lee et al com-
pared 6 months of treatment with dalteparin versus a coumarin
derivative in 672 patients with acute, symptomatic proximal
DVT, PE, or both. Over the 6-month follow-up period, 8.0% of
the patients who received dalteparin had recurrent VTE versus
15.8% of those in the coumarin group (Figure 5). The respec-
tive rates for major bleeding were 6% and 4%.106 As a conse-
quence of these studies, LMWH is recommended as the pre-
ferred treatment for patients with advanced cancer for the first
3-6 months of therapy.89

Conclusions
The results reviewed in this paper indicate that VTE occurs
often in cancer patients and is a major cause of morbidity and
mortality. A major reason for the high risk of VTE among can-
cer patients is underutilization of prophylaxis. All cancer
patients should be assessed for VTE risk factors on admission
to the hospital and receive appropriate prophylaxis.
Unfractionated heparin, LMWH, and fondaparinux are appro-
priate pharmacologic options for VTE prophylaxis in cancer
patients, and extended prophylaxis should be considered for
cancer surgery patients. Low-molecular-weight heparin should
be strongly considered for chronic therapy of VTE in cancer
patients.

Figure 5. Kaplan-Meier Estimates of the Probability
of Symptomatic Recurrence of VTE in Patients with Cancer

who Received Dalteparin or a Coumarin Derivative as
Secondary Prophylaxis

Reproduced with permission from Lee et al, N Engl J Med.
2003;349(2):146-153. ©2003 Massachusetts Medical Society.

All rights reserved.106
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Posttest

To receive continuing education credit, complete the posttest
answer form and evaluation on page 27 and follow the instructions.

1. Which of the following has not been identified as a symptom cluster
in cancer patients?

a. Fatigue-anorexia-cachexia
b. Neuropsychological
c. Upper gastrointestinal
d. Urological

2. Which of the following cytokines/chemokines has been implicated
in symptom clustering in cancer patients?

a. IL-2
b. IL-12
c. ICAM-1
d. IL-6

3. True or false: Oncology physicians and nurses accurately estimate
the risk for acute, but not delayed, emesis in their patients.

True False

4. Which of the following statements regarding the ASCO guidelines
for managing emesis in cancer patients is correct?

a. The combination of a serotonin-receptor antagonist,
dexamethasone, and aprepitant is recommended
for patients receiving agents with low emetic risk.

b. Treatment with a serotonin-receptor antagonist alone
is recommended in patients receiving agents with high
emetic risk.

c. Dexamethasone is not recommended as monotherapy
for any patients.

d. The combination of a serotonin-receptor antagonist,
dexamethasone, and aprepitant is recommended for
patients receiving agents with high emetic risk.

5. True or false: End-of-dose pain occurs because of inadequate analgesic
dosing or an overly long dosing interval and should prompt re-evaluation
and modification of the treatment regimen.

True False
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6. A survey of 1095 patients indicated that which of the following was
associated with increased risk for the development of breakthrough pain?

a. Localized disease
b. Metastatic disease
c. Pulmonary involvement
d. Treatment with opioids

7. The guidelines set forth by the NCCN indicate that which of the
following contributes to the development of fatigue in cancer patients?

a. Anemia
b. Obesity
c. Advanced age
d. Low Karnofsky Performance Score

8. Which of the following statements about the effects of paroxetine in
patients with cancer-related fatigue is true?

a. Paroxetine relieved pain
b. Paroxetine increased sleep efficiency
c. Paroxetine decreased symptoms of depression
d. Paroxetine decreased fatigue

9. Which of the following has not been associated with increased risk
for VTE in cancer patients?

a. Advanced age
b. Type and extent of cancer
c. Sex
d. Treatment with anti-angiogenic agents

10. Agents recommended for long-term management of cancer patients at
risk for VTE include which of the following?

a. LMWH
b. UFH
c. Fondaparinux
d. Antithrombin-III
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A passing score of 70% or higher on the posttest
awards the participant 2.0 AMA PRA Category 1
CreditsTM. To claim continuing education credit,
individuals must complete the self-study activity,
posttest and evaluation forms and fax or mail them
(postmarked by November 30, 2008) to:

Released: November, 2007
Expires: November 30, 2008

Attn: Distance Education FAX: 859-323-2920 PROGRAM CODE: MEN07231
University of Kentucky
Pharmacy and Medicine
Continuing Education Office
One Quality Street, 6th Floor
Lexington, KY 40507-1428

Participants may also earn credit online by going
to www.CECentral.com/getcredit and entering the
program code, then completing the posttest and
evaluation form electronically.
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for Continuing Education Credit

SYMPTOM CLUSTERS IN SUPPORTIVE
& PALLIATIVE CARE:

MOVING TOWARD THE NEW FRONTIER
IN MANAGING CANCER PATIENTS

Name:

Credentials: Specialty:
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Daytime Phone: Fax:
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Posttest Answers (circle the correct answer)

1. a b c d 6. a b c d

2. a b c d 7. a b c d

3. True False 8. a b c d

4. a b c d 9. a b c d

5. True False 10. a b c d

Evaluation Poor Satisfactory Excellent
1. Extent to which the objectives were achieved: 1 2 3 4 5
2. Potential impact on your practice: 1 2 3 4 5
3. Detail of information presented: 1 2 3 4 5
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5. Suggestions for future CE topics:
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