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Foreword

Patients with cancer, in general, are living longer. Even those with advanced, meta-
static disease have shown an increase in the length of their survival. For many, cancer
has become a “chronic” disease. This, in part, is due to better therapies, novel treat-
ments, and the multimodality approaches to treating many cancers.

Supportive care of the cancer patient begins with the diagnosis of cancer and termi-
nates with the end of life. The support given to the cancer patient is along a continuum
of care whether or not the individual is actively being treated for the malignancy. The
supportive care is for symptoms related to the cancer and/or its treatment; physical,
psychosocial, and emotional issues associated with the cancer; and, finally, end-of-life
decisions. In addition to the cancer patient, supportive care is also provided to family
and caregivers of the patient.

As the population ages, cancer has become more prevalent. This book gives special
consideration to older patients with cancer because of issues related to their frailty and
comorbidities and the effect of these issues on treatment. Reflecting recognition of these
needs, there is now an entire discipline called Geriatric Oncology.

In this volume, Supportive Care in Cancer Therapy, a part of the “Cancer Drug Dis-
covery and Development” series, the contributors provide an up-to-date, concise review
of specific consequences of cancer and its treatment. The chapters will allow the reader
to better understand the sequelae associated with all aspects of cancer and how to treat
them in order to achieve control of symptoms and provide psychosocial care to improve
the quality of life of the cancer patient. In addition, the reader will gain information on
the care of the older patient as well as the dying patient.

Chapters 1-6 (1 — Dyspnea, 2 — Skeletal Metastases, 3 — Cancer Pain, 4 — Anorexia
and Cachexia, 5 — Fatigue, and 6 — Deep Vein Thrombophlebitis and Clotting Problems)
deal with usual consequences of the cancer itself; in addition, the subjects addressed in
Chapters 4-6 could also be associated with cancer therapy. Chapter 7 (Depression) is
a common problem once the diagnosis of cancer is made. The problems discussed in
Chapters 8—13 (8 — Anemia, 9 — Myeloid Growth Factors, 10 — Nausea and Vomiting,
11 — Oral Mucositis, 12 — Constipation and Diarrhea, and 13 — Menopausal Symptoms)
for the most part are a consequence of treatment of cancer. Chapter 14, which deals
with treating Elderly Patients with Cancer, has great significance as cancer in the older
patient becomes more prevalent and older patients are considering the therapeutic options
available to them. Chapter 15 (Complementary and Alternative Medicine) discusses
therapies that more and more cancer patients want or about which they are seeking
information. Chapter 16, the final chapter, deals with End-of-Life Decisions. As many
cancers are or become advanced and terminal, this chapter provides the reader with a
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viii Foreword

useful and thoughtful approach to dealing with patients, families, and caregivers when
such decisions have to be made.

The contributors to this volume provide the reader with a clearly stated and under-
standable, practical review of issues relating to supportive care of the cancer patient. It
is hoped that this book will assist those individuals whose challenge and privilege it is to
care for the cancer patient to better understand all of the consequences of cancer and its
treatment as well as how to apply this information to the treatment of their patients.

Baltimore, MA David S. Ettinger, MD
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1 Management of Dyspnea

Jay R. Thomas
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SUMMARY
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ABSTRACT

Unfortunately, dyspnea is a common symptom in supportive care and the source of much
suffering. As we understand more about the pathophysiology of dyspnea, we can better
assess it, reverse its root causes when possible, and symptomatically treat it when reversal
is not possible. This chapter focuses predominantly on the symptomatic relief of dyspnea.
Because all interventions have benefits and burdens, any particular intervention must be
assessed in the context of a patient’s goals of care. Although invasive and pharmacologic
interventions can be useful in many patients, because dyspnea is a subjective phenomenon,
psychosocial/spiritual support is needed in all patients.

Key Words: Dyspnea; Cancer; Opioids; Supportive care; Palliative care; Management.

DEFINITION/EPIDEMIOLOGY

Dyspnea, most simply defined as an uncomfortable sensation or awareness of
breathing, can be a very distressing symptom for many cancer patients and, concomi-
tantly, for their caretakers. Because of the subjective nature of this perceived difficult
breathing, there are no objective measures of dyspnea. It is not the respiratory rate,
oxygen saturation, or pO, that defines dyspnea. Moreover, due to its subjective nature,
psychological, social, and spiritual/existential issues can amplify the suffering a per-
son experiences. As in the palliation of “total” pain or “total” suffering, optimal dyspnea

From: Cancer and Drug Discovery Development: Supportive Care in Cancer Therapy
DOI: 10.1007/978-1-59745-291-5_1, Edited by: D. S. Ettinger © Humana Press, Totowa, NJ
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management requires understanding the patient as a whole person in addition to
understanding the relevant physiology.

Dyspnea is a common complaint of patients with both cancer and non-cancer diagnoses.
Seventy-one percent of terminally ill patients, in a representative sample population of 988
Americans being cared for in their homes, exhibited shortness of breath (/). Among cancer
patients, dyspnea prevalence ranges from 21 to 90%, depending on the severity of the
underlying cancer and proximity to death (2—4). While dyspnea may be expected in cases
with primary or metastatic involvement of the lung, it is also a common complaint of
patients with no direct lung involvement. Twenty-four percent of cancer patients in one
study complained of dyspnea for which no cardiopulmonary pathology was determined
(4). Additionally, preexisting cardiopulmonary problems, such as chronic obstructive pul-
monary disease (COPD) and congestive heart failure (CHF), common causes of chronic
progressive dyspnea, are present in many patients diagnosed with cancer.

PATHOPHYSIOLOGY OF DYSPNEA

To better understand dyspnea, familiarity with the regulation of normal respiration is
required. The respiratory center in the medulla and pons coordinates the activity of the
diaphragm, the intercostal muscles, and accessory muscles of respiration (See Fig. 1).
Although incompletely understood, the brain appears to receive and integrate the fol-
lowing information in the control of respiration:

1. Chemoreceptor detection of oxygen and carbon dioxide levels
2. The physical effort of breathing
3. Neuromechanical dissociation (35, 6)

Chemoreception

Oxygen and carbon dioxide levels are monitored by central and peripheral chemore-
ceptors. Detection of hypercapnia is the job of medullary chemoreceptors while carotid
and aortic body chemoreceptors predominantly sense hypoxemia. Independent of
increased respiratory effort, signals from these chemoreceptors can lead to dyspnea
(7, 8). Hypoxemia plays a much less significant role in dyspnea than is commonly
assumed. Peripheral chemoreceptors require relatively severe levels of hypoxemia for
activation (9). Additionally, hypoxemia triggers a compensatory increase in ventilation
that drives down the carbon dioxide level, partially negating the effect of the hypoxemia.

Effort of Breathing

Lung expansion and contractile force information is transmitted by peripheral mech-
anoreceptors in muscles, tendons, and joints. A feeling of dyspnea can be triggered by
the increased effort required for breathing against increased resistance (e.g., COPD), or
breathing with weakened muscles (e.g., neuromuscular disease or cachexia). This
increased work of ventilation is relayed by mechanoreceptors to the central nervous
system. Furthermore, dyspnea is enhanced by the efferent signals from the central nerv-
ous system that activate the breathing apparatus. There is evidence that these efferent
signals are also delivered concurrently to the cortex where they presumably enhance the
perception of breathlessness.
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Fig. 1. Respiratory System Afferent and Efferent Signalling

Pulmonary vagal afferents are also involved in respiratory regulation: (/) pulmonary
stretch receptors are activated by lung inflation, (2) pulmonary irritant receptors are
triggered by specific chemicals, airflow, and smooth muscle tone, and (3) alveolar C
fibers respond to pulmonary interstitial and capillary pressure.

Pulmonary afferents may also transmit information directly to the cerebral cortex.
The possible role of vagal afferents is elucidated by an experiment comparing dyspnea
induced by bronchoconstriction to dyspnea induced by an external increase in breathing
load (10). In both cases, the work of breathing was similar but bronchoconstriction
induced greater dyspnea. Inhaled lidocaine blocked dyspnea from bronchoconstriction;
however, dyspnea from external resistance was not relieved. This result implicates pul-
monary afferent involvement in some causes of dyspnea.

Neuromechanical Dissociation

Lastly, the theory of neuromechanical dissociation describes dyspnea as occurring
when there is a discrepancy between the brain’s expectations for respiration and the
sensory feedback it receives (/7). One study artificially limited the inspiratory flow rate
of subjects, resulting in dyspnea even though there was no change in respiratory work
or chemical status (12).
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Clinical Causes of Cancer-Related Dyspnea

Potentially there are multiple, independent, and synergistic mechanisms that can
trigger dyspnea. Dudgeon and Lertzman (/3) performed a prospective analysis of 100
advanced cancer patients with dyspnea in an attempt to better understand its causes.
They found that 49% had lung cancer; 65% had lung or pleural involvement; 40% were
hypoxemic with O, saturation < 90%; 12% had Pa_,> 45 mmHg; 52% had a compo-
nent of bronchospasm; 29% had evidence of cardiac ischemia, CHF, or atrial fibrilla-
tion; and 20% were anemic with a hemoglobin concentration less than 10 g%.
Pulmonary function tests revealed that 5% had an obstructive pattern, 41% had a
restrictive pattern, and 47% had mixed obstructive/restrictive pattern. The median
maximum inspiratory pressure (MIP) was =16 cm H,O (normal =2 =50 cm H,0), indi-
cating that respiratory muscle weakness was significant. None of their patients had
received chemotherapy that can cause pulmonary disease but 40% had radiation ther-
apy that included at least a portion of the lungs. Not surprisingly, the average tally of
potential causes of dyspnea per patient was five. Although this study is small, limiting
its ability to be generalized, it implies that the cause of dyspnea is often multifactorial
in cancer patients.

This multifactorial nature is an important consideration in the consideration of poten-
tial interventions. While a particular intervention may reduce one contributor to dysp-
nea, the overall clinical impact depends on the remaining causative factors. As an
illustration, a thoracentesis may not necessarily bring relief from dyspnea despite the
presence of an identifiable pleural effusion; other sources may be more significant in a
particular patient. Therefore, the invasiveness of potential interventions must be
weighed against the patient’s goals of care and the likelihood of benefit.

The Language of Dyspnea

Given the multiple potential etiologies for dyspnea, there may qualitatively be
different types of dyspnea. Based on patient questionnaires, there appear to be dif-
ferent descriptors of dyspnea that may relate to the mechanistic trigger. For example,
the bronchospasm of asthma is often characterized as “tightness” whereas hypercapnia
is often described as “air hunger” (7, 14, 15). Further study will determine the reli-
ability of this descriptive/mechanistic relationship and its potential use in treatment
selection.

Cortical Involvement in the Perception of Dyspnea

To explore the link between cortical activity and perception of dyspnea, researchers
are using the functional brain imaging techniques — positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI) (/6-27). The anterior
insula, part of the limbic system, is implicated in all studies to date. Neural connections
between the medullary respiratory center and the cortex, including the anterior insula,
have been identified in animal studies (22). Neural signals from the respiratory center
may simultaneously activate respiratory muscles and targets in the anterior insula,
leading to conscious perceptions of breathing. It is of note that the perception of pain,
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hunger, and thirst also map to the anterior insula (23-29) . This leads to speculation on
the nature of the perception of unpleasant sensations, suggesting there may be a com-
mon final pathway.

DYSPNEA ASSESSMENT AND IDENTIFICATION OF ETIOLOGIES

As in all medical conditions, the history and physical examination are key elements
to diagnosis and treatment. The only accurate measure of dyspnea is patient self-report.
Validated scales such as a visual analog scale (30) or the Borg scale (37) are clinically
useful to quantify dyspnea and assess palliation. Objective measures such as respiratory
rate or arterial blood gas levels may suggest dyspnea and identify potential etiologies,
but they are not direct measures. For example, a well-palliated, alert patient with mul-
tiple potential causes of dyspnea may report no sense of dyspnea despite being hypoxic,
tachypneic, and “looking dyspneic.” Therefore it is important for healthcare providers
not to treat the look or sounds, but to carefully assess a patient’s perceptions. Especially
as advanced illness progresses and death approaches, common breathing patterns are
encountered, such as Cheynes-Stokes breathing and the breathing sounds associated
with terminal secretions (colloquially referred to as the “death rattle”). Loved ones often
interpret these patterns as dyspnea and suffering for the patient. However, despite these
appearances, there may be no dyspnea or suffering if the patient has been well palliated
or is comatose. Educating loved ones to these facts may be a vital intervention.
Moreover, since dyspnea is subjective, cognitive and emotional factors may exacerbate
it. Thus, the history should also include an assessment of a patient’s psychosocial and
spiritual stressors. Understanding the meaning the dyspnea has for the patient or how it
affects quality of life may be important in treating dyspnea and strengthening the thera-
peutic alliance.

To identify underlying etiologies for dyspnea, critical diagnostic clues may be
obtained from previous medical history, smoking history, occupational history, and
knowledge of prior radiation or chemotherapy treatments. Simple studies such as pulse
oximetry, complete blood count, and chest X-ray, in conjunction with physical examina-
tion, are generally sufficient to clarify the pertinent pathophysiology. Additional studies
may be warranted if the possible benefits of further investigation exceed the burdens.
These may include arterial blood gas determinations, pulmonary function tests, CAT
scans, echocardiograms, or ventilation-perfusion scans.

This thorough evaluation may allow us to identify and treat the underlying causes of
dyspnea. Common causes for dyspnea associated with both malignant and nonmalig-
nant processes are listed in Table 1. Description of evidence-based interventions to
reverse these etiologies is beyond the scope of this chapter.

Overall, the approach to treatment of dyspnea in supportive care is largely determined
by the individual patient’s goals of care. Tests and procedures to reverse sources of dys-
pnea may be justified if they have a reasonable probability of promoting palliation,
enhancing quality of life, and if within the parameters of these goals. For example, if a
patient has a malignant effusion and obtains relief from a therapeutic thoracentesis, it
may be appropriate to proceed to pleurodesis. However, if dyspnea does not improve
with a trial thoracentesis, it may be better to palliate the patient through other means,
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Causes of Dyspnea

Directly related to cancer

Indirectly related to cancer

Primary/metastatic parenchymal
lung involvement

Airway obstruction (intrinsic or extrinsic tumor)

Carcinomatous lymphangitis

Pleural tumor

Malignant pleural effusion

Malignant pericardial effusion

Superior vena cava syndrome

Tumor microemboli

Phrenic nerve paralysis

Atelectasis

Tracheal esophageal fistula

Chest wall invasion (carcinoma en cuirasse)
Pathologic chest wall fractures

Related to cancer therapy

Surgery (postlobectomy/pneumonectomy)
Radiation pneumonitis
Chemotherapy-induced pulmonary fibrosis
Chemotherapy-induced cardiomyopathy

Pneumonia

Cachexia

Anemia

Electrolyte abnormalities
Pulmonary embolus
Paraneoplastic syndromes
Ascites

Unrelated to cancer
Chronic obstructive pulmonary disease
Asthma

Congestive heart failure
Cardiac ischemia
Arrhythmias

Pulmonary vascular disease
Obesity

Neuromuscular disorders
Aspiration

Anxiety

Pneumothorax

Interstitial lung disease
Psychosocial/spiritual pain

rather than subjecting them to a painful procedure such as pleurodesis that requires hos-
pitalization and time away from other important life pursuits. Thus, the burdens and
benefits of every intervention must be carefully individualized and weighed. Even when
the decision has been made to attempt to reverse an underlying cause, every effort should
be made to palliate dyspnea while waiting for etiologies to be reversed. Unfortunately,
many times, the causes of dyspnea are not reversible or their reversal may not be able to
restore a patient to what they define as quality of life. In these circumstances, workup
and treatment of potential etiologies may not be appropriate. The primary objective may
be symptomatic relief of dyspnea.

SYMPTOMATIC MANAGEMENT OF DYSPNEA

Oxygen

Some practitioners use oxygen as a first-line treatment for dyspnea independent of
the etiology. Frequently, patients report improved dyspnea with oxygen even though
they are not hypoxemic or when they remain hypoxemic despite oxygen. The placebo
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effect may be a partial explanation for this observation, potentially due to the medical
symbolism inherent in the use of oxygen. Another explanation derives from studies
demonstrating that stimulation of the trigeminal nerve (V2 branch) dampens dyspnea
(32-34). In experimental subjects with induced dyspnea, cool, moving air directed at
the cheek or nasal mucosa is shown to relieve dyspnea and/or decrease ventilatory
response to provocation. This result is consistent with the clinical observation that a fan
blowing air across a patient’s face may improve dyspnea.

In patients suffering from both hypoxemia and dyspnea, the use of oxygen to treat
both conditions is reasonable. If dyspnea is unrelieved, continuation of oxygen admin-
istration may not necessarily be indicated just to treat the oxygen levels. The decision
to use oxygen must be made on an individual basis. In COPD patients with hypoxemia,
mortality may decrease with oxygen treatment, but quality of life is not significantly
affected. Use of oxygen is not universally recommended for dyspnea unless the benefits
outweigh the burdens. Oxygen is costly, explosive, restricts mobility, affects self-image,
and may cause CO, retention in some patients. As an alternative, and independent of
dyspnea etiology, a fan that provides cool, moving air across the trigeminal nerve dis-
tribution may provide some relief.

Anxiolytics

Anxiety often accompanies dyspnea, and benzodiazepines are frequently prescribed
to alleviate this symptom complex. In general, however, the data do not support the use
of benzodiazepines alone as a first line therapy for dyspnea.

Moderate doses of diazepam improved dyspnea in a placebo-controlled single-blind
study of COPD patients, but the sample size was only four (35). Subsequently, double-
blind studies on both healthy subjects and COPD patients, using diazepam or alpra-
zolam, found them no more effective than placebo (36, 37, 38). Anxiety was correlated
with dyspnea by Dudgeon and Lertzman (/3), but in their multivariate model, anxiety
accounted for only 10% of the variance of dyspnea.

Opioid use, as detailed below, may reduce or remove the perception of dyspnea, and
therefore relieve anxiety for many patients. Despite appropriate opioid dosing, some
patients may nevertheless continue to suffer from anxiety, possibly due to an underlying
anxiety disorder. For such cases, it is both safe and reasonable to coadminister benzo-
diazepines and opioids. There is no danger of respiratory depression if dosing guide-
lines are carefully followed. According to a recent single-blind study, midazolam 5 mg
SC synergizes with opioids, enhancing the palliation of severe dyspnea in patients with
advanced cancer (39).

Studies have also focused on other psychoactive agents. Conflicting results were
obtained in two studies using buspirone, a nonbenzodiazepine, hence no recommenda-
tions can be made (40, 41). Chlorpromazine, a major tranquilizer, was studied in a small
randomized, double-blind trial in healthy volunteers at a dosage of 25 mg orally (42).
Dyspnea was significantly reduced compared to placebo without an increase in seda-
tion. Larger studies will be needed to clarify the role of chlorpromazine in the sympto-
matic treatment of dyspnea. It would be a rational choice for use in dyspneic patients
also suffering from psychosis or delirium.
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Opioids

The recommended first line therapy for the symptomatic relief of dyspnea is opioids.
Though the mechanism of action is not well understood, opioid use is supported by
empirical observation and emerging knowledge of the opioid system. Both the central
and peripheral nervous systems are known to have mu receptors, the most clinically
relevant opioid receptor. Functional brain imaging techniques mentioned previously
have implicated the anterior insula region in the perception of dyspnea. Analogously,
the same region of the brain appears to be involved in the perception of pain and other
suffering. Thus, opioid action may alleviate dyspnea and pain via similar mechanisms
altering perception of noxious stimuli. The lungs are also known to contain opioid
receptors, notably concentrated in the alveoli, although their role in dyspnea remains
controversial (43).

What is known of the involvement of endogenous opioids in the control of dyspnea?
In one experiment, opioid-naive normal volunteers were exerted to the point of dyspnea
(44). A systemically acting opioid antagonist, naloxone, was administered intrave-
nously, resulting in an exacerbation of dyspnea. This effect of opioid antagonism
implies that dyspnea is normally diminished by endogenous opioids.

Moreover, multiple studies in multiple clinical populations support the safety and
effectiveness of opioids in the control of dyspnea.

Bruera et al. demonstrated opioid relief of dyspnea, without a decrease in oxygen
saturation or respiratory rate, in a placebo-controlled crossover study in cancer patients
(45). Patients were using opioids for pain with tolerable pain control at baseline, but
were dyspneic at rest. Increasing the opioid dose was effective in the relief of dyspnea
even within a background of chronic opioid use for pain. Furthermore, as little as 5 mg
of subcutaneous morphine sulfate was effective in controlling dyspnea in patients that
were opioid-naive at baseline (46). Consistent with morphine’s half-life and kinetics of
pain relief, the opioid-mediated control of dyspnea persisted for 4 h. In cancer patients,
a 25% increase in the baseline opioid pain dose also provided relief of dyspnea for up
to 4 h, as shown by Allard et al. (47).

As stated previously, cancer patients often have comorbid conditions that predispose
to dyspnea such as CHF and COPD. The use of opioids to relieve dyspnea in opioid-
naive CHF patients has been investigated in three small randomized, double-blind pla-
cebo-controlled studies. New York Heart Association (NYHA) class II or III patients
with an average ejection fraction of 21.3%, despite a proper medical regimen, were
studied by Chua et al. (48). Patients receiving a single oral dose of dihydrocodeine (1
mg/kg) had better exercise tolerance with less dyspnea compared to placebo 1 h after
dosing. Williams et al. looked at bolus dosing with intravenous diamorphine (1 or 2 mg)
versus placebo just before exercise (49). Diamorphine yielded a significant improve-
ment in aerobic exercise capacity in CHF patients with an average ejection fraction of
35.5%, without suppressing respirations. Stable NYHA class III or IV patients on
appropriate medical regimens were treated by Johnson et al. with either placebo or
morphine, 5 mg orally four times daily over 4 days, using a cross-over study design
(50). Morphine, at steady state, significantly reduced breathlessness on a visual ana-
logue scale without depression of respiration. Chronic opioid treatment was beneficial
to several patients who remained on opioids after conclusion of the study.
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Opioids have also been used effectively in COPD patients for treatment of dyspnea.
Opioid-naive COPD patients in one study, having an average FEV | (forced expiratory
volume in one second) of 0.99 L, Pa, , < 46 mmHg, and Pa_, > 55 mmHg, were given
a single dose of oral morphine (0.8 mg/kg) prior to exercise (57). The typical starting
dose of 2.5-5 mg oral morphine for a COPD patient is several fold smaller than this
0.8 mg/kg dosing, for which a 70-kg patient would receive 56 mg of morphine. Despite
the large dose, respiration was not suppressed in a life-threatening way, although there
was an increase in Pa_, and decrease in Pa ,. Both exercise tolerance and dyspnea were
improved. Another study group was comprised primarily of COPD patients (88%) who
were dyspneic at rest despite maximal medical therapy (52). In this randomized,
double-blind, placebo-controlled crossover trial, opioid-naive patients received either
placebo or 20 mg of sustained release morphine per day over 4 days. Abernathy et al.
show that at steady state, morphine significantly decreased visual analogue scores for
dyspnea compared to placebo controls, also without respiratory suppression.

Due to the small sample size in most studies of opioid treatment of dyspnea, gener-
alizability can be questioned. A systematic meta-analysis of previously published stud-
ies has been performed by Jennings et al. to address this problem (53). This review
assesses the efficacy of opioids in treating dyspnea from any cause, including in the
analysis only double-blind, randomized, placebo-controlled studies. Nine studies using
parenteral or oral opioids (1 for cancer, 1 for CHF, and 7 for COPD), and 9 studies using
nebulized opioids (1 for cancer, 7 for COPD, and 1 for interstitial lung disease) were
examined. The meta-analysis demonstrated a statistically significant improvement in
dyspnea. The COPD studies alone were analyzed as a subgroup, and they also demon-
strated the efficacy of opioids for dyspnea relief. In all studies, opioids caused no
deaths; however, common opioid side effects such as nausea, lethargy, and constipation
were present. Tolerance typically develops to these side effects, with the exception of
constipation, but they are predictable and should be treated proactively when chronic
opioids are prescribed. Patients should be monitored for severe adverse events; however,
the half-life of short-acting opioids ensures that any adverse event is equally short-lived.
In the rare circumstances where adverse events are severe, we also have highly effective
specific antagonists as antidotes to quickly reverse any deleterious effects.

Overall, a rational approach to the control of chronic dyspnea might therefore include
both a sustained release opioid for baseline control and an immediate release opioid for
breakthrough dyspnea, comparable to chronic pain regimens. For an opioid-naive patient,
a reasonable starting dose might be 2.5-5-mg oral morphine equivalent. Maximal clinical
response will be evident after waiting for the appropriate amount of time to reach maximal
serum concentrations (7' ). For hydrophilic opioids, such as morphine, oxycodone, or
hydromorphone, oral T is ~1 h, subcutaneous 7 is ~30 min, and IV T is ~6 min. If
dyspnea is not tolerable at this time to C__, the dose can rationally and safely be repeated.
In fact, if dyspnea still remains mild to moderate, the dose could be titrated up to 25-50%.
If the dyspnea remains moderate to severe, the dose could be titrated up to 50-100%. In
this manner, many patients can be acutely titrated to a tolerable level of dyspnea. Twenty-
four-hour opioid requirements can then be tallied and converted to a long-acting opioid
regimen. To treat breakthrough dyspnea, analogously to breakthrough pain, 5-15% of the
24-h opioid dose can be provided orally every hour (the oral 7 ) as needed.
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Nebulized Opioids

In contrast to the efficacy of systemically acting opioids, a subgroup analysis in the
previously cited meta-analysis of studies using nebulized opioids failed to demonstrate
any significant benefit despite known lung opioid receptors and anecdotal reports that
nebulized opioids improve dyspnea. Opioid antagonists that act exclusively peripherally
may help to elucidate the role of opioid receptors outside the central nervous system
(CNS), particularly in the lung. Certain antagonists are unable to cross the blood—brain
barrier, making it possible to block lung opioid receptors without affecting those in the
CNS. In this manner, it will be possible to determine the contribution, if any, of the lung
opioid receptors. Two such peripheral antagonists, methylnaltrexone and alvimopan, are
currently undergoing clinical trials for opioid-induced constipation. Anecdotally, the
author has treated several patients on opioids at least partially for dyspnea, who had
opioid-induced constipation. When treated with subcutaneous methylnaltrexone, suc-
cessful laxation occurred, implying successful antagonism at gastrointestinal mu recep-
tors; however, there was no observed worsening of dyspnea. Presumably, lung mu
receptors should have been antagonized as well and the lack of any effect raises the
possibility that lung mu receptors play little if any role in the palliation of dyspnea.
However, definitive conclusions await formal controlled trials.

Lidocaine

Inhaled lidocaine has been shown to decrease dyspnea that is experimentally induced
by bronchoconstriction, as previously cited (/0). Lidocaine did not, however, prove
more effective than saline placebo in small studies of patients with interstitial lung dis-
ease (54) and cancer (55). It is possible that only certain subsets of dyspnea are respon-
sive to inhaled lidocaine, but larger studies would be required to discover a clinical role
for lidocaine in dyspnea treatment.

Furosemide

Nebulized furosemide has been noted in case reports to relieve severe dyspnea in
cancer patients (56, 57). In rat studies, nebulized furosemide increased the activity of
pulmonary stretch receptors (58). Manning et al. showed that increased activity of these
stretch receptors can diminish dyspnea in humans (59). Nebulized furosemide (40 mg)
was partially effective in relieving dyspnea in human clinical trials where dyspnea was
experimentally induced (60, 61). Although diuresis was not noted in the case studies,
Moosavi et al. observed clinically significant diuresis in their experimental setting.
Although more studies in patients with dyspnea are needed, there is mounting evidence
that nebulized furosemide may be an effective adjunct to the treatment of dyspnea.

NONPHARMACOLOGIC THERAPIES

Cognitive/Behavioral Interventions

Dyspnea occurs, not in a void, but in the context of a whole person. The philosophy
behind supportive and palliative care is that optimal treatment of symptoms, including
dyspnea, requires an understanding of the psychological, social, and spiritual/existential



Chapter 1 / Management of Dyspnea 11

milieu of the individual. Resolution of psycho/social issues and problems may enhance
the relief of physical symptoms. Assisting patients and families with education, practi-
cal care issues, interpersonal relationships, coping with fears, redefining meaning and
hope, and attaining a self-defined sense of peace despite illness, are all part of palliation.
Addressing the many facets of life, and death, requires the expertise of an interdisciplinary
team. Clinical studies are beginning to support this concept.

One multicenter, randomized, controlled trial evaluated the effectiveness of nurse-run
clinics for lung cancer patients with dyspnea (62). This approach is similar to that used
in pulmonary rehabilitation clinics for COPD patients, which have also been shown to
improve quality of life and function (63). Interventions consisted of instruction in
breathing control, activity pacing, relaxation techniques, and support for psychosocial
issues. Patients randomized to the intervention had better dyspnea scores, performance
status, and emotional states than controls.

Integrative Therapies

Integrative therapies, formerly known as complementary or alternative medicine, have
been widely used for the treatment of many different conditions. Pan et al. have performed
a systematic review of integrative therapies for several symptoms including dyspnea (64).
Both acupuncture (65) and acupressure (66), in single-blind randomized controlled trials
of COPD patients, significantly relieved dyspnea compared to sham interventions.
Whether acupuncture or other integrative therapies will attain significant roles in the
control of dyspnea depends on the outcome of more comprehensive future studies.

Noninvasive Positive Pressure Ventilation (NIPPV)

NIPPV has been used in cases of respiratory failure due to neuromuscular disease
(67-69), COPD (70), and cancer (71). In certain stages of a chronic condition such as
amyotrophic lateral sclerosis, and in some acute, reversible clinical situations such as a
COPD exacerbation, or pneumonia in a cancer patient, there may be some advantage to
the use of NIPPV. Patients may be restored to a better quality of life or enabled to
achieve short-term goals. This benefit must be carefully weighed against the burdens of
the intervention for each individual. The role NIPPV will play in supportive care
remains to be determined.

REFRACTORY DYSPNEA

Unfortunately, some patients may have dyspnea that is refractory to all interventions.
In these rare cases, in end-of-life care, palliative sedation is an ethical and legal option
with the patient’s or surrogate’s informed consent. In these cases, sedation is titrated to
reduce consciousness to the point that suffering is no longer perceived. An international
multicenter survey found that of the cases of sedation on inpatient palliative care serv-
ices, dyspnea was the precipitating cause ranging from 25 to 53% of the time (72). The
principle of double effect is often used to support the use of palliative sedation for refrac-
tory suffering. This principle states that if the primary intent of an action is to reduce
suffering, even if as an unintended secondary consequence death is hastened, that action
remains ethical. Sykes and Thorns argue that in practice the principle of double effect
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rarely needs to be invoked (73). In their study, they looked at the use of sedation in the
last week of life on an inpatient palliative care service. They found that sedation was not
correlated with shorter survival and therefore was not hastening death.

SUMMARY

Dyspnea is a subjective phenomenon that can only be quantified through patient self-
report. The physiologic triggers for dyspnea include chemical signals (hypoxemia and
hypercapnia), the work of breathing, and neuromechanical dissociation. A patient’s
goals of care dictate the workup and treatment of dyspnea. Sometimes reversible causes
can be identified and treated. While waiting for resolution of causes, if causes are irre-
versible, or attempts to reverse causes are not consistent with a patient’s goals, sympto-
matic relief of dyspnea may be the focus of care. Opioids are the first line therapy for
the symptomatic relief of dyspnea. When prescribed appropriately, they are safe and
effective for palliating dyspnea. Other pharmacologic agents (e.g., anxiolytics), nonp-
harmacologic interventions (e.g., a fan blowing air over the trigeminal nerve distribu-
tion), and oxygen (in cases of hypoxemia) may also be important adjuncts to opioids.
However, optimal control of dyspnea requires an understanding of the patient as a
whole person, and all sources of suffering including psychosocial/spiritual issues must
be addressed. Occasionally, sedation is required to relieve the suffering from dyspnea.
If relief of suffering is the primary intent, sedation is ethical and legal. Moreover, there
is evidence that sedation does not in fact hasten death in the majority of cases.
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ABSTRACT

The skeletal system is a frequent site of metastatic involvement in patients with advanced
malignancy, especially in those with breast and prostate cancer, lung cancer, and myeloma.
Skeletal metastases involve an imbalance between the osteoclastic and osteoblastic activity
of normal bone remodeling. Skeletal metastases may result in various complications, also
known as skeletal-related events, including pain, pathologic fractures, hypercalcemia, and
nerve or spinal cord compression. The consequences of skeletal metastases and their treat-
ment may have a substantial impact on health care economics. Skeletal metastases can be
detected by a variety of radiographic and nuclear imaging modalities. In the modern era,
PET imaging may ultimately supplant bone scan as a diagnostic approach. Treatment for
skeletal metastases includes rest and analgesics, bisphosphonates, radiation, radionuclides,
and surgery. In addition, standard systemic approaches for the underlying cancer may help
palliate osseous involvement.
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INTRODUCTION

The skeleton represents one of the most frequent sites of metastatic involvement in
advanced cancer, which frequently results in significant morbidity in these patients.
Skeletal metastases have been most frequently described in multiple myeloma, with an
incidence of 95-100% among patients with advanced disease. Among patients with
metastatic solid tumors, breast and prostate cancers have been noted to have the highest
incidence of skeletal metastases in patients with metastatic disease (65-75%) followed
by thyroid (60%), lung (30—40%), and renal cancers (20-25%) (1). It has been esti-
mated that 350,000 people with skeletal metastases die each year in the United States
(2). Once the diagnosis of skeletal metastases is made, survival is typically reduced; for
example, only 20% of patients with skeletal metastases from breast cancer are alive at
five years (3). Data from a Radiation Therapy Oncology Group (RTOG) trial showed
that the median survival in patients with a solitary skeletal metastasis was 36 weeks
while median survival in patients with multiple skeletal metastases was 24 weeks (4).
Patients experiencing skeletal-related events (SREs) from their metastatic disease often
have a poor prognosis. The adverse events associated with skeletal metastases such as
pathologic fractures, pain, and neurologic complications can result in significant mor-
bidity and generally have a negative impact on patients’ quality of life.

PATHOPHYSIOLOGY OF SKELETAL METASTASES

Skeletal metastases are predominantly distributed in the axial skeleton, which sug-
gests that the slow blood flow at these sites may contribute to this pattern of metastasis
(Table 1). Batson first described the high-flow, low-pressure, valveless plexus of veins
that connects the visceral organs to the spine and pelvis known as the vertebral-venous
plexus (5). This network of slow-flowing vessels facilitates the movement of tumor cells
from distant organs to the skeleton. Blood flow also tends to be high in areas of red bone
marrow, which may contribute to metastases at these sites (6). A “seed and soil” hypoth-
esis has been postulated in describing the predilection of tumor cells for bone. Bone
serves as a repository for immobilized growth factors including platelet-derived growth
factors, transforming growth factor f, insulin-like growth factors I and II, fibroblast
growth factors, bone morphogenetic proteins, and calcium, which may help promote
tumor growth (7).

Normal bone remodeling is coordinated by the activity of osteoclasts and osteoblasts.
Bone resorption is typically mediated by osteoclasts, which are multinucleated giant
cells derived from granulocyte-macrophage precursors. The formation of osteoclasts is
induced by the production of both macrophage colony-stimulating factors and receptor
activator of nuclear factor-kB (RANK) ligand (RANKL) by stromal cells and osteob-
lasts (8, 9). Osteoblasts may produce interleukin-6, interleukin-1, and prostaglandin
which can also induce the formation of osteoclasts. When RANKL binds the RANK
receptor on osteoclast precursors, it stimulates the formation of osteoclasts via signaling
through the nuclear factor-kB and Jun N-terminal kinase pathways. Osteoclasts resorb
bone by secreting proteases that dissolve the matrix and producing acid that releases
bone mineral into the extracellular space (/0). Bone formation is mediated by osteob-
lasts that are derived from mesenchymal fibroblast-like cells. A number of different
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Table 1
Anatomic distribution of skeletal metastases in patients
with nonsmall-cell lung cancer
(n = 87 patients)

Percentage of patients

Anatomic site with skeletal metastases
Thoracic spine 52
Lumbar spine 46
Ribs 45
Sacrum 26
Iliac 25
Femur 23
Cervical spine 18
Skull 13
Humerus 11
Scapula 8
Sternum 6
Clavicle 6
Shoulder 5
Spine 2
Patella 1
Tibia 1
Diffuse skeleton 1
From (65)

factors may influence the proliferation of osteoblasts including parathyroid hormone,
prostaglandins, and cytokines as well as growth factors such as platelet-derived growth
factor. The bone matrix itself may produce growth factors such as the bone morphoge-
netic proteins, transforming growth factor-f, insulin-like growth factors, and fibroblast
growth factors.

Under normal circumstances, bone remodeling is carefully regulated by a complex
interaction of hormones, paracrine growth factors, and cytokines known as coupling.
Malignant cells secrete a number of factors that impact skeletal turnover and remode-
ling. These factors include prostaglandin E, transforming growth factor-or and —f3,
epidermal growth factor, tumor necrosis factor, and interleukin-1 (/7). These factors
increase the elaboration of RANKL, which induces the formation of osteoclasts and
bone resorption. Interleukin-1 is a potent stimulator of bone resorption in vitro in squa-
mous carcinoma cells (/2). In osteolytic metastases, the destruction of bone is mediated
by osteoclasts rather than the tumor cells. Interleukin-6 may block apoptosis in mye-
loma cells while stimulating osteoclast formation (13, /4). Procathepsin D is another
osteoclast-stimulating factor that has been shown to be a breast cancer cell product (15).
The active form of this enzyme stimulates bone resorption in vitro and is associated
with activation of transforming growth factor. Cell adhesion molecules from the integrin
and selectin families of receptors are involved in the adhesion to basement membrane
proteins at the target site (/6). Tumor cells also release matrix metalloproteinases to
break down host tissue and allow invasion (/7).
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PRESENTATION AND COMPLICATIONS OF SKELETAL METASTASES

Skeletal metastases are frequently associated with significant morbidity, which may
include pain, pathologic fractures, hypercalcemia, and spinal cord compression. These
complications along with the radiotherapeutic and surgical interventions required to pal-
liate them are called skeletal-related events. The bone pain associated with skeletal metas-
tases typically involves both biological and mechanical components. The biologic
component results from the tumor’s presence in bone and is mediated by the local release
of cytokines and neuropeptides. In addition, the presence of tumor in bone may elevate
intraosseous pressure due to mass effect and irritate periosteal nerve endings. Mechanical
pain results from the loss of structural integrity of bone at affected sites. This may result
from lytic lesions which result in direct bone loss or from blastic lesions which may result
in significantly weakened bone by disrupting the normal trabecular framework.

Pathologic fractures are a potential complication that can have catastrophic effects.
For patients with already limited life expectancy, pathologic fractures can be especially
devastating in reducing both quality of life and functional capacity. One study found the
incidence of pathologic fractures of the humerus or femur in 1,800 patients with a variety
of solid tumors to be 8% (17). A more recent study of 250 untreated patients with a
variety of solid tumors found the incidence of both vertebral and nonvertebral pathologic
fractures to be 12%, respectively (/8). The probability of developing a fracture increases
with the duration of metastatic involvement. Although surgical intervention, particularly
in the case of hip fractures, can stabilize these fractures, recovery can be tedious due to
comorbidities, limited functional capacity, and the presence of tumor adversely affecting
the bone’s ability to heal. As a result, in recent years, greater emphasis has been placed
on identifying skeletal lesions and preventing fractures before they develop.

Hypercalcemia of malignancy is estimated to occur in 5-10% of all patients with skel-
etal metastases, and is most commonly associated with squamous cell lung cancer, breast
cancer, and renal cell carcinoma (/). Hypercalcemia is believed to be mediated by multi-
ple factors related to bone destruction such as local osteolysis from skeletal metastases
and diffuse osteolysis from immobility. In addition, hypercalcemia may result from tumor
secretion of parathyroid hormone-related protein, which may result in the clinical equiva-
lent of secondary hyperparathyroidism. Clinical features of hypercalcemia may include
nausea, vomiting, dehydration, confusion, stupor, renal failure, and arrhythmias.

Given that the spine is the most common site of skeletal metastases, neurologic
abnormalities such as spinal cord compression may develop. Cord compression often
results from spinal instability or from local pressure from intradural or extradural
masses. Spinal cord compression often presents with back pain, loss of motor or sensory
function, loss of autonomic function, or loss of proprioception. Spinal cord compression
is considered an oncologic emergency that requires urgent evaluation and treatment
with corticosteroids and either radiotherapy or surgical decompression. Once neuro-
logic function is lost, it is rare for function to return.

ECONOMIC IMPACT OF SKELETAL METASTASES

Because of the high costs of treatment and supportive care that may result when
patients develop adverse events from skeletal metastases, recent attention has been
given to the economic costs of treating skeletal metastases and their complications.
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Several studies have investigated the economic impact of treating skeletal morbidity in
patients with prostate cancer, breast cancer, multiple myeloma, and lung cancer. Groot
et al. reviewed the economic consequences associated with skeletal metastases in 28
patients with prostate cancer (/9). Over 24 months, the authors noted a total of 61
skeletal-related events (SREs) in these patients. On average, approximately 53% of the
costs of all medical care received in these patients resulted directly from the cost of
treatment of SREs. A study by Delea et al. retrospectively reviewed the impact of SREs
in 617 patients with breast cancer (20). Based on survival time from diagnosis of skel-
etal metastases and a calculated propensity score based on the patients’ baseline char-
acteristics, patients with SREs were matched with patients without SREs resulting in
201 matched pairs of patients. Mean follow-up was 13.8 months in the group with SREs
and 11.0 months in the group without SREs. In the SRE group, costs of treatment of
SREs were $13,940 (95% CI, $11,240-$16,856) per patient. Total medical care costs
were $48,173 (95% CI, $19,068-$77,684) greater in the group with SREs (p = 0.001).
An additional study by Delea et al. conducted a retrospective review of 835 patients
with multiple myeloma (27). Three-hundred fifty-two (42%) of these patients devel-
oped at least one SRE. Expected lifetime cost of SRE-related care was $10,247 per
patient (95% CI, $7,921-$12,573) over a mean follow-up of approximately 18 months.
Of the expected costs, 64% were incurred during inpatient hospitalization and 74% in
the immediate 6 months after the first SRE claim. A more recently published study
retrospectively evaluated 534 patients with lung cancer and skeletal metastases. Two-
hundred ninety-five (55%) patients had at least one SRE with the requirement of radio-
therapy (68%) and fracture (35%) was noted to be the most common event. Median
survival after the first-identified SRE was 4.1 months (95% CI, 3.6-5.5 months). The
estimated lifetime SRE-related cost per patient was $11,979 (95% CI, $10,193-$13,766)
with radiotherapy accounting for the largest portion of the cost (22). Collectively, these
studies demonstrate the high cost of treatment of SREs and their significant impact on
health care economics.

IMAGING OF SKELETAL METASTASES

Plain Film Radiography

Plain film radiography is a convenient and inexpensive method for monitoring skel-
etal metastases. It is useful in assessing the structural integrity of bone and the risk of
impending pathologic fracture. Given the relative cost and convenience in obtaining
plain radiographs, they are often the first imaging study used to evaluate bone pain.
Plain films are also useful in confirming larger lesions noted on PET or bone scintigra-
phy. Plain film radiography is frequently used in surgical planning and to determine
response to treatment following surgical stabilization or radiotherapy. Plain film radiog-
raphy is often the preferred imaging test for multiple myeloma which often features
“cold” lesions on bone scintigraphy. However, plain film radiographs often have limited
sensitivity in that approximately 30-50% of bone mineral must be lost before skeletal
lesions can be detected.

Skeletal lesions may have either an osteolytic, osteoblastic, or mixed pattern on plain
film radiography. Osteolytic lesions result when bone destruction predominates, while
osteoblastic lesions result when bone formation predominates. Prostate cancer tends to
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have a more blastic appearance while lung, thyroid, and renal carcinoma lesions have a
more lytic appearance. Breast carcinoma lesions tend to have a more mixed appearance.
In patients who undergo radiation for lytic disease, osteoblastic changes will often
emerge over time, frequently at the edges of the lesion.

Bone Scintigraphy

Technetium diphosphonate bone scans are valuable studies in detecting occult skel-
etal lesions. These studies involve the incorporation of tagged diphosphonate into
hydroxyapatite during bone mineralization. Historically, bone scintigraphy has been the
modality of choice for detecting occult skeletal lesions with sensitivity rates of 72-90%
(23-26). Bone scintigraphy can generate nonspecific findings, however, due to increased
tracer uptake from a variety of inflammatory or traumatic conditions. These changes are
often confused with metastases. Another drawback of bone scintigraphy is that it shows
relatively poor anatomic detail compared to other imaging modalities. In addition,
lesions such as multiple myeloma that do not involve new bone formation may appear
“cold” or “negative” on these studies.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is an additional imaging modality which is useful
for detecting skeletal metastases. MRI is a highly sensitive technique for evaluating the
bone marrow and early sites of skeletal metastases. The sensitivity of MRI is based on
the water content of various tissues; the high water content of skeletal metastases can
present a sharp contrast to that of normal bone marrow. Specificity of MRI may be lim-
ited in some cases of inflammation or infection which may appear similar to skeletal
metastases. The relatively higher cost and impracticality of performing extensive MRI
imaging of multiple skeletal sites at the same time in routine clinical practice has resulted
in MRI being used mostly for confirmation of lesions at specific symptomatic sites.
Recently, however, full-body MRI has been studied as a screening tool for the detection
of skeletal metastases and has been shown to be equal to or slightly more sensitive than
bone scintigraphy (27). MRI is especially valuable in imaging lesions in the spine as it
may be useful in differentiating pathologic compression fractures from osteoporotic
compression fractures. In addition, MRI is the preferred modality for evaluating lesions
which may be associated with neurologic impairment or epidural extension in the case
of vertebral lesions with cord compression or other forms of nerve impingement.

Computed Tomography

Computed tomography (CT) is not a primary method for imaging skeletal metastases,
although lesions may be detected on routine CT scans used for evaluating intra-thoracic
or intra-abdominal sites of disease. CT is more useful in determining the extent of corti-
cal destruction or soft tissue involvement compared to plain film radiography. CT is often
used in the role of surgical planning to assess bone instability due to cortical destruction.
CT is also frequently used as a guide or map for biopsies of skeletal lesions. In addition,
CT with bone windows may enable assessment in patients in whom pacemakers or vital
surgical clips preclude the use of MRI.
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Positron Emission Tomography

Positron emission tomography (PET) is an imaging modality that is emerging
as a primary method for screening for skeletal metastases. PET scanning employs
a radionuclide, fluorine-18, which is bound to a D-glucose analogue yielding
['8F]-fluorodeoxyglucose (FDG). FDG is taken up as a glucose analogue in metaboli-
cally active cells. Because tumor cells are more metabolically active than normal cells,
they usually have a higher rate of glucose uptake, and therefore more FDG uptake, than
normal cells. A standard uptake ratio is then used to measure the positron activity in the
region of FDG uptake to determine the likelihood that the lesion is malignant.

As with other imaging modalities, PET may have some limitations. FDG physiologi-
cally accumulates in the brain and urinary tract. Hence, FDG-PET is relatively useless
in assessing for CNS metastases. FDG uptake may also occur in the normal esophagus,
stomach, small intestine, large intestine, and thyroid (28). In addition, contracting skel-
etal muscle, lymph nodes, healing bone, and sites of infection may have physiologically
increased FDG uptake. As with bone scintigraphy, degenerative and inflammatory joint
disease may demonstrate increased FDG uptake, although at a lower rate. Unlike stand-
ard bone scans, PET does not routinely image bones below the pelvis or midfemurs;
hence, lesions at these sites may be missed.

Several studies have compared PET to bone scintigraphy for the detection of skel-
etal metastases. One prospective study evaluated 110 patients with nonsmall cell lung
cancer undergoing both PET and bone scintigraphy. Both forms of imaging were
noted to have a sensitivity of 90% in the detection of skeletal metastases. Compared
to bone scintigraphy, however, PET was determined to have superior specificity (98%
vs. 61%), positive predictive value (90% vs. 35%), and negative predictive value
(98% vs. 96%) (25).

Another prospective evaluation of 90 patients with nonsmall cell lung cancer under-
going both PET and bone scintigraphy demonstrated greater accuracy with PET. PET
correctly staged 98% of patients while bone scintigraphy correctly staged 87% of
patients. Compared to bone scintigraphy, PET demonstrated superior sensitivity (92%
vs. 50%), specificity (99% vs. 92%), positive predictive value (92% vs. 50%), and nega-
tive predictive value (99% vs. 92%) (29).

TREATMENT OF SKELETAL METASTASES

The treatment of skeletal metastases may involve several different modalities, includ-
ing medical therapy, radiation therapy, and surgery; therefore, the treatment often
involves a multidisciplinary approach. Treatment is often aimed at palliation of symp-
toms such as improving pain control and function while maintaining skeletal integrity.
Widespread disease often necessitates systemic therapy such as chemotherapy, hormo-
nal therapy, bisphosphonates, or radionuclides, while localized problems are often man-
aged with radiotherapy or surgery.

Chemotherapy and Hormonal Therapy

Chemotherapeutic agents often have limited utility in the treatment of many types of
skeletal metastases. Small cell lung cancer, Hodgkin’s and non-Hodgkin’s lymphoma,
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testicular cancer, and small round blue cell tumors have been noted to be very sensitive
to traditional chemotherapeutic agents while breast carcinoma, ovarian carcinoma, and
germ cell cancers are moderately sensitive (30).

Endocrine therapy has shown some utility in the treatment of skeletal metastases in
prostate and breast cancer. Surgical or chemical castration has been shown to be effective
in the management of skeletal metastases. For patients with prostate cancer, combined
endocrine therapy with antiandrogens and luteinizing hormone-releasing hormone to cre-
ate a total androgen blockade has shown utility, in some cases quite durable (3). One study
investigating oral dexamethasone for hormone-refractory prostate demonstrated reduced
pain in 61% of patients and improved bone scan intensity in 19% of patients (31/). For the
treatment of skeletal metastases in breast cancer, antiestrogen therapy was noted to result
in significant tumor shrinkage in 30-65% of patients (32). A large multicenter study
examined the use of multiple hormonal manipulations, including megestrol acetate,
tamoxifen, aminoglutethimide, dexamethasone, hydrocortisone, and fluoxymesterone,
and showed a partial response in 21% and stable disease in 32% of patients (33).

Bisphosphonates

In recent years, bisphosphonates have become a focus in the medical management of
skeletal metastases. Bisphosphonates are stable chemical analogues of naturally occur-
ring inorganic pyrophosphates. Bisphosphonates contain a P-C-P central structure
instead of the P-O-P structure of the natural pyrophosphates which makes bisphospho-
nates resistant to phosphatase activity and more easily allows their binding to mineral-
ized bone matrix. Bisphosphonates accumulate in sites of active bone formation making
the sites more resistant to dissolution by osteoclasts reducing their survival and modu-
lating the signaling from osteoblasts to osteoclasts. Once deposited, bisphosphonates
are internalized by osteoclasts which results in the loss of ability of osteoclasts to resorb
bone and promote apoptosis. Bisphosphonates are believed to inhibit osteoclast activity
by interrupting the mevalonate metabolic pathway. Bisphosphonates also inhibit both
the maturation of osteoclast precursor cells and bone-resorbing cytokine release from
adjacent macrophages (34). Bisphosphonates have also shown some antiangiogenesis
activity that may impair tumor growth (35).

Different generations of bisphosphonates have been shown to have various potencies
and effects with regard to their inhibition of bone resorption. First-generation bisphos-
phonates such as clodronate and etidronate, which more closely resemble pyrophos-
phate, act as analogues of ATP and inhibit ATP-dependent intracellular enzymes. Later
generation bisphosphonates, the aminobisphosphonates, which contain nitrogen, such
as pamidronate, ibandronate, and zoledronate, interrupt the mevalonate metabolic path-
way and disrupt the functioning of regulatory proteins (36). These aminobisphospho-
nates have much less effect on in vivo mineralization and are more widely preferred for
treatment of metastatic and metabolic bone diseases.

Typically, bisphosphonates are not metabolized in humans as 50-60% of each dose
is rapidly absorbed by bone and later slowly excreted by the kidneys. The remaining
40-50% is rapidly excreted by the kidneys. Bisphosphonates generally have poor oral
bioavailability and must be taken on an empty stomach to minimize binding to dietary
calcium. The most common toxicities of oral bisphosphonates include gastrointestinal
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side effects such as nausea, vomiting, indigestion, and diarrhea. The aminobisphospho-
nates which are given intravenously may be associated with acute-phase reactions as
well as renal function impairment.

Beginning in 2003, reports of osteonecrosis of the jaw (ONJ) associated with bisphos-
phonate use have been reported in the medical literature. ONIJ is believed to result from
the inability of hypodynamic and hypovascular bone to meet the increased demand for
repair and remodeling owing to physiological stress, iatrogenic trauma, and infection. As
bisphosphonates are taken up by osteoclasts, they result in a reduction in the rate of for-
mation of new bone and decrease blood flow to these sites. ONJ has been primarily
associated with the newer-generation, more potent aminobisphosphonates. A web-based
survey of 1,203 respondents (904 patients with multiple myeloma, 299 with breast can-
cer) was conducted to try to determine the incidence of ONJ (37). Seventy-five patients
reported signs and symptoms consistent with ONJ while 77 reported suspicious findings
for early ONJ. A higher incidence of ONJ was noted in patients receiving zoledronate
compared to pamidronate (10% vs. 4%; p = 0.002). Underlying dental problems were
noted in 81% of patients with multiple myeloma and 69% of patients with breast cancer
who developed ONJ. As this was a web-based survey relying on the self-reporting of
patients who were not necessarily evaluated by dental professionals, it is believed that
the true incidence of ONJ was very likely overestimated in these patients.

A prospective review of 252 patients with multiple myeloma, prostate cancer, breast
cancer, and other solid tumors, receiving either pamidronate, zoledronate, or ibandro-
nate, attempted to better estimate the true incidence of ONJ (38). A total of 17 patients
(6.7%) were diagnosed with ONJ. There was noted to be a nonsignificant association
with a greater proportion of patients treated with zoledronate who developed ONIJ.
Prolonged exposure to bisphosphonates was strongly associated with the development
of ONIJ as the median time on bisphosphonates was 39.3 months for patients with ONJ
compared to 19 months for patients without ONJ (p = 0.001). Because of the association
with longer exposure to bisphosphonates, some groups have recommended that treat-
ment may either be discontinued after 2 years or that the frequency of treatment be
reduced (39).

Bisphosphonates have been shown to be effective for treatment of pain associated with
skeletal metastases. A review by the Cochrane Pain, Palliative Care, and Supportive Care
Group evaluated data from 30 studies involving a total of 3,682 patients with skeletal
metastases from breast cancer, prostate cancer, multiple myeloma, and other solid tumors.
This study noted a significant benefit favoring the use of bisphosphonates with regard to
pain control over 12 weeks with an odds ratio of 2.37 (95% CI, 1.61-3.5) (40).

Several large randomized studies have shown that bisphosphonates may reduce the
incidence of skeletal-related events (SREs) in patients with skeletal metastases due to
breast cancer. A double-blind, multicenter, parallel group study of 382 women with
lytic bone lesions from metastatic breast cancer receiving treatment with pamidronate
versus placebo showed a significant reduction in the incidence of skeletal complications
(43% vs. 56%; p = 0.008) in patients receiving bisphosphonates. In addition, there was
a significant reduction in skeletal complications such as vertebral or nonvertebral patho-
logic fractures, need for radiation or surgery, and hypercalcemia in patients receiving
pamidronate. Pamidronate was also shown to increase the median time to development
of first skeletal complications from 7.0 months to 13.9 months (p < 0.001) (41, 42).
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A randomized, double-blind study of 372 women with breast cancer with at least one
lytic lesion undergoing hormonal therapy compared patients receiving pamidronate for
24 monthly cycles to patients receiving placebo. Following completion of treatment,
there was noted to be a significant difference between the two groups in the proportion
of patients with skeletal complications. Fifty-six percent of patients receiving pamidro-
nate developed skeletal complications compared to 67% receiving placebo (p = 0.027)
(43). Another randomized, double-blind, placebo-controlled trial of 751 women with
metastatic breast cancer with osteolytic metastases showed a significant difference in
the skeletal morbidity rate as well as the incidence of skeletal complications between
the two groups. For the group receiving pamidronate, the skeletal morbidity rate was
2.4% with a 51% incidence of skeletal complications. For the placebo group, these
numbers were 3.7% and 64%, respectively (P < 0.001 and p < 0.001). The median time
to first skeletal complication was 12.7 months for patients receiving pamidronate and 7
months for patients receiving placebo (P < 0.001). Pain control was also significantly
improved among the patients receiving bisphosphonates (44).

A randomized, double-blind trial evaluated the use of pamidronate in 392 patients
with skeletal metastases from multiple myeloma. There was noted to be a significantly
lower rate of SREs as well as significantly decreased mean number of SREs per year
(1.3 vs. 2.2) favoring the use of pamidronate (45).

Zoledronic acid has also been evaluated in a randomized, double-blind study inves-
tigating 773 patients with osteolytic, osteoblastic, or mixed skeletal metastases from
nonsmall cell lung cancer, small cell lung cancer, renal cell cancer, and other solid
tumors. Patients were randomized to receive either zoledronic acid 4 mg, zoledronic
acid 8 mg (later adjusted to 4 mg due to concern for renal toxicity at higher dosage), or
placebo. The proportion of patients receiving zoledronic acid 4 mg and 8 mg/4 mg
experiencing SREs such as radiation to bone, vertebral or nonvertebral pathologic frac-
ture, surgery to bone, spinal cord compression, or hypercalcemia was significantly
lower compared to placebo (38%, 35%, and 47%, respectively). Zoledronic acid also
significantly delayed the time to first SRE compared to placebo. Median times to first
SRE were 230 days and 219 days for the 4-mg and 8-mg/4-mg groups, respectively, and
163 days for the group receiving placebo (18).

Radiation

Local radiation is often used in the control of pain and localized disease. It may also
be used in the postoperative setting to limit disease progression following surgical fixa-
tion of impending pathologic fractures. Local radiation is effective in obtaining pain
relief with 80-90% percent of patients reporting at least partial relief and 50-85%
reporting complete relief (4, 46). The full extent of pain relief may not develop until 3—4
weeks after completion of treatment. Local radiotherapy is generally well tolerated with
commonly seen acute toxicities including fatigue, skin erythema, nausea, esophagitis,
and myelosuppression. Late side effects are relatively uncommon but may include the
possibility of further weakening the bone with increased risk of future fractures,
although the majority of these events are due to metastatic progression.

Multiple dosing and fractionation schedules have been utilized in the treatment of
skeletal metastases. Historically, a treatment schedule of 30 Gy in ten fractions has been
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used based on the findings from a large study conducted by the Radiation Therapy
Oncology Group (RTOG) in the 1970s and 1980s (4). There is some belief that frequent
low-dose treatments may allow for a greater total radiation dose with a decrease in late
toxicity and more durable symptomatic palliation. More recently, in part due to concerns
regarding greater cost effectiveness and patient convenience, single fraction radiation
has been investigated as a treatment option for skeletal metastases. Three recent large
randomized trials have shown comparable efficacy of single fraction treatment to mul-
tiple fraction treatment with regard to palliation of pain. A Dutch multicenter trial
assigned 1,171 patients with painful skeletal metastases to either 8 Gy in a single dose
or 24 Gy in six fractions. Both the palliative benefit and treatment-related toxicity were
similar in the two groups although re-treatment was required in significantly more
patients (25% vs. 7%) in the single fraction group (47, 48). A second trial by the Bone
Pain Trial Working Party randomized 765 patients to 8 Gy as a single fraction, 20 Gy
in five fractions, or 30 Gy in ten fractions. There were no significant differences in any
pain end points among the three groups. Patients in the single fraction group were twice
as likely to require reirradiation although the majority could be successfully re-treated
with a single fraction (49). A third study by the RTOG randomly assigned 949 patients
to receive either 8 Gy in a single fraction or 30 Gy in ten fractions. There were no sig-
nificant differences in the rates for complete and partial pain relief, the use of narcotics,
or the incidence of subsequent pathologic fractures. Patients receiving a single fraction
were twice as likely to require re-treatment (18% vs. 9%) (50). These studies have dem-
onstrated that single fraction radiotherapy is a cost-effective and more convenient treat-
ment option that is just as effective as multiple fractions of radiotherapy.

Radiotherapy is often utilized in patients undergoing surgical fixation of fractures
and in patients with spinal metastases. For patients undergoing surgical fixation of
impending and pathologic fractures or decompression and stabilization of the spine,
postoperative radiotherapy is often used to treat the entire surgical area. Evidence shows
that patients receiving postoperative radiotherapy are less likely to develop loosening of
prostheses or hardware requiring revision surgery (3% vs. 15%) (51). For patients who
do not have indications for surgical therapy for spinal metastases (spinal instability,
structural canal compromise, circumferential epidural tumor, occult primary tumor, and
radioresistant tumors), radiotherapy is the first line of treatment.

Because patients frequently develop skeletal metastases at multiple sites, hemibody
irradiation (HBI), which involves the treatment of either the upper half body or lower
half body, has been investigated. The advantages of this treatment include treating mul-
tiple lesions simultaneously and possibly preventing disease progression at asympto-
matic sites. Although this form of treatment may provide similar pain relief as focal
irradiation, and often in a rapid manner, there may be significant morbidity associated
with treatment, and the long-term benefits are small. Many patients often require re-
treatment following HBI. As a result, HBI is not used frequently in clinical practice and
has been largely replaced by systemic radionuclides.

Radionuclides

Systemic radionuclides have been used in the treatment of skeletal metastases by
localizing selectively to skeletal metastases and delivering ionizing radiation in a focal
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manner. The advantages of this type of treatment include the ability to treat all skeletal
sites simultaneously and minimizing the dose delivered to normal soft tissue. Systemic
radionuclide treatment is indicated in the presence of widespread painful bony metastases
or if there is a contraindication to further external beam radiation such as when normal
tissue tolerance has been reached. Because the most common side effect of this treatment
is myelosuppression, with counts dropping as much as 20-50% after receiving treatment,
patients undergoing chemotherapy should not receive concurrent treatment with systemic
radionuclides.

Strontium-89 (*¥Sr) is the most widely studied radionuclide. ¥Sr tends to be more
effective for osteoblastic lesions that better allow for effective radionuclide delivery to
the bone compared to osteolytic lesions. Several randomized controlled studies have
compared *Sr with either placebo or local external beam radiation. The Trans-Canada
study was a phase III study of 126 patients with hormone-refractory, metastatic prostate
cancer comparing ¥Sr with placebo after the completion of local external beam radia-
tion. Although there was no difference in overall survival, there was noted to be
improved pain control, longer time to re-treatment with radiotherapy, and improved
quality of life in patients on the treatment arm (52). An additional study of 284 prostate
cancer patients with painful skeletal metastases assigned patients to receive either exter-
nal beam radiation or ¥Sr. Overall pain relief and survival was similar in the two groups;
however, patients receiving %Sr were less likely to report new painful sites and were less
likely to require reirradiation (53).

Samarium-153 (***Sm) and rhenium-188 (*Re) are two additional lesser-studied
agents that have been shown to have some activity in the treatment of skeletal metas-
tases. 1*Sm has a shorter physical half-life and higher dose rate than %Sr. Two prospec-
tive, randomized phase 11 trials have shown significantly improved pain relief compared
to placebo in patients with skeletal metastases (54, 55). '¥8Re has also been shown to be
effective in relieving pain due to skeletal metastases from prostate cancer (56).

Surgery

The presence of metastatic lesions can significantly alter the bone’s strength and
structural properties. Lytic lesions result in the loss of mineral and organic structures of
the bone which could diminish its strength. Blastic lesions may disrupt the normal
trabecular framework which can alter the bone’s structural properties (57). Tumor pres-
ence may also adversely affect the bone’s ability to heal itself in the case of pathologic
fractures. Because surgical treatment of impending pathologic fractures is often associ-
ated with less morbidity than pathologic fractures that have already developed, several
studies have attempted to develop criteria to predict the likelihood of developing a
pathologic fracture at a metastatic site. Although there has been some variation with
regard to correlation of risk factors with the likelihood of developing pathologic frac-
tures, several characteristics have been noted to be associated with an increased risk of
developing fracture. These factors include pure lytic lesions, subtrochanteric lesions,
cortical involvement of tumor, increasing pain, and failure of radiotherapy (58, 59).
More sophisticated predictive tools based on computed tomography of sites at risk of
fracture are currently under evaluation.

The goals of surgical treatment of pathologic fractures generally involve restoring func-
tion and relieving pain. Surgical management should focus on restoring bone strength to



Chapter 2 / Skeletal Metastases: Optimal Management Today 29

allow for immediate weight bearing. Prosthetic replacement and internal fixation are often
done to improve healing as conservatively managed pathologic fractures often heal poorly
making arthroplasty and internal fixation the most reliable methods of treating pathologic
fractures. The choice of surgical procedure depends on the location, number, and size of
metastases, as well as the type of primary tumor. Occasionally, external fixation or brace
immobilization may be used in patients who are not surgical candidates or in patients who
have extensive disease that is not amenable to internal fixation.

Surgical intervention is a valuable treatment option in lesions involving the spine,
which is the most common site of skeletal metastases. Surgical intervention may be
used to decompress neural elements in the case of cord compression or restore mechani-
cal stability. Both vertebroplasty which involves injection of bone cement into a col-
lapsed vertebrae and kyphoplasty which involves the introduction of inflatable bone
tamps into the vertebral body have been shown to reduce pain and improve overall
functioning in patients with osteolytic spinal metastases (60).

Biochemical Markers for Bone Turnover

Because of the high morbidity associated with skeletal complications, recent research
efforts have focused on identifying biochemical markers for bone turnover, such as
n-telopeptide of type 1 collagen (NTX), that may help to identify patients at high risk
for skeletal complications. Other efforts have focused on identifying biochemical markers,
such as bone sialoprotein (BSP) that may help predict the development of skeletal
metastases in patients who do not yet have clinical skeletal lesions.

NTX is a marker for bone resorption that has been correlated with an increased
number of skeletal-related events (SREs). One study involved monthly measurements
of NTX in 121 patients with skeletal metastases. Patients with NTX levels greater than
100-nmol/mmol creatinine were found to be many times more likely to experience
SREs than patients with levels less than 100-nmol/mmol creatinine (61). A subsequent
larger study again showed that elevated levels of NTX were highly predictive of SREs,
progression in bone, and death in both the absence and presence of bisphosphonate
treatment. Similar relationships were seen with bone alkaline phosphatase, a bone for-
mation marker, although NTX was more predictive (62, 63).

BSP is another protein implicated in the process of bone resorption that is highly
expressed in lung, thyroid, breast, and prostate cancers. One case-control retrospective
study of patients with resected nonsmall cell lung cancer evaluating a broad panel of
biochemical markers associated with metastatic tumors demonstrated that BSP was
strongly associated with bone dissemination (64). The results of this study and others
evaluating the role of biochemical markers may have future implications in investigat-
ing the treatment of patients without known skeletal metastases with agents such as
bisphosphonates in order to prevent skeletal lesions.

CONCLUSIONS

Skeletal metastases remain a common, potentially devastating complication of
malignancy. The skeleton is one of the most frequent sites of metastases of several
tumor types with the spine, ribs, pelvis, and long bones being the most common sites of
involvement. Emerging techniques in imaging skeletal metastases provide an improved
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ability to detect these lesions. The onset of SREs, such as pathologic fractures or hyper-
calcemia, is associated with compromised prognosis and substantial decrements in
quality of life. In addition, the costs of treatment of SREs can have a substantial impact
on healthcare economics. The treatment of skeletal metastases often involves a multi-
disciplinary approach involving medical management, radiotherapy, and surgery.
Treatment must be individualized based on primary site, extent of involvement, and
degree of pain and functional compromise. In addition to narcotic analgesics, radiation,
and surgery, bisphosphonates have emerged as a fundamental component of treatment
as they have been shown to be effective in reducing pain associated with skeletal metas-
tases. In addition, they have been shown to delay the onset and reduce the rates of
development of skeletal metastases in a variety of tumor types. Other treatment options
such as radionuclides have recently been noted to be effective in the treatment of diffuse
skeletal metastases. The management of patients with skeletal metastases remains an
evolving field of cancer research.
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ABSTRACT

Cancer pain remains undertreated. Pain occurs in over three-quarters of cancer patients
and remains one of the most feared aspects of this illness despite the excellent therapies
that are available. Cancer pain commonly results from tumor compressing or invading
soft tissue, bone, or nerves or from diagnostic or therapeutic endeavors. Optimal pain man-
agement involves determining pain intensity, evaluating the etiology of the pain, imple-
menting a carefully considered therapeutic plan, and repeatedly assessing pain relief
following therapeutic interventions. The vast majority of cancer pain can be well control-
led with therapies readily available to most physicians. These include nonopioid analge-
sics, opioid analgesics, adjuvant medications, antineoplastic therapies, nonpharmacologic
approaches, and neurostimulatory techniques. Regional anesthetic or neurosurgical
approaches should be considered in selected patients with persistent pain or unrelieved
toxicities from opioids. Nerve blocks can be extremely useful in selected patients with
pancreatic cancer pain and thoracic pain in a dermatomal distribution. Referral to an
experienced multidisciplinary pain team may be required in situations which are known
to pose special challenges in pain management. These may include patients with unre-
lieved pain, neuropathic pain, episodic or incident pain, impaired cognitive or communi-
cation capabilities, or a history of substance abuse. The special challenges associated
with the appropriate management of cancer pain include the subjective nature of pain,
the complex multisystem involvement in patients with advanced malignancies, and the
ever-changing clinical situation in this patient population.
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OVERVIEW

Pain is one of the most common and feared symptoms associated with cancer.
It occurs in one-quarter to one-half of patients with newly diagnosed malignancies, one-
third of those undergoing treatment, and in over three-quarters with advanced disease
(1-3). Unrelieved pain directly affects patients’ activities and their quality of life. The
importance of this symptom and the availability of excellent analgesic therapies require
health care providers to be adept at evaluating and treating cancer pain (4).

Ninety percent of pain in cancer patients results from the tumor or its evaluation or
therapy while less than 10% is due to unrelated illnesses (4, 5). In 70% of patients, pain
develops from tumor invading or compressing soft tissue, bone, or neural structures.
The remainder results from diagnostic and therapeutic procedures such as venipunc-
tures, bone marrow aspirations, lumbar punctures, and surgery (6). Nerve injuries are
common after mastectomy, thoracotomy, radical neck dissection, and limb amputation
(7). Chemotherapy and radiation can result in painful phlebitis, mucositis, cystitis,
peripheral neuropathy, dermatitis, enteritis, or proctitis. Painful infections, such as
pneumonias, urinary tract infections, wound infections, candida esophagitis, and herpes
zoster, are not uncommon in this patient population. In addition, many of these patients
also develop painful complications related to other medications, such as osteonecrosis
secondary to bisphosphonates.

Although available treatment approaches should result in excellent pain control in the
vast majority of patients, studies have routinely demonstrated that cancer pain remains
grossly undertreated throughout the world (8). In many developing countries, the una-
vailability of oral opioids is a major contributing factor (9, 10). However, even in the
United States where a wide assortment of opioid analgesics and routes of administration
are available, cancer pain is undertreated (//—13). Efforts to improve pain therapy led
to the creation of cancer pain initiatives in many states, the development of cancer pain
guidelines and algorithms by professional societies, and hospital accreditation require-
ments by the Joint Commission on Accreditation of Healthcare Organizations (/4-19).
Inadequate treatment of patients with cancer pain occurs for many reasons (Table 1).

Table 1
Patient and health care provider barriers to providing optimal analgesia
Patient barriers Health care providers barriers
e Failure to adequately communicate e Unaware of magnitude of pain in patients
pain intensity to health care provider
e Concern about addiction, tolerance, e Concern about addiction, tolerance, side
side effects effects

e Serial quantitative measures of pain inten-
sity poorly documented

¢ Inadequate training on pain assessment and
management

e Subjective complaint
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As pain is entirely subjective and can only be felt and quantified by the patient, health
care providers must rely on patients to inform them of their pain experience. However,
patients often do not emphasize pain issues as they (1) expect cancer to be painful, (2)
may be concerned about opioid addiction, tolerance, side effects, or (3) do not want to
divert physician attention from treating the tumor (20). The underreporting of pain is
further complicated by the observation that patients with chronic, severe pain may not
“look™ or “act” uncomfortable. The net result is that health care providers often do not
appreciate the amount of pain their patients are experiencing (217). This problem is fur-
ther magnified in patient populations where there are additional communication chal-
lenges, such as with children, the elderly, those unable to talk, those with significant
language or cultural barriers, or individuals with a history of drug abuse (22-25).

Another barrier to the provision of adequate analgesia relates to the lack of training
and emphasis on cancer pain management in medical professionals. Determining the
etiology of the pain is critical as some pain diagnoses are associated with a unique thera-
peutic approach or sense of urgency (26-28). For example, providing only opioids to a
patient with metastatic cancer and back pain could be a serious error in a patient with
an impending epidural cord compression. Similarly, without a basic understanding of
opioid equivalencies serious dosing errors can occur when converting from one opioid
or route of administration to another.

EVALUATION OF CANCER PAIN

A comprehensive assessment of cancer pain should provide sufficient information to
(1) estimate the severity of pain, (2) form a clinical impression regarding the etiology of
the pain, (3) determine the need for further diagnostic studies, and (4) formulate thera-
peutic recommendations that take into account the patient’s overall medical and psycho-
social status. As with any serious medical condition, this requires a detailed history,
physical examination, and review of available records, laboratory data, and imaging stud-
ies. Special challenges associated with the assessment of cancer pain include the entirely
subjective nature of pain, the complex multisystem involvement in patients with advanced
malignancies, and the ever-changing clinical situation in this patient population.

A detailed history is the cornerstone of a thorough pain assessment. This may be
complex as 75% of patients with advanced cancer have several painful sites and nearly
one-third have four or more separate pain problems (29, 30). Each should be identified
and characterized with pertinent information on its intensity, location, radiation, how
and when it began, how it has changed over time, and what makes it better or worse.
Additional information should be collected on the quality of each pain, its temporal
pattern, its association with neurologic or vasomotor abnormalities, how it interferes
with the patient’s life, and successes and failures of current and prior therapies. Many
instruments have been developed to aid in pain assessment and serially follow the
results of therapy (3/-33). Each instrument has shortcomings, but several have been
validated in patients with cancer pain and incorporated into clinical practice. Most con-
tain a variant of the unidimensional visual analogue scale (VAS) and a schematic repre-
sentation of the body for the patient to indicate where their pain is located. The McGill
Pain Questionnaire is comprehensive, but too awkward and time-consuming for most
oncology patients in a clinical setting (34, 35). The Wisconsin Brief Pain Inventory,
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which can be completed in 15 min, provides information on the characteristics, severity,
and location of the pain, its interference with normal life functions, and the efficacy of
prior therapy. The Memorial Pain Assessment Card can be completed in about 1 min
and features scales for the measurement of pain intensity and pain relief (36). It is also
designed to provide insight into global suffering or psychological distress. The Hopkins
Pain Rating Instrument is a validated plastic version of the VAS that simplifies repeated
pain intensity measurements (37, 38). A thorough oncologic history is critical as most
pain in this patient population is related to the malignancy or cancer treatment. The
histology, presentation, stage, sites of involvement, and natural history as well as sur-
gery, radiation, chemotherapy, and hormonal treatments help shape a therapeutic
approach. In addition, it is important to note if the malignancy is responding to therapy,
stable, or progressing. A general medical history is also helpful as pain treatments can
affect coexisting medical problems, exacerbate constitutional symptoms, interact with
other medications, or be contraindicated because of allergies. For example, a patient
with painful bone metastases and severe peptic ulcer disease would not be an ideal can-
didate for potent nonsteroidal anti-inflammatory agents. Opioids may be problematic in
patients with severe benign prostatic hypertrophy or severe obstructive pulmonary dis-
ease. Likewise, knowledge that a patient tolerates food or fluids poorly by mouth, has
an indwelling venous access device, or admits to substance abuse may influence deci-
sions about the best way to control his pain. The patient’s age, functional status, social
support, education, residence, health insurance, finances, and goals for therapy may also
figure prominently in planning therapy.

The history, physical examination, and review of other available data should provide
sufficient information to formulate a differential diagnosis for each of the patient’s dis-
tinct pains and to make recommendations regarding the work-up and therapy for each.
Somatic, visceral, neuropathic, and sympathetically maintained pain may be approached
differently. Prompt institution of therapy reassures patients that their pain will receive
immediate attention, ensures patient comfort for diagnostic studies, and can provide
information on the accuracy of the pain assessment. Excellent relief suggests an accu-
rate diagnosis while suboptimal control may prompt a new treatment approach or a
search for a different etiology to the pain. In this patient population, the status of the
underlying malignancy, antineoplastic therapy, and the overall treatment goals will
change during the course of the illness. As a result, the etiology and intensity of each
new or worsening pain must be reassessed. The toxicities of the analgesics should also
be periodically evaluated as they can substantially affect quality of life.

PHARMACOLOGIC MANAGEMENT

Nearly 85% of patients with cancer pain can be well controlled with conventional
oral medications (39, 40). More aggressive or invasive therapies should provide pain
relief to an additional 10% of patients, leaving only a small fraction of cancer patients
with inadequate relief. Pharmacologic approaches are the most commonly used treat-
ments for cancer pain as they are effective, safe, and relatively inexpensive (40—46).
These are classified as nonopioids, opioids, and adjuvant analgesics. The site of action
of the nonopioids is primarily in the peripheral nervous system. These agents are not
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associated with physical dependence, tolerance, or addiction, and have a maximum dose
associated with analgesia. Many are available in combination with a weak opioid and
can be useful in patients with somatic pain from bone metastasis, inflammation or
mechanical compression of tendons, muscles, pleura, and peritoneum, and nonobstruc-
tive visceral pain (47, 48). As some of these agents can affect platelet and renal function
or act as antipyretics, they should be administered thoughtfully to patients receiving
chemotherapy. Sustained high doses of acetaminophen can cause renal and hepatic
damage especially when combined with alcohol or other agents that cause liver damage
or induce hepatic microsomes.

The opioids have their primary effect centrally where they interfere with pain percep-
tion. They can be classified into three groups: (/) morphine-like opioid agonists which
bind competitively with mu and kappa receptors (codeine, fentanyl, hydromorphone,
morphine, oxycodone, and methadone); (2) opioid antagonists which have no agonist
receptor activity (naloxone); and (3) mixed agonists—antagonists (pentazocine and
butorphanol) or partial agonists (buprenorphine). The mixed agonist—antagonist drugs
have limited utility in cancer pain because of their side effect profile and propensity to
induce opioid withdrawal in patients who have received opioid agonists. The vast
majority of patients can be managed with oral opioids. These are best given “around the
clock” to keep pain under control. Although tolerance to these agents occurs, tumor
progression is the most common reason for increasing opioid requirements. Tolerance
can be easily overcome by raising opioid doses. Addiction is rare in cancer patients tak-
ing opioids for pain relief. Most opioid side effects can be managed with appropriate
interventions (49). Constipation should be anticipated and treated prophylactically.
Proper opioid prescribing is critical to patients with cancer, who often require high
doses of opioids for long periods of time. Important tenets of opioid prescribing are
provided in Table 2.

Although most patients can be managed with oral opioids, alternate routes of analge-
sic administration are sometimes needed. Subcutaneous, intravenous, transdermal,
transmucosal, or intraspinal opioids can be delivered by intermittent bolus, continuous
infusion, or a combination of both as is frequently employed with patient-controlled
analgesia. The costs associated with these routes of opioid administration must be care-
fully considered. In addition, care must be taken to avoid transforming home into a
complex health care setting. Subcutaneous opioids administered through a subcutane-
ous needle on a fixed schedule are effective and less expensive than continuous intrave-
nous or subcutaneous infusions (50). Transdermal fentanyl patches are beneficial in
some patients. This delivery system does not eliminate the need for additional analge-
sics for breakthrough pain. Furthermore, the slow onset of action and the uncertainties
associated in conversion from other opioids have led many to reserve transdermal fen-
tanyl for patients with stable opioid requirements who do not have significant incident
pain (51). Oral transmucosal fentanyl can be effective in patients with incident or break-
through pain where rapid onset and short duration of action are desired. This route of
delivery is expensive and the optimal dose is found through titration as it cannot be
predicted from the total daily dose of administered opioids (52).

Intraspinal opioids can be delivered into the epidural space through a tunneled
external catheter or to the subarachnoid space using a totally implanted pump (53).
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Table 2

Important principles of opioid prescribing

e Order opioids on a scheduled “around-the-clock” basis to optimize relief

e Order a prn opioid to treat breakthrough or incident pain. For example, if a patient is taking
morphine elixir 100 mg po every 4 h, order an additional 25-50 mg of oral morphine elixir
every 2 h as needed for pain

¢ Initiate a prophylactic bowel regimen at the same time opioids are prescribed

e Treat opioid-induced nausea and vomiting aggressively. Patients often become tolerant to
this side effect several days after beginning opioids

¢ Consider converting to sustained release opioid preparations once baseline opioid require-
ments are determined

e Teach the patient and family about the purpose and benefits of opioids to allay their fears
about side effects and addiction. This will improve compliance

e Assess pain relief frequently during the opioid titration period. Titrate doses based on the
patient’s report of pain and the amount of prn opioid required for patient comfort

¢ Maximize the dose of one opioid before changing to another agent or route. Changes should
be made primarily because of toxicities

e Refer to equi-analgesic tables or opioid conversion software when initiating or changing a
patient’s analgesic regimen (NCCN guidelines or Hopkins Opioid Conversion Software)
(80, 81)

e Avoid chronic administration of IM or rectal opioids and the use of meperidine that has a
neurotoxic metabolite

¢ Exercise caution when using methadone that has a long pharmacologic half-life and difficult
equianalgesic conversions to and from other opioids (82)

As the total daily dose of intraspinal opioid is one-tenth to one-hundredth of parenteral
opioid, it is associated with fewer systemic toxicities. Chronic epidural or intrathecal
opioids are invasive, expensive, and frequently ineffective in patients requiring high
doses of systemic opioids. Tolerance, pruritus, urinary retention, and nausea and vom-
iting occur in up to 20% of patients receiving spinal opioids. Respiratory depression
is unusual. The addition of low doses of anesthetic agents or clonidine to intrathecal
and epidural opioids may add considerably to pain relief. Intraspinal opioids are gen-
erally used after documentation of the failure of maximal doses of systemic opioids
although recent studies suggest that they may be beneficial earlier in patients with
cancer pain (54).

Agents that are used primarily for conditions other than pain have been found to be
useful “adjuvant” analgesics in specific circumstances (55). Antidepressants and anti-
convulsants may be effective in neuropathic pain. Psychostimulants can decrease
opioid-induced sedation. Glucocorticoids are effective anti-inflammatory agents and are
also used to reduce pain associated with brain edema and epidural metastases. Muscle
relaxants, anxiolytic, antispasmodic, and neuroleptic agents are also employed for spe-
cific indications. Bisphosphonates reduce the incidence of skeletal complications par-
ticularly in patients with myeloma and breast cancer (56—58). Caution must be exercised
in the use of adjuvant drugs with sedative properties, as the dose of opioids should not
be compromised by the toxicities of these secondary agents.
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Therapy directed against the tumor itself can provide pain relief if it reduces the size
of lesions invading or compressing normal tissues. Radiation therapy is the treatment of
choice for most patients with local pain from tumor progression. It is frequently admin-
istered to patients with symptomatic bone, brain, epidural, and plexus metastases.
Systemic radiopharmaceuticals such as strontium 89, samarium-153-EDTMP are also
used for the treatment of pain from bone metastases (59, 60). Chemotherapy can pro-
vide substantial pain relief in malignancies that respond to this therapeutic modality.
Surgery can be effective in relieving pain from intestinal obstruction, pathologic frac-
tures, and obstructive hydrocephalus.

NONPHARMACOLOGIC, REGIONAL ANALGESIC, AND SURGICAL
APPROACHES

Neurostimulatory techniques, such as transcutaneous electrical nerve stimulation
(TENS), are safe, noninvasive, relatively inexpensive, and easily added to other analge-
sic approaches (61). TENS may provide short-term benefits in cancer patients and a
2-4-week trial will often determine its clinical utility. Nonpharmacologic approaches
such as progressive muscle relaxation, massage, heat or cold, guided imagery, biofeed-
back, hypnosis, and acupuncture (62) are useful adjuncts to pain management. Although
psychotherapy is indicated for an associated depression, unrelieved pain may result in
depression that is best treated with analgesic therapies (63).

While most cancer pain can be well controlled using the approaches outlined above,
some pain remains refractory and some patients experience adverse effects from opioids
despite aggressive therapy with psychostimulants, antiemetics, and laxatives. Adding
adjuvant medications, changing to another opioid, or using continuous intravenous or
subcutaneous infusions to reduce “peak” levels may be helpful. However, in selected
patients, regional analgesia or neuroablative procedures may allow the doses of systemi-
cally administered opioids agents to be reduced substantially. These invasive approaches
should be considered if (1) significant pain persists at doses of analgesics causing dose-
limiting side effects, (2) excessive toxicities result from opioid analgesics, or (3) if a
careful assessment suggests that a low-risk procedure is likely to result in excellent
analgesia.

Regional pain relief can be achieved with long-acting local anesthetics (such as bupi-
vacaine) which provide pain relief for 3—12 h, neurolytic agents (alcohol or phenol)
which produce analgesia for weeks to months, or opioids injected into the epidural or
subarachnoid space (64). Diagnostic blocks with local anesthetics are usually performed
prior to neurolysis. This permits the anesthesiologist to determine the response to local
therapy and the patient to decide if the “numbness” that replaces the pain is tolerable.
If the pain can be relieved temporarily with local anesthetics, alcohol or phenol can be
injected into the subarachnoid or epidural space to destroy nociceptive fibers in the
dorsal rootlets simulating a surgical rhizotomy. Injections of these neurolytic agents can
augment pain relief for months and can be repeated if the pain recurs. Neurolytic blocks
may be particularly useful in the thoracic region where they are associated with few
motor complications. In the cervical and lumbar regions, nearly 20% of patients develop
motor and/or sphincter dysfunction that may be permanent. In patients with preexisting
lower extremity paralysis, colostomy, or nephrostomy tubes where loss of motor or
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sphincter function may be less critical, lumbar neurolysis may be worthwhile. Other
potential side effects of these procedures include hypotension, toxic reactions from
accidental intravenous or subarachnoid administration, or pneumothorax following nee-
dle placement. Neurolysis is usually restricted to patients with a limited life expectancy
as it can produce a painful neuritis that becomes clinically apparent months following
the procedure.

Celiac plexus neurolysis is an outpatient procedure associated with few risks that
alleviates pain originating in the pancreas, stomach, gallbladder, or other upper abdomi-
nal viscera in most patients. This procedure has been shown to decrease opioid require-
ments and improve pain control (65-67). Although pain may recur months after a celiac
block, subsequent blocks are often associated with excellent pain relief. Less commonly
used neurolytic procedures include intercostal blocks (chest wall or rib pain), neuroaxial
blocks (pain in 2-3 dermatomes), Gasserian ganglion neurolysis (pain in the anterior
two-thirds of the head), and brachial plexus blocks (for patients with preexisting limb
paralysis). Neuroablative procedures are rarely performed on cancer patients because of
the success of more conservative approaches and the risks associated with these surgical
approaches. The most commonly performed procedures are radiofrequency ablation
and the open unilateral anterolateral cordotomy, percutaneous cordotomy, and commis-
sural myelotomy. Cordotomies are usually performed through a T2 or T3 laminectomy
and produce analgesia in the lower part of the body in about 80% of patients. A 5-10%
mortality rate and significant morbidity in an additional 15% of patients is reported with
this procedure. Hemiparesis, urinary retention, sexual impotence, unmasking pain on
the opposite side of the body, and late sensory abnormalities are not infrequent. Bilateral
cordotomies are associated with higher complication rates. Percutaneous cordotomy is
safer. These procedures are associated with a recurrence of pain within three months in
50% of patients. A commissural myelotomy can be considered in selected patients with
bilateral pelvic and perineal pain. This involves surgical division of the crossing fibers
of the spinal cord. Although it may result in pain relief with sphincter sparing, few
neurosurgeons have expertise with this procedure.

CHALLENGING PAIN PROBLEMS

Patients with impaired cognitive or communicative skills, episodic or incident pain,
neuropathic pain, or a history of substance abuse pose special challenges (68). Referral
to an experienced multidisciplinary cancer pain team may be helpful if initial attempts
to control pain in patients with these problems are not successful.

Patients with Impaired Cognitive or Communicative Function

Problems conveying pain intensity are greatly magnified in patients who cannot com-
municate with their health care providers or who are cognitively impaired. These defi-
cits complicate the assessment of pain intensity as well as determining the etiology of
the pain and the effect of therapeutic efforts. These are not uncommon issues for health
care providers caring for cancer patients. Some are unable to speak the language of the
health care provider while others may be intubated or have neurologic deficits such as
an expressive aphasia. Children and the elderly have special difficulty communicating
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pain intensity and patients with severe cognitive deficits present obvious challenges in
assessing this entirely subjective symptom (69, 70). Delirious patients with cancer are
often restless, moaning, and unable to convey the intensity, nature, or even location of
their pain. These patients require a review of correctable factors contributing to the
delirium. Neurologic events, infections, trauma, bladder distension, fecal impaction,
hypoxia, or metabolic abnormalities are common. The patient’s drug regimen should be
simplified and agents with anticholinergic properties should be discontinued. If the
patient is on an opioid, reducing the dose, switching agents, or using a continuous infu-
sion or sustained release preparation to avoid wide fluctuations in drug levels may result
in improvement.

Patients with Episodic or Incident Pain

Many patients with cancer experience transient and clinically significant pain that
occurs over baseline pain that is well controlled by analgesics (7/—73). This can occur
at the end of an opioid dosing interval suggesting that the baseline analgesic dose may
need to be increased or the interval between dosing should be shortened. Episodic pain
associated with voluntary or involuntary movements poses a more difficult therapeutic
problem. Examples of these “incident pains” are seen in patients with pelvic or vertebral
body metastases or pathologic fractures, who have severe pain with walking or sitting.
Patients with rib metastases may experience stabbing chest pain with movement or
coughing and patients with esophageal, rectal, or bladder lesions may have severe dis-
comfort with swallowing, defecation, or urination, respectively. Involuntary precipitants
can include bowel or ureteral distension. In a recent study, nearly three-quarters of inci-
dent pain was related to a neoplastic lesion, 20% resulted from anti-neoplastic therapy,
and the remainder was unrelated to the tumor or its treatment (74).

Proper management of these patients requires a comprehensive assessment to deter-
mine the origin of the pain. Therapy directed at the underlying etiologic factors is most
likely to provide pain relief. Relieving a bowel obstruction, repairing or splinting a
fracture, treating a local metastatic lesion with radiation therapy, or performing a neu-
rolytic block for a painful rib lesion are likely to provide better long-term relief than
opioids. The frequency and severity of incident pain may also be significantly reduced
by anti-inflammatory agents or corticosteroids in bone or nerve compression pain and
anticonvulsants or tricyclic antidepressants in neuropathic pain. In addition, therapies to
reduce the frequency of precipitating events should be employed. These may include
antitussives, laxatives, antiperistaltic drugs, or agents that reduce muscle spasms.
Physiotherapy may be useful in musculoskeletal complications and the cognitive and
psychological approaches can be helpful to patients with these pains. Carefully selected
patients may require invasive anesthetic or neurosurgical approaches or epidural anes-
thetics and opioids for relief of these transient but severe pains.

Many of the approaches listed above may not be effective, possible, or advisable in
the context of a patient’s illness. In these situations, opioids remain the mainstay of
therapy. The baseline dose of opioid can be escalated until pain relief or intolerable side
effects occur. While this may produce relief, patients are often excessively sedated dur-
ing the intervals between the severe pains. Alternatively, patients may take supplemen-
tal analgesics, usually short-acting opioids, 30-60 min before a precipitating event is
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likely to occur. If the pain is unpredictable, the additional medications are taken as soon
as the pain begins. Transmucosal fentanyl or parenteral opioids given by patient-
controlled analgesia may be useful if the onset of action is too slow by the oral route.
The doses of these supplemental opioids must be determined from the patient’s baseline
opioid requirements. It is common to begin with 5-10% of the total daily opioid dose
ordered every 2-3 h as needed.

Neuropathic Pain

Neuropathic pain is often characterized by paroxysms of shock-like pain on top of a
burning or constricting sensation. Neuropathic pain in patients with cancer commonly
arises from tumor invading or compressing peripheral nerve, nerve plexus, or spinal cord.
It can occur as a result of surgery, radiation, or chemotherapy as exemplified by post-
mastectomy and post-thoracotomy syndromes, radiation-induced plexopathies, and
chemotherapy-induced neuropathies (75). Neuropathic pain may also accompany disor-
ders that are unrelated to the tumor or its treatment, such as diabetes mellitus, nerve
entrapment syndromes, and herpes zoster. Providing adequate relief from neuropathic
pain is often difficult even for the most experienced physicians. Although this pain may
improve on opioids, it appears to respond less well to these agents than nociceptive pain.
Optimal therapy of neuropathic pain often relies on opioids used in combination with
nonopioid “adjuvant” analgesics. Tricyclic antidepressants have been studied most
extensively in this situation and may work through the inhibition of serotonin and nore-
pinephrine. Although the most convincing efficacy data is with amitriptyline, this agent
is associated with significant anticholinergic effects and sedation. As a result,
desipramine, which has a more favorable toxicity profile, is prescribed more commonly.
Serotonin and nonserotonin reuptake inhibitors including duloxetine and venlafaxine
have also been helpful in some patients. Anticonvulsants are also helpful in the manage-
ment of neuropathic pain, particularly if it has lancinating qualities (76). The doses of
these agents are similar to those used for the control of seizures. Care must be taken to
avoid abrupt withdrawal as this may induce seizures. The most commonly used agents
are gabapentin, pregabalin, lamotrigine (77, 78). Anesthetic creams that produce few
systemic side effects are also available. Capsaicin, a neurotoxin that selectively destroys
nociceptors, is manufactured as a topical preparation and provides relief in some
patients. If oral agents and topical creams are ineffective, afferent input can be reduced
with TENS (79) regional anesthetic techniques such as long-term epidural catheters or
intrathecal pumps for the delivery of local anesthetics.

Patients with a History of Substance Abuse

The overall assessment and management of cancer pain are not different in patients
with a history of drug abuse. These patients should not be permitted to remain in pain
merely because of a history of drug abuse. It is helpful to divide patients with a drug
abuse history into three different subgroups. The first may have used drugs inappropri-
ately in the very distant past. The second may have more recent drug exposure but for
months or years have done well, perhaps with a steady job and enrollment in a long-
term methadone program suggesting that this may be a problem in the past. In these two
patient groups, the primary challenge is often to encourage the patient and involved



Chapter 3 / Cancer Pain 43

family members that opioids are indicated and needed to control their cancer pain.
Those on methadone may require higher than usual doses of opioids because of toler-
ance to these agents. Many of these patients have difficulty finding physicians who
believe their reports of pain and who will provide the high doses of analgesics required.
As a result, they may become angry, frustrated, and more persistent in their demands for
opioids. This constellation of symptoms is also seen in patients who do not have a his-
tory of drug abuse but have severe, untreated pain. Their “appropriate” preoccupation
with obtaining analgesics is referred to as “pseudo-addiction” and tends to disappear
rapidly when they are provided with appropriate pain medications (79).

The third group is comprised of those actively abusing drugs. These patients are diffi-
cult to engage in a therapeutic relationship and frequently have poor social support
networks. They require a coordinated plan and a dedicated team as well as frank discus-
sions relating to the proper use of opioid analgesics for pain management. Oral agents are
preferred and local therapies to painful sites, such as radiation therapy or nerve blocks,
which may limit the need for opioids should be considered. Early referrals to tertiary care
centers are often required if the care of these patients does not go smoothly.

REFERENCES

1. Cleeland CS. The impact of pain on patients with cancer. Cancer 1984: 54:2635-2641.

2. Foley KM. The treatment of cancer pain. N Engl J Med 1985: 313:84-95.

3. van den Beuken-van Everdingen, Mde Rijke J, Kessels A, Schouten H, van Kleef M, Patijn J. Prevalence of
pain in patients with cancer: a systematic review of the past 40 years. Ann Oncol 2007; 18:1437-1449.

4. Twycross R, Harcourt J, Bergl S. A survey of pain in patients with advanced cancer. J Pain Symptom Manage
1996: 12:273-282.

5. Cleeland CS, Gonin R, Hatfield AK, et al. Pain and its treatment in our patients with metastatic cancer. N
Engl J Med 1996: 330:595-596.

6. Portnow J, Lim C, Grossman SA. Assessment of pain caused by invasive procedures in cancer patients. J
NCCN 2003: 1:435-439.

7. Cherny NI. Cancer pain: principles of assessment and syndromes, in Berger AM, Portenoy RK, Weissman
DE (eds), Principles and Practice of Supportive Oncology, Philadelphia: Lippincott-Raven Publishers, 1998:
3-42.

8. Joranson DE. Availability of opioids for cancer pain: recent trends, assessment of system barriers, New World
Health Organization guidelines, and the risk of diversion. J Pain Symptom Manage 1993: 8:353-360.

9. Angarola RT. Availability and regulation of opioid analgesics. Adv Pain Res Ther 1990: 16:513-525.

10. Koshy RC, Rhodes D, Devi S, Grossman SA. Cancer pain management in developing countries: a mosaic of
complex issues resulting in inadequate analgesia. Support Care Cancer 1998: 6:430-437.

11. Cleeland CS, Gonin R, Hatfield AK, et al. Pain and its treatment in outpatients with metastatic cancer. N Engl
J Med 1994: 330:592-596.

12. Cleeland CS, Pandya KIJ, Loehrer P, et al. Pain and treatment of pain in minority patients with cancer. The
Eastern Cooperative Oncology Group Minority Outpatient Pain Study. Ann Intern Med 1997: 127:813-816.

13. van Roenn JH, Cleeland CS, Gonin R, et al. Physician attitudes and practice in cancer pain management. A
survey from the Eastern Cooperative Oncology Group. Ann Intern Med 1993: 119:121-126.

14. Ad Hoc Committee on Cancer Pain. Cancer pain assessment and treatment curriculum guidelines. J Clin
Oncol 1992: 10:1976-1982.

15. American Pain Society Quality of Care Committee: Quality improvement guidelines for the treatment of acute
pain and cancer pain. ] Am Med Assoc 1995: 274:1874-1880.

16. Spross JA, McGuire DB, Schmitt R. Oncology Nursing Society position paper on cancer pain. Oncol Nurs
Forum 1990: 17:595-614 (Part I); 17:751-757 (Part II); 17:825, 944-955 (Part III).

17. Jacox A, Carr DB, Payne R, et al. Management of Cancer Pain: Clinical Practice Guideline No. 9. AHCPR
Publication No. 94-0592. Rockville, MD: Agency for Health Care Policy and Research, US Dept of Health
and Human Services, Public Health Service, 1994.

18. Grossman SA. Management of Cancer Pain: National Comprehensive Cancer Network Guidelines. Oncology
1999: 13:33-44.



44

Grossman and Nesbit

19.
20.

21.

22.
23.

24.

25.

26.

217.

28.

29.

30.
31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.
47.

48.

49.

50.

51.

Curtiss CP. JCAHO: meeting the standards for pain management. Orthop Nurs 2001: 20:27-30.

Ward SE, Goldberg N, Miller-McCauley V, et al. Patient-related barriers to management of cancer pain. Pain
1993: 52:319-324.

Grossman SA, Sheidler VR, Swedeen K, et al. Correlation of patient and caregiver ratings of cancer pain. J
Pain Sympt Manage 1991: 6:53-57.

Schechter NL. Pain in children with cancer. Adv Pain Res Ther 1990: 16:57-72.

McGrath PA. Development of the World Health Organization Guidelines on Cancer Pain Relief and Palliative
Care in Children. J Pain Symptom Manage 1996: 12:87-92.

Cleary JF, Carbone PP. Palliative medicine in the elderly. Cancer 1997: 80:1335-1347.

Passik SD, Portenoy RK. Substance abuse issues in palliative care, in Berger AM, Portenoy RK, Weissman
DE (eds), Principles and Practice of Supportive Oncology, Philadelphia: Lippincott-Raven Publishers, 1998:
513-529.

Mortimer JE, Bartlett NJ. Assessment of knowledge about cancer pain management by physicians in training.
J Pain Symptom Manage 1997: 14:21-28.

Sheidler VR, McGuire DB, Gilbert MR, et al. Analgesic decision making skills of nurses. Oncol Nurs Forum
1992: 19:1531-1534.

Au E, Loprinzi CL, Dhodapkar M, et al: Regular use of a verbal pain scale improves the understanding of
oncology inpatient pain intensity. J Clin Oncol 1994: 12:2751-2755.

Twycross RG: Relief of pain, in Saunders CM (ed), The Management of Terminal Disease, 1978: Chicago
Yearbook Publishers, 1978: 65.

Twycross RG. Incidence of pain. Clin Oncol 1984: 3:5.

Vallerand AH: Measurement issues in the comprehensive assessment of cancer pain. Semin Oncol Nurs 1997:
13:16-24.

Paice JA, Cohen FL. Validity of a verbally administered numeric rating scale to measure cancer pain intensity.
Cancer Nurs 1997: 20:88-93.

Chibnal JT. Pain assessment in cognitively impaired and unimpaired older adults: a comparison of four scales.
Pain 2001: 92:173-186.

Melzack R: The McGill pain questionnaire: major properties and scoring methods. Pain 1975: 1:277-299.
Graham C, Bond SS, Gerkovich MM, et al. Use of the McGill pain questionnaire in the assessment of cancer
pain: replicability and consistency. Pain 1980: 8:377-387.

Fishman B, Pasternak S, Wallenstein S, et al. The Memorial pain assessment card: a valid instrument for the
evaluation of cancer pain. Cancer 1987: 60:1151-1158.

Grossman SA, Sheidler VR, McGuire DB, et al. A comparison of the Hopkins Pain Rating Instrument with
standard visual analogue and verbal descriptor scales in patients with cancer pain. J Pain Symptom Manage
1992: 7:196-203.

Rhodes DJ, Koshy R, Sheidler VR, Waterfield W, Wu A, Grossman SA. Feasibility of quantitative pain
assessment in outpatient oncology practice. J Clin Oncol 2001: 19:501-508.

Wiffen PJ, Edwards JE, Barden J, McQuay JH. Oral morphine for cancer pain. Cochrane Database Syst Rev
2003: 4:CD003868.

Zech DF, Grond S, Lynch J, et al. Validation of the World Health Organization guidelines for cancer pain
relief: a 10-year prospective study. Pain 1995: 63:65-76.

Cherny NI, Foley KM. Nonopioid and opioid analgesic pharmacotherapy of cancer pain. Hematol Oncol Clin
North Am 1996: 10:79-102.

Hanks G, Cherny N. Analgesic therapy, in Doyle D, Hanks G, MacDonald N (eds), Oxford Textbook of
Palliative Medicine, Oxford: Oxford Medical Publications, 1998: 331-355.

Cancer Pain Relief and Palliative Care. Report of a WHO Expert Committee. Geneva: World Health
Organization, 1990 (WHO Technical Report Series, No. 804).

Grossman SA, Staats PS. Current management of pain in patients with cancer. Oncology 1994: 8:93-107.
Portenoy RK. Pharmacologic management of cancer pain. Seminars in Oncology 1995: 22(2 Suppl
3):112-120.

Levy MH. Pharmacologic treatment of cancer pain. N Engl J Med 1996: 335:1124-1132.

Eisenberg E, Berkey CS, Carr DB, et al. Efficacy and safety of nonsteroidal antiinflammatory drugs for can-
cer pain: a meta-analysis. J Clin Oncol 1994: 2:2756-2765.

McNicol E, Strassels S, Goudas L, et al. Nonsteroidal anti-inflammatory drugs, alone or combined with opio-
ids, for cancer pain: a systematic review. J Clin Oncol 2004: 22:1975-1992.

McNicol E, Horowicz-Mehler N, Fisk RA, et al. Management of opioid side effects in cancer-related and
chronic noncancer pain: a systematic review. J Pain 2003: 4:231-256.

Crane RA. Intermittent subcutaneous infusion of opioids in hospice home care: an effective, economical,
manageable option. Am J Hosp Palliat Care 1994: 11:8—12.

Stanley TH. Fentanyl. J Pain Symptom Manage 2005: 29(5 Suppl) S67-S71.



Chapter 3 / Cancer Pain 45

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.
71.

72.
73.

74.

75.
76.

71.

78.

79.
80.

81.
82.

Streisand JB, Busch MA, Egan TD, et al. Dose proportionality and pharmacokinetics of oral transmucosal
fentanyl citrate. Anesthesiology 1998: 88:305-309.

Ballantyne JC, Carwood CM. Comparative efficacy of epidural, subarachnoid, and intracerebroventricular
opioids in patients with pain due to cancer. Cochrane Database Syst Rev 2005: 1:CD005178.

Smith TJ, Staats PS, Deer T, et al. Randomized clinical trial of an implantable drug delivery system compared
with comprehensive medical management for refractory cancer pain: impact on pain, drug-related toxicity,
and survival. J Clin Oncol 2002: 20:4040-4049.

Lussier D, Huskey AGB, Portenoy RK. Adjuvant analgesics in cancer pain management. Oncologist 2004:
9:571-591.

Body JJ, Piccart M, Coleman RE. Use of bisphosphonates in cancer patients. Cancer Treat Rev 1996:
22:265-287.

Seaman J, Knight RD. Efficacy of pamidronate in reducing skeletal events in patients with advanced multiple
myeloma. N Engl J Med 1996: 334:488-493.

Hortobagyi GN, Theriault RL, Lipton A, et al. Long-term prevention of skeletal complications of metastatic
breast cancer with pamidronate. J Clin Oncol 1998: 16:2038-2044.

Janjan NA. Radiation for bone metastases: conventional techniques and the role of systemic radiopharmaceu-
ticals. Cancer 1997: 80(8 Suppl):1628-1645.

Rogers CL, Speiser BL, Ram PC, et al. Efficacy and toxicity of strontium-89 for symptomatic osseous metas-
tases. J 1Brachyther Int 1998: 14:133-142.

Long DM. Fifteen years of transcutaneous electrical stimulation for pain control. Stereotact Funct Neurosurg
1991: 56:2-19.

Cohen AJ, Menter A, Hale L. Acupuncture: role in comprehensive cancer care--a primer for the oncologist
and review of the literature. Integr Cancer Ther 2005: 4:131-143.

Patrick DL, Ferketich SL, Frame PS, et al. National Institutes of Health State-of-the-Science Conference
Statement: Symptom Management in Cancer: Pain, Depression, and Fatigue. J Natl Cancer Inst 2003:
95:1110-1117.

Bonica JJ, Ventafridda V,Twycross RG. Section E: Regional Analgesia/Anesthesia in The Management of
Pain, 2nd ed. Malvern, Pa: Lea & Febiger; 1990: 1878-2039.

Lillemoe KD, Cameron JL, Kaufman HS, et al. Chemical splanchnicectomy in patients with unresectable
pancreatic cancer. Ann Surg 1993: 217:447-455.

Mercadante S. Celiac Plexus block versus analgesics in pancreatic cancer pain. Pain 1993: 52:187-192.
Wong GY, Schroeder DR, Carns PE, et al. Effect of neurolytic celiac plexus block on pain relief, quality of
life, and survival in patients with unresectable pancreatic cancer: a randomized controlled trial. JAMA 2004:
291:1092-1099.

Hanks G, Portenoy RK, MacDonald N, et al. Difficult pain problems, in Doyle D, Hanks G, MacDonald N
(eds), Oxford Textbook of Palliative Medicine (2nd edn), Oxford: Oxford Medical Publications, 1998:
454-4717.

Balducci L. Management of cancer pain in geriatric patients. J Support Oncol 2003: 1:175-191.

Levy MH, Samuel TA. Management of cancer pain. Semin Oncol 2005: 32:179-193.

Zeppetella G, Ribeiro MD. Opioids for the management of breakthrough (episodic) pain in cancer patients.
Cochrane Database Syst Rev 2006: 25:CD004311.

Payne R. Recognition and diagnosis of breakthrough pain. Pain Med 2007: 8(Suppl 1):S3-S7.

Svendsen KB, Andersen S, Arnason S, et al. Breakthrough pain in malignant and non-malignant diseases: a
review of prevalence, characteristics and mechanisms. Eur J Pain 2005: 9:195-206.

Portenoy RK, Hagen NA. Breakthrough pain: definition, prevalence, and characteristics. Pain 1990:
41:273-282.

Paice JA. Mechanisms and management of neuropathic pain in cancer. J Support Oncol 2003: 1:107-120.
Wiffen P, Collins S, McQuay H, et al. Anticonvulsant drugs for acute and chronic pain. Cochrane Database
Syst Rev 2005: 3:CD001133.

Moulin DE, Clark AJ, Gilron I, et al. Pharmacological management of chronic neuropathic pain - consensus
statement and guidelines from the Canadian Pain Society. Pain Res Manag 2007: 12:13-21.

Bosnjak S, Jelic S, Susnjar S, Luki V. Gabapentin for relief of neuropathic pain related to anticancer treat-
ment: a preliminary study. J Chemother 2002: 14:214-219.

Weissman DE, Haddox JD. Opioid pseudoaddiction: an iatrogenic syndrome. Pain 1989: 36:363-366.
Mercadante S, Bruera W. Opioid switching: a systemic and critical review. Cancer Treat Rev 2006:
32:304-315.

Grossman SA, Nesbit S. Hopkins Opioid Conversion Software for PDA’s and web-based use. www.hopweb.org.
Ripamonti C, Groff L, Brunelli C, et al. Switching from morphine to oral methadone in treating cancer pain:
what is the equianalgesic dose ratio? J Clin Oncol 1998: 16:3216-3221.



4 Anorexia and Cachexia

Takao Ohnuma and James F. Holland

CONTENTS

INTRODUCTION

ET1I0LOGY AND MECHANISMS

TREATMENT OF CANCER ANOREXIA/CACHEXIA
CONCLUDING REMARK

REFERENCES

ABSTRACT

Cachexia is a complex syndrome presenting wasting of muscle and adipose tissues,
weight loss, anorexia, early satiety, fatigue, anemia, hyperlipidemia, systemic inflam-
matory responses, and often a hypercatabolic state. Cachexia differs from starvation,
where visceral proteins are also depleted. Profound anorexia and early satiety are partly
responsible, but metabolic abnormalities are the major cause of cachexia. Mechanisms
of cachexia include production of inflammatory cytokines including TNF-q,
Interleuken-1 (IL-1), IL-6, and IFN-y; secretion of tumor byproducts, which include
lipolytic factors and proteolysis-inducing factor; hormonal aberration; prostaglandin
elevation; possible dysfunction of neuropeptidergic circuits; and metabolic derange-
ment produced by treatment. A variety of agents have been used in attempts to reverse
cachexia, including corticosteroids, megestrol acetate and medroxyprogesterone acetate,
anabolic steroids, cannabinoids, growth hormones, somatostatin and GHRP-2, insulin-
like growth factor 1, metoclopramide and cisapride, hydrazine sulfate, anti-inflamma-
tory agents such as indomethacin and ibuprofen, pentoxifylline and lisofylline,
proteasome inhibitors and NF-kB inhibitors, clenbuterol, thalidomide, adenosine tri-
phosphate, 5’-deoxy-5-fluorouridine, proinflammatory-cytokine inhibitors including
proinflammatory cytokine antibodies and anti-inflammatory cytokines, eicosapentae-
noic acid, enteral and parenteral nutrition, branched-chain amino acids, orexigenic
mediators, melatonin and cyproheptadine. Currently, the most commonly used agent is
megestrol acetate; however, megestrol-induced weight gain is mainly from water and
fat, rather than muscle protein. Side effects include thromboembolic phenomena. In
early studies, thalidomide and NF-xB inhibitors appear effective at attenuating loss of
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weight and lean body mass in cancer cachexia. Development of agents that prevent or
reverse loss of lean body weight mass is eagerly awaited.
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INTRODUCTION

Cachexia and anorexia are commonly associated with a number of acute and chronic
diseases, including cancer, acquired immunodeficiency syndrome, sepsis, chronic heart
failure, kidney failure, burn injury, severe trauma, and chronic arthritis (/).

Cachexia is a complex syndrome presenting as wasting of muscle and adipose tis-
sues, weight loss, anorexia, early satiety, fatigue, anemia, hyperlipidemia, systemic
inflammatory responses including elevated proinflammatory cytokines and often a
hypercatabolic state.

In a study to establish factors influencing survival of cancer patients after diagnosis
of terminal cancer of the lung, breast, or gastrointestinal tract, shorter survival was
independently associated with a weight loss of greater than 8.1 kg in the previous 6
months (2). In addition to a reduction in survival time, patients had a reduced quality of
life. Chronic pain and fatigue were common, and there was a poor tolerance to surgery,
chemotherapy, and radiotherapy (3).

Extensive loss of skeletal muscle mass and adipose tissue in cachexia may be con-
trasted with simple starvation in which fat replaces glucose as the preferred fuel to spare
lean body mass (4—6). Cancer cachexia results from altered metabolism rather than just
an energy deficit, and it cannot be reversed by forced feeding (7, 8). This article serves
as an update of the authors’ previous work (9).

ETIOLOGY AND MECHANISMS

The causes of cancer-related cachexia are multifold and can be grouped into three
interrelated categories: anorexia and early satiety, mechanical obstruction of the alimen-
tary tract, and metabolic derangement.

Anorexia and Early Satiety

Anorexia in cancer patients can be divided into three categories: disease-related,
treatment-related, and emotional distress-related. Anorexia may result from early sati-
ety, nausea, or dysgeusia, a change in taste.

Abnormalities of taste sensation and olfaction for food aromas have been demon-
strated in cancer patients (/0, 11). Patients displayed a distaste for sweet foods as com-
pared to healthy subjects, which correlated with a loss of taste sensation. Patients
experiencing food aversion found the odors of chocolate, pork, roast beef, and chicken
significantly less pleasant than controls (717).
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Etiologic Factors of Anorexia and Early Satiety

Animal studies and clinical trials have identified many factors as causes of cancer
anorexia. Examples are listed in Table 1, which illustrates that cancer anorexia is prob-
ably multifactorial. Among these factors, serotonin and cytokines as well as neuropep-
tidergic circuit dysfunction are worthy of additional comments.

SEROTONIN

Abnormal tumor cell utilization of tryptophan, the precursor of serotonin, with
resultant excess-free tryptophan levels in the plasma has been reported in cancer patients
(12). Increase in blood tryptophan results in elevated tryptophan levels in the cerebros-
pinal fluid, which appears to induce increased serotonin synthesis/secretion in the ven-
tromedial hypothalamic (VMH) serotonergic system. A close relationship between
elevated plasma-free tryptophan and anorexia was observed in patients with cancer (13).
Increases in urinary excretion of 5-hydroxyindoleacetic acid, the main metabolite of
serotonin, have been identified after cisplatin treatment in cancer patients (/4). As
described below, studies of cytokines and neuropeptide circuits have led to identifica-
tion of CNS serotonin as a major mediator of cancer anorexia (15).

CYTOKINES

Certain cytokines, such as tumor necrosis factor-a (TNF-o) and interleukin-1 (IL-1),
have been shown to be mediators of anorexia. While TNF-o induces IL-1, both
cytokines appear to be operative in mediating their anorectic effect through the brain as
well as directly on the gastrointestinal tract, e.g., decrease in gastric emptying time (16, 17).
Peripherally infused IL-1 increased brain tryptophan and serotonin concentrations,
whereas intracerebrally infused IL-1 increased neural firing rate and serotonin release
in the VMH, suggesting that IL-1 production during tumor growth facilitated tryp-
tophan conversion in the brain.

Using methylcholanthrene-induced tumors in rats, various specific components of
the cytokine-induced anorectic reactions were examined in the tumor tissue, the liver,
and the brain including IL-1p system components (ligand, signaling receptor, receptor
accessory proteins, and receptor antagonist), TNF-o, TGF-B1, and IFN-y. IL-13, TNF-o,

Table 1
Possible causes of cancer anorexia

(a) Bombesin, a neuropeptide produced by small-cell lung cancer (288)

(b) Certain cytokines, e.g., TNF-a and IL-1 (13)

(c) Emetogenic anticancer agents, e.g., cisplatin, nitrogen mustard, doxorubicin (74)

(d) Glucagon or glucagon-like peptides (289)

(e) Hypercalcemia, a common paraneoplastic syndrome (290)

(f) Increases in serum lactate, known to be produced abundantly by tumor (291)

(g) Dysfunction of neuropeptidergic circuits in the brain (27)

(h) Satietins, proteins isolated from human plasma (292, 293)

(i) Increases in serotonin levels in serum and central nervous system (CNS) in cancer patients
(12-15)

(j) Toxohormone-L, a lipolytic factor purified from ascitic fluid of patients with hepatoma (96)
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and interferon-y (IFN-y mRNA were detected in the tumor tissue of anorectic tumor-bearing
rats, whereas in brain regions, anorexia was associated with the upregulation of only
IL-1B and its receptor mRNA. All other mRNAs remained unchanged in the brain
regions examined. This observation suggests that IL-1f and its receptor played a major
role in this model of cancer-associated anorexia (/8).

While IFN-y infusion produced anorexia in patients with renal cell cancer, the
appearance in mice of anorexia associated with tumor growth was similar whether mice
were IFN-y knockout or intact, suggesting that endogenous IFN-y plays little role in
producing anorexia in the tumor-bearing host (19, 20). Interleukin-6 (IL-6) appears to
have no direct anorectic effect (21, 22).

Immunohistochemical image analyses of the time course of various proinflammatory
cytokines in the CNS of tumor-bearing mice did not find that upregulation of
brain cytokines could explain cancer anorexia (23).

Animal studies showed development of tolerance to injections of TNF-o. and IL-1
(24). IL-1 infusion was not anorexigenic in food-deprived rats (25).

Serum levels of circulating TNF-o., IL-1, IL-6, and IFN-y did not correlate with the
anorexia/weight loss syndrome in cancer patients (26, 27). These studies imply that
anorexigenic actions of these cytokines are processed by intermediate mediator mole-
cules, such as melanocortins (28). Cytokines not only produce anorectic effects but also
exert direct catabolic activity on muscle and adipose tissues. This will be discussed in a
separate section below.

DYSREGULATION OF NEUROPEPTIDERGIC CIRCUITS

Both insulin, secreted from the exocrine pancreas, and leptin, produced primarily by
adipocytes, circulate at levels proportional to body fat content and enter the CNS in
proportion to their plasma levels. As weight increases, insulin secretion is increased
both at the basal state and in response to meals to compensate for insulin resistance. As
obesity progresses, increased insulin secretion promotes insulin delivery to the brain,
where it helps to limit further weight gain. Insulin also promotes both fat storage and
leptin synthesis by fat cells. Leptin has a more important role than insulin in the CNS
control of energy homeostasis. Thus, leptin deficiency causes severe obesity with hyper-
phagia that persists despite high insulin levels. In contrast, obesity is not induced by
insulin deficiency (29, 30).

Several studies have dealt with the role of leptin in cancer-induced anorexia. In
cachectic tumor-bearing animals, lower circulating levels of leptin together with
decreased adipose tissue leptin mRNA content have been described (37). Similarly,
serum leptin levels were reduced in patients with both advanced lung cancer and colon
cancer, suggesting that cancer anorexia and cachexia are not solely due to the dysregula-
tion of leptin production (32, 33). Plasma leptin levels showed gender-dependent asso-
ciations, and significantly lower levels were found among cachectic women but not
among cachectic men (34).

Ghrelin, secreted predominantly from the stomach, is the natural ligand for the
growth hormone secretagogue receptor (GHS-R) in the pituitary gland. It has profound
orexigenic, adipogenic, and somatotrophic properties, thereby increasing food intake
and body weight (35). The brain—gut axis is the effector of anabolism, regulating feed-
ing, metabolism, and growth via vagal efferents mediating ghrelin signaling.
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Studies of ghrelin and of IL-6 levels in cancer patients provided conflicting data.
Ghrelin and IL-6 levels were either increased, equal, or lower in cachectic cancer
patients than those in noncachectic groups (36-39).

In a study examining whether ghrelin counteracted tumor-induced anorexia in MCG
101 tumor-bearing mice, ghrelin treatment increased food intake, body weight, and
whole body fat in normal controls, whereas tumor-bearing mice showed improved
intake and body composition at the high dose of ghrelin only. Exogenous ghrelin nor-
malized the growth hormone secretagogue receptor (GHS-R) expression in the hypotha-
lamus from tumor-bearing mice without alterations in the gastric fundus expression of
ghrelin. Tumor growth was not altered by exogenous ghrelin. These results indicated
that MCG 101-bearing mice became ghrelin resistant despite upregulation of hypotha-
lamic GHS-R expression. Thus, other factors downstream of the ghrelin-GHS-R system
appear to be more important than ghrelin to explain cancer-induced anorexia (40).

Seven cancer patients who reported loss of appetite were subjected to a short-term
randomized cross-over clinical trial examining whether ghrelin stimulated appetite in
cancer patients with anorexia (4/). A marked increase in energy intake was observed
with ghrelin infusion compared with saline control, and every patient ate more. The
meal appreciation score was greater with ghrelin treatment. No side effects were
observed. No long-term effects were studied to examine whether ghrelin improved per-
formance status, maintained lean body mass, or improved overall survival. Further
research on high-dose ghrelin is needed to ascertain its role as a therapeutic agent.

Both insulin and leptin interact with several distinct hypothalamic neuropeptide-
containing pathways (42). Neuropeptides implicated in the control of energy homeosta-
sis are divided into orexigenic (anabolic) and anorexigenic (catabolic) signaling
molecules (Table 2). Peripheral leptin enters into the CNS where leptin receptors exist
in the hypothalamus. Leptin interacts with numerous hypothalamic neuropeptidergic
effector molecules, which are downstream of the leptin signal. Leptin suppresses
hypothalamic orexigenic neuropeptides, which include neuropeptide Y (NPY), agouti-
related protein (AgRP), melanin-concentrating hormone (MCH), and orexin. Leptin
also stimulates anorexigenic neuropeptides including o-melanocytes-stimulating hormone
(0-MSH), corticotropin-releasing hormone (CRH), cocaine, and amphetamine-related
transcript (CART). The arcuate nucleus transduces leptin signals from the periphery.
The leptin receptor is coexpressed with NPY and AgRP in the arcuate nucleus neurons,
and is also expressed in pro-opiomelanocortin/CART neurons. NPY/AgRP neurons are
inhibited by leptin and activated by a decrease in leptin levels. NPY stimulates food
intake and decreases energy expenditure, primarily from a reduction in thermogenesis
in brown adipose tissue and by facilitating fat deposition in white adipose tissue, partly
through increased insulin activity. Both insulin and leptin have been shown to activate
the hypothalamic phosphoinositol-3-kinase pathway (43). From this apparently contra-
dictory observation, possible mechanisms of insulin- and leptin resistance were inferred
(44). While synthesis and secretion of leptin appear to be stimulated by cytokines such
as IL-1, circulating leptin levels are not elevated in cachectic cancer patients (45, 46).

Dysregulation of the neuropeptidergic circuit controlling food intake, energy expend-
iture, and thus energy homeostasis may play a role in the development of the cancer
anorexia-cachexia syndrome (47). Thus, rats bearing methylcholanthrene-induced
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Table 2

Orexigenic (anabolic) and anorexigenic (catabolic) neuropeptides

Orexigenic molecules

Neuropeptide Y (NPY)

Agouti-related protein (AGRP)
Melanin-concentrating hormone (MCH)
Hypocretin 1 and 2 (Orexin A and B)
Galanin

Norepinephrine

Opioids

Anorexigenic molecules
Melanoxyte-stimulating hormone (MSH)
Coricotropin-releasing hormone (CRH)
Thyrotropin-releasing hormone (TRH)
Cocaine- and amphetamnine-regulated transcript (CART)
Urocortin

Glucagon-like peptide 1 (GLP-1)
Oxytocin

Neurotensin

Serotonin

Adapted from Schwartz MW et al. (29)

sarcomas were refractory to intrahypothalamic injection of NPY as an orexigen when
compared to controls (48). NPY mRNA levels are not always increased in anorectic
tumor-bearing rats when compared with pair-fed or control animals (49). Reduced affin-
ity of hypothalamic NPY receptors as well as refractory adenylate cyclase in response
to NPY suggested that the postsynaptic NPY-signaling systems were altered in the
hypothalamus of tumor-bearing rats (50, 51).

Cytokines produce a more potent effect on feeding and metabolism when injected
directly into the CNS rather than peripherally. A central mechanism of action in the
production of cachexia has been postulated for many cytokines, including IL-1, IL-6,
IL-8, TNF-o, IFN-0, and other chemokines (42, 52).

TNF-o acts peripherally to increase leptin mRNA and centrally upon neural activity
of glucose-sensitive neurons within the ventromedial nucleus and the lateral hypotha-
lamic area. Episodic TNF administration has been reported to induce anorexia but does
not appear to be able to induce cachexia. Tolerance to the cytokine eventually develops,
and food intake and body weight return to normal (53).

IL-1B blocked hypothalamic NPY mRNA levels and decreased NPY-induced feed-
ing, whereas it stimulated CRH in parallel with suppression of food intake (53, 54).
Conversely, at different doses NPY blocked and reversed IL-1B-induced anorexia (55).
IL-1-induced anorexia is mainly due to development of early satiety and such early
satiety has long been linked to enhanced serotonergic activity (56). In addition, TNF-o
and IFN-y were also shown to stimulate CRH expression and/or release (57). Cytokines
may play an important role in long-term inhibition of feeding by mimicking the hypoth-
alamic effect of excessive negative feedback signaling from leptin by persistent
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stimulation of anorexigenic neuropeptides such as CRH or by inhibition of the NPY
orexigenic network (47).

In summary, a number of factors have been proposed as putative mediators of cancer
anorexia, including hormones (e.g., leptin), neuropeptides (e.g., NPY), cytokines (e.g.,
IL-1, TNF), and neurotransmitters (e.g., serotonin and dopamine). Rather than repre-
senting separate and distinct pathogenic entities, it appears that close interrelationships
exist among these factors. Indeed, many studies suggest that different anorexia-related
factors converge on a common final pathway as a major target, i.e., hypothalamic
monoaminergic neurotransmission and serotonergic activity (58, 59). In patients with
cancer, it is likely that cytokines and anorexia are related. Compelling evidence is lack-
ing because cytokines may be released episodically and many of their biologic effects
are mediated by paracrine and autocrine mechanisms. Circulating concentrations of
cytokines may not reliably reflect their role in determining specific biological responses,
including cachexia (29, 40, 60).

Alimentary Tract Dysfunction

Abnormalities in perception of taste and smell have been described in cancer patients.
Tumors of the mouth, oropharynx, esophagus, stomach, pancreas, liver, and peritoneum
may compromise oral intake from mechanical interference with anatomical structures.
Intestinal obstruction is a common complication of cancer. Malabsorption secondary to
pancreatic insufficiency due to pancreas carcinoma or secondary to the infiltration of the
intestine or mesentery by lymphoma has been described (61, 62).

Direct encroachment of a tumor on the gastrointestinal tract, atrophic changes in the
mucosa and muscles of the stomach, a reduction in the duration or activity of digestive
enzymes which may lead to delayed gastric emptying, and slowing of peristalsis are all
pathogenic mechanisms that may contribute to early satiety (63, 64). Early satiety is
common in patients with decreased upper gastrointestinal motility (65).

Major surgery for cancer, particularly on the gastrointestinal tract, may produce
abnormalities in taste and difficulties in swallowing, digestion, or absorption that may
contribute indirectly to anorexia. Chemotherapy commonly induces abnormal percep-
tion of taste, mucositis, and nausea and vomiting. Radiotherapy to the head and neck
can induce stomatitis, xerostomia, and alterations in taste and smell. Radiotherapy to the
abdomen can induce anorexia, nausea, vomiting, diarrhea, and malabsorption.

Biochemical and Metabolic Derangement
INCREASED GLUCOSE UTILIZATION AND FUTILE SUBSTRATE CYCLES

High rates of glucose utilization with production of lactic acid are characteristic
features of the neoplastic cell. In mice bearing transplantable colon tumors, glucose
utilization by the tumors was second only to that by the brain (66). Hexokinase, which
catalyzes the first step of the glycolytic pathway and which is often highly over-
expressed in tumor cells, is a major player in this process. Binding of tumor hexokinase
to the outer mitochondrial membrane provides the enzyme with preferential access to
ATP generated in the mitochondrion and increases the activity and stability of the
enzyme (67). The end product of the hexokinase reaction, glucose-6-phosphate, serves
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not only as a source of ATP via glycolysis but is also a key intermediate in the metabolic
processes essential for cell growth and proliferation. Alteration of an isozyme appears
closely linked to this process. Thus, the promoter activity of the type II isoform of hexo-
kinase, the dominant form expressed in AS-30 hepatoma cells, was found to be resistant
to normal hormonal control (68). The distal region of the promoter was found to display
consensus motifs for hypoxia-inducible factor (HIF-1). Subjecting transfected hepatoma
cells to hypoxic conditions activated the type II hexokinase promoter almost sevenfold
in the presence of glucose (69). The tumor cell was able to maintain glycolysis regard-
less of the metabolic state of surrounding normal cells.

Lactic acid produced via glucose metabolism may be utilized by other tissues for
energy purposes or may be transported to the liver for resynthesis to glucose. The cyclic
metabolic pathway, in which glucose is converted to lactic acid by glycolysis in tumor
tissue and then reconverted to glucose in the liver, is referred to as the Cori cycle.
Conversion of glucose to lactate in cancer cells yields two ATPs, whereas lactate to
glucose conversion in the liver requires six ATPs. Thus a systemic energy-losing or
futile substrate cycle, involving this interplay of tumor glycolysis and host gluconeo-
genesis may be an important cause of cancer cachexia (70). Assuming that all lactate
produced is recycled to glucose, the cancer cell acts as an energy parasite. It may be
calculated, however, that if 85% of lactate passes through the gluconeogenic pathway
and 15% is oxidized, the host’s handling of tumor-produced lactate would be energy
neutral. It has been suggested that the increase in the Cori cycle is insignificant in terms
of energy expenditure and that increased glucose catabolism itself is responsible for
weight loss and development of cachexia (71).

CYTOKINES

TNF-o., IL-1, IL-6 (and its subfamily members such as ciliary neurotrophic factor
(CNTF) and Leukemia Inhibitory Factor (LIF)), and IFN-y produced by host immune
cells and/or tumor cells have all been implicated as mediators of cancer cachexia (72-74).
These cytokines are characterized by the induction of anorexia, weight loss, an acute-
phase protein response, protein and fat breakdown, rises in levels of cortisol and gluca-
gon and falls in insulin level, insulin resistance, anemia, fever, and elevated energy
expenditure in animals. Direct interaction with leptin, neuropeptides, or serotonin as
mechanisms of induction of cancer anorexia has been described above.

TNF-o:: TNF-o. was independently and simultaneously discovered as cachectin because
it caused systemic suppression of lipoprotein lipase and development of hypertriglyceri-
demia, a state frequently seen in cachectic animals (75). One mechanism by which TNF-a
induces a net catabolic state in the host is by mediating increased catabolism at the level
of specific tissues such as muscle and fat (76). TNF-o. increases activities of both phos-
phofructokinase and fructose bisphosphate phosphatase in myocytes in culture, producing
an increased substrate cycling between fructose-6-phosphate and fructose-1,6-bisphos-
phate. Each of the fructose-6-phosphate/fructose-1,6-bisphosphate cycles loses one ATP.
TNF also increased ubiquitin gene expression in isolated rat muscle.

Elevation of serum TNF-o and/or TNF-o-receptor levels has been associated with
the clinical status of patients with B-cell chronic lymphocytic leukemia and with
endometrial carcinoma and other solid tumors (77, 78). Administration of TNF-o in
humans induced anorexia, negative nitrogen balance, and increases in serum triglyc-
erides and in very low-density lipoprotein (79, 80). In contrast, TNF-o. was rarely
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detected in patients with clinical cancer cachexia and administration of recombinant
TNF-o did not produce demonstrable cachexia (26, 27, 81). Patients with type I
hyperlipidemia caused by an inherited deficiency in lipoprotein-lipase have normal
fat stores and are not cachectic. These observations suggest that neither TNF-a nor
suppression of lipoprotein-lipase alone can explain loss of adipose tissue and cachexia
in cancer patients.

IL-1, The genotype for a diallelic polymorphism of the IL-1 gene was examined in
patients with pancreatic cancer (82). The possession of a genotype resulting in increased
1B production was associated with shortened survival and increased serum C-reactive
protein (CRP) level. This may reflect the role of IL-1B in inducing an acute-phase
protein response and cachexia in cancer.

IL-6: A significant role of IL-6f in cancer anorexia is detailed in the earlier section.
Involvement of IL-6 in the development of cancer cachexia has been suggested from a
number of animal models. Prevention of muscle atrophy in tumor-bearing mice by anti-
IL-6 receptor antibody appears to be mediated by modulation of lysosomal and ATP-
ubiquitin-dependent proteolytic pathways (83). The influence of IL-1 on cachexia
appears to be mediated through IL-6, and IL-6 seems to act in concert with other
cytokines in a final common pathway of cachexia (84, 85).

In patients with lung cancer, increased IL-6 levels were correlated with extensive
disease, impaired performance status, enhanced acute-phase response, weight loss, and
malnutrition (86, 87).

The exact role of IL-1 and IL-6 in the development of cancer cachexia in humans
remains speculative, however. Serum IL-6 concentrations were significantly elevated in
tumor-bearing animals but only minimally in patients with cancer (88). IL-1 and IL-6
serum levels were not always measurable (89). IL-6 administration produced no changes
in ubiquitin gene expression, and no effect on body weight or food intake, despite being
associated with increased acute-phase protein production (22). Likewise, transgenic mice
constitutively expressing IL-6 did not develop cachexia (90, 91). It has been suggested
that IL-6 is necessary but not sufficient for the induction of cachexia, and that additional
factor(s) besides IL-1f control production of IL-6 and other cachexigenic factors (18).

The superfamily of IL-6 includes LIF and CNTF. LIF will be discussed in the section
of Tumor Byproducts. The role of CNTF in cancer anorexia/cachexia in humans has not
been established.

IFN-y: IFN-y may have a bearing on the development of cancer cachexia. Interferon
and TNF were shown to have similar catabolic effects on NIH 3T3 cells in vitro (92).
Monoclonal antibody against IFN-v given prior to injection of Lewis lung tumor cells
prevented cachexia from developing (93). IFN-y was found to be increased in 51% of
patients with multiple myeloma (94). The levels of IFN-y had no correlation with clini-
cal parameters, however.

As to the link between inflammatory cytokines and energy expenditure, involvement of
the transcriptional coactivator, peroxisome proliferator-activated receptor (PPAR) gamma
coactivator-1 (PGC-1) has been suggested. Thus, many cytokines activate PGC-1 through
phosphorylation by p38 kinase, resulting in stabilization and activation of PGC-1 protein.
Cytokine-induced activation of PGC-1 in cultured muscle cells or muscle tissue in vivo
caused increased respiration and expression of genes linked to mitochondrial uncoupling
and energy expenditure. These data illustrated a direct thermogenic action of cytokines
through PGC-1 (95).
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Tumor ByrProbucTS

Various pharmacologically active tumor byproducts have been reported as causal
factors of cachexia.

Lipolytic Factors

Three different lipolytic factors have been characterized or purified. First, a lipolytic
factor termed Toxohormone-L was found in pleural effusions of patients with malignant
lymphoma as well as in ascites from patients with ovarian carcinoma and hepatoma
(96). It is an acidic protein with a molecular weight of 65-75 kDa. Toxohormone-L
elicited fatty acid release in rat adipose tissue in vitro and injections into rats resulted
in suppression of food and water intake. Toxohormone-L and related substances were
considered responsible for the cancer cachexia syndrome in nude mice bearing human
cancer cell lines (97).

Second, LIF (leukemia inhibitory factor) was originally isolated from conditioned
medium of Krebs II ascites tumor cells. This factor has a differentiation-inducing activ-
ity on myeloid leukemia cell lines. In an independent work, the identical material was
purified from a conditioned medium of human melanoma cell line SEKI. The substance
was found to be an effective lipoprotein-lipase inhibitor (98). Comparisons among nude
mice bearing various human melanoma cell lines revealed that the degree of LIF mRNA
expression correlated with the development of cachexia (98). LIF caused smaller
increases in lipolysis and catabolic effects than those of TNF (99, 100).

Third, British workers purified and characterized what they termed lipid-mobilizing
factor (LMF) which was derived from MAC16 murine adenocarcinoma and from urine of
cancer patients with cachexia (101, 102). LMF, an acidic peptide, lacked triglyceride
lipase activity and was different from natural lipolytic hormones, which were all basic.
LMF isolated from either the murine tumor or from patients’ urine had an apparent MW
of 43 kDa and was homologous to the plasma protein Zn-02-glycoprotein (ZAG) (101).
Both caused direct lipolysis in isolated murine adepocytes and caused selective loss of
adipose tissue in male mice (/02). Both caused stimulation of adenylate cyclase in murine
adipocyte plasma membranes in a GTP-dependent process, and release of glycerol from
isolated adipocytes. Adenylate cyclase stimulation and thus oxygen consumption in
brown adipose tissue (BAT) by LMF is mediated by a 33-adrenergic receptor (103, 104).
Brown adipocytes express abundant amounts of 33-adrenergic receptors. An increase in
oxygen uptake by interscapular brown adipose tissue suggested that LMF exerted its effect
by increases in energy expenditure (/02). This increase may be related to changes in
expression of uncoupling proteins (UCP) because mice bearing MAC16 tumor showed
higher UCP-1 mRNA levels in BAT than did controls (/05). Three types of UCPs are
known. UCP1 is present only in BAT, UCP2 is expressed ubiquitously, and UCP3 is
expressed abundantly and specifically in skeletal muscle in humans and also in BAT of
rodents. LMF increased expression of UCP1, 2, and 3 in brown adipose tissue and UCP-2
in liver and skeletal muscle (/06). UCPs function as mitochondrial protein carriers that
stimulate heat production by dissipating the proton gradient generated during respiration
across the inner mitochondrial membrane, thereby uncoupling respiration from ATP synthesis.
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In rodents, UCP2 and UCP3 mRNAs were elevated in skeletal muscle during tumor
growth; TNF was able to mimic this increase in gene expression (/07).

Recent studies showed that ZINC-alpha2-glycoprotein (ZAG) is produced not only
by certain tumors, but also by BAT and white adipose tissue (/08). Glucocorticoids
stimulate lipolysis through an increase in ZAG expression, and they are responsible for
the increase in ZAG expression seen in adipose tissue of cachectic mice (/09). These
findings suggest that increased cortisol levels seen in cachectic cancer patients may lead
to an increased lipolysis through ZAG overexpression.

In cancer patients with weight loss, LMF/ZAG levels found in serum and urine were
much higher than those in noncancer control patients with comparable weight loss and
were proportional to the degree of weight loss (//0). Patients who responded to therapy
showed a decrease in the plasma levels of LMF/ZAG, which correlated with the levels
of response (111).

Proteolysis-Inducing Factor (PIF)

Serum from cachectic mice bearing MAC16 adenocarcinoma as well as urine and
plasma from cancer patients with weight loss contained factors that induced proteolysis
in skeletal muscles (6, 112, 113). These factors are termed PIF. The PIFs derived from
murine and human sources are identical: both are characterized as a sulfated glycopro-
tein with a molecular weight of 24 kDa, with a unique amino acid sequence. A murine
monoclonal antibody can attenuate weight loss induced by human PIF in mice. PIF was
readily detected in the urine of cachectic cancer patients, whereas it was absent in the
urine of normal subjects and of patients with weight loss due to trauma or sepsis.
Weight loss was associated with loss of skeletal muscles, but there was no effect on the
heart and an increase in liver weight (//3). Protein degradation induced by PIF appears
to be mediated through the ubiquitin-proteasome pathway specifically in skeletal mus-
cles (114). Increased muscle proteasome activity was correlated with disease severity in
gastric cancer patients (/75). Effects of PIF on increased expression of proteasome
subunits and the ubiquitin-conjugating enzyme (E2 , ) were also demonstrated in vitro.
The action of PIF on the protein degradation was mediated by the phospholipase A2
catalyzed release of arachidonic acid from membrane phospholipid and its conversion
to the lipoxygenase product 15-hydroxyeicosatetraenoic acid (114).

Production of PIF appears to be associated specifically with cancer cachexia and it
was not found in the urine of patients undergoing major surgery or in those with burns,
multiple injuries, sepsis, or sleeping sickness, even though the rate of weight loss
exceeded that found in cancer patients (/16). Patients with cancer of the pancreas, lung,
colon, breast, rectum, liver, and ovary, in whom the rate of weight loss was greater than
or equal to 1 kg/month, showed evidence of PIF excretion in the urine (//7). Eighty
percent of patients with pancreas cancer excreted PIF in the urine (/16).

INVOLVEMENT OF SIGNAL TRANSDUCTION PATHWAY

Research in recent years has elucidated essential functions of the nuclear factor-
kappaB (NF-xB) family of transcription factors in skeletal myogenesis and muscle dis-
ease. The first hint that NK-xB was relevant in cachexia came from studies showing that
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NF-xB by cachectic factors TNF plus IFN-y caused a block in muscle differentiation by
targeting the myogenic transcription factor MyoD in mouse myocytes. Both TNF and
IFN-y signaling were required for NF-kB-dependent downregulation of MyoD, the
nuclear transcription factor, and dysfunction of skeletal myofibers. MyoD mRNA was
also downregulated by TNF and IFN-y expression in mouse muscle in vivo (/18).

Further study in using myogenic cell cultures, treatment with a combination of
TNF-o and IFN-y resulted in selective and progressive depletion of myosin heavy chain,
whereas none of other core myofibrillar proteins, troponin T, tropomyosin o and ,
actin or actinin were affected (/79). Again, treatment with TNF-o. alone or IFN-y alone
had negligible effect on the myosin heavy chain depletion. Depletion of myosin heavy
chain of cultured myotubes with TNF-o. and IFN-y was associated with a decrease in
MyoD. These results imply that TNF-o and IFN-vy selectively trigger a reduction in the
expression of the myosin heavy chain through a MyoD-mediated block in gene tran-
scription. The implantation of cells expressing both TNF-ot and IFN-y into muscles of
mice led to a similar, specific reduction in the synthesis of the myosin heavy chain rela-
tive to that of other myofibrillar proteins such as actin and tropomyosin. Interestingly,
transplantation of C-26 adenocarcinoma, which is known to produce IL-6 rather than
TNF-o and IFN-v resulted in downregulation of myosin heavy chain, but from a differ-
ent mechanism, via ubiquitin-dependent proteasome-mediated protein degradation.
These observations highlight the importance of myosin heavy chain as a target of
cachexia, which occurs through different pathways.

In resting conditions, NF-kB is sequestered in the cytoplasm bound to its inhibitor,
I-kB. TNF-q, IL-B, and PIF induce degradation of the wild type (but not the mutant)
I-xBa.. This degradation leads to nuclear accumulation of NF-xB, which mediates pro-
teolytic loss of the myofibrillar protein myosin in myotubes (/20). PIF also induces
expression of the ubiquitin-proteasome pathway. PIF is able to activate the transcription
factor NF-xB and NF-xB-inducible genes in isolated human Kupffer cells and in mono-
cytes, resulting in production of proinflammatory cytokines, TNF-o., I1L-8, and IL-6.
PIF also activates the transcription factor STAT?3 in Kupffer cells. The proinflammatory
effect of PIF, mediated via NF-xB and STAT3, may contribute to the inflammatory
procachectic process in the liver (121).

It is of note that muscle protein degradation in humans may not necessarily be medi-
ated though the ubiquitin-proteasome pathway. Thus, mRNA levels of the lysosomal
protease cathepsin B were shown to be much higher in patients with early stages of lung
cancer who had weight loss and muscle wasting (/22). In using cDNA microarrays of
mouse myoblasts, the nitric oxide (NO) synthase gene was demonstrated to be an
important downstream target of NF-kB, suggesting that NO production might be a
direct cause of MyoD mRNA degeneration (/23).

Other signaling molecules are also identified as relevant in cancer cachexia (124). These
molecules include: myostatin, a member of the transforming growth factor- superfamily
that functions as a negative regulator of muscle mass (/25), and dystrophin glycoprotein
complex that forms a link from the extracellular matrix to the cytoskeleton (126).

HORMONAL ABERRATION

Hormonal aberration may be a contributory factor to cancer cachexia. In a unique
endocrine animal tumor model, estrogen was incriminated as the cause of cancer
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cachexia (127). Abnormally low levels of testosterone or hypogonadism have been
described in male patients with advanced cancer; these findings correlated with weight
loss and adverse outcome (/28, 129). Plasma cortisol values and arterial glucagon levels
in patients with malignant tumors were significantly increased, however, compared with
patients with benign surgical disorders (/30, 131). This finding is in accord with the
hypothesis that glucocorticoids are involved in the increased protein catabolism of
skeletal muscles and other organs in cachectic cancer patients.

PROSTAGLANDIN ELEVATION

Marked weight loss and wasting of muscle and adipose tissue after tumor transplan-
tation to rats were associated with the presence of circulating TNF-a and high levels of
prostaglandin E, (732). Indomethacin reduced weight loss and increased survival of
mice with transplantable tumors receiving chemotherapy, and ibuprofen, a cyclooxyge-
nase inhibitor, abrogated IL-1-induced anorexia in rats (133, 134). Close interaction of
host- and tumor-derived cytokines and prostaglandins in the CNS were suggested by
these animal models (/34). Recent work, however, showed that prostaglandin E and
prostaglandin I receptor levels in the CNS seemed to have little role in cancer anorexia/
cachexia. Rather, expression of overall prostaglandin E receptors in the liver, fat, and
skeletal muscles appeared to be directly contributory to metabolic alterations in cancer
cachexia (135).

TuMOR PARASITISM

Selective parasitism of the host by the tumor in the form of a successful competition
for substrates with limited availability may be a cause of cachexia. Some animal studies
suggest that translocation of nitrogen from host to tumor constitutes nearly the total
nitrogen depletion of the host (136). Tumors are effective nitrogen traps independent of
protein intake, despite the wasting of normal host tissue (/37). Since cachexia can
appear in patients with very small tumors, however, and the total tumor mass in the
majority of cancer patients at death rarely exceeds 0.5 kg, it is unlikely that a simple
competition of available nitrogen between tumor and host is responsible for the devel-
opment of cachexia, especially in early stage cancer.

DYSFUNCTION OF THE NEUROPEPTIDERGIC CIRCUIT

Dysfunction of neuropeptidergic circuits as the mechanism of the cancer anorexia-
cachexia syndrome has been discussed in the section on anorexia above.

METABOLIC DERANGEMENT PRODUCED BY TREATMENT

Postoperative weight loss results from increased energy expenditure due to the stress
response and decreased dietary intake (/38). Pancreatic resection can result in pancre-
atic exocrine and endocrine insufficiency creating major nutritional problems such as
steatorrhea and hyperglycemia. Major hepatic resections can cause metabolic abnor-
malities in the immediate postoperative period. Extensive resection of the small bowel
can lead to malabsorption of many nutrients.

A majority of chemotherapeutic agents are toxic, producing a variety of metabolic
effects. L-asparaginase and IL-12 exemplify this: profound weight loss and/or
hypoalbuminemia are among the common manifestations in patients treated with these
compounds (139-141).
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TREATMENT OF CANCER ANOREXIA/CACHEXIA

The definitive treatment of cancer cachexia is removal of the causative tumor. Short
of achieving this goal, various measures have been undertaken with limited success.

Supportive Care

Patients with anorexia from decreased physical activity, concomitant infection, and
toxicities to the alimentary tract from chemotherapy and radiotherapy are managed
symptomatically for maintenance of nutritional status and quality of life. Such manage-
ment includes the use of mouthwash for stomatitis, frequent small volume feedings,
antiemetics, antibiotics, transfusions of blood components, and/or oral and parenteral
nutritional supplement. Consideration of the patient’s food preferences and service of
food in a dining room atmosphere may also be important to stimulate appetite. When a
patient is unable to consume a regular diet to obtain adequate nutrition, food supple-
ments, both home-made and commercially available, are an effective means of provid-
ing additional calories, protein, fat, vitamins, and minerals, although overall consumption
may not increase much. In specific instances such as the malabsorption syndrome sec-
ondary to pancreas carcinoma, exogenous pancreas extract improves fat and protein
absorption.

Frequent nutritional counseling may increase daily energy and protein intake as well
as triceps skinfold measurements. However, response rates and overall survival cannot
be improved by counseling alone.

Pharmacologic Management

CORTICOSTEROIDS

A number of uncontrolled studies have suggested that corticosteroids can diminish
such symptoms as anorexia, asthenia, and pain in patients with cancer. The mechanism
of action may include a euphoriant activity, anti-inflammatory action through the inhibi-
tion of TNF release and suppression of IL-1f activity, as well as inhibition of prostag-
landin metabolism. Significant improvements in appetite and a sense of well-being have
been reported in randomized trials with prednisolone, methylprednisolone, or dexame-
thasone (/42—145). Unfortunately, the improvements were not long lasting and upon
completion of the studies all nutritional parameters returned to their baseline. There
were no differences in mortality rate or in survival.

In a randomized comparison of dexamethasone and megestrol acetate, both drugs
caused a similar degree of appetite enhancement and similar changes in nonfluid weight
status, but dexamethasone was found to be less favorable (/46). Dexamethasone had
more corticosteroid-type toxicity and a higher rate of drug discontinuation because of
toxicity and/or patient refusal than megestrol acetate.

Although corticosteroids have been postulated to be responsible for muscle wasting
and cancer cachexia, studies involving treatment with RU38486, a glucocorticoid recep-
tor antagonist, of experimental animals bearing cachexia-producing tumors suggested
that glucocoricoids are not involved in skeletal muscle wasting associated with cancer
cachexia. Receptor blockade did not abrogate tumor-induced cachexia (147, 148).
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MEGESTROL ACETATE AND MEDROXYPROGESTERONE A CETATE

Megestrol acetate, a progestational agent, is frequently used in the treatment of
patients with metastatic breast cancer. It is generally well tolerated, except that it may
cause undesirable weight gain. Subsequently, it was shown that megestrol acetate pro-
duced weight gain in a variety of cachectic cancer patients. Significant reduction in
serum levels of IL-1a and b, IL-2, IL-6, and TNF-o were observed in cancer patients
treated with megestrol acetate which may bear on the mechanism of improved appetite
and body weight gain (/49). It has also been postulated that the effect is, at least in part,
mediated by NPY, a potent central appetite stimulant (/50).

In a review of 15 randomized clinical trials including more than 2,000 patients, there
was a statistically significant advantage for high-dose progestins in regard to improved
appetite and gain of body weight (1/51). Treatment morbidity was low, due to the brief
period of the treatment in most of the studies. A meta-analysis of 26 studies confirmed
the usefulness of megestrol acetate in promoting gains in appetite and body weight of
cancer patients with anorexia-cachexia syndrome (1/52)

Weight gain produced by megestrol acetate was found to be mainly from increased
body fat stores rather than accretion of lean tissue (/53, 154). It has been argued that
the gain of adipose tissue as opposed to lean tissue during treatment with megestrol
acetate, although suboptimal, should not be disparaged because depletion of body fat is
generally an undesirable outcome of cancer.

The addition of megestrol acetate to chemotherapy for patients with melanoma
resulted in higher objective responses and prolonged median survival compared to his-
torical controls with chemotherapy alone (155). Megestrol acetate is contraindicated in
pediatric cachectic patients, since a significant proportion of such patients developed
adrenal insufficiency (156). Megestrol acetate should also be used with caution in geri-
atric cancer patients because they are prone to develop deep vein thrombosis because of
immobility and increases in serum fibrinogen levels.

Medroxyprogesterone acetate is a more widely used synthetic progestagen.
Medroxyprogesterone acetate reduced production of cytokines and serotonin (/57). Two
placebo-controlled randomized studies have been reported in which increased appetite
was described (758, 159). In one study, significant increases in rapid turnover proteins
such as serum thyroid binding prealbumin and retinol binding protein were reported
(158). In spite of increased appetite, no weight gain was produced in either study.

ANABOLIC STEROIDS

Anabolic androgenic steroids have been used by athletes to promote muscle growth and
strength. In MCG sarcoma-bearing mice with progressive cachexia, administration of nan-
drolone propionate resulted in significant weight gain (/60). The weight gain was, however,
mainly attributed to water retention, and food intake and survival were not affected.
Randomized clinical trials were carried out to test whether supplements of nandrolone
decanoate influenced the outcome of chemotherapy in patients with nonsmall cell lung can-
cer (161, 162). Although the treated group experienced less weight loss, response to chemo-
therapy and survival were comparable. In a three-arm phase III randomized clinical trial for
the treatment of cancer anorexia/cachexia, fluoxymesterone, an anabolic steroid, showed
significantly less appetite enhancement and did not have as favorable a toxicity profile as
megestrol acetate, a progestational agent, or dexamethasone, a corticosteroid (/46).
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CANNABINOIDS (DRONABINOL)

While using dronabinol (Delta 9-tetrahydocannabinol, THC) as an antiemetic, it was
found that the agent enhanced appetite in healthy individuals and in cancer patients. To
study this phenomenon further, an open dose-ranging study was carried out in patients
with cancer (163, 164). All patients reported improvement in appetite. Higher doses,
5.0 mg or 7.5 mg/day, were more effective than the low dose of 2.5 mg/day. Patients in
all groups nonetheless continued to lose weight although the rate of weight loss
decreased with therapy. It is of note that these effects were observed at doses lower than
those producing antiemetic effects and without overt psychotropic symptoms.

Recently, a randomized study was carried out to compare dronabinol, megestrol
acetate, and the combination for palliating cancer-associated anorexia (165). Megestrol
acetate provided superior anorexia palliation among advanced cancer patients compared
with dronabinol alone. The combination of megestrol and dronabinol did not appear to
confer additional benefit.

GrowtH HorMONE (GH), SomATOSTATIN, AND GHRH (GHRP-2)

Anabolic properties of GH have been examined in animals. Administration of GH to
tumor-bearing rats resulted in increased muscle weight, muscle protein content, and
preserved host-body composition (/66). GH did not stimulate tumor growth (167). The
effect of a combination of insulin, GH, and somatostatin on tumor growth, metastasis,
and host metabolism was evaluated in rats bearing MAC-33 mammary tumor (/68). The
triple therapy supported host anabolism, increased hamstring muscle weight and protein
content, and inhibited tumor growth kinetics. The rationale for including somatostatin
in the treatment was based on the fact that insulin treatment alone led to limited success
in treating cancer cachexia due to insulin-induced hypoglycemia and subsequent gluca-
gon secretion. Somatostatin alone is known to have antitumor activity, however, and the
contribution of each component to the observed changes was not clear.

The effect of recombinant human GH and insulin administration on protein kinetics
was examined in 28 cancer patients (/69). Whole-body protein net balance was higher
in patients treated with both GH and insulin than in insulin-only or GH-only controls.
Skeletal muscle protein net balance in the GH/insulin group was higher than in no-
treatment controls. Recombinant human GH and insulin reduced whole-body and skel-
etal muscle protein loss in cancer patients. Simultaneous use of these agents during
nutritional therapy may benefit cancer patients (/69).

In another study, 30 patients undergoing surgery for upper GI tract malignancies were
prospectively randomized into one of three nutritional support groups after surgery:
standard TPN, TPN plus GH, and TPN, GH, and systemic insulin. Patients who received
standard TPN only were in a state of negative skeletal muscle protein net balance. Those
who received GH and insulin had improved skeletal muscle protein net balance. Whole-
body protein net balance was improved in the GH and the GH and insulin groups com-
pared with the TPN-only group. GH and insulin combined did not improve whole-body
net balance more than GH alone. GH administration significantly increased serum
IGF-1 and GH levels. Insulin infusion significantly increased serum insulin levels and
the insulin/glucagon ratio. Thus, GH and GH plus insulin regimens improved protein
kinetic parameters in patients with upper GI tract cancer who were receiving TPN after
undergoing surgery. The study was carried out for only 5 days. It is unknown whether
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the TPN plus GH improved wound healing and shortened hospital stay (/70). Whether
prolonged use of TPN plus GH would play any role in reversal of cancer cachexia in
humans has not been tested.

Daily subcutaneous injections of a more stable synthetic ghrelin receptor agonist
GHRP-2 (growth hormone releasing peptide-2) in mice produced dose-dependent
increases in food intake and body weight (171). Pre- and post-treatment analysis of
body composition indicated increased fat and bone masses but not lean mass. GHRP-2-
induced positive energy balance leading to fat gain occurred in the absence of involve-
ment of hypothalamic NPY neurons. Indeed, GHRP-2 administration to healthy
volunteers resulted in increased food intake (/72). Further studies are needed to ascer-
tain whether ghrelin receptor agonists offer a treatment option for syndromes like ano-
rexia nervosa, cancer cachexia, or AIDS wasting.

As a more recent approach, a myogenic plasmid that expresses GH-releasing hor-
mone (GHRH (I, 40)) was tested in dogs for prevention and/or treatment of cancer
anorexia and cachexia. Seventeen geriatric and five cancer-afflicted companion dogs
were enrolled. Effects of the treatment were documented for at least 180 days post treat-
ment, with ten animals followed for more than one year post treatment. Treated dogs
showed increased IGF-1 levels, and increases in scores for weight, activity level, exer-
cise tolerance, and appetite. No adverse effects associated with the GHRH plasmid
treatment were found. Most importantly, the overall assessment of the quality of life of
the treated animals improved. Hematological parameters such as red blood cell count,
hematocrit, and hemoglobin concentrations were increased and maintained within their
normal ranges. It was concluded that intramuscular injection of a GHRH-expressing
plasmid was both safe and capable of improving the quality of life in animals for an
extended period of time in the context of aging and disease (/73).

INSULIN-LIKE GROWTH FacToRr-1 (IGF-1)

IGF-1, also known as somatomedin-C, mediates many of the anabolic properties of
GH, including stimulation of amino acid uptake and protein synthesis (/74). Other stud-
ies have shown its important role in muscle cell proliferation and differentiation, as well
as inhibition of lipolysis (174, 175). Continuous subcutaneous IGF-1 administration in
rat bearing methylcholanthrene-induced sarcoma resulted in host preservation of lean
tissue and attenuation of host muscle protein depletion (/76). The treatment did not
stimulate tumor growth.

Ten subjects with AIDS-associated cachexia received either low- or high-dose iv
recombinant IGF-1 daily for 10 days (/77). Cumulative nitrogen retention was positive
for both dosage groups, but a significant increase in daily nitrogen retention occurred
only in the low-dose group. The anabolic response was transient, however. Repeated
administration of IGF-1 decreased IGF-binding protein-3 levels, producing lower
intrainfusion levels of IGF-1 and limiting its therapeutic efficacy. The basal metabolic
rate increased with high-dose IGF-1 and may have contributed to the lack of anabolic
effect. The authors concluded that partial growth hormone resistance occurred in AIDS-
associated cachexia.

A randomized placebo-controlled 12-week trial of a combination of recombinant
human GH (rhGH, Nutropin) and rhIGF-1 was carried out in 142 subjects with HIV
wasting (178). At three weeks, the treatment group had a significantly larger weight
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increase, but this difference was not observed at any later time point. Similarly, fat-
free mass, calculated from skinfold measurements, increased transiently in the
treatment group at six weeks. No significant differences in isokinetic muscle
strength or endurance testing or in quality of life were observed between the groups.
The authors concluded that the combination of rhIGF-I and low-dose rhGH had no
significant anabolic effect on HIV wasting. IGF-I has not been tested in patients
with cancer cachexia.

METOCLOPRAMIDE AND CISAPRIDE

In advanced cancer patients with delayed gastric emptying or gastroparesis, oral
administration of a prokinetic agent, metoclopramide, 10 mg orally 4 times daily before
meals and at bedtime, was shown to be effective in stimulating appetite and relieving
other dyspeptic symptoms associated with anorexia (/79, 180). A controlled release
preparation appears to be more effective than an immediate release drug due to its con-
trol of nausea associated with advanced cancer even without demonstrated abnormali-
ties of the GI tract (/81). Patients with head and neck cancer undergoing radiotherapy
were randomized to three groups: megestrol acetate, cisapride, and placebo. Megestrol
significantly prevented body weight loss and deterioration of appetite, whereas cisapride
lacked these clinical benefits (182).

HYDRAZINE SULFATE

Hydrazine sulfate, an inhibitor of the enzyme phosphoenolpyruvate carboxykinase,
has been shown to interrupt gluconeogenesis in animals (/83). Based on a theory that
increased gluconeogenesis and enhanced Cori cycle activity were the central mecha-
nism of tumor-induced cachexia, clinical studies of hydrazine sulfate were carried out
in attempts to prevent or reverse cancer-related cachexia and weight loss. Three multi-
center group studies were reported in patients with nonsmall cell lung cancer or color-
ectal cancer (184-186). All three studies failed to show beneficial results in appetite,
body weight, quality of life, or survival from hydrazine sulfate.

INDOMETHACIN, IBUPROFEN, AND CELECOXIB

It has been proposed that cell growth may be controlled by the interconversion of
different types of prostagladins (187, 188, 189). In animal studies, ability of pros-
tagladin biosynthesis inhibitors to reverse cancer cachexia is not universally positive.
In one study, indomethacin, ibuprofen, or aspirin inhibited growth of Walker 256
carcinoma in rats (/90). All drug-treated rats partially recovered body weight and
food intake compared to a saline-treated group. In another study using the same tumor
system, indomethacin and ibuprofen retarded tumor growth and lowered body tem-
perature compared with controls, but these agents had no effect on food intake or
body weight of tumor-bearing animals (/97). Celecoxib, a COX-2 inhibitor, was
reported to rapidly reverse weight loss in two murine models: colon 26, which induced
high levels of circulating IL-6, and a human head and neck tumor, 1483 HNSCC
xenograft (192).

In clinical trials, indomethacin reduced fever and granulocytosis and was claimed to
have improved the well-being of cancer patients (793, 194). In cachectic cancer patients,
indomethacin or ibuprofen was reported to decrease resting energy expenditure and
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C-reactive protein values, to produce body weight gain and to improve survival (195-197).
In a randomized study in patients with advanced gastrointestinal cancer with more than
5% weight loss, megestrol acetate alone resulted in weight loss and deterioration of qual-
ity of life, whereas the combination of megestrol/ibuprofen appeared to reverse weight
loss and appeared to improve quality of life (/198). Impact of erythropoietin was studied
in a randomized fashion in unselected weight-losing cancer patients who were treated
with indomethacin. The combination resulted in an improvement of hematocrit together
with increased serum albumin levels, decreases in C-reactive protein, improved body
weight, and greater exercise capacity compared to indomethacin-alone controls (199,
200). Study and control patients did not differ in survival, however. Well-designed rand-
omized clinical studies are needed to assess therapeutic values of prostaglandin inhibitors
alone and in combination with other anticachectic agents.

PENTOXIFYLLINE AND LISOFYLLINE

These agents are methylxanthine analogues with anti-inflammatory properties. They
were shown to have profound stimulatory effects on vascular endothelial production of
the noninflammatory prostaglandins I, and E,, while inhibiting TNF-o synthesis by
blocking gene transcription (201). Pentoxifylline, originally used for the treatment of
vascular insufficiency because of its hemorheological properties, prevented muscle
atrophy and suppressed increased protein breakdown in tumor-bearing rats. Pentoxifylline
suppressed the enhanced expression of ubiquitin, the 14-kDa ubiquitin conjugating
enzyme E2, and the C2 20S proteasome subunit in muscle from cancer-bearing rats and
inhibited the activation of a nonlysosomal, Ca(2+)-independent ubiquitin-proteasome
proteolytic pathway (202).

Prophylactic oral administration of pentoxifylline in allograft recipients together
with chemotherapy and radiotherapy resulted in significant reduction in the incidence
and severity of treatment-related complications: mucositis, hepatic veno-occlusive dis-
ease, renal insufficiency, and the incidence of graft versus host disease (203).

In an initial study in cancer patients, pentoxifylline suppressed TNF-o. mRNA levels,
increased the sense of well-being, improved appetite and improved the ability to per-
form activities of daily living. Patients who normalized their TNF levels had a weight
gain. In a randomized controlled trial in patients with solid tumors, however, pentoxifyl-
line failed to provide improvements in appetite or body weight compared to a placebo
group (204). Likewise, for patients with acute myelocytic leukemia or myelodysplastic
syndrome once in complete remission with idarubicin/ara — C chemotherapy, lisofylline
provided no favorable effects in terms of rates of infection, overall mortality rates, or
outcome (205). Lisofylline did not alter the toxicities of high-dose IL-2 and thus did not
impact the overall dose intensity in the treatment of advanced renal cancer and malig-
nant melanoma (206).

PROTEASOME INHIBITORS AND NF-KB INHIBITORS

As detailed above, the ubiquitin-proteasome pathway plays an important role in mus-
cle protein catabolism during cancer cachexia and may be a potential therapeutic target
for muscle wasting (207). Arginine methylester and alanine methylester, selective inhibi-
tors of ubiquitin ligase E3a, as well as bortezomib, a direct inhibitor of the protease
complex, have not been examined in cachectic cancer patients.
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Activation of nuclear factor-kappaB (NF-xB) leads to the induction of proteasome
expression and protein degradation by PIF. SN50, a synthetic cell permeable peptide
NF-xB inhibitor, attenuated the expression of 20S proteasome o-subunits, two subunits
of the 19S regulator MSS1 and p42, and the ubiquitin-conjugating enzyme, E2(14k)
(208). SN50 also decreased myosin expression in murine myotubes. The potential for
curcumin, a natural product from tumeric, and resveratrol, a natural phytoalexin found
in red wine, to act as inhibitors of muscle protein degradation in cancer cachexia,
because they are inhibitors of NF-kB activation, has been evaluated in vitro and in vivo
(208, 209). Both agents completely attenuated total protein degradation in murine myo-
tubes at all concentrations of PIF, and attenuated the PIF-induced increase in expression
of the ubiquitin-proteasome proteolytic pathway. However, curcumin was ineffective in
preventing weight loss and muscle protein degradation in the animal tumor model, how-
ever; whereas resveratrol significantly attenuated weight loss and protein degradation in
skeletal muscle, and produced a significant reduction in NF-xB DNA-binding activity
(208, 209). The inactivity of curcumin was probably due to low bioavailability. Agents
that inhibit nuclear translocation of NF-xB may prove useful for the treatment of muscle
wasting in cancer cachexia (208). Administration of dehydroxymethyl-epoxyquin-
omicin, a NF-kB inhibitor, ameliorated cachexia in tumor-bearing mice (270). It was
also shown to inhibit IL-6 production in patients with prostate cancer. Clinical studies
are eagerly awaited.

CLENBUTEROL

Clenbuterol is a 2-adrenoceptor agonist. It prevented muscle protein wasting in
tumor-bearing animals and increased muscle mass and function in healthy animals
(211-213). There was no change in food intake or tumor growth. A combination of
naproxen, clenbuterol, insulin, and eicosapentaenoic acid ameliorated cancer cachexia
and reduced tumor growth in Walker 256 tumor-bearing rats (274, 215). In a rand-
omized trial, clenbuterol was able to improve muscle strength of patients after knee
surgery (216). Its effects on muscle preservation appeared to occur without the need for
exercise. Clenbuterol has not yet been studied in patients with cancer cachexia.

THALIDOMIDE

Thalidomide, a drug associated with over 10,000 cases of severe malformation in
newborn children, has been revived because of its ability to suppress TNF production
in monocytes in vitro and to normalize elevated TNF levels in animals. The drug also
possesses antiangiogenic properties. Thalidomide inhibited TNF-o production in
patients with leprosy, tuberculosis, AIDS, and cancer (217-221).

In a randomized placebo-controlled trial, 50 patients with advanced pancreatic cancer
who had lost at least 10% of their body weight received thalidomide 200 mg daily or
placebo for 24 weeks (221). At four weeks, patients who received thalidomide had
gained on average 0.37 kg in weight and 1.0 cm® in arm muscle mass compared to a loss
of 2.21 kg and 4.46 cm?, respectively, in the placebo group. At eight weeks, patients in
the thalidomide group had lost 0.06 kg in weight and 0.5 cm?® in arm muscle mass com-
pared with a loss of 3.62 kg and 8.4 cm?, respectively, in the placebo group. Improvements
in physical function correlated positively with weight gain. Thalidomide was well toler-
ated and appeared effective at attenuating loss of weight and lean body mass in patients
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with cachexia due to advanced pancreatic cancer. Beneficial effects of thalidomide have
not been compared with other anticachexia agents such as megestrol acetate. Lenalidomide,
a newer analogue of thalidomide, has not been tested in patients with cancer cachexia.

ADENOSINE TRIPHOSPHATE (ATP)

Extracellular ATP is involved in the regulation of a variety of biologic processes
including neurotransmission, muscle contraction, and hepatic metabolism of glucose,
via purinergic receptors. In nonrandomized studies involving patients with different
tumor types, ATP infusion appeared to inhibit loss of weight and deterioration of quality
of life and performance status.

Patients with nonsmall cell lung cancer, stage IIIB or IV, were randomized to receive
either 10 intravenous, 30-hour ATP infusions every 2—weeks, or no ATP (222, 223). In
the ATP group, no change in body composition occurred over the 28-week follow-up
period, whereas, the control group lost 0.6 kg of fat mass, 0.5 kg of fat-free mass, 1.8%
of arm muscle area, and 0.6% of body cell mass/kg body weight per 4 weeks. Appetite
remained stable in the ATP group but decreased significantly in the control group, by
568 KJ/d in energy intake. These effects were ascribed to maintenance of energy intake
by exogenous ATP.

These reports contrast with a strategy of ATP suppression as a means of cancer
therapy. ATP suppression in tumor tissue by means of direct intra-arterial delivery of
3-bromopyruvate, a potent inhibitor of ATP production, to the site of the primary tumor,
or by a combination of 6-methylmercaptopurine riboside, a purine de novo synthesis
inhibitor, and 6-aminonicotinamide, an inhibitor of glycolysis, which were given con-
comitantly with N-(phosphonacetyl)-L-aspartic acid (PALA), a pyrimidine synthesis
inhibitor was reported to show marked therapeutic enhancement (224, 225). Furthermore,
imatinib and other tyrosine kinase inhibitors with major activity in chronic myelocytic
leukemia and gastrointestinal sarcomas expressing c-kit do so by blocking the ATP
receptor site.

5’-DE0XY-5-FLUOROURIDINE (5’-DFURD)

The fluorinated pyrimidine nucleoside, 5’-dFUrd, was shown to effectively attenuate
the progress of cachexia in mice bearing the murine adenocarcinomas MAC16 or colon
26, as well as in the human uterine cervical carcinoma xenograft, Yumoto. The anti-
cachexia effect of 5’-dFUrd was shown to be independent of its antitumor activity and
appears to be at least in part related to its inhibition of proteolysis-inducing factor (PIF),
thought to be responsible for the development of cachexia in the murine MAC16 model
(226, 227). 5’-dFUrd has not yet been evaluated as an anticahectic agent in humans.

PROINFLAMMATORY CYTOKINE INHIBITORS, PROINFLAMMATORY CYTOKINE
ANTIBODIES, AND ANTI-INFLAMMATORY CYTOKINES

In addition to pentoxifylline and thalidomide, a number of cytokine inhibitors and
antibodies have been developed.

Anti-TNF-o antibody, anti-IL-1 antibody, and anti-IL-1 receptor antibody were
reported to have attenuated the cachexia produced by either chronic TNF-a administra-
tion or implantation of a tumor in experimental animals (228, 229). Administration of
TNF-a antibody to tumor-bearing rats decreased protein degradation rates in skeletal
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muscle, heart, and liver as compared to controls; the antibody was unable to prevent a
reduction in body weight, however (230). Decreases in protein degradation in skeletal
muscle by TNF-o antibody appear to be due to inhibition of tumor-induced increases in
muscle ubiquitin gene expression (230).

Randomized clinical trials using anti-TNF antibody failed to increase survival or
reverse the protein catabolism associated with severe sepsis or septic shock compared
to those who received standard supportive care and antimicrobial therapy (231).
Similarly, clinical trials involving anti-TNF strategies such as etanercept (a dimeric
fusion protein consisting of the extracellular ligand-binding portion of the human tumor
necrosis factor receptor [TNFR] linked to the Fc portion of human IgG1) or infliximab
(monoclonal antibody against TNF-o.) in patients with chronic heart failure showed no
improvements in clinical outcome as compared to placebo controls (232).

Suramin, an antitrypanosomal polyanion, prevented the binding of IL-6 to its cell
surface receptor subunits in vitro and inhibited colon-26-mediated cancer cachexia in
mice (233). Treatment of mice bearing AB 22 mesothelioma with anti-IL-6 antibody
curtailed the clinical symptoms, as did treatment with recombinant human (rhu) IFN-o
(234). Neither anti-IL-6 antibody nor rhulFN-o had a direct growth-inhibitory effect on
the tumor cell line in vitro; however, in vivo rhulFN-o attenuated both IL-6 mRNA
expression in the tumors and serum IL-6 levels, ameliorated the depression of lym-
phocyte activities, and enhanced the number of tumor-infiltrating lymphocytes and mac-
rophages. A combination therapy of rhulFN-o. and anti-IL-6 antibody may be beneficial
in the palliative treatment for patients with malignant mesothelioma (234).

Administration of an anti-IL-6 antibody in patients seropositive for human immuno-
deficiency virus-1 and suffering from an immunoblastic or a polymorphic large-cell
lymphoma resulted in partial remission or stabilization of the disease (235). The neu-
tralizing effect of the anti-IL-6 antibody as measured by C-reactive protein levels in the
serum was accompanied by abrogation of B clinical symptoms including fever and
cachexia.

Production of anti-inflammatory cytokine IL-12 and type 2 immune responses is
markedly decreased in cachectic patients with colorectal and gastric cancer (236).
Administration of IL-12 was reported to reduce serum levels of IL-6 in mice bearing
colon 26 carcinoma and prevented development of cachexia (237). The IL-12 activity
was T-cell-dependent and the anticachexia effect resulted from at least two mechanisms:
the downregulation of IL-6 and the upregulation of IFN-c.. Similarly, a gene transfer of
IL-10, another IL-6 inhibitor, prevented cachexia in an animal model (238). IL-15 treat-
ment partly inhibited skeletal muscle wasting in AH-130-bearing rats by decreasing
protein degradation rates to values even lower than those observed in nontumor-bearing
animals (239). These alterations in protein breakdown rates were associated with an
inhibition of the ATP-ubiquitin-dependent proteolytic pathway. Administration of IL-15
to rats bearing ascites hepatoma resulted in a significant reduction of muscle wasting and
reversal of the increased DNA fragmentation observed in skeletal muscle (240). IL-15
decreased apoptosis apparently by affecting TNF-o signaling. Administration of IL-
15 decreased the inducible nitric oxide synthase protein levels by 73%, suggesting that
nitric oxide formation and muscle apoptosis during tumor growth could be related.
IL-12, IL-10, and IL-15 have not been evaluated as anticachectic agents in humans.
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EicosaPENTAENOIC AcID (EPA)

-3 polyunsaturated fatty acids are an essential component of the diet and are
involved in the synthesis of eicosanoids (prostaglandins, leukotriens, and thrombox-
anes) and in membrane, receptors and enzyme functions. EPA, an ®-3 polyunsaturated
fatty acid found in oily fish such as sardines, salmon, and mackerel, has been shown to
possess antitumor as well as anticachexia activities in animal cachexia models (241,
242). EPA-induced inhibition of weight loss was accompanied by increases in total
body fat and muscle mass. EPA administration resulted in downregulation of ZAG (see
Tumor Byproducts) expression in both white and brown adipose tissue and suppression
of well-characterized mediators of cancer-associated wasting, including IL-6, as well as
an attenuation of protein degradation by the ubiquitin-proteasome proleolytic pathway
mediated by PIF (see Tumor Byproducts) in cachectic mice (243—245). PIF in skeletal
muscle releases arachidonic acid, which is rapidly metabolized to prostaglandins E2
and F2a as well as 5-, 12- and 15-hydroxyeicosatetraenoic acids (HETEs). Of all the
metabolites, only 15-HETE produces a significant increase in protein degradation. EPA
induced inhibition of arachidonic acid release and subsequent decreases in 15-HETE,
which serves as a second messenger, abrogate the enhancer effect on the promoter
region of the proteasome C3 subunit gene (246). EPA also decreased glucose utilization
of skeletal muscle, inhibited lipolysis in adipocytes by preventing prostaglandin synthe-
sis and by a rising cyclic AMP in response to the LMF (see Tumor Byproducts). EPA
also inhibited translocation of the nuclear transcription factor NF-kB, by preventing
degradation of the inhibitor protein I-xB in the cytosol (247-249).

Early clinical trials of fish oils were encouraging. Patients with pancreas cancer
treated with supplements of fish oil capsules (EPA and docosahexaenoic acid) showed
body weight gain accompanied by significant reduction in acute-phase protein produc-
tion and by stabilization of resting energy expenditure (250). While nutritional supple-
ments alone did not attenuate the development of weight loss in cachectic cancer patients,
nutritional supplements enriched with EPA produced significant weight gain along with
an improvement in appetite and performance status (257). Significant increases of lean
body mass were noteworthy among various therapeutic interventions reported. A rand-
omized controlled study was carried out to investigate the effects of dietary EPA plus
vitamin E on the immune system and survival of well-nourished and of malnourished
cancer patients (252). EPA had a considerable immunomodulating effect by increasing
the ratio of T-helper cells to T-suppressor cells in the subgroup of malnourished patients.
EPA doubled the survival of patients compared with the placebo arm.

More recent randomized clinical studies, however, cast a serious doubt on any unique
benefit of EPA. No significant differences in symptomatic or nutritional parameters
were found in 60 patients with advanced cancer and loss of both weight and appetite
who were randomized to fish oil capsules or placebo (253). The majority of the patients
were not able to swallow more than ten fish oil capsules per day. After 2 weeks of treat-
ment, fish oil did not significantly improve appetite, tiredness, nausea, well-being,
caloric intake, nutritional status, or function. In an international multicenter randomized
double-blind trial, 200 patients with weight-losing inoperable pancreas cancer were
randomized to receive EPA (2.2 gm/day) plus nutritional supplement or the nutritional
supplement alone for 8 weeks (254). Enrichment with EPA did not provide advantage
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over nutritional supplement alone. Both treatment groups equally benefited in arresting
weight loss, but no differences were seen in body mass index, lean body mass, quality
of life, or survival. In a third trial, 221 patients with cancer-associated wasting were
randomized to either EPA supplement alone, megestrol acetate alone, or EPA plus meg-
estrol acetate for a median of 3 months (255). Weight gain of 210% was seen in a higher
percentage of patients with megestrol acetate than EPA. Overall weight gain, functional
assessment of anorexia/cachexia therapy (FAACT), and QOL were essentially identical
among the three groups. To meet the criticisms of too short a treatment period in some
studies, and of compliance issues of taking large amounts of EPA in randomized trials,
a new randomized study comparing placebo versus two doses of EPA, 2 g or 4 g per day
for 8 weeks, was undertaken in 518 patients with weight-losing advanced gastrointestinal
or lung cancer. There were no statistically significant improvements in survival, weight,
or other nutritional variables (256). Thus, available data do not support a value of EPA
in the treatment of cancer cachexia in humans.

B-HYDROXY--METHYLBUTYRATE (HMB)/L-ARGININE/L-GLUTAMINE

HMB, a metabolite of the amino acid leucine, interferes with the activation of
NF-kB. HMB inhibited PIF-induced protein degradation and attenuated the increased
protein degradation during cachexia in tumor-bearing mice. In a randomized study, the
effects of HMB were examined during exercise training. Regardless of gender or train-
ing status, HMB increased upper body strength and minimized muscle damage when
combined with an exercise program (257). In a randomized study of patients with
acquired immunodeficiency syndrome (AIDS), supplements containing HMB, arginine,
and glutamine were shown to produce weight gain mainly as a lean body mass (258).
Immune status was also improved as evidenced by an increase in CD3 and CDS cells
and a decrease in the HIV viral load.

Thirty-two patients with solid tumors who had demonstrated a weight loss of at least
5% were randomly assigned in a double-blind fashion to either an isonitrogenous con-
trol mixture of nonessential amino acids or an experimental treatment containing HMB
(3 g/d), l-arginine (14 g/d), and I-glutamine (14 g/d) (HMB/Arg/Gln) (259). The primary
outcomes measured were the change in body mass and fat-free mass (FFM), which were
assessed at up to 6 months. The patients supplemented with HMB/Arg/Gln gained
0.95 + 0.66 kg of body mass in 4 weeks, whereas control subjects lost 0.26 + 0.78 kg
during the same time period. This gain was the result of a significant increase in fat-free
mass (FFM) in the HMB/Arg/Gln-supplemented group (1.12 = 0.68 kg), whereas the
control subjects lost 1.34 + 0.78 kg of FFM (P = 0.02). The effect of HMB/Arg/Gln on
FFM increase was maintained over 24 weeks. The exact reason for this improvement
was unclear. The increases of FFM were attributed to the observed effects of HMB on
slowing the rate of protein breakdown, with improvements in protein synthesis observed
with arginine and glutamine. For the last 5 years, no follow-up or confirmatory studies
have been published. Whether this combination improved survival or improved toler-
ance to chemotherapy is unclear. Additional randomized studies are needed to fully
assess the benefit of the combination.

ENTERAL AND PARENTERAL NUTRITION

Cancer cachexia is different from simple starvation, in that nutritional support, either
enteral or parenteral, has only limited value. For the correction of cancer-related malnutrition,
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therefore, enteral and parenteral administration of nutrient solutions must be used discreetly.
In patients with oro-pharyngeal dysfunction from head and neck neoplasm or esophageal
obstruction, blenderized food and liquid supplement can often achieve an adequate level of
nutritional repletion. When necessary, percutaneous gastrostomy or jejunostomy offer
bypass feeding. For patients who cannot tolerate the use of the gastrointestinal tract because
of nausea, vomiting, obstruction, malabsorption, or absence, it may be necessary to begin
total parenteral nutrition (TPN, “hyperalimentation”).

The needs of nutritional support in cancer patients during tumor progression and the
role of TPN in cancer surgery, chemotherapy, and radiotherapy should be considered at
several different levels. Benefits of TPN in patients who underwent cancer surgery have
been reported to include improved wound healing, a decreased rate of infection, fewer
major complications, and a decrease in postoperative mortality. In other studies, how-
ever, no advantage of TPN was found; one report described an increase in the rate of
major postoperative complications (260). TPN in cancer patients with obstructions of
the gastrointestinal tract, gastrointestinal fistulae, evisceration, and intra-abdominal
infection appears justified during and after surgery, however, since it constitutes a
treatment for starvation, not cancer cachexia (261).

No significant benefit of TPN has been demonstrated in patients undergoing chemo-
therapy and/or radiotherapy in terms of treatment tolerance, response to chemotherapy
or radiotherapy, or in survival (262, 263). Furthermore, other authors have reported that
TPN is detrimental. Controversies related to TPN in the treatment of cancer cachexia
have been reviewed (264-266).

Recently, in a randomized trial of more than 300 patients with malignant neoplasms
who experienced progressive cachexia, indomethacin and epogen, or these drugs plus
oral or parenteral nutritional support were compared (267). Patients in the latter group
had significant improvements in food intake, energy balance, and overall survival. It is
unclear, however, whether improved survival was due to the combined effects of two
drugs plus nutritional intervention or nutritional intervention alone. This question is
relevant because a large percentage (92.1%) of patients had GI cancer, suggesting that
many patients might have had nausea and vomiting, GI obstruction, ascites, diarrhea, or
other GI-specific causes of weight loss rather than simply cancer cachexia. Confirmatory
studies are needed, specifically accruing patients with non-GI malignancies.

BRANCHED-CHAIN AMINO ACIDS

Branched-chain amino acids (leucine, isoleucine, and valine) are utilized by skeletal
muscle but not by the liver. They have been shown to be uniquely effective in regulating
nitrogen balance in muscle by reducing protein catabolism and increasing protein syn-
thesis in both injured and tumor-bearing animals. Randomized studies have shown
improved nitrogen retention, improved protein utilization, and increased protein and
albumin synthesis in patients who received parenteral nutritional support with a high
content of branched-chain amino acids (268, 269). In contrast, in another randomized
study, the effects of a balanced amino acid solution with or without supplementation of
a-ketoisocaproate or a branched-chain amino acid solution were compared in patients
with gastrointestinal cancer who underwent surgery (270). The balanced amino acid
solution itself with an adequate energy supply had an optimal nitrogen-sparing effect.
Branched-chain amino acids or o-ketoisocaproate did not improve nitrogen balance or
reduce protein degradation.



72 Ohnuma and Holland

Interestingly, the tryptophan (precursor of serotonin) uptake into the brain is com-
petitive with that of branched-chain amino acids (277). A trial to reduce tryptophan
uptake by increasing plasma levels of branched-chain amino acids resulted in a decrease
in the severity of anorexia in cancer patients (272).

Glutamine Tumor cells are major glutamine consumers both for protein synthesis and
for oxidation (273). A glutamine-enriched solution has been used to compensate for the
uptake of the amino acid by the tumor to enhance host immune response against tumor
growth (274). In patients undergoing bone marrow transplantation for hematological
malignancies, glutamine supplementation was found to be beneficial, improving nitrogen
balance and diminishing the incidence of clinical infection (275). The role of glutamine
supplementation on cancer cachexia has not been reported.

OREXIGENIC AND ANOREXIGENIC MEDIATORS

Insulin Some of the metabolic alterations associated with cancer cachexia include
glucose intolerance, increased gluconeogenesis, and Cori cycle activation. These meta-
bolic changes are accompanied by insulin resistance. These observations led to the
study of exogenous insulin administration. Animal studies show that insulin administra-
tion has improved the food intake, the host preservation of nitrogen, fat, and potassium,
and decreased muscle wasting (276, 277). Indeed, daily subcutaneous insulin adminis-
tration resulted in a marked weight gain in AIDS patients (278). Insulin administration
alone has not been evaluated in the treatment of cancer cachexia (see sections “Growth
Hormone (GH),” “Somatostatin,” and “GHRH (GHRP-2) and Clenbuterol” ).

Ghrelin, an orexigenic mediator has recently been reported to have a key role in
increasing appetite and food intake. The circulating levels of ghrelin have been reported
to be increased in patients with chronic heart failure and muscle wasting and in patients
with cancer cachexia.

Anticachexic effects of ghrelin have been demonstrated in nude mice bearing human
melanoma cells (279). Ghrelin has not been tested in patients with cancer cachexia.

MELATONIN

Melatonin is an indole amine primarily secreted from the pineal gland during the
hours of darkness. The functions of melatonin are obscure but it has been claimed to
modulate sleep, cardiac rhythms, sexual behavior, the reproductive system, immuno-
logic functions, as well as antioxidative and anti-inflammatory activities. Melatonin has
been reported to decrease the level of circulating TNF in patients with advanced cancer,
prevent weight loss, and reduce chemotherapy-induced malaise and asthenia as well as
thrombocytopenia (280-283).

Based on observations that melatonin amplified IL-2-induced antitumor effects in
animals, a randomized study was carried out in patients with metastatic solid tumors
comparing a combination of low-dose IL-2 plus melatonin with best supportive care
(284). In the treated group, the percentage of patients with improved performance sta-
tus as well as overall survival was significantly higher than the controls. Another ran-
domized study of chemotherapy with cisplatin and etoposide plus/minus melatonin
was carried out in poor-risk patients with advanced nonsmall cell lung cancer (285).
There was no significant difference in survival between the two groups, but the mela-
tonin group had less frequent myelosuppression, neuropathy, and cachexia. In a recent
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Swedish trial, the effect of fish oil, melatonin, or the combination of the two was
investigated in 24 patients with advanced GI cancer. None induced major biochemical
changes indicative of a strong anticachectic effect. Nonetheless, the interventions may
have produced a weight-stabilizing effect (286). Additional clinical studies appear
indicated to define the role of melatonin in the treatment of cancer cachexia.

CYPROHEPTADINE

As has been discussed above, anorexia may be mediated by an increased serotonergic
activity in the brain. Cyproheptadine is a serotonin antagonist with antihistaminic proper-
ties, usually prescribed for allergies. In several clinical situations, the agent produced
appetite stimulation and weight gain. A randomized trial in patients with advanced malig-
nant neoplasms showed that cyproheptadine produced a decrease in nausea and mild
enhancement in appetite. The agent did not abate progressive weight loss in these patients,
however (287). Additional studies are needed with use of other antiserotogenic drugs.

CONCLUDING REMARK

Patients with cancer cachexia are characterized by the presence of anorexia, early
satiety, anemia, weakness, and weight loss accompanied by muscle and adipose tissue
loss. Patients with gastric cancer may present weight-loss as an initial and only sign of
the disease whereas, in patients with lymphoma, weight loss and cachexia may be sim-
ply a terminal event. Cachexia occurs to a variable extent in different types of cancer at
different stages, likely from different mechanisms. The multifactorial nature of cachexia
precludes a uniform pathophysiological definition. Inability to translate animal studies
to humans may lie in this context. These factors have hindered clinical studies not only
at biochemical and molecular levels, but also in terms of the introduction of effective
therapy. The advent of novel therapeutic targets (e.g., ubiquitin-proteasome pathway
and NF-xB) and biological response modifiers (e.g., thalidomide) has opened possibili-
ties for new clinical research in cachexia. Regulatory authorities feel it is important not
only to demonstrate efficacy in terms of patients’ nutritional status (e.g., lean body
mass) but also in terms of functional status (e.g., performance status, tolerance to treat-
ment, and survival).

In spite of extensive research on the mechanisms of cachexia, there has been little
success in developing effective agents to treat cancer cachexia. Differences in therapeu-
tic targets among cachectic cancer patients suggest no single agent will be able to treat
all kinds of cachexia. There will likely be no all-in-one panacea for cancer cachexia.
Combined anticachectic treatments and individualized approaches based on targets in
individual patients are today’s standard.

Several potentially promising leads beg for well-designed clinical trials. The follow-
ing agents with suggestive activity in animal experiments or preliminary clinical explo-
rations deserve critical clinical investigation: TPN plus GH or TPN/GH plus insulin,
GHRP-2, megestrol plus ibuprofen, resveratrol, dehydroxymethyl-epoxyquinomicin,
clenbuterol, thalidomide/lenalidomide, 5’-doeoxy-5-fluorouridine, IL-12, TL-10, IL-15,
HMB/Arg/Gln, ghrelin, and antiserotogenic agents.

Effective prevention or control of cachexia would significantly improve cancer therapy.
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ABSTRACT

Fatigue is a highly prevalent, complex and poorly delineated symptom, which occurs
before, during and after treatment for cancer. Difficulties in establishing a case defini-
tion of cancer-related fatigue have resulted in an absence of reliable and valid epidemio-
logical data, and confound investigation into the etiology and pathogenesis of this
problem. Among the possible predisposing and perpetuating factors underlying fatigue
are female gender, personality factors such as neuroticism and/or a tendency toward
catastrophizing, obesity, low level of activity, exposure to toxins, and prior infections.
There is no evidence thus far to suggest that family history, genetic factors, or sociode-
mographic factors predominate. One of the most consistently evoked factors in describ-
ing the etiology of cancer fatigue is the role of cytokines. In cancer-related fatigue
research, evidence and opinions support the role of cytokines, but there are also studies
in which cytokine correlates were not found to be important. Anemia is a common
underlying problem in cancer fatigue and can be due to cancer chemotherapy or the
effects of the malignancy itself.

Various therapies may have efficacy for treating cancer-related fatigue. These include
exercise, mind-body interventions such as Tai chi chuan and yoga, nutritional interven-
tions, behavioral and psychoeducational interventions, the use of antidepressants, use of
erythropoietic agents, and psychostimulants such as methylphenidate hydrochloride and
modafinil. Most of the current understanding of fatigue in cancer has been influenced
by and largely derived from the experience of patients with breast cancer. However,
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in the absence of an established evidence-based standard of care for the assessment and
management of cancer-fatigue, further research is clearly needed, including more rand-
omized, controlled clinical trials, research in different cancer diagnoses and treatment
settings (aside from breast and prostate cancer outpatient settings); more rigorous
outcomes assessment and study methodology; and discernment of dose effects and
optimal frequency for dosing.

Key Words: Cancer fatigue; Cytokines; Fatigue assessment; Fatigue etiology; Metabolic
fatigue; Anemia.

INTRODUCTION

Fatigue is a highly prevalent symptom in patients who receive care for cancer, with
reported prevalence exceeding 60% in many studies that include patients receiving
active cancer treatment or living with advanced cancer (/- 5), and in 15-40% of patients
who are post cancer treatment (6—11). It is a symptom that most people can relate to,
having experienced it at some time due to illness (such as viral infection) or due to some
other reason (injury, grief). Fatigue is a persistent, subjective sense of exhaustion, which
is not proportional to recent activity. This sort of fatigue has been the subject of exten-
sive research in the context of cancer, particularly during the past 5 years, along with
the emergence and growth of symptom science. There have been, on average, 80 or
more manuscripts published each year in the biomedical literature related to this topic
in the past 5 years. Although attention to this topic still lags behind that given to cancer
pain, the number of manuscripts focused on fatigue in cancer patients is similar to what
is being produced from investigation of other common symptoms such as depression
and nausea. In addition, during the past 20 years, there has been intense interest in
chronic fatigue syndrome (CFS). Parallel to the situation in oncology, researchers, clini-
cians, and public health officials have struggled to agree upon a case definition, on the
acceptability of making a discrete diagnosis of chronic fatigue, and understanding the
pathophysiology underlying fatigue (12).

THE COMPLEXITY OF FATIGUE

While it is tempting to plow ahead and describe various cross-sectional and prospec-
tive studies related to fatigue in cancer and what has been learned thus far, it is impor-
tant to acknowledge that this symptom is exceedingly complex and poorly delineated.
I suspect that each author of this textbook has significant experience and expertise in
the assessment and management of fatigue, as well as other specific cancer-related
symptoms. Nevertheless, there is no doubt that there would be tremendous variation in
how fatigue is assessed and managed by these experts. As a general oncologist, I cannot
describe a systematic approach to this symptom that would be rational and reproducible
other than to suggest undertaking comprehensive, interdisciplinary care directed toward
patients and their families, with attention given to managing the underlying cancer and
other medical conditions as well as preventing and relieving suffering. In essence, this
approach embraces the principles of palliative care rather than the principles of fatigue
management, per se. What is missing in regard to fatigue is sufficient evidence-based
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information about predisposing conditions, related pathophysiologic insults, discriminat-
ing clinical features, and clinical consequences of this “diagnosis” so that expert clinicians
can create a succinct mental abstraction of the problem (or “problem representation’)
as well as an “illness script” that facilitates the use of nonanalytical as well as analytical
clinical reasoning as it applies to this problem (/3). The missing elements in the clinical
reasoning process as it applies to fatigue are summarized in Fig. 3.

Understanding Fatigue Complexity Through Patient Vignettes

The basis for this very broad approach rather than the fatigue-specific approach may be
best understood from the perspective of specific patient vignettes. Table 1 illustrates four
patient vignettes where each patient expresses fatigue and manifests subjective and objec-
tive functional impairment. The patients vary in age, underlying disease, comorbidity, and
other factors, including the method of fatigue assessment. This table reflects the variability
that exists in clinical practice. Such heterogeneity is found in the fatigue literature, making
the literature extremely difficult to interpret and apply to individual patients.

Practice guidelines related to fatigue resemble general principles of good palliative
care. Consider the following sample of general standards for cancer-related fatigue
paraphrased from the practice guidelines for the National Comprehensive Cancer
Network (NCCN) (14):

» Fatigue is subjective and should be assessed by self-report

» Patients should be screened, assessed, and managed at the initial visit and regular intervals

» Fatigue in patients of all ages should be evaluated, monitored, documented, and treated
promptly

» Experts in fatigue management should be available for consultation

* There should be education and training programs as well as multidisciplinary institutional
committees focused on aspects of fatigue management

» Fatigue management should be part of continuous quality improvement projects as well as
health outcome studies

* Medical care contracts should reimburse for fatigue management, and disability insurance
should include coverage for the effects of fatigue

Although these guidelines acknowledge that fatigue exists as an expressed symptom,
they do little to reduce the variability in approaches (and outcomes) related to fatigue by
different clinicians and institutions once it has been acknowledged. Fatigue is qualitatively
different from other, more focused, symptoms as it is the least emotionally loaded, most
nonspecific symptom that a person could offer to begin a discussion about his or her
health status. In casual conversation, it is common for people to mention that they are
“tired” or experiencing “fatigue.” However, it is very difficult to ascertain, with any rea-
sonable precision, the specific cause(s) of fatigue for any given person. When a patient
comes to the clinic and reports significant fatigue (let’s say greater than “4”on a scale
ranging from O to 10, where “10” is the greatest imaginable level of fatigue), the meaning
of that level of fatigue to that specific patient is not going to be immediately apparent.
The physician might have to ask, “What does that mean to you?” Depending on the per-
son’s relationship with you, the presence or absence of family members, their cultural
background, how communicative and self-aware they are, and other factors, you might
find out that the patient is too weak, too sleepy, too frightened, too bored, too sore, too
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Table 1
Patient vignettes illustrating fatigue and functional impairment

Patient #1

27-year-old woman with a family history of ovarian cancer with newly diagnosed left breast
cancer awaiting initiation of neoadjuvant chemotherapy. The patient reports fatigue level at
52 mm on a 100-mm visual analog scale

Patient #2

77-year-old Filipino man with a history of chronic obstructive pulmonary disease and mild
cognitive impairment now with mild chronic dyspnea and hypercalcemia following his 3rd
cycle of combination chemotherapy. The patient’s daughter reports that he is persistently
exhausted and that he is less active at home

Patient #3

51-year-old woman with a history of depression and fibromyalgia now 8 days status post her
2nd cycle of combination chemotherapy for stage III ovarian cancer. The fatigue item on
the M.D. Anderson Symptom Inventory reveals a level of fatigue of 7 on a numerical rating
scale where 10 represents the worst level of fatigue

Patient #4

An 18-year-old man is 4 months status post completion of cisplatin-based combination
chemotherapy for intermediate risk nonseminomatous germ cell tumor. He remains in
college, but he is taking fewer courses. He has experienced a worsening of 8 points on the
General Fatigue Scale compared to his pretreatment baseline score

“poisoned”, or too “cancer-laden” to be precise. The patient may have a combination of
problems that are difficult to untangle and, thus, it is challenging to assign specific
relative weights to them regarding their importance. Overall, your ability to optimally
help the patient will depend largely on your ability to:

1. Specifically relate to the person

2. Assess the person in detail and across multiple dimensions

3. Evolve a strategy that strives to improve the situation over a series of visits or planned inter-
ventions to take place over a reasonable period of time

Fatigue Assessment: A Conceptual Model

A conceptual model that illustrates the complexity of fatigue assessment is shown in Fig. 2.
The target of attention for understanding cancer-related fatigue (CRF) is cancer patients
of all types who express fatigue in the presence of functional impairment. Acceptable
quality of life (QOL) refers to individuals with intact QOL (with or without minor
fatigue). Numerous parameters in the clinical “filter” may impact fatigue. The Patient
Perception Filter refers to the individual patient’s ability to discern the presence or
absence of fatigue and impairment related to fatigue. The Patient Expression Filter
refers to an ability and willingness to express the fatigue. This may vary depending on
the target audience (friend, family, nurse, physician, social worker). The Clinician
Ascertainment Filter refers to the various ways that fatigue expression may be elicited
and categorized by clinicians. This may include (1) verbally responding to spontaneous
complaints of fatigue, low energy, or tiredness, (2) asking about fatigue in follow-up to
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Cancer-Related Fatigue During Anti-Cancer Therapy

40 Studies
32 Longitudinal 8 Cross-Sectional
29 Disease-Specific 11 Heterogeneous
Cohorts Samples
20 Female 5 Male Only 4 Female Only

Breast

Fig. 2. A breakdown of clinical trials of cancer-related fatigue during anti-cancer therapy

a screening measure such as a distress thermometer (/5, /6) or question about general
health status or QOL, (3) including a fatigue item on a symptom checklist, symptom
inventory, or multidimensional QOL instrument, (4) routine administration of a single-
item measurement of fatigue, and (5) fatigue assessment using a multidimensional
fatigue-specific instrument. Examples of fatigue measurement instruments are summa-
rized in Table 2. A multitude of different instruments were developed in the 1990s.
These instruments vary in the number of items and fatigue dimensions (physical fatigue,
mental fatigue) that are included and emphasized. There is little research that compares
these instruments, and the choice of instrument for research purposes varies with the
purpose of the assessment, the appropriate response burden for the study population, the
psychometric properties of the instrument, and the preference of the investigator. In
general, the single-item scores correlate strongly with the multi-item, fatigue-specific
instruments (17, 18). It is rare to see anything other than a single item used in clinical
settings, with multi-item instruments reserved for fatigue-related research. For some
(but not all) of the available instruments, specific cutoff scores that are appropriate for
diagnostic use are published, as well as investigations that establish the magnitude of
change representing a minimally important clinical difference (/8-20). Item response
theory and item banking is being explored as a way of selecting the most useful and
parsimonious approach to fatigue measurement for specific patients (2/). The utility of
item banking for this purpose remains unclear.
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Table 2

Examples of fatigue measurements

Case definitions

ICD-10 definition of the cardinal symptom of fatigue in cancer

Significant fatigue, diminished energy, or increased need to rest,
disproportionate to any recent change in activity level, and present
every day or nearly every day during the same 2-week period
in the past month

Single items on multidimensional symptom or quality of life instruments

M. D. Anderson symptom inventory fatigue item

Your fatigue (tiredness) at its WORST? [0—10 numerical rating scale,
ranging from O (“not present”) to 10 (“as bad as you can imagine”)]

Edmonton symptom assessment scale (ESAS)

Visual analog assessment (100 mm) ranging from “No fatigue” to “Worst
fatigue Imaginable”

EROTC QLQ-C30

Did you need to rest?

Were you tired?

Functional assessment of cancer therapy-general (FACT-G)

I have a lack of energy

Multi-item fatigue-specific instruments

Brief fatigue inventory 9 items
FACIT-F 13 items
Piper fatigue scale 22 items
Schwartz cancer fatigue scale 6 items
Lee fatigue scale 18 items
Fatigue questionnaire 11 items
Multidimensional fatigue inventory 20 items
Fatigue symptom inventory 13 items
Objective measurement of activity

Actigraphy

Limitations in the Existing Literature

With an appreciation of this complex conceptual model of CREF, it is much easier to
understand how so much research could have been done without bringing this symptom
into better focus. Each “filter” of the model shown in Fig. 1 (clinical factors, patient
perception, patient expression, and clinician assessment) produces a significant source
of variability. Thus, an estimate of the prevalence of fatigue in mixed cohorts of patients
will vary depending on the nature of the patient mix rather than reflecting the essence
of cancer fatigue. One approach to understanding the literature was applied by Prue and
colleagues. They performed a critical appraisal of the literature evaluating cohort
studies (interventional or noninterventional) that involved adult cancer patients with
CRF while undergoing anticancer therapy who were assessed with a multidimensional
CREF instrument (3). This approach yielded 40 studies. Key features of these studies are
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summarized in Fig. 2. Only 32 of these studies were longitudinal, and 24 of 29 longitu-
dinal studies involving disease-specific cohorts were limited to female patients. The
prevalence of fatigue in these studies was high, sometimes more than 90%, but no spe-
cific proportion of these cohorts appropriately represents these data. Studies that
involved only men were performed in prostate cancer clinics or veterans hospitals. The
nature of the cancer therapy (radiation, conventional dose chemotherapy, high dose chemo-
therapy) was variable, as were the timing of the fatigue assessments, and the rate of missing
follow-up data. A dozen different multidimensional fatigue instruments were utilized in
these studies. The variability in the instruments is particularly problematic because (1)
each instrument has a different cutoff point for clinically important fatigue and a differ-
ent change score that might be considered clinically important, (2) the appropriate
cutoff scores and clinically significant changes scores are not well described for each
instrument, and (3) none of the instruments is widely used in clinical practice, thus
limiting the generalizability of these data. Another source of information about the
prevalence of fatigue is a large, cross-sectional study where adults over 65 years of age
with newly diagnosed breast, colon, lung, or prostate cancer were followed over a
1-year period and asked about pain and fatigue in this fashion: “During the past 2
weeks, as a result of your cancer and its treatment, have you experienced any fatigue?”
(22) In this study, 26-33% of patients experienced fatigue over a l-year period.
However, the single-item approach involved not only a judgment about fatigue, but also
a patient judgment about attribution of the fatigue and it did not indicate any threshold
for the functional consequences of the symptom. A systematic review of this literature
reported by Lawrence and colleagues as part of the U. S. National Institutes of Health

Missing Elements of the Clinical Reasoning Process in Fatigue Evaluation

Knowledge
Patient’s story
Data acquisition
‘. Accurate “problem representation” Y
Context— e -
.’\Search for and selection of illness script
Diagnosis
Experience

Fig. 3. The missing elements of the clinical reasoning process in fatigue evaluation (adapted from
ref. #13)
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State-of-the-Science Conference on Symptom Management in Cancer in 2002 reported
that the prevalence of CRF ranges from 4 to 91% depending on the population studied
and the methods of assessment used (23). That statistic summarizes how profoundly
limited we are in our attempts to describe this symptom.

ETIOLOGY

Difficulties in establishing a case definition of CRF have resulted in an absence of
reliable and valid epidemiologic data, and also confound investigation into the etiology
and pathogenesis of this problem. In cancer, patients with breast cancer, particularly
those who are undergoing or have completed adjuvant chemotherapy or radiation for
early stage disease, are by far the most widely studied population. Thus, most of what
is incorporated into the understanding of fatigue in cancer has been influenced by and
largely derived from the experience of patients with breast cancer (5, 6, 24—30). Similar
to the situation with chronic fatigue syndrome (CFS), many different explanations for
CREF have been proposed, with no dominant model emerging (Table 3). CRF is consid-
ered to have a multifactorial pathogenesis (2, 5, 26, 30).

The Cytokine Hypothesis for Fatigue

One of the most consistently evoked factors in describing the etiology of cancer
fatigue is the role of cytokines. Sickness behavior in animal models refers to the physi-
ologic and behavioral responses observed in animals after the administration of infec-
tious or inflammatory agents or certain proinflammatory cytokines. Symptoms

Table 3
Case definition for chronic fatigue syndrome (CFS)

Characterized by persistent or relapsing unexplained chronic fatigue

e Fatigue lasts for at least 6 months

Fatigue is of new or definite onset

Fatigue is not the result of an organic disease or of continuing exertion

Fatigue is not alleviated by rest

Fatigue results in a substantial reduction in previous occupational, educational, social, and

personal activities

e Four or more of the following symptoms, concurrently present for =6 months: impaired
memory or concentration, sore throat, tender cervical or axillary lymph nodes, muscle pain,
pain in several joints, new headaches, unrefreshing sleep, or malaise after exertion

Exclusion criteria

Medical condition explaining fatigue

Major depressive disorder (psychotic features) or bipolar disorder
Schizophrenia, dementia, or delusional disorder

Anorexia nervosa, bulimia nervosa

Alcohol or substance abuse

Severe obesity
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corresponding to sickness behavior in animal models reflect commonly co-occurring
symptoms in cancer patients, such as fatigue, pain, cachexia, cognitive impairment,
anxiety, and depression. Interdisciplinary collaboration among basic scientists doing
preclinical work with animal models of cytokine-related “sickness behavior” and with
oncologists, pain specialists, and psychiatrists led to the consensus that cancer symp-
toms in humans are similar to sickness behavior in animal models and that these simi-
larities are related to cytokine exposure (37). This may be called the “cytokine
hypothesis” for fatigue and co-occurring symptoms. Cytokines are molecules produced
by lymphocytes and macrophages in response to immune stimulation. Proinflammatory
cytokines include interleukins 1, 2, 6, and 12 as well as tumor necrosis factor (alpha and
beta) and interferon (alpha and gamma). The cytokine theory hypothesizes that when
proinflammatory cytokines are released (peripheral immune activation in the setting of
acute or chronic inflammation or tissue damage), cytokine receptors are activated in the
central nervous system (CNS) and/or second messengers are activated and indirectly
transfer chemical messages to the CNS (32). The effects on the CNS include (1) changes
in the transmission of monoamines such as dopamine, norepinephrine, and serotonin;
(2) neuroendocrine effects on the hypothalamic—pituitary—adrenal (HPA) axis, which
are reflected by changes in corticotrophin-releasing hormone and vasopressin; and (3)
corticosteroid receptor and central inflammatory responses, including release of nitric
oxide and prostaglandin E2.

A model incorporating the cytokine hypothesis in the understanding of fatigue is
shown in Fig. 4. Precipitating events that result in tissue injury or immune activation
can trigger a cascade of proinflammatory cytokines. Common precipitating events are
(1) Underlying malignancy and its byproducts, (2) Infection, (3) Cancer therapy that
induces cell death, (4) Comorbid medical and psychiatric disorders, and (5)
Psychological stressors. When proinflammatory cytokines are produced in the periph-
ery due to a precipitating event, cytokine receptors are activated in the CNS and/or
second messengers are activated and indirectly transfer chemical messages to the
CNS. Changes then occur in the transmission of monoamines, effects on the HPA
axis, and corticosteroid receptor and central inflammatory responses, including
release of nitric oxide and prostaglandin E2. Fatigue, and other symptoms, are essen-
tially functional disturbances of the CNS, and result in mood and sleep alteration,
changes in activity level, and changes in social interaction (obvious manifestations of
sickness behavior). The somatic biologic impact of proinflammatory cytokines (out-
side of the CNS) along with effects on the CNS (neuroendocrine, inflammatory)
result in a cascade of changes in the immune system and the autonomic nervous sys-
tem, as well as other organ systems (bone marrow, musculoskeletal, gastrointestinal,
and cardiopulmonary).

The cytokine interferon-alpha (IFN-o) has been administered to cancer patients for
the treatment of malignant melanoma, renal cell carcinoma, and lymphoproliferative
diseases. It is also used to treat hepatitis C infection. Neuropsychiatric problems are
a well-described complication of IFN-o therapy. These range from fatigue, depres-
sion, and mental slowing to delirium and psychosis. One way to explore the cytokine
hypothesis is to observe the effects of administering a cytokine-based therapy to a
cohort of patients. In 2001, a group from Emory University showed that administering
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the serotonin reuptake inhibitor paroxetine could dramatically reduce the risk of
major depression during IFN-a therapy and allowed patients to continue the treatment
without disruption (33). Building on that experience, a dimensional analysis was per-
formed that distinguished the neurovegative symptoms (fatigue, anorexia, and psy-
chomotor slowing) that occur early in the course of treatment from the depressive
symptoms (anhedonia, depressed mood) that occur significantly later in the course of
therapy and respond much better to antidepressant therapy (34). In CRF research,
there are both evidence and opinions in support of the role of cytokines (6, 35-39),
but there are also studies in which cytokine correlates were not found to be important
(40, 41).

PREDISPOSING AND PERPETUATING FACTORS

Ongoing exposure to the five precipitating factors outlined above, plus the presence
of a high level of overall symptom burden (42—44), predispose patients to CRF and also
perpetuate the problem. Whereas CFS occurs most frequently in women (/2), no clear
gender differences have emerged in CRF research (45). Personality factors (such as
neuroticism and/or a tendency toward catastrophism) are felt to have a predisposing
influence (46, 47). Other plausible predisposing factors that lack a substantial evidence
basis include obesity (48), low level of activity (42), exposure to toxins (such as alcohol,
environmental toxins, or prior cancer therapies), and prior infections with immune
alteration. There is no evidence thus far to suggest that family history, genetic factors,
or sociodemographic factors predominate.

THERAPY FOR CANCER FATIGUE

Most clinical research in CRF is based on the following logic:

—_

. Fatigue is an important problem in cancer

2. Intervention XX is considered promising based on anecdotal experience or uncontrolled stud-
ies or research in other patient populations

. It is plausible that there is a biologic basis for an effect of Intervention X on fatigue

4. We can design a clinical trial and enroll patients on it

w

An example of ongoing randomized trials directed at cancer fatigue and approved through
the U.S. Community Clinical Oncology Program (CCOP) is summarized in Table 4.

Any intervention directed at fatigue has a fair chance of being helpful to the patient.
Regardless of the intervention, the result of any multidimensional assessment is usually
the emergence of clinical insights regarding counseling approaches, changes in patient
behavior(s), improved management of fatigue and nonfatigue symptoms, and improved
management of comorbidities. The net result tends to be that patients achieve better
health and less fatigue. Indeed, the National Comprehensive Cancer Network (NCCN)
guidelines and most expert reviews suggest the multidimensional assessment as the
starting point with clinicians using their judgment to identify and address problems that
are amenable to specific treatment.

Specific causes of fatigue include anemia, infection, and metabolic disorders. These
causes have specific treatments.
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Table 4

Randomized trials targeting fatigue in the community clinical oncology program

Category Intervention Key factor in patient selection
Exercise Exercise in patients undergoing Nonsmall cell lung cancer
curative-intent,
combined-modality therapy
Nutritional/natural L-carnitine supplementation General cancer
products for fatigue
Valeriana officinalis (valerian) Adjuvant therapy
for improving sleep
American ginseng to improve General cancer
fatigue
Oral coenzyme Q-10 to relieve Breast
self-reported fatigue
Psychoeducational Mindfulness relaxation Chemotherapy
Yoga for persistent sleep Survivors
disturbance
Antidepressants/ Buspirone for dyspnea associated Shortness of breath
Anxiolytics with malignant disease
Psychostimulants Modafinil for fatigue Chemotherapy
Anti-inflammatory Epoetin alfa with or without Prostate

dexamethasone for the
treatment of fatigue
and anemia

Docetaxel with or without
infliximab in elderly or poor
performance status patients with
wasting, anorexia and asthenia

Nonsmall cell lung cancer

Adapted from (97)

Anemia

The most commonly discovered underlying problem in cancer patients is the pres-
ence of anemia due to cancer chemotherapy or the effects of the malignancy itself.
Anemia is the primary indication for transfusion of red blood cells, but the development
and use of recombinant human erythropoietins such as epoetin alfa and darbopoetin alfa
has been shown to reduce transfusion rates and increase hemoglobin response.
Nonrandomized trials in community oncology patients have indicated that epoetins
improve QOL (49, 50), but these agents have not been evaluated adequately for the
purpose of treating fatigue specifically (that is, where fatigue is the primary endpoint of
randomized, controlled trials). The use of these agents skyrocketed in the late 1990s,
and by 2002 sales of epoietin alfa in the United States alone exceeded $3 billion (51).
Erythropoietic agents remain widely used. However recent data demonstrate an
increased risk of thromboembolism with aggressive use of these agents (52). There are
provocative data concerning the expression and function of erythropoietin receptors in
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cancer cells, with unfavorable survival outcomes being noted in patients with breast and
head and neck cancer possibly due to these agents affecting tumor growth (52 —54). This
area requires further investigation, and caution should be used when prescribing these
agents. In the management of anemic patients, physicians should follow closely the
dosing recommendations in product package inserts and/or the ASCO/American
Society of Hematology guidelines (55).

Infection

Both infection and malignancy are associated with tissue injury and the production
of proinflammatory cytokines. It is therefore no surprise that infection is correlated with
fatigue in cancer patients. It is common to treat acute or subacute infection that is
readily discernible in patients presenting with CRF.

Metabolic Disorders

Patients with malignancy are susceptible to steroid-induced diabetes, as steroids may
be part of the cancer-treatment regimen used to treat spinal cord compression, brain
metastases or malignant bowel obstruction, or part of the antiemetic or pain treatment
regimen. Hyperglycemia is a problem that can cause significant metabolic disarray as
well asimmune dysfunction, and itrequires aggressive management (56). Hypothyroidism
and hypogonadism are also highly prevalent complications of cancer therapy.
Hypothyroidism may be caused by malignancy involving the thyroid gland, or due to
radiation therapy, biologic therapy such as interferon alfa, or by newer oral agents such
as sunitinib (57). Hypogonadism may be due to chemotherapy, surgery, radiation ther-
apy, or hormonal therapy, as well as the effects of the underlying malignancy and asso-
ciated proinflammatory cytokines (58, 59). It is also associated with oral or intrathecal
opioid analgesics (60, 61). Each of these metabolic problems may present with signifi-
cant fatigue and respond to appropriate treatment.

Specific Therapy for Fatigue

When there is no longer a discernible symptom masquerade, clinical trials of fatigue
are good options for patients, for the care involved in the trial will be carefully imple-
mented and monitored and health improvements often occur. The disappointing truth,
however, is that most of these trials have been and will be negative trials; the remainder
will be weakly positive or falsely positive. This is because the broad, basic principles
related to fatigue management have a greater impact than amelioration by the specific
interventions used in patient populations with substantial biologic and clinical hetero-
geneity (62).

Exercise

It might seem counterintuitive to suggest an exercise program for cancer patients
experiencing fatigue. Cancer patients have generally been advised to budget their level
of activity carefully, and to rest when needed. Similar advice was previously given to
patients who suffered from cardiac events, although cardiac rehabilitation is now firmly
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entrenched as an important aspect of cardiac care. Likewise, in cancer medicine, there is
now a growing appreciation for the detrimental effects of a lack of physical activity and
the functional consequences of deconditioning. Deconditioning causes patients to use
greater effort than normal to perform daily activities, which may contribute to fatigue.

The best available evidence supporting aerobic or resistance exercise as an interven-
tion for fatigue comes from studies of breast cancer patients and survivors. Meta-analyses
of exercise interventions in breast cancer patients that reviewed 9-14 trials meeting spe-
cific methodologic criteria for inclusion confirm that exercise is an effective intervention
to improve QOL, cardiorespiratory fitness, physical functioning, and fatigue (63). There
are clinical data with similar findings in other cancer patients (particularly survivors),
although those data are far less robust (64—69). Larger trials that have a greater focus on
study quality and adverse effects and that examine the long-term benefits and risks of
exercise are needed.

Mind-Body Interventions

Tai chi chuan and yoga have been used as mind-body practices in Asian cultures
for centuries to improve wellness and reduce stress (70). These interventions are
sometimes considered by researchers as a form of exercise intervention, and such
interventions are being explored at major academic centers (7/—74). Meditation and
mindfulness relaxation techniques are other mind-body interventions that do not
involve a physical activity component. These techniques are also the subject of
increased interest by patients and researchers, with the preponderance of studies con-
ducted in breast and prostate cancer patients, and with the intervention most com-
monly done in a clinic-based group setting. Consistent benefits including improved
psychological functioning, reduction of stress symptoms, enhanced coping, and
reduced fatigue in cancer outpatients have been seen (75). However, the evidence in
favor of mind-body interventions remains somewhat limited. What is needed are
more randomized, controlled designs; research in different cancer diagnoses and
treatment settings (aside from breast and prostate cancer outpatient settings); more
rigorous outcomes assessment and study methodology; and discernment of dose
effects and optimal frequency.

Nutritional Interventions

It is clear to patients and clinicians that good nutrition is important for everyone,
including cancer patients. Eating nutritiously can help people feel better, keep up strength
and energy levels, decrease the risk of infection, and improve wound healing. Cancer
patients may face impaired nutrition for a variety of reasons. Cachexia should be
suspected in patients with cancer if an involuntary weight loss of greater than 5% of
premorbid weight occurs within a six-month period of time. Cachexia arises from a
complex interaction between the cancer and the host, a process that may include cytokine
production, release of lipid-mobilizing and proteolysis-inducing factors, and other metabolic
abnormalities (76). Cachexia is associated with fatigue and other major problems such
as anorexia, fat and muscle tissue wasting, psychological distress, reduced quality of life,
and disruption in function in general. Standard pharmacologic therapies for cachexia
such as progestational agents, androgens, or corticosteroids are not recommended
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specifically to improve fatigue (77). Fatigue has innumerable associations with symp-
toms or syndromes that are treatable (anemia, psychological distress, sleep disturbance,
cachexia, and others), and therapy directed at another entity sometimes improves fatigue
expression in individual patients. However, treatment of a fatigue-associated symptom
has not been shown to be generally efficacious for ameliorating CRF. Specifically, there
is no evidence from well-controlled, randomized clinical trials that nutritional interven-
tions such as parenteral or enteral supplementation, or nutritional counseling are effective
for fatigue management. Recently, there has been interest in the micronutrient carnitine,
which may play a role by reducing energy production through fatty acid oxidation.
Administration of exogenous L-carnitine has been proven feasible (78), and it is now
being compared to placebo for treatment of cancer-related fatigue in a multicenter trial.

Behavioral and Psychoeducational Interventions

Just as exercise is a broad-based intervention that can produce improvements in self-
reported fatigue, psychoeducational interventions can also be beneficial. When a health
professional is assigned to assist a patient on an individual basis across various domains
of health (physical symptoms, psychological distress, social and family health) with the
intent of improving the patient’s level of energy, it is not surprising that improvements
are more likely in such patients than in control groups that do not receive such an inter-
vention. The improvements tend to be fairly minor (with unclear clinical significance)
and short-term, and these types of interventions have been tested mostly in cohorts of
women. Barsevick and colleagues compared a psychoeducational intervention related
to energy conservation and activity management to a standard nutritional counseling
strategy that involved the same length of time (telephone counseling with sessions 1 and
2 of 30 min and session 3 for 15 min) (79). The patients had solid tumors and were
beginning chemotherapy or radiation, with 85% of the study population being female.
The fatigue-specific intervention included homework assignments between sessions and
daily journals to monitor various symptoms. Compared to controls, the intervention
group had 10% more patients with stable or improved fatigue, and 15% fewer patients
with worsening fatigue. Similarly, Yates and colleagues studied a comparable 3-session
intervention in a cohort of women receiving adjuvant chemotherapy for breast cancer
(80). In this case, the first session was face-to-face (rather than by telephone), and the
control group received very general information about cancer rather than a fatigue-
specific approach that included a personalized fatigue management plan. Once again,
there were short-term decreases in self-reported fatigue intensity. Other investigators
have demonstrated similar results in randomized controlled trials of nurse-driven inter-
ventions that are conceptually similar (81, 82).

Antidepressants

Fatigue is a cardinal symptom of depression, and both fatigue and depression are
prevalent problems in cancer patients. Not surprisingly, the association between fatigue
and depression in valid self-report measures of these symptoms is easy to demonstrate.
For example, Tchekmedyian and colleagues showed correlations of changes in normal
anxiety and depression subscale scores of the Brief Symptom Inventory with changes
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in Functional Assessment of Cancer Therapy (FACT). Fatigue scores had coefficients
of —0.45 (P < 0.001) and —0.44 (P < 0.001), respectively (83). As mentioned earlier in
the discussion about nutritional interventions, fatigue has innumerable associations with
symptoms or syndromes that are treatable (such as depression), but therapy directed at
another entity has not been shown to be generally efficacious for cancer-related fatigue.
Another example of this general statement was shown by Morrow and colleagues in a
large randomized controlled trial conducted through the Community Clinical Oncology
Program (CCOP) of the National Cancer Institute, which compared the serotonin-
reuptake inhibitor paroxetine at 20 mg/day to placebo in cancer patients undergoing
chemotherapy for the first time (29). The intervention was for 8 weeks, and assessments
of fatigue and depression were performed during cycles 3 and 4 of chemotherapy.
A total of 244 patients treated with paroxetine and 235 patients treated with placebo
provided assessable data, and no difference was detected in fatigue between patient
groups.

Psychostimulants

Various psychostimulants have been explored for the treatment of fatigue in chronic
illness, including methylphenidate, modafinil, and pemoline. Methylphenidate is the
most widely studied psychostimulant in the context of cancer fatigue. Methylphenidate
hydrochloride is a piperidine derivative that acts in the striatum to increase extracellular
dopamine neurotransmission by blocking dopamine uptake in the presynaptic cell mem-
brane (84). This drug is currently indicated for the treatment of conditions such as atten-
tion deficit disorder and narcolepsy. The most commonly used form of this medication
in cancer patients is the short-acting formulation that is a racemic mixture comprised of
D- and L-isomers, the former of which is the most active compound. It is sometimes
prescribed with the intent of relieving depressive symptoms (particularly in dying
patients with short expected survivals) (85), to offset sedation induced by opioid anal-
gesics (86, 87), and to ameliorate cognitive difficulties (88-91).

Several phase II trials showed promise for methylphenidate in doses of 5-20 mg/day
for the treatment of cancer fatigue (92, 93). Bruera and colleagues followed up with a
randomized controlled trial evaluating the short-term effects of methylphenidate com-
pared to placebo (94). Of 112 patients randomly assigned, 52 patients in the methylphe-
nidate and 53 in the placebo group were assessable for analysis. Fatigue intensity
improved significantly on day 8 in both the methylphenidate and placebo groups, with
no significant differences found.

Modafinil is another oral agent used as a psychostimulant in cancer patients. The
mechanism of action of this drug is not well understood; it may affect wakefulness by
interacting with dopamine and norepinephrine transporters in the striatum (95). It is con-
sidered a promising agent (96, 97), and it is now being evaluated in randomized trials.

FUTURE DIRECTIONS

As there is currently no evidence-based standard of care for the assessment and
management of cancer fatigue, further research is clearly needed. Fortunately, both
explanatory and practical clinical trials addressing this topic are abundant. As of the
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Spring of 2006, 76 National Institutes of Health-sponsored studies examining CRF were
actively recruiting subjects, and 15% of these studies were being conducted through the
National Cancer Institute (NCI) Community Clinical Oncology Program (CCOP).

What can be done in future clinical trials to improve the chances of designing mean-
ingful positive trials that significantly impact patient care? Ideally, there will be clinical
trials of fatigue where the patient assessment strategy is emphasized and applied
uniformly across treatments arms, the patients enrolled are reasonably homogeneous
in relation to some biologic attribute(s) as well as clinical characteristics, the interven-
tion has specific intended clinical and biologic effects, and those clinical and biologic
effects are appropriately measured and incorporated into the outcomes evaluation.
There may also be a need for clinical studies that explore different doses of promising
interventions before larger studies are implemented (i.e., phase I trials in symptom
management). In essence, the methods and paradigms of cancer treatment research
need to be applied to symptom research. Promising leads are abundant, as an increas-
ing number of plausible drug targets as well as nonpharmacologic interventions are
being discovered that impact cytokine release or action, inflammation, energy metabolism,
and neuroendocrine pathways.
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ABSTRACT

One hundred and forty one years have passed since Armand Trousseau’s initial
observation that venous thromboembolism (VTE) is a common manifestation of an
underlying malignancy (/). Despite widespread recognition of this association and the
availability of a multiple options for prevention and treatment of venous thrombosis,
VTE remains a common cause of morbidity and mortality in cancer patients. The pur-
pose of this chapter will be to review: (/) The epidemiology of VTE in cancer patients,
(2) The pathogenesis of cancer-related thrombosis, (3) The prevention and treatment of
VTE in the cancer patient, and (4) Special topics in VTE management including man-
agement of recurrent VTE and heparin-induced thrombocytopenia.
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EPIDEMIOLOGY OF VENOUS THROMBOEMBOLISM
IN CANCER PATIENTS

Cancer is associated with a fourfold to sevenfold increase in the risk of VTE (2, 3).
An analysis of a prospective database of VITE among residents of Olmsted County,
Minnesota, found that the annual incidence of a first episode of VTE among residents
with active cancer was 0.5%, about fourfold higher than among residents without can-
cer. Residents receiving chemotherapy were at even higher risk of VTE, approximately
sixfold higher than the general population (2). A large population-based case control
study conducted in anticoagulation clinics in the Netherlands had similar findings, not-
ing a sevenfold increased risk of venous thrombosis among patients with cancer (3).
Over the course of cancer, it has been estimated that approximately 15% of cancer
patients (range 3.8-30.7%) suffer an episode of VTE (4).

It is important to note that the burden of VTE in cancer patients is not uniformly dis-
tributed. It varies depending upon primary tumor location, cell type, and the extent of
disease. In a retrospective analysis of Medicare discharge data, Levitan et al. noted that
VTE was more common in patients with ovarian, brain, and pancreatic tumors and less
common among patients with head and neck, bladder, and breast tumors. Although a
thrombophilic propensity is widely recognized in association with solid tumors, hemat-
opoietic malignancies such as lymphoma and leukemia were also noted to be at signifi-
cantly increased risk of VTE (5). (Fig. 6.1) These trends have been confirmed in several
subsequent studies (6-9).

When considering the risk of VTE associated with a primary tumor site, it is also
important to incorporate the prevalence of individual malignancies. While brain, ovar-
ian, and pancreatic malignancies are associated with the highest risk of VTE, the high
prevalence of lung, colon, and prostate cancers means that clinicians are more likely to
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Fig. 6.1. Annual incidence and number of VTE in different malignancies (Adapted from Levitas
N et al. and Luenberger ML and Wittkawsky AK Oncology 2005 19;853-61.



Chapter 6 / Pathogenesis and Management of Venous Thromboembolism 111

see patients with thromboembolism in association with these malignancies (Fig. 1).
Among patients with the same primary tumor site, histology also has been shown to
influence the risk of VTE. Patients with lung adenocarcinoma are at twofold to three-
fold higher risk of VTE than patients with squamous cell carcinoma of the lung (10, 11).
Not surprisingly, disease extent also profoundly influences the thrombotic risk associ-
ated with malignancies. Patients with metastatic disease are at twice the risk of VTE as
patients with localized or regional disease (6, 9).

While clearly it is important to recognize that cancer places patients at high risk for
VTE, it is also important to recognize that VTE is also a marker of an occult malignancy.
Baron et al. found that incidence of cancer diagnosed at the time of a thromboembolic
event and for a year afterward was fourfold higher than patients without thromboembo-
lism. The risk of subsequent cancer among patients with thromboembolism remained
30% higher than patients without thromboembolism throughout the period from 2 to 25
years after diagnosis (/2). Sorensen et al. also found the risk of cancer was approxi-
mately threefold higher for patients with VTE during the first 6 months of follow-up. The
risk of cancer is twice as high for patients with idiopathic versus triggered episodes of
VTE (13). Unfortunately, aggressive cancer screening among patients with idiopathic
VTE has not been demonstrated to improve cancer mortality (/4), a reflection of the
reality that cancers discovered during or soon after an episode of VTE are often advanced
and associated with a poor prognosis (15). Consequently, the possibility of an underlying
malignancy should always be considered among patients presenting an idiopathic VTE
but in the absence of obvious signs of an underlying malignancy, cancer screening should
be limited to age-appropriate screening procedures.

PATHOGENESIS OF VTE IN CANCER PATIENTS

A multiplicity of factors contributes to the hypercoagulable state associated with
cancer. The relevant factors can be categorized as being either endogenous tumor-
specific or host-specific factors or exogenous environmental influences. As noted previ-
ously, tumor type, histology, and disease extent influence the risk of thrombosis. These
factors clearly influence the impact of the tumor on the host’s coagulation system.
Numerous tumors including pancreatic adenocarcinoma and malignant glioma have
been demonstrated to express tissue factor, the critical cofactor that activates factor VII
triggering the activation of both factor X and factor IX and subsequent thrombin forma-
tion that results in fibrin clot formation (/6). Immunohistochemical studies support a
link between increasing tissue factor expression and the risk of VTE in glioma patients
(17, 18). Similar studies have confirmed the presence of fibrin deposition on pancreatic
cancer cells, demonstrating that tumor-expressed tissue factor is functional and associ-
ated with activation of the coagulation cascade (19).

Cancer procoagulant is a 68-kDa cysteine protease that can activate factor X and has
been identified in a wide variety of malignant cells (20). Synthesis of a factor V receptor
that facilitates assembly of the prothrombinase complex and a protein with fibrin
crosslinking activity similar to factor XIII has been identified in tumor extracts (27).
Fibrinolytic proteins are also synthesized by cancer cells. Promyelocytic leukemia cells
can express urokinase plasminogen activator receptor on their surface which binds and
stimulates activation of urokinase and tissue plasminogen activator contributing to the
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fibrinolytic state manifested in some patients with acute promyelocytic leukemia (22).
Inhibitors of plasminogen activators, plasminogen activator inhibitor 1 and 2, are
expressed by solid tumor cells and may contribute to a hypofibrinolytic and procoagulant
state in affected patients (23).

Tumor cells also impact the host’s coagulation mechanism indirectly by production of
proinflammatory cytokines such as interleukin-1 (IL-1), tumor necrosis factor alpha
(TNF-o), and vascular endothelial growth factor (VEGF), all of which can induce tissue
factor (by host monocytes and endothelial cells) and PAI-1 expression (by endothelial
cells)anddownregulatethrombomodulinexpression (byendothelial cells). Thrombomodulin
is an endogenous anticoagulant protein that binds and neutralizes thrombin’s procoagulant
activity and simultaneously facilitates thrombin’s anticoagulant function in the activation
of protein C. Consequently, downregulation of thrombomodulin could contribute to the
prothrombotic state associated with cancer. In addition to its activation of endothelial and
monocytic tissue factor production, VEGF also promotes tumor-associated activation of the
coagulation cascade by inducing angiogenesis and increasing local vascular permeability
facilitating the exposure of tissue factor to plasma coagulation factors. Inflammatory
cytokines such as IL-1 and TNF-o also induce acute phase reactant proteins such as factor
VIII and fibrinogen that tilt the balance of the hemostatic mechanism toward thrombosis.
These biochemical mechanisms of thrombogenesis are supplemented by the local effect
of tumor or nodal masses that compress vascular structures creating stagnant blood flow
that favors local clot formation (24, 25).

Host-specific factors influence the likelihood of VTE. In a retrospective cohort study
of 125 patients with malignant gliomas, ABO blood group status and age were found to
be significantly associated with VTE (26). Previous studies have identified ABO blood
group and age as risk factors for venous thromboembolism in the general population
(2, 27, 28). Since ABO blood group has a potent influence on von Willebrand factor and
factor VIII levels and higher levels of factor VIII have been associated with an increased
risk of initial and recurrent VTE in the general population (29-32), it is plausible that
the effect of ABO blood group on VTE rates may be mediated through its effect on fac-
tor VIII levels. Similarly, increasing age is associated with increasing coagulation factor
levels that tip the hemostatic balance toward thrombosis.

The presence of thrombophilic mutations also modifies the risk of cancer patients
developing VTE. Although conflicting results were noted in previously published smaller
prospective cohort studies (33, 34), the MEGA case control study of 3,220 participants
identified a fourfold higher risk of VTE among carriers of the factor V Leiden and pro-
thrombin gene mutation than cancer patients without these mutations (3). Therefore, it is
likely that the presence of underlying thrombophilia contributes to the overall risk of
thromboembolism in cancer patients. Interestingly, the presence of factor V Leiden and
the prothrombin mutation were not noted to be risk factors for VTE in participants in
recent tamoxifen breast cancer prevention studies (35). Increases in factor VIII, von
Willebrand factor, fibrinogen, plasminogen activator inhibitor 1 and markers of coagula-
tion activation such as prothrombin fragment 1.2, and D dimers are more common
among patients with advanced cancer than those with localized disease (36). Nevertheless,
markers of activated coagulation have not proven useful in identifying cancer patients at
higher risk of VTE who might benefit from primary anticoagulant prophylaxis (4).
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Environmental VTE risk factors likely play an important role in the development of
venous thrombosis in cancer patients. Major surgery in a cancer patient is associated
with a twofold greater risk of VTE than among patients without cancer (37). Although
data are limited, radiation therapy alone has not been associated with an increased risk
of venous thrombosis among early-stage ovarian cancer patients (38), while adjuvant
radiation therapy combined with surgery or chemotherapy has been associated with an
increased incidence of VTE (39, 40). In contrast, analysis of a large observational data-
base was unable to identify radiotherapy as a risk factor for VTE (6).

Chemotherapy and hormonal therapy have been long associated with an increased
risk of VTE. Increases in fibrinopeptide A, D dimer and thrombin—antithrombin com-
plexes have been noted in association with chemotherapy administration (41, 42).
Analysis of the Awareness of Neutropenia in Cancer (ANC) Registry noted an inci-
dence of VTE of 0.8% per month among 3,003 cancer patients receiving chemotherapy
(43). The best evidence for a prothrombotic effect of chemotherapy comes from analy-
ses of prospective randomized trials of different chemotherapy and hormonal therapy
regimens for breast cancer. Levine et al. noted that 6.8 percent of patients with stage 11
breast cancer receiving one of two chemotherapy regimens suffered a thrombotic event;
all occurred during therapy (44). Goodnough noted a 17.6% incidence of thrombosis
during CMFVP chemotherapy in 159 patients with breast cancer. Factor VIII activity
was significantly increased in a subset of 10 patients during chemotherapy administra-
tion (45). In an analysis of 2,673 patients enrolled in ECOG studies of adjuvant therapy
for breast cancer, Saphner et al. noted that the incidence of venous thromboembolism
was lowest among postmenopausal patients assigned to observation (0.4%), intermedi-
ate among tamoxifen recipients (2.3%), and highest among those who received chemo-
therapy plus tamoxifen (8%). Premenopausal patients who received chemotherapy
alone had fewer thrombotic events (0.8%) than those who received both chemotherapy
and tamoxifen (2.8%). Postmenopausal patients were at higher risk for VTE than pre-
menopausal patients (46). Pritchard et al. also found that combination chemo-hormonal
therapy was associated with a greater risk of VTE than tamoxifen therapy alone in a
RCT of adjuvant therapy for postmenopausal breast cancer patients (47). While the risk
of VTE is less in patients receiving aromatase inhibitors compared with tamoxifen,
anastrozole has been associated with a 1-2% incidence of VTE (48).

Exposure to cisplatin-based regimens has been associated with VTE in patients with
germ cell tumors, lung, cervical, and ovarian cancer (49-51). L-asparaginase is associ-
ated with a 1-2% incidence of VTE in pediatric patients and a 4-14% incidence in
adults with acute lymphoblastic leukemia (52, 53). The thrombotic potential of
L-asparaginase has been ascribed to acquired protein C, protein S, and antithrombin
deficiency as well as increases in factor VIII, IX, and XI levels (54, 55). 5-fluorouracil
is commonly used in the adjuvant treatment of colorectal cancer where its use has been
associated with an incidence of VTE of 15-17% (56). Potential mechanism to explain
its thrombogenicity include the association of 5-fluorouracil with endothelial damage
and reduced protein C levels (57).

Newer chemotherapy agents have also been associated with a significant risk of VTE.
The immunomodulatory and antiangiogenic agent, thalidomide, has been used widely
for the treatment of multiple myeloma, renal cell carcinoma, myelodysplastic syn-
dromes, and idiopathic myelofibrosis. VTE rates as high as 20-40% have been noted



114 Streiff

among myeloma patients receiving thalidomide and dexamethasone- or doxorubicin-
containing chemotherapy regimens (58—60). Acquired resistance to activated protein C
has been noted by some investigators as a potential mechanism for the prothrombotic
potential of thalidomide (6/). Increases in von Willebrand factor antigen and platelet
aggregation have also been noted (62, 63). Prophylactic LMWH, warfarin, and aspirin
have been shown to reduce the incidence of VTE in patients receiving thalidomide (62,
64, 65). Preliminary reports suggest that lenalinomide, an analog of thalidomide, may
also be thrombogenic when combined with high-dose dexamethasone (66). Thus far, the
humanized monoclonal antibody against VEGF, bevacizumab, has been associated with
an increase in thrombotic complications in patients with metastatic colorectal cancer
receiving chemotherapy but not among patients with advanced gastric cancer (67, 68).
Another angiogenesis inhibitor, SU5416, when combined with gemcitabine and cispla-
tin resulted in a thrombosis rate of 42% in a phase 1 study of patients with advanced
malignancies (69). Additional data are required to determine the impact of angiogenesis
inhibitors on the frequency of thrombosis among cancer patients. Corticosteroids may
also increase the risk of thrombosis in cancer patients. In one study of patients with
germ cell tumors, patients receiving dexamethasone at doses exceeding 80mg per cycle
were threefold to fivefold more likely to suffer an episode of VTE (49). These findings
are plausible given the positive influence of corticosteroids on factor VII, VIII, XI, and
fibrinogen levels (70).

Supportive care also plays a role in the development of thrombotic complications
among cancer patients. Central venous catheters (CVC) have been instrumental in the
supportive care of cancer patients since their introduction in the 1970s. Soon after the
widespread use of CVC, it became evident that deep venous thrombosis (DVT) was a
common complication of their use. Thirty-six prospective (31 adults, 5 children) and
fifteen retrospective (14 adults, 1 child) studies have been conducted assessing the inci-
dence of catheter-related deep venous thrombosis in cancer patients. The incidence of
symptomatic CVC DVT varies from 0.3 to 28.3% among adult patients and O to 12%
among children. Studies incorporating routine venography have identified CVC DVT in
27-66% of patients. Risk factors for CVC DVT include catheter diameter and lumen
number (larger catheters and greater numbers of lumens are associated with a greater
risk of DVT), side of insertion (left side higher risk than right side), catheter tip position
(position at the right atrial superior vena caval junction associated with lower risk than
more peripheral or central positions), history of a previous CVC, catheter-related infec-
tions, higher platelet counts, and presence of inherited thrombophilic mutations (71).

Peripherally inserted central catheters (PICC) lines are associated with sympto-
matic CVC DVT in 1-4% of patients while as many as 23% have venographic evi-
dence of venous thrombosis. Larger diameter PICC lines are associated with a higher
risk of VTE (0% DVT for 3 French [F], 1% for 4 F, 6.6% for 5 F, and 9.8% for 6 F)
(71). Consequently, selection of the smallest CVC or PICC line necessary for the
indication as well as careful attention to placement location are important to minimize
catheter-related thrombotic complications. The utility of primary anticoagulant
prophylaxis in the prevention and treatment of CVC and PICC-related DVT will be
discussed below.

Use of hematopoietic growth factors has become an important supportive care tool in the
treatment of patients with cancer. Their use has greatly reduced transfusion requirements for
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patients receiving chemotherapy and reduced the number of episodes of neutropenic
infections. However, hematopoietic growth factors such as GCSF, GMCSG, and in par-
ticular, ecythcopoiesis-stimulatory agents (ESA) have also been recognized to increase
the incidence of thrombotic complications. Use of erythropoietin during chemotherapy
for cervical and vulvo-vaginal cancer and thalidomide for myelodysplastic syndrome
was associated with a significant increase in thrombotic complications (72, 73).
Conversely, other studies have not found an increased incidence of thrombotic complica-
tion among patients receiving erythropoietin during thalidomide therapy for multiple
myeloma or chemotherapy in patients with lung cancer (74, 75). Erythropoietin use has
also been associated with an increased risk of VTE in patients undergoing orthopedic
surgery in some but not all studies (76). Since erythropoietin has been associated with an
increase of inflammatory markers and inhibitors of the fibrinolysis, accentuation of
thrombosis during therapy is conceivable (77). A recent metanalysis indicates that ESA
increase the risk of VTE by 1.6 fold (77a) one small study suggested that low-dose war-
farin (1-2mg daily) was ineffective in prevention of thrombosis in cervical and vulvo-
vaginal cancer patients receiving chemoradiation therapy and erythropoietin (78).

PREVENTION OF THROMBOEMBOLISM IN CANCER PATIENTS

Cancer patients are at fourfold higher risk of developing venous thrombosis than
patients without cancer. The risk increases to sixfold higher in cancer patients receiving
chemotherapy (2). Compared with patients without cancer, cancer patients undergoing
major surgery are at twofold increased risk of venous thrombosis (37). Cancer patients
who suffer an episode of thromboembolism are twice as likely to die (8). Consequently,
use of adequate prophylaxis for patients with cancer is essential to prevent unnecessary
adverse outcomes.

Despite widespread recognition of the high thrombotic risk associated with cancer,
VTE prophylaxis remains underutilized. Recent surveys of general medical and surgical
inpatients have noted DVT prophylaxis in only 30-40% of patients (79-81). The
Frontline survey of almost 3,800 respondents conducted in 2003 found that only 52%
of surgical oncologists and 5% of medical oncologists routinely used DVT prophylaxis
in their patients (82). These findings may partially explain the increasing incidence of
VTE noted among cancer patients between 1979 and 1999 (§3).

All cancer patients should be prescribed risk-adjusted VTE prophylaxis at hospital
admission. Compared with patients undergoing surgery for benign disease, patients
with malignancies have twice the risk of VTE and a threefold higher risk of fatal pul-
monary embolism (84). Risk factors for venous thromboembolism and contraindica-
tions to pharmacologic and mechanical prophylaxis are listed in Tables 1 and 2.
Pharmacologic and mechanical prophylaxis options are shown in Table 3. Several ran-
domized controlled trials (RCT) have demonstrated the efficacy of unfractionated
heparin, low molecular weight heparin, and fondaparinux in the prevention of VTE fol-
lowing major surgery in patients with cancer (85-88).

It is important to note that in many of these trials, the first dose of anticoagulant
prophylaxis was given before surgery and that prophylaxis was continued up to 10 days
postoperatively. The Enoxacan study population was entirely composed of cancer sur-
gery patients while in the Pegasus trial and the Canadian Colorectal Surgery Trial only
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Table 1

Risk factors for venous thromboembolism in cancer patients

Risk Factor

Age

Type of cancer (Pancreas, brain, ovary > head and neck, breast, prostate)
Extent of cancer (metastatic > regional > localized)

Major surgery

Previous history of VTE

Thrombophilic disorder (e.g., Factor V Leiden, etc.)
Chemotherapy

Hormonal therapy

Immobility or limb paralysis

Acute medical illness (infection, cardiopulmonary failure, etc.)
Vascular compression (e.g., nodal/tumor masses, etc.)

Central venous catheters (Hickman catheter, PICC line, etc.)
Hematopoietic growth factors

Obesity

PICC peripherally inserted central venous catheter

Table 2

Contraindications to venous thromboembolism prophylaxis

Contraindications to pharmacologic prophylaxis

Active bleeding

High risk of bleeding

Recent (within 1 month) clinically significant bleeding

Thrombocytopenia (platelet count <50,000/uL)

Systemic coagulopathy (INR>1.4 or aPTT ratio> 1.2, excluding lupus inhibitors)

Known coagulation disorder (e.g., hemophilia A or B, von Willebrand disease)

Known platelet function disorder (e.g., Bernard-Soulier syndrome, uremic platelet dysfunc-
tion, etc.)

Heparin-induced thrombocytopenia (contraindication to use of unfractionated or low molecu-
lar weight heparin)

Contraindications to mechanical prophylaxis
Acute deep venous thrombosis (within 3 months)
Arterial insufficiency at placement location
Open extremity wound

INR international normalized ratio, aPTT activated partial thromboplastin time

approximately 60% and 30%, respectively, of patients had a malignancy. A metanalysis
of DVT prophylaxis trials has indicated that any one of these pharmacological methods
of VTE prophylaxis is effective (85). Therefore, selection of prophylaxis agents should
be based upon efficacy, cost, availability, the presence of comorbid diseases, ease of
administration, and FDA approval status.
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Table 3
Venous thromboembolism prophylaxis options for cancer patients
Pharmacologic prophylaxis options Mechanical prophylaxis options
Unfractionated heparin 5,000 units Sequential compression devices or intermittent
SCq8-12h pneumatic compression devices
Low molecular weight heparin Graduated compression stockings

Dalteparin 5,000 units SC q24 h

Enoxaparin 40 mg SC q24 h

Tinzaparin 4,500 units (or 75 units /kg)
SC q24 h

Pentasaccharides

Fondaparinux 2.5 mg SC q24 h

SC subcutaneous, i hours, mg milligrams, kg kilograms

Similar to patients undergoing hip and knee arthroplasty, cancer surgery patients are
at increased risk for VTE for more than a month after surgery. In a prospective obser-
vational study of 2,373 cancer surgery patients, Agnelli et al. noted that 40% of VTE
occurred more than 21 days after surgery. In-hospital prophylaxis was given to 82% of
patients and 31% received prophylaxis after hospital discharge. Risk factors for VTE
included a previous history of VTE (Odds Ratio (OR) 6.0 [95% Confidence Interval
(CI), 2.1-16.8]), anesthesia time > 2 h (OR 4.5 [95% CI, 1.1-19.0]), bed rest = 4 days
(OR 4.4 [95% (I, 2.5-7.8]), advanced-stage disease (OR 2.7 [95% CI, 1.4-5.2]), and
patient age = 60 years (OR 2.6 [95% CI, 1.2-5.7]) (89). These data have prompted
several studies of extended VTE prophylaxis after major surgery (90, 97). Enoxacan II
demonstrated a 60% reduction in objectively documented VTE (12% to 4.8%) by
extending prophylaxis with enoxaparin 40 mg SC once daily from 6—10 days to 28 days
(90). Similar efficacy (55% relative risk reduction of VTE) has been demonstrated for
extended duration dalteparin VTE prophylaxis in patients after major abdominal sur-
gery (91). Therefore, extended VTE prophylaxis should be strongly considered for
cancer surgery patients, particularly in patients with risk factors for VTE.

In patients with contraindications to pharmacologic VTE prophylaxis, mechanical
prophylaxis should be employed until the contraindication is no longer present.
Sequential compression devices and intermittent pneumatic compression devices appear
to be more effective modes of mechanical prophylaxis in general surgery patients than
elastic stockings; therefore these modalities should be used preferentially (92, 93). For
optimal results, mechanical prophylaxis should be used continuously. Several studies
have demonstrated that mechanical prophylaxis is applied continuously in less than
50% of patients in routine practice, explaining inferior results compared with those
obtained in randomized clinical trials (94, 95). This observation, the smaller study
populations (and thus less precise estimates of efficacy), and the unmasked design of
mechanical prophylaxis studies support preferential use of pharmacologic prophylaxis
when possible. When mechanical prophylaxis modalities must be employed, it is impor-
tant for institutions to have established guidelines regarding their use to ensure optimal
results. Combined mechanical and pharmacologic prophylaxis has been demonstrated
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to be superior to pharmacologic or mechanical prophylaxis alone in several different
patient populations (96, 97). Therefore, combined modality prophylaxis is a reasonable
option in high-risk surgical patients, particularly in surgical patient populations for
whom clinical trial data exists supporting the efficacy of combined prophylaxis.

Medical oncology patients are at high risk of venous thromboembolism and the risk
increases as the number of VTE risk factors increases (98). Although no randomized
controlled trials of VTE prophylaxis have been conducted in medical oncology patient
populations, some information on the effectiveness of VTE prevention strategies can be
inferred from studies conducted in medical inpatients that have included a small propor-
tion of cancer patients (between 5 and 15%) (99-104). All medical oncology patients
who are not ambulatory should receive pharmacologic VTE prophylaxis regimens
appropriate for high-risk medical patients (Table 3). If contraindications exist to phar-
macologic VTE prophylaxis, mechanical prophylaxis should be employed until the
contraindication is no longer present. When employing VTE prophylaxis in medical
oncology patients, it is important to note several limitations of the current literature.
Oncology patients make up a small proportion of the study populations in the currently
published RCTs of VTE prophylaxis in medical inpatients. Therefore, the benefits of
prophylaxis identified in these studies may not be accurate estimates of benefit in oncol-
ogy patients. This limitation should be kept firmly in mind when designing institutional
prophylaxis guidelines for medical oncology patients. Similar concerns apply to
mechanical prophylaxis, which has been studied in only a small population of medical
patients without malignancies (92). Nevertheless, until medical oncology-specific data
are available, VTE prophylaxis strategies used in medical inpatients should be applied
to medical oncology patients as well.

Although a substantial number of medical oncology patients may be at a long-term
risk for VTE as outpatients, particularly patients with pancreatic adenocarcinoma and
malignant gliomas (105, 26), limited information exists to support extended duration
VTE prophylaxis. In a placebo-controlled RCT in patients with stage IV breast cancer
undergoing chemotherapy, Levine et al. demonstrated that low-dose warfarin (1 mg
daily adjusted to an INR 1.3-1.9) was associated with 85% reduction in the incidence
of VTE (p = 0.03) without an increase in bleeding (44). Despite these results, primary
prophylaxis in cancer patients is not practiced because of concerns for bleeding compli-
cations, the applicability of these data to other patient populations, and questions
regarding the appropriate duration of prophylaxis for patients.

PREVENTION OF CENTRAL VENOUS CATHETER THROMBOSIS

Central venous catheters are a common cause of DVT in cancer patients. Prospective
studies employing routine radiologic surveillance have identified catheter-associated
venous thrombosis in 28—-66% of adult cancer patients. Symptomatic thrombosis has
been noted in 0.3-26% of patients (71). In addition to the morbidity associated with
anticoagulation and additional invasive procedures to establish vascular access at other
sites, catheter-associated DVT is associated with a significant risk of pulmonary embo-
lism (15-25%) (106). Consequently, anticoagulant prophylaxis with warfarin and low
molecular weight heparin has been studied in a number of clinical trials (/07-110).
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Bern et al. conducted an open randomized clinical trial of low-dose warfarin
(1 mg daily starting 3 days before catheter insertion and adjusted to keep the pro-
thrombin time below 15 s) in oncology patients receiving a central venous catheter. All
patients underwent venography at the onset of thrombotic symptoms or at 90 days post
insertion. Warfarin-treated patients had significantly fewer thrombotic events (4/42,
9.5%) than control patients (15/40, 37.5%; p < 0.001) (107). Using dalteparin 2,500
units daily and routine venography, Monreal et al. demonstrated significantly fewer
catheter-associated thrombi in the active treatment group (1/16, 6%) than in controls
(8/13, 62%; p = 0.03) (108). However, several more recent large open-label as well as
randomized placebo-controlled double-blind studies of low molecular weight heparin
and low-dose warfarin have failed to demonstrate significant efficacy of active prophy-
laxis for CVC-associated DVT (109—-110). While subpopulations of cancer patients at
especially high risk for CVC-associated DVT may exist, in which pharmacologic
prophylaxis is warranted, routine use of catheter prophylaxis should not be employed
until these data are available.

DIAGNOSIS OF VENOUS THROMBOEMBOLISM
IN CANCER PATIENTS

Cancer patients are at high risk for thromboembolic events; therefore, physicians
should always consider the possibility of thromboembolism when evaluating cancer
patients. Assessing the pre-test probability of thrombotic disease prior to diagnostic
imaging studies is important to determine subsequent management when study results
are available. Clinical prediction models such as the Wells criteria for DVT and PE have
proven useful in identifying patients at higher risk for thrombotic disease, although their
utility in this task has not been demonstrated in all management settings (111, 112).
Diagnostic algorithms based upon these clinical prediction models have been proposed
(111). Initiation of anticoagulation should be considered in patients judged to be at high
risk of VTE. Signs or symptoms that may suggest the presence of an underlying throm-
bosis include unexplained swelling or pain in a lower or upper extremity, the neck or
supraclavicular space, catheter dysfunction, or new onset fatigue. Duplex ultrasound
remains the primary imaging modality for detection of venous clots although CT venog-
raphy and magnetic resonance venography are very useful for identification of thrombi
particularly in less accessible sites (pelvis, iliac and inferior and superior vena cava,
abdominal and intracranial vasculature). Development of increasingly sensitive and
rapid multidetector spiral CT scanners has made CT the imaging modality of choice for
identification of pulmonary emboli. Ventilation perfusion scanning and/or lower/upper
extremity duplex examination, or rarely, pulmonary angiography may provide supple-
mental diagnostic information in selected cases. Although D dimer testing has been
shown to play a useful role in VTE diagnosis in patients without malignancies, D dimer
levels are often elevated in cancer patients and, therefore, it is considerably less useful
in the cancer patient with suspected VTE (//3). Sohne et al. used the Wells Clinical
prediction rule in conjunction with D dimer testing to exclude PE in a series of 3,306
outpatients including 474 cancer patients. Spiral CT scans were obtained in patients
with likely PE by the Wells’ clinical prediction rule or an abnormal D dimer result.
Although only 2% of cancer patients considered not to have a PE developed a VTE



120 Streiff

during the three-month follow-up period, the confidence intervals for this estimate were
wide (0.05-10.9%) (114). Therefore, use of D dimer testing and clinical prediction rules
to exclude VTE in cancer patients should await further investigation.

TREATMENT OF VENOUS THROMBOEMBOLISM IN CANCER
PATIENTS: INITIAL THERAPY

In most cancer patients, initial therapy for venous thromboembolism should consist
of anticoagulation with weight-based doses of unfractionated heparin (UFH) (adjusted
to achieve a therapeutic activated partial thromboplastin time), low molecular weight
heparin, or fondaparinux (Table 4). Choice of initial therapy should be based upon effi-
cacy, cost, ease of administration, need for monitoring, need for hospitalization, pres-
ence of comorbid conditions (e.g., renal insufficiency), reversibility, and FDA approval
status. In patients with a high likelihood of DVT/PE, initiation of therapy should be
considered before objective radiologic confirmation. When using UFH, it is important
to use a weight-based dosage nomogram to ensure rapid achievement of therapeutic
levels. Since the therapeutic range for unfractionated heparin depends upon the particu-
lar aPTT reagent and coagulometer used to perform the test, use of arbitrary fixed thera-
peutic ranges (e.g., aPTT 60-80 s or aPTT ratio 1.5-2.5) should be avoided. Instead,
each laboratory should establish the therapeutic range for their reagent-coagulometer
combination using amidolytic assays of factor Xa activity in the presence of known
concentrations of heparin. The therapeutic range of heparin as measured by the aPTT
should correspond to anti-Xa heparin levels of 0.3-0.7 units/mL (/15).

Table 4

Venous thromboembolism treatment regimens for cancer patients

Acute VTE treatment options
Unfractionated heparin — 80 unit/kg IV bolus followed by 18 units/kg/h infusion adjusted
to aPTT results
Low molecular weight heparin
Dalteparin 200 units’kg SC q24 h
Enoxaparin 1 mg/kg SC q12 h
Tinzaparin 175 units/kg SC q24 h
Pentasaccharide
Fondaparinux 5-10 mg SC q24 h (5 mg for weight < 50 kg, 7.5 mg for weight 50-100
kg and 10 mg for weight > 100 kg)
Vena caval filter
Chronic VTE treatment options
Low molecular weight heparin
Dalteparin 200 units/’kg SC q24 h for month 1 then 150 units/kg SC q24 h
Enoxaparin 1-1.5 mg/kg SC q24 h
Tinzaparin 175 units/kg SC q24 h
Vitamin K antagonist adjusted to an INR of 2-3
Vena caval filter

VTE venous thromboembolism, kg kilograms, /4 hour, SC subcutaneous, /NR international normalized ratio
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Advantages of UFH include its short half-life and complete reversibility with
protamine and reticuloendothelial system-based clearance. Therefore, UFH is probably
the agent of choice for hospitalized patients at high risk for bleeding, those with abnormal
renal function (creatinine clearance < 30 mL/min), or those with planned invasive
procedures. The acquisition cost of UFH is also lower than LMWH or fondaparinux,
although some economic analyses have noted that LMWH may be more cost effective
if all the costs associated with UFH therapy are taken into account (//6). The disadvan-
tages of UFH are the requirement for close laboratory monitoring (at least daily), ready
intravenous access for administration and laboratory monitoring, and a higher incidence
of heparin-induced thrombocytopenia (HIT) (approximately 1% in medical patients, up
to 5% in surgical patients) (/7). For a more complete discussion of HIT, see section on
HIT below. Although a recent RCT demonstrated the feasibility of using subcutaneous
UFH to treat outpatients with VTE, this study enrolled a limited number of cancer
patients (~16%); therefore, routine use of UFH in this fashion should await further
investigation (/18).

Weight-adjusted doses of low molecular weight heparin (LMWH) or fondaparinux
are convenient attractive options for treatment of venous thromboembolism in cancer
patients. Unlike UFH, LMWH and fondaparinux do not require routine laboratory
monitoring and therefore they are attractive agents for the outpatient management of
VTE in cancer patients. LMWH and fondaparinux are also much less likely to induce
HIT. The incidence of HIT with LMWH appears to be about 0.3% while HIT is very
rare with fondaparinux (/7/9, 120a). Disadvantages of LMWH and fondaparinux
include their renal clearance, longer half-life, and lower reversibility. LMWH typi-
cally have a half-life between 3—5 h, which increases significantly with renal dysfunc-
tion (creatinine clearance < 30 ml/min). FDA-approved dosage guidelines have been
developed for enoxaparin in renal insufficiency (1 mg/kg SC q24 h) but caution
should be exercised in patients with severe renal dysfunction (creatinine clearance <
20 ml/min) and patients anticipated to be on LMWH for a prolonged period of time.
Measurement of LMWH levels should be considered in patients in these situations.
Although a once-daily dosage enoxaparin regimen (1.5 mg/kg SC q24 h) has been
tested for acute therapy of VTE in patients with normal renal function, it is important
to note that this regimen was less effective in cancer patients and, therefore, standard
twice-daily dosing (1 mg/kg SC q12 h) should be used initially (/2/). Fondaparinux,
which has a half-life of 17-21 h, should not be used in patients with creatinine clear-
ances less than 30 ml/min. While protamine can be used to partially reverse LMWH
(60-80%), it is ineffective in reversal of fondaparinux (/22). Recombinant human
factor VIIa has been shown to reverse the anticoagulant effects of fondaparinux
(123).

Several studies have documented the feasibility of outpatient management of VTE in
cancer patients (124, 125, 126). When considering outpatient management, it is impor-
tant to select patients appropriately to limited adverse events. Contraindications to
outpatient management are listed in Table 5. Although patients with stable pulmonary
embolism have been managed as outpatients in several clinical studies (125—-127), since
this patient population has a mean 3-month mortality rate of 15% (128), it is important
to risk-stratify patients to avoid adverse outcomes in this potentially high-risk patient
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Table 5

Contraindications to outpatient treatment of venous thromboembolism

Contraindications

Active bleeding or high risk of bleeding

Recent surgery (within 7 days)

Cardiopulmonary instability

Severe symptomatic venous obstruction

High-risk pulmonary embolism**

Thrombocytopenia (platelets < 50,000/uL)
Medical/surgical condition requiring inpatient management
Medical noncompliance

Geographical or telephone inaccessibility

Poor hepatic function (INR 2> 1.5)

Unstable renal function (e.g., rising serum creatinine)
Poor home health care support environment

List may not be all inclusive
INR international normalized ratio
2See Table 6 for Geneva risk score

Table 6

Geneva PE risk stratification score

Risk factors

Active cancer (2 points on Geneva risk scale)

Systolic blood pressure < 100 mmHg (2 points on Geneva risk scale)
Concomitant DVT at diagnosis (1 point on Geneva risk scale)
History of VTE (1 point on Geneva risk scale)

Heart failure (1 point on Geneva risk scale)

Hypoxia (arterial PaO2 < 60 mmHg)

Geneva risk score — low risk = 2 or fewer points, high risk = 3 or more points

group. Wicki et al. used the Geneva PE risk score (see Table 6) to risk-stratify patients
with pulmonary embolism. When used prospectively, the Geneva risk score subdivided
the entire population of PE patients into a low-risk group that had a subsequent adverse
outcome rate of 2% compared with the high-risk group that had an adverse outcome rate
of 26% (129). Findings consistent with right ventricular overload on echocardiography
or spiral CT have also been used to identify higher risk populations of PE patients who
have a twofold to fourfold higher risk of adverse outcomes (130, 131). Low-risk PE
patients, particularly those with asymptomatic PE, potentially could be managed as
outpatients after a short initial inpatient stay while higher risk patients’ initial treatment
should be managed predominantly as inpatients. The development of increasingly sensitive
multislice CT scanners has led to the discovery of more patients with “asymptomatic”
pulmonary embolism. A recent study, however, indicates that many of these
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“asymptomatic” patients on close examination are not asymptomatic, reinforcing
the notion that all patients with PE regardless of the circumstances of detection war-
rant therapy (132).

Thrombolytic therapy should be strongly considered for initial therapy of any cancer
patient presenting with massive pulmonary embolism associated with cardiopulmonary
instability. Thrombolytic therapy results in more rapid clot lysis than anticoagulation
alone which can be life-saving in patients with high clot burdens. This benefit must be
weighed against the twofold to threefold higher bleeding risk associated with thrombo-
lytic therapy compared with anticoagulation alone (//5). Since patients with submas-
sive pulmonary embolism have worse outcomes than patients with less severe
hemodynamic compromise, some have advocated for application of thrombolytic ther-
apy in this patient population. A recent RCT of patients with submassive PE demonstrated
that patients receiving tissue plasminogen activator (tPA) were significantly less likely
to require escalation of therapy (e.g., thrombolysis, mechanical ventilation, catecho-
lamine infusion, etc.) than patients receiving anticoagulation alone. Unfortunately, no
mortality benefit was realized as a result of thrombolytic therapy; therefore, the applica-
tion of thrombolytic therapy to this population remains controversial and should be
made on a case-by-case basis (/33). Although streptokinase and urokinase are effective
thrombolytic agents for the treatment of PE, tPA has emerged as the agent of choice
given its comparable effectiveness and convenient 2-h dosage regimen (tPA 10-mg
intravenous bolus followed by 90-mg intravenous infusion over 2 h).

Thrombolytic therapy is also a useful alternative for patients with massive lower
extremity DVT particular patients at risk for limb compromise. Compared with antico-
agulation alone, thrombolytic therapy results in greater complete and partial clot lysis
rates (complete lysis 45%, partial lysis 18%) than anticoagulation alone (complete lysis
4%, partial lysis 14%) (134). In recent years, systemic thrombolysis has been replaced
with catheter-directed thrombolysis, which allows more efficient delivery of thrombo-
Iytic agents to the surface of the clot. A national registry of catheter-directed thromboly-
sis has demonstrated the value of this approach (complete lysis 31%, partial lysis 52%).
Nevertheless, CDT is still associated with a significant risk of major bleeding (11%)
which exceeds that associated with standard anticoagulation (/35). While combination
of CDT with catheter-based mechanical thrombectomy devices offers the potential to
improve results by decreasing lytic treatment time and total dose, this hypothesis has
yet to be demonstrated in randomized trials (/36). Consequently, catheter-directed
thrombolysis should be reserved for cancer patients with massive DVT where restora-
tion of venous blood flow is essential to outcome.

Vena caval filter placement should be considered in any cancer patient with acute
venous thromboembolism who cannot be treated with anticoagulation. In selected cir-
cumstances, [VC filters may be worthwhile intervention in patients who have suffered
recurrent thromboembolism despite anticoagulation. In these instances, it is important
to rule out the possibility of Trousseau’s syndrome, heparin-induced thrombocytopenia,
and anatomic abnormalities such as the May-Thurner syndrome or vascular compres-
sion by tumor or nodal masses as the patient with these conditions will not be benefited
by placement of an IVC filter that may exacerbate rather than ameliorate the underlying
thrombotic disorder. Although strong supportive evidence of benefit is lacking, vena caval
filters are also considered commonly in patients with poor cardiopulmonary reserve and
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in patients undergoing pulmonary artery thromboembolectomy. In patients with
potentially transient contraindications to anticoagulation, retrievable vena caval filters
should be strongly considered as they appear to function as well as permanent
filters (137). Since filters are associated with an increased risk of IVC and lower
extremity venous thrombosis, filter recipients should be treated with anticoagulation
whenever possible (138).

Similar to other forms of VTE in the cancer patient, initial therapy for catheter-
associated DVT relies upon anticoagulation, with initial anticoagulation options includ-
ing unfractionated heparin, low molecular weight heparin, and fondaparinux. Although
not infrequently recommended in routine practice, catheter removal is not necessary in
most instances of catheter thrombosis and it may be associated with worse outcomes
particularly when done in the absence of anticoagulation. In most cases, thrombotic
symptoms resolve with anticoagulation alone. In the event of persistent symptoms,
thrombolytic therapy may be considered. Thrombolytic therapy is also a useful option
in the event of massive CVC-associated thrombosis when limb viability or future func-
tion is in question. Since thrombolytic therapy has been associated with a higher inci-
dence of major bleeding, its risks and benefits should be carefully weighed before
employing it. Small doses of thrombolytic agents are the therapy of choice for patients
with dysfunctional catheters due to intraluminal clots or fibrin sheaths. TPA (2 mg IV),
urokinase (5,000 units IV), and reteplase (0.4 units/ml IV) have all been used to treat
occluded catheters. Although no randomized trials are available to guide therapy, the
duration of anticoagulation for catheter thrombosis should be at least 3 months or for
the lifespan of the catheter, whichever is longer (71, 139).

TREATMENT OF VENOUS THROMBOEMBOLISM IN CANCER
PATIENTS: CHRONIC THERAPY

Options for chronic therapy for VTE in cancer patients include vitamin K antagonists
(VKA) such as warfarin and low molecular weight heparin. Traditionally, VKA are used
for chronic therapy of VTE. Vitamin K antagonists can be initiated as soon as therapeutic
acute therapy with UFH, LMWH, or fondaparinux is achieved. Loading doses of warfa-
rin should be avoided as they do not result in more rapid achievement of therapeutic
anticoagulation and increase the chances of supratherapeutic INR values. Instead, clini-
cians should select a dose of warfarin that they think will be the patient’s maintenance
dose (usually 5-7.5 mg daily). Low initial doses of warfarin (e.g., 2.5 mg daily) should
be employed in elderly patients, postoperative patients, or patients with liver disease or
taking medications that interact with warfarin (Table 7). Prothrombin times should be
obtained daily in hospitalized patients and at least three times a week in outpatients tran-
sitioning to warfarin therapy. Acute therapy with heparin or LMWH should continue for
at least 5-7 days and until a prothrombin time International Normalized Ratio (INR)
greater than or equal to 2 is achieved. Failure to adhere to these standards can precipitate
early recurrent VTE (140, 141).

Vitamin K antagonists have several advantages including oral administration, com-
plete reversibility with vitamin K and fresh frozen plasma and a long half-life that
means a missed dose will not result in sudden declines in drug concentrations and
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Medications that can influence vitamin K antagonists

Increase in the INR

Decrease in the INR

Alcohol Azathioprine (Imuran)
Amiodarone Barbiturates

Anabolic steroids Carbamazepine (Tegretol)
Broad-spectrum antibiotics Chlordiazepoxide
Capecitabine Cholestyramine
Cimetidine Griseofulvin

Erlotinib Methimazole
Erythromycin Mitotane

Fluorouracil Nafcillin

Fluconazole and other azole antifungals Phenytoin

Flutamide Rifampin

Gefitinib Rifabutin
Gemcitabine Spironolactone
Ifosfamide Sucralfate

Imatinib Vitamin K and vitamin K-rich foods
Isoniazid

Metronidazole (Flagyl)

Omeprazole

Piroxicam (Feldene)

Propafenone

Propranolol

Quinidine

Sulfinpyrazone

Trastuzumib

Trimethoprim/sulfamethoxazole

(Bactrim/Septra)

anticoagulant activity that might precipitate recurrent episodes of thromboembolism.
These favorable characteristics of warfarin are balanced and perhaps overshadowed by
a number of disadvantages including its narrow therapeutic window, substantial interin-
dividual differences in dose response, and a significant potential for dietary and drug—
drug interactions. Consequently, close monitoring of warfarin therapy is essential to
prevent recurrent thromboembolism or bleeding. In addition, the long half-life of war-
farin can also complicate management in the setting of thrombocytopenia or around
invasive procedures (140, 141).

Despite these shortcomings, with optimal management, warfarin therapy has been
associated with excellent results with an incidence of recurrent thromboembolism and
major bleeding less than 1 per 100 patient years (/42). However, the results of VKA
therapy have been less favorable in cancer patients. Palareti et al. noted a twofold to
sevenfold higher incidence of recurrent VTE and a sixfold higher incidence of major
bleeding in cancer patients compared to patients without malignancies (/43). Prandoni
et al. and Hutten et al. have noted similar results (/44, 145). Cancer patients experienced
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more episodes of bleeding and thrombosis regardless of INR level or quality of antico-
agulation control (/43—145). Therefore, optimization of anticoagulation management is
unlikely to result in improved outcomes.

These limitations have increased interest in using LMWH for chronic therapy of
VTE in cancer patients. Low molecular weight heparin has several advantages over
vitamin K antagonists. LMWH do not bind in appreciable quantities to cell membranes
or plasma proteins endowing them with predictable pharmacokinetics allowing weight-
based dosing without the need for laboratory monitoring. LMWH are not affected by
changes in diet or medications and have short half-lives. The latter characteristic is
particularly attractive in cancer patients who often experience thrombocytopenia and
the need for invasive procedures that require transient interruptions in therapy.

LMWH and warfarin have been compared for chronic therapy of VTE in cancer
patients in several randomized trials (/46—149). The CATHANOX trial randomized 146
patients to three months of warfarin adjusted to an INR of 2-3 or enoxaparin 1.5 mg/kg
daily. Fifteen warfarin patients (21.2%) and seven enoxaparin patients (10.5%) experi-
enced an episode of VTE or major bleeding (p = 0.09). Seventeen warfarin patients
(22.7%) and eight enoxaparin patients (11.3%) died during the three-month study (p =
0.07). Fatal hemorrhages occurred in six warfarin patients and no patients in the enoxa-
parin group (/46).

The ONCENOX study enrolled 102 cancer patients into a three-arm trial comparing
warfarin (INR 2-3) with enoxaparin 1.5 mg/kg daily or enoxaparin 1 mg/kg daily for
180 days. Only 3.3% of enoxaparin patients suffered a recurrent VTE compared with
6.7% of warfarin patients. Similar to the CATHANOX study, these results were not
statistically significant due to the limited study enrollment (/47).

Tinzaparin was investigated as an alternative to warfarin for the secondary prevention
of VTE in the LITE study. This RCT compared three months of tinzaparin monotherapy
with UFH followed by warfarin (INR 2-3) in 737 patients with proximal DVT. Two-
hundred six participants (28%) had cancer. Recurrent VTE occurred in six tinzaparin
recipients (5.9%) and eleven warfarin patients (10.5%) (95% CI of difference —12% to
2.9%, p = NS) (148).

The strongest evidence supporting LMWH for chronic therapy of VTE in cancer
patients comes from the results of the CLOT trial. Lee et al. randomized 676 cancer
patients with VTE to six months of dalteparin or VKA adjusted to achieve an INR of
2-3. Of 1,303 cancer patients presenting with VTE to study centers, 676 were enrolled
in the study. Ninety percent of participants had solid tumors and sixty-seven percent had
metastatic disease. Dalteparin patients received 200 IU/kg once daily for the first month
followed by 150 IU/kg for months two through six. VKA patients received acute ther-
apy with once daily dalteparin 200 IU/kg for at least 5—7 days until their INR reached
2 or more on two consecutive days after which they were treated with INR-adjusted
VKA therapy. Recurrent VTE occurred in 27 dalteparin patients (9%) and 53 VKA
patients (17%) for a VTE hazard ratio of 0.48 (95% CI 0.30-0.77, p = 0.002). Twenty
of 53 recurrent VTE (38%) in the warfarin group occurred when the INR was less than
two. Major bleeding (dalteparin 6% vs. VKA 4%, p = 0.27) and six-month mortality
(dalteparin 39% vs. VKA 41%, p = 0.57) were similar (149).

In response to these data, the American College of Chest Physicians consensus
conference as well as the National Comprehensive Cancer Center Network guidelines
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have recommended use of a LMWH for chronic therapy of VTE in cancer patients for
the first 3—6 months of therapy. Although it is possible that all LMWH will prove to
have similar efficacy, the strongest evidence supports dalteparin for chronic therapy of
VTE in cancer patients and so it should be used preferentially for this purpose. Aside
from the results of RCT, providers should also take cost into consideration when decid-
ing upon chronic therapy for VTE. Some insurers will not cover the costs of chronic
LMWH therapy for VTE. A recent decision analysis found that while LMWH resulted
in an average increased quality-adjusted life expectancy surplus of 19 days it achieved
this result at an additional cost of $7,609 per patient treated (150). Therefore, physicians
and cancer patients must carefully weigh the greater efficacy and cost of LMWH when
making decisions on secondary prevention of VTE. Patient preferences, current drug
therapy, and co-morbidities and drug acquisition cost must all be considered. One strat-
egy to maximize the benefits of LMWH would be to focus its use in patients at the
highest risk for VKA-associated complications (e.g., patients with advanced disease,
poor hepatic function, etc.). Another strategy would be to utilize LMWH preferentially
in the first 3 months of therapy when the risk of recurrent VTE is highest.

Cancer and its treatment are associated with a significant and persistent risk of recur-
rent VTE. Therefore, although studies of chronic therapy of VTE in cancer patients
have focused on the first three to six months of therapy, cancer patients should be
treated for as long as their disease is active or for a period appropriate for the patient’s
specific thrombotic event, whichever duration is longer (//5). An important chronic
complication of DVT is post-thrombotic syndrome. Post-thrombotic syndrome is char-
acterized by the development of persistent brawny edema, pain, varicose veins and in
severely affected patients, skin ulcerations. Post-thrombotic syndrome is caused by
chronic venous hypertension due to venous obstruction and valvular dysfunction that
result from an episode of deep venous thrombosis (/51). Prospective studies indicate
that 25% of patients will develop signs and symptoms of PTS within 2 years of their
thrombotic event (/52). Routine use of graduated compression stockings (3040
mmHg) has been shown to reduce the incidence of PTS by 50% (153, 154). Therefore,
all cancer patients suffering an episode of DVT should be prescribed compression
stockings to prevent this avoidable complication of VTE.

MANAGEMENT OF CANCER PATIENTS WITH RECURRENT VTE

Cancer patients have a high incidence of recurrent VTE. Management of patients
with recurrent VTE should be guided by the patient’s particular clinical situation.
Diagnostic possibilities that must be considered in any cancer patient with recurrent
thromboembolism include subtherapeutic anticoagulation, heparin-induced thrombocy-
topenia, Trousseau’s syndrome, and anatomic abnormalities impeding venous flow.
Subtherapeutic anticoagulation is common among cancer patients on VKA. In RCTs of
chronic therapy of VTE, cancer patients were in the therapeutic range less than 50% of
the time (746, 149), significantly lower than noted in studies of chronic therapy con-
ducted in patients without cancer (/42). Contributing factors include chemotherapy-
induced thrombocytopenia and nausea that result in held or reduced doses and frequent
invasive procedures that require discontinuation of therapy. Options for treatment fol-
lowing a course of acute therapy with UFH or LMWH include targeting a higher INR
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goal (e.g., 2.5-3.5) or using a LMWH for chronic therapy. Although higher INR targets
are often used for patients with recurrent VTE, there are no data to support the efficacy
of this practice and higher INR goals in at least one RCT were not associated with fewer
thrombotic events (155). Alternatively, chronic LMWH therapy could be considered,
particularly if VKA control has been suboptimal. One study noted a low recurrence rate
in cancer patients with recurrent VTE treated with LMWH (756).

In cancer patients who return to the hospital with a recurrent VTE soon after dis-
charge, it is important to rule out the possibility of heparin-induced thrombocytope-
nia (HIT). Heparin-induced thrombocytopenia results from the development of
antibodies directed against a neoepitope formed by complexes of heparin and platelet
factor 4, a constituent of platelet alpha granules. These antibodies activate platelets
causing a consumptive form of thrombocytopenia that is associated with a profound
hypercoagulable state. Monocytes and endothelial cells are also activated by these
antibodies inducing the expression of tissue factor on their surface, which further
contributes to activation of the coagulation cascade. Although most patients with
HIT develop thrombocytopenia within 5-10 days of heparin therapy, delayed pres-
entations of HIT occurring as late as several weeks after heparin exposure have been
published. Therefore, any patient who presents with a new thrombotic event in asso-
ciation with thrombocytopenia (or a 50% reduction in platelet count from baseline)
should be evaluated for HIT with objective laboratory testing (HIT PF4 antibody
ELISA assay and/or the “C-labeled serotonin release assay). All patients with a sus-
pected HIT should be treated with a direct thrombin inhibitor (either argatroban or
lepirudin adjusted to an aPTT ratio of 1.5-2.5 or 1.5-2.0, respectively) until the
results of laboratory testing are available. All heparin (and LMWH) exposure
(bonded catheters etc.) should be eliminated. Platelet transfusions should be avoided
unless major bleeding develops as platelets may precipitate progressive thrombosis.
Since as many as 50% of HIT patients may have asymptomatic VTE, screening
duplex ultrasound of the extremities should be performed. In patients with HIT, DTI
treatment should continue until the platelet count has normalized and the patient has
achieved an INR of 2-3 on VKA therapy. Warfarin should not be initiated until the
platelet count has returned to the normal range as early and rapid transition of HIT
patients to warfarin alone has been associated with development of venous gangrene.
Warfarin should be continued for at least one month (for patients without thrombo-
sis) or for as long as dictated by the underlying thrombotic episode (DVT, at least 3
months; PE, at least 6 months) (157).

Another important cause of recurrent thromboembolism in cancer patients is
Trousseau’s syndrome. Trousseau’s syndrome, named after the renowned nineteenth
century French physician who noted the association of cancer with VTE, is character-
ized by recurrent episodes of venous and/or arterial thromboembolism despite adequate
anticoagulation with VKA, migratory superficial thrombophlebitis, nonbacterial
thrombotic endocarditis, and often evidence of disseminated intravascular coagulation
on laboratory testing (/58). Control of the thrombotic process can only be achieved by
therapeutic anticoagulation with unfractionated or low molecular weight heparin.
LMWH is generally employed initially because it can be administered in weight-based
doses without any requirement for laboratory monitoring. I would recommend using
twice daily dosing for LMWH given the higher recurrence rate seen in one study in
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cancer patients receiving once daily enoxaparin dosing (/59). In the event of a recur-
rent episode of VTE despite LMWH therapy, it is important to objectively document
recurrent thrombosis and establish whether noncompliance or inadequate dosing may
have contributed to the event. Rarely, patients with Trousseau’s syndrome will demon-
strate resistance to LMWH. In this case, continuous infusion or subcutaneous UFH
therapy has been effective in preventing further thrombotic events. Therapy for
Trousseau’s syndrome should be continued as long as active cancer is present. Since
patients with Trousseau’s syndrome generally have metastatic disease on presentation,
life-long therapy is indicated as cessation of therapy will invariably be associated with
recurrent thromboembolism.

Anatomic vascular compression is another important cause of recurrent thromboem-
bolism that should be investigated in cancer patients with recurrent thrombotic events.
While hypercoagulable alterations in the blood of cancer patients contribute signifi-
cantly to their thrombotic phenotype, stasis and turbulent blood flow can also play an
important role in the development of venous thrombosis. Tumor or lymph node masses
can compress vessels and contribute to thrombosis. It is important to consider these
anatomic risk factors for thrombosis as relief of vascular obstructions/stenosis is often
more effective than more intensive anticoagulation.

IMPACT OF ANTICOAGULATION ON CANCER MORTALITY

Aside from reducing the morbidity and mortality due to VTE, anticoagulation may
have a beneficial impact on the overall clinical course of cancer patients. Growing evi-
dence suggests a link between the coagulation proteins and cancer biology (25). The
first clinical support for the potential role of anticoagulation in modifying cancer out-
come comes from the landmark Veterans Administration Cooperative Study #75. This
randomized clinical trial demonstrated a significant improvement in median survival
among the subgroup of patients with small-cell lung cancer receiving chemotherapy and
warfarin compared with patients receiving chemotherapy alone (50 weeks vs. 24 weeks,
p = 0.03). No differences in mortality were noted in other subgroups of cancer patients
(160). However, subsequent randomized studies of the impact of warfarin therapy on
outcomes in cancer patients have been mixed (161-163).

Substantial experimental evidence has accumulated that heparins, in particular low
molecular weight heparins, possess antineoplastic properties that include inhibition of
angiogenesis, cancer and endothelial cell growth, oncogene expression, and metasta-
sis (164). Corroboration of the biological applicability of these findings is available
in the results of clinical trials of heparins in the treatment of VTE. Metanalyses of
randomized clinical trials of unfractionated and LMWH in the treatment of VTE have
identified a survival advantage for patients treated with LMWH that is attributable to
reduced mortality among cancer patients (/65). Several subsequent studies have
tested the impact of low molecular weight heparin on the clinical course of cancer
patients. The Fragmin Advanced Malignancy Outcome Study (FAMOUS study) ran-
domized 385 patients with advanced solid tumors to once daily dalteparin (5,000 IU
per day) or placebo for up to one year. While one-year survival was not different in
the group as a whole (dalteparin 46% vs. placebo 41%, p = 0.19), median survival was
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significantly longer among dalteparin recipients (43.5 months vs. 24.3 months,
p = 0.03) in a subgroup of patients, not defined a priori, with a better prognosis (survival
beyond 17 months) (166)

Two subsequent trials have identified similar results (/167—169). The MALT trial
randomized 302 patients with advanced solid tumors to 6 weeks of nadroparin (2 weeks
full dose, 4 weeks half dose) or placebo. The median survival was 8 months for the
nadroparin group compared with 6.6 months for the placebo group (Hazard Ratio (HR)
0.75 [95% CI 0.59-0.96]). As with the FAMOUS study, the difference was even more
pronounced in patients with a better prognosis (HR 0.64 [95% CI 0.45-0.90]) (167). In
a randomized study of combination chemotherapy with or without dalteparin in patients
with small-cell lung cancer, Altinbas et al. noted improved response rates and overall
survival in patients receiving LMWH (7169). In a secondary analysis of the CLOT trial,
Lee et al. noted reduced mortality at 12 months among patients without metastatic dis-
ease receiving dalteparin compared with VKA (p = 0.03) (168). Despite using different
regimens in diverse patient populations, these studies all provide tantalizing evidence of
a mortality benefit to the use of LMWH in cancer patients. While additional information
is needed to identify the cancer patients most likely to benefit and the most effective
regimens, these studies provide further evidence of potential added benefits of antico-
agulation, in particular LMWH, in the management of cancer patients.
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ABSTRACT

Oncologists commonly encounter patients with depressive symptoms. It is important
for the clinician to recognize and treat these symptoms in cancer patients, since they can
occur for both physical and psychological reasons. This chapter describes assessment
of depression, differentiating between types and causes of depressive disorders, and
treatment interventions. Risk factors for suicide, assessment and management of suicide
are also reviewed.
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INTRODUCTION

Depressive symptoms are common in the oncology setting. Evaluating their nature
and intensity is important. Cancer patients are vulnerable to these symptoms at all
stages of the illness, from appearance of the first symptoms of cancer to the time of
diagnosis, during treatment, palliative care, and even after remission or cure. Sadness
and worry for the future are normal responses, partly because of the meaning attached
to cancer, such as the fear of disability or death. For the oncologist, the relevant clinical
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question is how to identify the point when normal sadness or distress associated with
the cancer has become a depressive disorder which demands treatment or referral for
evaluation to a mental health professional. It is important to remember that depression
responds to treatment and should not be left untreated “based on reality.”

PREVALENCE OF DEPRESSION IN CANCER PATIENTS

Many studies have documented the prevalence of depression in cancer patients. The
prevalence estimates of current major depression in cancer patients have varied widely
in different studies, from a low of 1% to a high of 50% (/-3). Comparably, the current
(30-day) prevalence of major depression in the general United States population is esti-
mated to be 4.9% (4). The use of different diagnostic measures and cutoff criteria impacts
prevalence estimates. In a study of terminally ill cancer patients, a symptom threshold
consistent with DSM-IV criteria was associated with a depression diagnosis in 13.0% of
patients (5). A relatively minor reduction in the symptom severity threshold elevated the
depression diagnosis to 26.1% of patients. Other factors that contribute to differences in
prevalence are the site of cancer(s), the physical symptoms, and the stage of cancer (6).

EVALUATION AND DIAGNOSIS OF DEPRESSION IN CANCER
PATIENTS

Diagnosis of depression is challenging in cancer patients due to the neurovegetative
symptoms, which are the same as many symptoms caused by cancer: loss of appetite,
fatigue, sleep disturbances, psychomotor retardation, apathy, and poor concentration (7).
These may represent symptoms of depression, or the result of cancer and/or its treatment.
The assessment of depressive symptoms related to psychological issues should focus on
the presence of dysphoria, anhedonia, hopelessness, worthlessness, excessive or inappro-
priate guilt, and suicidal ideation (Table 1). Presence of these symptoms help distinguish
depression from cancer-related symptoms (6). Poor memory and impaired concentration
are more likely to be the initial chief complaints in elderly depressed patients. Although
rare, delusions or hallucinations may accompany depression. In medically ill patients, this
combination of symptoms is usually reflective of a diagnosis of delirium, which should
be ruled out first. If present, the diagnosis of delirium precludes the diagnosis of mood
disorder with depressive features. Depressed patients with psychotic features should be
referred to a psychiatrist for further assessment and management.

Cohen-Cole and colleagues (8) reviewed four conceptual approaches to evaluate
depression in the medically ill, namely inclusive, exclusive, etiological, and substitutive
approaches. No single approach is inherently superior to the others (8). When selecting a
conceptual approach, it is important to consider whether a diagnosis of depression is being
made for clinical or research purposes (8). The inclusive approach, in which all symptoms
of depression are counted regardless of their suspected etiology, is highly sensitive, mak-
ing its use more appropriate for diagnoses in clinical settings. The exclusive approach
eliminates the somatic symptoms from the diagnostic criteria. The high specificity associ-
ated with the exclusive approach makes it valuable for research purposes, but it is not
desirable in clinical practice due to the risk of denying treatment to patients who may
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Table 1

Evaluation of depression

Psychological
Dysphoric mood (e.g., sad, depressed, anxious, tearful, diurnal mood changes)
Feelings of hopelessness, helplessness
Loss of interest and pleasure, anhedonia
Guilt, burden on others, worthlessness
Mood congruent delusions (poverty, nihilistic delusions)
Mood incongruent delusions
Suicidal thoughts or plans

Somatic (difficult to interpret in physically impaired patients)
Insomnia or hypersomnia
Anorexia and weight loss
Fatigue
Psychomotor retardation or agitation
Poor concentration
Decreased libido

Adapted from (16)

benefit. The etiological approach requires that the clinician include a symptom as part
of a clinical depression only if it is clearly not a result of medical illness. While it is
theoretically sound, it is difficult to apply this reliably in oncology due to the overlap of
symptoms. The substitutive approach (9) replaces somatic symptoms of depression (i.e.,
fatigue, sleep disturbance, change in weight or appetite, difficulty concentrating) with
psychological symptoms such as depressed appearance, social withdrawal, brooding,
self-pity, pessimism, and anhedonia. While this approach is conceptually reasonable,
there is little evidence for its superiority (35).

Several subcategories of DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders (10)) depression diagnoses are found in the context of cancer. A diagnosis of
“mood disorder with depressive features due to cancer” is the appropriate diagnosis
when the depressive disorder is due to an underlying cancer, such as pancreatic cancer.
When a medication (such as interferon) is the underlying cause of a depressive disorder,
the diagnosis of “substance-induced mood disorder” is used. However, establishing the
etiology of symptoms of depression in cancer patients is difficult, and usually multiple
factors contribute to depressive symptoms in most of these patients. A diagnosis of
“adjustment disorder with depressed mood” is used in patients who have emotional or
behavioral symptoms that significantly impair role (e.g., job, academic, social), func-
tioning, or that are accompanied by a level of distress in excess of what one would
normally expect. In the context of cancer, one can reasonably expect patients to experi-
ence a level of sadness and problems with sleep, appetite, and concentration. Thus, the
clinician must use clinical judgment as when these symptoms exceed a “normal sad-
ness” to become “adjustment disorder with depressed mood.” Major depression, the
most severe level, is defined as an episode of clinically significant persistent and pervasive
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depressed mood and/or anhedonia, accompanied by cognitive and behavioral symp-
toms. The DSM-IV criteria for major depression are consistent with the etiological
approach in which symptoms that are deemed to be due to a medical condition or medi-
cation do not count toward the diagnosis. Patients may have a preexisting chronic
depression called dysthymia, which may become more manifest or worse in cancer
patients. Patients who have had a major depressive episode in the past are at risk of a
recurrence in the context of cancer.

RISK FACTORS FOR DEPRESSION IN CANCER PATIENTS

There are several risk factors for depression in cancer patients (Table 2). The site of
cancer and several chemotherapy regimens tend to raise the risk. Vinblastine, vincris-
tine, interferon, procarbazine, asparaginase, tamoxifen, cyproterone, and corticosteroids
are associated with greater risk (/7). A higher prevalence of depression has been found
among patients with pancreatic, oropharyngeal, breast, and lung cancer, with lower
rates observed among those with lymphoma, colon, and gynecological cancers (3, 12).
Depression is a common symptom of pancreatic cancer, with some early data that the
mood disturbance is mediated by alteration of brain serotonergic function through
proinflammatory cytokines (/3-16).

Depression may also relate to organ failure, or nutritional, endocrine, and neurological
complications of cancer (Table 3). Other risk factors for depression, not specific to can-
cer patients are advanced disease stage and physical disability, presence of other chronic
illnesses (1), a previous history of depression (/7), family history of depression, uncon-
trolled pain (/8), younger age (19), low social support, social isolation, recent experience
of a significant loss (20), low self-esteem (20). Although it is well established that
depression is more prevalent among women than men in the general population (21), the
gender difference is not evident among cancer patients (22). Older individuals are at
greater risk for depression even in the absence of medical illness due to multiple losses
through the years, such as death of loved ones, retirement, physical deconditioning, etc.

Table 2

Risk factors for depression in cancer patients

Family history of depression, suicide

Personal history of previous depression, bipolar disorder, suicide attempts, alcohol abuse or
dependence, other substance abuse or dependence

Recent losses/bereavement

Prior experience with cancer

Pessimistic outlook on life

Multiple obligations, responsibilities

Absence of a belief or a value system

Rigid and inflexible coping style

Social isolation

Low socioeconomic status

Adapted from (16)
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Table 3

Medical conditions that cause depression

Metabolic abnormalities
Hypercalcemia
Sodium, potassium imbalance
Other electrolyte disturbances
Vitamin B12, folate, or other vitamin deficiencies
Cancer-related
Primary CNS tumors
CNS metastasis
Paraneoplastic syndromes
Pancreatic cancer, small-cell lung cancer, breast cancer
Neurological diseases
Cerebrovascular disease
Dementia
Cerebral trauma
CNS infections
Systemic disorders
Autoimmune disorders
Inflammatory disorders
Infections
Endocrine abnormalities
Hyper- or Hypothyroidism
Adrenal insufficiency
Medications
Corticosteroids
Interferon and interleukin 2
Cardiac and antiarrhythmic drugs
Antibiotics, antivirals
Psychotropic drugs (antipsychotics, benzodiazepines, other sedative/hypnotics)
Opiates
Cimetidine
Levodopa, methyldopa
Pentazocine
Tamoxifen
Analgesics, and anti-inflammatory drugs
Some chemotherapeutic agents: vincristine, vinblastine, procarbazine, asparaginase,
tamoxifen, cyproterone, mithramycin, L-asparaginase
Other diseases
Cardiorespiratory disease
Renal disease
Anemia
Uncontrolled pain

Adapted from (6, 16)
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SUICIDE ASSESSMENT AND MANAGEMENT IN CANCER PATIENTS

The incidence of suicide is higher in cancer patients compared with the general popula-
tion. Studies suggest that although a small number of cancer patients commit suicide, the
relative risk of suicide in this population is twice that of the general population (23-26).
Suicide is more likely to occur in advanced disease with escalating depression, hopeless-
ness, and the presence of poorly controlled symptoms, particularly pain (/6). Suicidal
thoughts in patients with advanced disease, poor prognosis, or poorly controlled symp-
toms are likely viewed as rational by physicians (27). It is important to note that those
patients may have a treatable major depressive episode precipitating their suicidal idea-
tion. Clinicians should evaluate for hopelessness and a diagnosis of depression in termi-
nally ill patients with persistent desire for death or suicidal intention (28-30).

Prior history of psychiatric illness, previous history of depression or suicide attempts,
recent bereavement, history of alcohol or other substance abuse or dependence, male
gender, family history of depression or suicide and lack of family or social support, and
recent losses are common risk factors for suicide. Older patients in the sixth and seventh
decade of life, individuals with head and neck, lung, breast, urogenital, gastrointestinal
cancers, and myeloma seem to have an increased risk of suicide (23-26, 3/-33). An
international population-based study from Denmark, Finland, Norway, Sweden, and the
United States showed a small, but statistically significant, increased long-term risk of
suicide, 25 or more years after a breast cancer diagnosis (34).

Establishing rapport with the patient is the most important initial step in evaluation
of suicidal risk. Evaluation of suicidal thoughts should take into account the disease
stage and prognosis. It is helpful to consider the issue of suicidality from four perspec-
tives: (1) the suicidal thoughts that occur transiently in all patients with cancer, (2)
suicidal thoughts in patients who are in remission with a good prognosis, (3) suicidal
thoughts in patients with poor prognosis/poor symptom control, and (4) patients in ter-
minal stages (35). Suicidal ideation, or plans to commit suicide in cancer patients with
good prognosis or those in remission, requires careful assessment (30). A Finnish sur-
vey of suicides in one year revealed that 4.3% had cancer (36). Half of the patients were
in remission at the time of suicide. Patients were noted to have a history of psychiatric
illness prior to cancer diagnosis, in particular substance abuse.

It is important to recognize and aggressively treat high-risk patients for depression
and address suicidal risk with psychiatric hospitalization, if necessary. Untreated delir-
ium may lead to unpredictable suicide attempts due to impaired judgment and impulse
control (37). The presence of a 24-h companion or a family member and treatment of
delirium would help protect these patients from self-harm. Maintaining a supportive
relationship, symptom control (e.g., pain, nausea, depression), and involving the family
or friends are the initial steps in management of a suicidal patient. A recent study exam-
ining the suicidal ideation and past suicidal attempt in adult survivors of childhood
cancer found a strong correlation between physical health and suicidality, which under-
scores the importance of symptom control in cancer patients (38). Early psychiatric
involvement with high-risk individuals can often avert suicide in cancer patients (39).
Psychiatrists or other mental health care professionals are helpful in assessing depres-
sion. A careful evaluation includes an exploration of the reasons for suicidal thoughts
and the seriousness of the risk. The clinician should listen empathically, without appearing
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critical or judgmental. Allowing the patient to discuss suicidal thoughts often decreases
the risk of suicide despite common belief to the contrary. Patients often reconsider and
reject the idea of suicide when the physician acknowledges the legitimacy of their
option and the need to retain a sense of control over aspects of their death (32).

If a patient expresses suicidal intent in the hospital, a 24-h companion should be pro-
vided to ensure constant observation. Consultation with the psychiatry team helps the
oncologists in assessment and management of the suicidal patient. Psychiatric hospitaliza-
tion is usually not a good option for a seriously ill patient. The medical hospital or home
is usually the setting in which the management takes place (32). When the patient is at
home, it is helpful to work with the family, to maintain vigilance, while encouraging the
patient to agree to call if suicidal thoughts become overwhelming.

MANAGEMENT OF DEPRESSION IN CANCER PATIENTS

Managing depression requires a comprehensive approach that addresses the evalua-
tion, treatment, and follow-up of cancer patients. The initial management begins with
the establishment of a therapeutic alliance with the oncologist and the recruiting of sup-
port from family or friends. The relationship with the oncologist is the key component
of support. Maintaining ongoing contact with the depressed cancer patient, especially
terminally ill patients, ensures that continual evaluation and caring are available to the
patient without fear of being abandoned (40).

The APA (American Psychiatric Association) has created practice guidelines for the
treatment of depressive disorders in physically healthy individuals (4/). This same com-
prehensive approach has been applied to the treatment of depression in cancer patients
by the National Comprehensive Cancer Network. (NCCN (42)). There are several phar-
macologic and psychotherapeutic strategies available. Prior to selecting an appropriate
treatment, attention should be paid to the site of cancer, current cancer treatment,
comorbid medical conditions, and medications, any of which may contribute to depres-
sive symptoms. The evaluation of medical, neurologic, and endocrinologic factors may
reveal reversible causes of depression, particularly thyroid function abnormalities, or
medications that can be eliminated or substituted. If the depressive disorder is believed
to be caused by a medical condition or by a drug, the clinician should treat the underlying
condition or change the drug. Antidepressants are usually started concurrently to relieve
patient’s suffering more quickly.

Pharmacologic Treatments

The use of antidepressant medications in cancer patients poses unique challenges.
A rapid onset of action is preferable in cancer patients; however, antidepressants may
take several weeks to have a therapeutic effect due to their delayed onset of action (43).
An appropriate antidepressant should be selected based on the potential side effects of
each antidepressant, a consideration of each patient’s prognosis, primary symptoms of
depression, and comorbid symptoms or conditions. Drug—drug interactions through
inhibiton of cytochrome P450 isoenzymes are important to note (44). Antidepressants
should be started at low doses and titrated up slowly in medically frail cancer patients,
especially in the elderly (45). Table 4 lists the commonly used antidepressants.
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Table 4
Medications used to treat depression in cancer patients
Starting dose/thera- ~ Common side effects/
Medication Brand name peutic range comments

Selective serotonin reuptake inhibitors:

Fluoxetine?
Sertraline?
Paroxetine
Fluvoxamine
Citalopram®
Escitalopram®

Prozac

Zoloft

Paxil, Paxil CR
Luvox

Celexa
Lexapro

Tricyclic antidepressants:

Amitriptyline
Imipramine
Desipramine

Nortriptyline®

Doxepin®

Elavil
Tofranil
Norpramin

Pamelor

Sinequan

Monoamine oxidase inhibitors:

Phenelzine
Tranylcypromine

Newer antidepressants:

Bupropion

Trazodone

Nefazodone

Venlafaxine

Duloxetine
Mirtazapine

Nardil
Parnate

Wellbutrin,
Wellbutrin
SR and XL

Desyrel

Serzone

Effexor and
Effexor XR

Cymbalta
Remeron

10-20 mg/20-60 mg
25-50 mg/50-200 mg
10-20 mg/20-50 mg
50 mg/100-300 mg
10-20 mg/20-60 mg
10 mg/10-20 mg

10-25 mg/50-150 mg
10-25 mg/50-300 mg
25 mg/75-200 mg

10-25 mg/50-150 mg

25 mg/75-300 mg

15 mg/30-60 mg
10 mg/20-40 mg

75 mg/150—450 mg

50 mg/150-200 mg

100/150-300 mg

37.5 mg bid/75-
225 mg

20-30 mg/30-60 mg
7.5-15 mg/15-45 mg

Varying degrees of gastroin-
testinal distress, nausea,
headache, insomnia,
increased anxiety, sexual
dysfunction. Sertraline,
citalopram, and escitalo-
pram produce the least
p450 system interactions

Sedation, anticholinergic
effects, orthostasis

Minimal sedation or orthos-
tasis; moderate anti-
cholinergic effects

Sedation, minimal anti-
cholinergic effects or
orthostasis

Sedating, anticholinergic
effects, orthostasis

Orthostasis, drug—drug
interactions, requires
avoidance of certain
foods (can cause hyper-
tensive Crisis)

Activating, seizures if pre-
disposed, no sexual dys-
function

Sedation, useful as a sleep
aid, priapism

Risk of liver failure, seda-
tion, dizziness, constipa-
tion, sexual dysfunction
unlikely

Activating, nausea, anXi-
ety, sedation, sweating,
hypertension

Activating, anxiety, nausea

Sedation, weight gain; dis-
solvable tablet form
available

(continued)
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Table 4

(continued)

Starting dose/thera- ~ Common side effects/
Medication Brand name peutic range comments

Stimulants and wakefulness promoting agents:

Dextroamphetamine ~ Dexedrine 2.5 mg/5-30 mg Possible cardiac complica-
Methylphenidate Ritalin 2.5 mg/5-15 mg bid tions, agitation, anxiety,
agitation, nausea
Modafinil Provigil 50 mg/100400 mg  Activating, nausea, cardiac
side effects, usually well-
tolerated

Adapted from (6, 16)
* Available in liquid form

SELECTIVE SEROTONIN REUPTAKE INHIBITORS (SSRIS)

SSRIs have become the first line of treatment for depression and anxiety disorders,
replacing tricyclic antidepressants. They are efficacious, generally well tolerated, and
are not as toxic in overdose as tricyclic antidepressants. Some SSRIs, such as fluoxetine
and fluvoxamine, are inhibitors of cytochrome P450 isoenzymes. It is therefore impor-
tant to monitor for the possibility of drug—drug interactions. Sertraline, citalopram, and
escitalopram are less protein-bound and may have a lower risk of drug interactions with
the P450 system (46, 47). Many of the SSRIs now come in liquid forms, making it
easier for patients who cannot swallow pills. SSRIs with a short half-life, such as par-
oxetine, have occasionally been associated with flu-like withdrawal symptoms if
stopped abruptly. Fluoxetine has the longest half-life of all SSRIs. Common side effects
of SSRIs are headache, palpitations, nausea, and sexual dysfunction, most of which
disappear with continued use of the medication (48).

TRICYCLIC ANTIDEPRESSANTS

These medications have been around for many years and are therefore less expensive
than many of the SSRIs. The tricyclics are also used as adjunct pain medications, especially
for neuropathic pain. Because of their anticholinergic, antiadrenergic, and antihistaminer-
gic side effects, they are less frequently used in cancer patients. The anticholinergic side
effects of urinary retention, constipation, blurred vision, and dry mouth, as well as orthos-
tatic hypotension and arrhythmias, make them less desirable. Tricyclic antidepressants are
highly cardiotoxic in overdose.

MoNOAMINE OXIDASE INHIBITORS (MAOIS)

MAQOISs are rarely used as treatment for cancer patients with depression. Patients
must adhere to a strict diet while on these medications, as concurrent intake of foods
rich in tyramine or the use of sympathomimetic drugs can cause a potentially fatal
hypertensive crisis. In addition, there are numerous other potentially severe drug—drug
interactions, such as the interaction between MAOIs and meperidine.
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NEWER ANTIDEPRESSANTS

This category of antidepressants includes medications with a range of therapeutic
mechanisms. Examples are buproprion, nefazodone, trazodone, venlafaxine, duloxet-
ine, mirtazapine.

Buproprion acts primarily on the dopamine system and may have a mild stimulant
effect, which can be beneficial for individuals with fatigue or psychomotor retardation. It
is generally not associated with weight gain or sexual dysfunction and has an additional
application for use in the pharmacotherapy of smoking cessation. It is generally tolerated
well. Buproprion is associated with an increased risk of seizures at higher doses and
should not be used in individuals with central nervous system disorders or seizure disor-
ders. Newer extended release forms of buproprion allow for dosing once or twice daily.

Both nefazodone and trazodone block postsynaptic serotonin 5-HT, receptors.

Nefazodone has been associated with less sexual dysfunction than the SSRIs,
although it has recently received a black box warning concerning cases of hepatic
failure. Trazodone is often used as a nonaddictive sleep aid, rather than a primary
antidepressant because of its main side effect of sedation. Other rare side effects include
priapism and cardiac arrhythmias.

Venlafaxine and duloxetine work as a reuptake inhibitor of serotonin and norepine-
phrine (SNRI). They are generally well tolerated, with a benign side effect profile similar
to SSRIs. However, norepinephrine reuptake inhibition may result in palpitations, and
hypertension. Therefore, blood pressure monitoring is recommended for patients on an
SNRI. Venlafaxine mostly inhibits serotonin reuptake at low doses; its effect on nore-
pinephrine reuptake inhibition is seen at doses higher than 150 mg a day. Venlafaxine
should be slowly titrated up to prevent side effects. The extended release form of venla-
faxine allows it to be dosed once or twice daily (49). Duloxetine shows serotonin and
norepinephrine reuptake inhibition at starting doses. Both medications have low P450
inhibition and moderate plasma protein binding (50). Venlafaxine and duloxetine are
preferably used for patients with comorbid depression and neuropathic pain.

Mirtazapine acts by blocking the 5-HT,, 5-HT,, and o2 adrenergic receptor sites. Its
side effects of sedation and weight gain are beneficial for many cancer patients with
insomnia and weight loss. It also has antiemetic properties (5/). At lower doses, the
sedating effect is greater and at doses higher than 30 mg a day the sedating effect is less
pronounced and the antidepressant effect becomes more prominent. It is also available
in a dissolvable tablet form, which is particularly useful for patients who cannot swal-
low or who have difficulty with nausea and vomiting. Interactions with the P450 system
are minimal (57).

Psychostimulants and wakefulness-promoting agents are helpful to treat depressed
cancer patients’ symptoms of fatigue, and poor concentration. Psychostimulants exert
dopaminergic effects. Psychostimulants used in cancer patients include dextroampheta-
mine and methylphenidate. They have a major advantage over antidepressants due to
their fast onset of action, decreasing fatigue, promoting wakefulness and countering
opioid-related sedation. Side effects may be anorexia, anxiety, insomnia, euphoria, irri-
tability, and mood lability. However, side effects are not common at low doses and can
be avoided by slow titration. Hypertension and cardiac complications can occur; thus,
it is advisable to monitor cardiac function (52, 53). For depressed cancer patients with
short survival expectancy, psychostimulants provide rapid relief from distressing
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depressive symptoms. However, initiating antidepressants at low doses and titration
upward as tolerated provides similar benefits over a longer period of time (/6).
Modafinil is known as a wakefulness-promoting agent with unknown mechanism of
action. It produces increased alertness, wakefulness, and energy. It is better tolerated
than the psychostimulants, but may also cause anxiety, restlessness, and insomnia. It
should be used with caution in patients with poorly controlled hypertension (54, 55).

Psychotherapy

Several different psychotherapeutic techniques have been successfully employed
with depressed cancer patients, and psychotherapy is often combined with a pharmaco-
logic intervention. The most commonly utilized forms of psychotherapy are supportive
psychotherapy and cognitive-behavioral therapy. In supportive psychotherapy, the clini-
cian adopts an empathic approach, offers emotional support, provides information to
help the patient focus on adaptive coping strategies, emphasizing past strengths and
supporting previously successful ways of coping. Cognitive-behavioral therapy aims to
alter patients’ thoughts and behaviors that adversely impact mood. Cognitive-behavioral
interventions encourage the patient to reframe their problems more constructively to
reduce overwhelming distress.

Group therapy can be helpful to improve social networks, connecting the patient with
others who have the same diagnosis and/or treatment, decreasing the patient’s sense of
isolation. Supportive-expressive and cognitive-existential group psychotherapies have
been used successfully for cancer patients (56, 57).

An important aspect of the treatment of depressed cancer patients is social support
provided by family, friends, and community or religious groups. Vulnerable family
members are also identified and encouraged to seek individual or group support.

Electroconvulsive Therapy

Electroconvulsive therapy (ECT) is an effective treatment modality for depressed
patients. ECT should be considered in patients who are refractory to psychopharmaco-
logic treatment, have severe weight loss secondary to depression, exhibit acute psycho-
sis, or have a high suicide risk (58). Although there are no absolute contraindications to
ECT, it is used with caution among individuals with central nervous system tumors or
cardiac problems.

CONCLUSION

Depression is a common psychiatric complication of cancer, and is an important risk
factor for suicide. Diagnosis of depression in the context of cancer is challenging.
Recognizing the risk factors for depression, with careful attention to the signs and
symptoms of depression, leads to improved recognition and treatment of depressive
disorders, thus increasing adherence to cancer treatment, improving quality of life, and
reducing serious consequences such as desire for hastened death and suicide.
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ABSTRACT

Anemia management is an important aspect of comprehensive care of the cancer
patient. Many cancer patients receive suboptimal care in terms of anemia treatment.
These patients should have an initial laboratory evaluation to exclude conditions such as
iron or vitamin deficiency, and hemolysis. If these diagnoses are excluded, a diagnosis
of anemia of cancer or chemotherapy is suggested. This condition results in functional
iron deficiency and erythropoietin deficiency, and can be treated successfully in most
patients with erythropoietic drugs and parenteral iron. This chapter summarizes appro-
priate use of these drugs and reviews their recommended doses, benefits, and risks.
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INTRODUCTION

While anemia is commonly associated with cancer and its treatment, many cancer
patients receive no supportive therapy for their anemia. For example, a survey published in
2002 reported that the annual number of cancer patients receiving chemotherapy was
~800,000; of these, only ~200,000 or 25% received anemia treatment (/). Although the
number of cancer patients receiving supportive care for anemia has probably improved over
the past few years, anemia management remains an important aspect of quality cancer care,
and the Centers for Medicare and Medicaid Services has established a 2005 Demonstration
Project focused on measuring patient outcomes in supportive care of cancer patients, includ-
ing anemia management.

This chapter will review strategies for evaluating the anemic cancer patient and sug-
gest one approach to managing these patients. The treatment approach is based on
recent guideline recommendations issued by the National Comprehensive Cancer
Network (NCCN) Anemia Panel (2). The role of parenteral iron therapy will be dis-
cussed, as well as potential adverse effects of anemia therapies.

INITIAL LABORATORY EVALUATION

For purposes of this discussion, anemia is defined as a hemoglobin (Hb) <11 g/dL.
Anemia in cancer patients may result from numerous causes, including bleeding associated
with thrombocytopenia related to the tumor or its treatment, nutritional deficiency of vita-
min B, or folic acid, hemolysis as seen in some lymphoproliferative disorders, or as a
result of the “chronic disease” or chemotherapy state. Before it is assumed that anemia in
a cancer patient is due to chemotherapy or “chronic disease,” it is prudent to exclude other
treatable causes as mentioned above. Otherwise, patients with iron or vitamin deficiency,
or hemolysis (2) will have a suboptimal response to erythropoietic drugs until correction of
the underlying problem. An appropriate initial laboratory evaluation would include iron
studies (serum iron, total iron binding capacity, ferritin), vitamin B , and folic acid levels,
a chemistry panel to include lactate dehydrogenase and bilirubin, and a Coombs test to
exclude hemolysis. Evaluation of the peripheral blood smear may also be helpful.

If the baseline evaluation does not suggest another etiology, then a diagnosis of “anemia
of cancer or chemotherapy” is suggested.

PATHOPHYSIOLOGY OF THE ANEMIA OF CANCER
OR CHEMOTHERAPY

Figure 1 illustrates mechanisms contributing to the anemia of cancer or chemother-
apy. Similar mechanisms are seen in the “anemia of chronic disease” associated with
renal failure, inflammation, etc. In all of these anemias, inflammatory cytokines such as
interleukin-1 or tumor necrosis factor elaborated from activated mononuclear cells sup-
press erythropoiesis and inhibit endogenous erythropoietin production. Red blood cell
survival is usually shortened in these patients. Although serum iron levels in these
patients are low, bone marrow iron stores are adequate or increased, indicating a defect
in iron utilization. This state has been termed “functional iron deficiency.”
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TREATMENT OPTIONS FOR THE ANEMIA OF CANCER
OR CHEMOTHERAPY

The reasons to treat anemia in this setting include reducing complications of severe
anemia (ischemia), and improving quality of life (QOL). Standard treatment in the past
consisted of packed red cell transfusions for symptomatic relief of anemic symptoms.
While efficacious in promptly relieving symptoms, chronic red cell transfusion may
lead to problems, including iron overload, alloimmunization leading to diminished
transfusion response, as well as potential viral infection risks.

Appreciation of the mechanisms contributing to the anemia of cancer or chemo-
therapy (Fig. 1) suggests alternative treatment options, specifically erythropoietic drugs
and iron therapy. The positive results of clinical studies using erythropoietic drugs that

° Tuwmor cell e Activated

© I flammatory Cytokines _/
(IL-1, TNF)

Impaired iron utilization Reduced
Inhibition of erythropoiesis eTythropoietin
/ production
hemother [
¢ apy

Fig. 1. Mechanisms of the anemia of cancer and chemotherapy. (1) Tumor cells activate mononuclear
cells (T-cells, macrophages). (2) Activated mononuclear cells secrete inflammatory cytokines. (3)
Cytokines inhibit red cell production by impairing iron utilization and suppressing growth of eryth-
roid progenitors. Cytokines also reduce renal erythropoietin production. Chemotherapeutic agents
also contribute to anemia by suppression of erythropoiesis and by reducing renal erythropoietin pro-
duction. Red blood cell survival is also shortened in this condition (not shown).
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took into consideration QOL issues as an endpoint have dramatically changed the sup-
portive care of cancer patients with anemia. Cancer or treatment-related fatigue
is underrecognized and suboptimally managed (/); one study reported that cancer
patient fatigue occurred on at least a few days of each month in 76% of chemotherapy
patients (3).

The first trial reporting the effects of an erythropoietic agent (epoetin alfa) on
both reducing red cell transfusion requirements and improving anemia-specific QOL in
cancer patients receiving chemotherapy was published by Littlewood et al. (4). Similar
results have been demonstrated with darbepoetin alfa (5). Numerous studies have
subsequently confirmed beneficial effects of erythropoietic drug therapy (2), and the
treating physician has several treatment options to manage anemia in the cancer
patient (discussed below).

THE TARGET HEMOGLOBIN FOR ERYTHROPOIETIC DRUG
THERAPY

The erythropoietic drugs are very active in increasing hemoglobin, hematocrit, and red
cell mass in cancer patients. Excessive improvement or normalization of hemoglobin
levels may lead to hypertension, thrombosis, and even death. Consequently, recommen-
dations for use of these drugs strongly suggest that physicians target
hemoglobin levels less than that considered typically normal. The data on which the
recommended target hemoglobin level is based is from an analysis of two large com-
munity oncology trials in which epoetin alfa was the erythropoietic drug used (6).

Results of this analysis indicated that there was a positive correlation between improv-
ing hemoglobin levels and improving QOL scores. Maximum QOL gain occurred at a
hemoglobin level of 12 g/dL. The greatest incremental gain in QOL occurred when hemo-
globin levels increased from 11 g/dL to 12 g/dL (6). Thus, previous guidelines for eryth-
ropoietic drug therapy recommended initiating treatment at a hemoglobin level <11 g/dL
and targeting a level of 12 g/dL (7). More recently, based on safety concerns (discussed
below), guidelines now recommend initiating therapy at a hemoglobin level <10 g/dL and
targeting a level of 10 to <12 g/dL (2).

FDA-APPROVED REGIMENS FOR ERYTHROPOIETIC DRUGS
IN CANCER- AND TREATMENT-RELATED ANEMIA

Table 1 summarizes the recommended regimens for darbepoetin alfa and epoetin alfa
as of July 2008. Epoetin alfa is approved for weekly subcutaneous dosing both in a
weight-based and standard dosage format (150 U/kg tiw or 40,000 U/week). If there is
no hemoglobin response after four weeks, dose escalation is recommended (300 U/kg
tiw or 60,000 U/week). Clinical trials supporting the epoetin alfa regimens have been
published (reviewed in (2)).

Darbepoetin alfa is approved for both weekly and every 3-week dosing regimens:
2.25 ug/kg/week and 500 pg q3 week, respectively (5, 8). Dose escalation for the
weekly regimen is approved for 4.5 mg/kg/week if there is no hemoglobin response by
four weeks.
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Table 1
Recommended doses and regimens for erythropoietic drugs in cancer patients receiving chemotherapy

Epoetin alfa
150 U/kg tiw (300 U/kg tiw if no response
after 4 weeks)
Or
40,000 U/week (60,000 U/week if no
response after 4 weeks)
Darbepoetin alfa
2.25 ug/kg/week (4.5 ug/kg/week if no
response after 6 weeks)
Or
500 ug q3 week

tiw three times weekly, g3 week every 3 weeks

COMMONLY USED, OFF-LABEL ERYTHROPOIETIC DRUG
REGIMENS

Both epoetin alfa and darbepoetin alfa have been studied in cancer patients treated
every two weeks (9, 10). An every-3-week epoetin alfa regimen has also been investi-
gated (11).

INITIATION OF ERYTHROPOIETIC THERAPY

The revised ASCO/ASH anemia guideline was published in 2008; recommendations
were based on the literature through 2007. This guideline recommended a Hb value
<10 g/dL to initiate treatment with erythropoietic drugs (/2). The NCCN guideline
recommends a threshold Hb <11 g/dL for treatment initiation (2). This higher threshold
Hb value is supported by a meta-analysis that included data from 1999-2004 (13).
Results of this analysis suggested a clinical benefit associated with initiating treatment
at a Hb >10 g/dL; such intervention significantly reduced the relative risk of red cell
transfusion and a subsequent Hb decline below 10 g/dL. Significant QOL benefits were
also identified with early intervention (13).

DOSE MODIFICATION OF ERYTHROPOIETIC DRUGS

To avoid complications of overly rapid correction of red cell mass (hypertension,
thrombosis), the NCCN guideline recommends that if the Hb increase is more than 1 g/
dL in a 2-week period, that dose should be reduced by 25-50%. If the Hb value exceeds
12 g/dL, erythropoietic drug, therapy should be held and then restarted when the Hb
falls below 12 g/dL with a 25-50% dose reduction.
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MONITORING OF IRON STORES

Current recommendations of the NCCN Anemia Panel are to check serum ferritin
levels as well as serum iron/total iron binding capacity prior to initiation of erythro-
poietic therapy (2). If the serum ferritin is <300 ng/mL, or if the transferrin saturation
is <20%, functional iron deficiency likely exists and the patient will probably benefit
from parenteral iron therapy in combination with an erythropoietic drug (discussed
below). The Auerbach study that investigated the effectiveness of oral versus i.v. iron
therapy in anemic cancer patients receiving chemotherapy had treatment iron value
criteria of ferritin <200 ng/mL, or ferritin <300 ng/mL with a transferrin saturation
<19% (14).

While the patient continues to receive erythropoietic drug therapy, iron studies
should be monitored on a regular basis to ensure that functional iron deficiency will not
occur and diminish the patient’s response.

ADVERSE EVENTS ASSOCIATED WITH ERYTHROPOIETIC THERAPY

Use of epoetin alfa and darbepoetin alfa in cancer patients is associated with potential
risks. Compared to placebo-treated patients, cancer patients who received either eryth-
ropoietic drug were more likely to experience the following adverse events: edema,
diarrhea, hypertension, and thrombosis. In terms of the thrombosis risk, the largest
clinical trial comparing the two drugs head to head in cancer patients found that 6% of
darbepoetin alfa and 7% of epoetin alfa patients experienced cardiovascular/throm-
boembolic events (/5). There were no cases of neutralizing antibodies to erythropoietin
found nor cases of pure red cell aplasia (15).

CONTROVERSIAL ISSUES WITH ERYTHROPOIETIC DRUG THERAPY
Are Epoetin Alfa and Darbepoetin Alfa Equivalent?

The clinical equivalence of the two erythropoietic agents in cancer patients has been
investigated in both retrospective studies (medication use evaluations, chart audits) as
well as prospective trials. Endpoints of these studies have included red cell transfusion
rates, change in hemoglobin level, time to target hemoglobin, necessity for dose escala-
tion, and drug safety.

Four prospective comparison studies of epoetin alfa versus darbepoetin alfa in cancer
patients receiving chemotherapy have been published (/5— 18). Three of the four trials
found that the two drugs were similar in terms of efficacy and safety (/5-17); all three
of these trials studied the every-2-week time interval for darbepoetin treatment. The
statistical term used in many of these studies to imply equivalence was “noninferiority.”
One trial found that therapy with epoetin alfa resulted in a higher response rate (/8); this
study compared weekly epoetin alfa (40,000 U) versus darbepoetin alfa (200 pg every
2 weeks).

Two recent reviews surveyed the medical literature on the subject of comparative
trials of the two erythropoietic drugs in chemotherapy-related anemia (/9, 20). Both
trials concluded that the drugs have equivalent efficacy and safety (19, 20). One study
calculated the odds ratio (OR) for transfusions; for epoetin alfa, the OR for transfusion
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was 0.44 (95% CI 0.35-0.55), and for darbepoetin alfa, the OR for transfusion was 0.41
(95% C10.31-0.55) (16). Thus, the preponderance of the data at this time indicates that
the two erythropoietic drugs are equivalent. The decision as to which drug to use is
based on patient and physician preference (dose schedules) and cost.

Do Erythropoietic Drugs Affect Cancer Patient Survival?

This provocative question was raised by the results of two trials, one in breast
cancer patients (2/) and the other in head and neck cancer patients (22). The breast
cancer trial had as its primary objective measuring survival and QOL in breast cancer
patients who received either placebo or epoetin alfa to maintain hemoglobin levels
in the 12-14 g/dL range. The study was prematurely terminated because of higher
mortality in the epoetin alfa group from vascular events (arterial and venous throm-
bosis). Although the time to disease progression was similar in both the placebo and
epoetin alfa groups, an effect of the drug on tumor progression could not be excluded
(21). The major conclusion from this breast cancer study was that normalization of
hemoglobin levels should not be achieved, and that tight control of hemoglobin
levels is desirable.

The second trial in head and neck cancer patients receiving radiation therapy (no chemo-
therapy) randomized patients to receive either epoetin beta or placebo (22). Patients who
received epoetin beta had increased tumor progression and decreased survival. However,
post hoc trial analysis indicated methodologic concerns that may have confounded the trial
results, including lack of prognostic factor balance that would favor the placebo group,
protocol variations, and excessive Hb correction in the epoetin beta group (23).

In contrast to these two individual studies, a meta-analysis of 57 clinical trials in
which epoetin or darbepoetin therapy were compared with placebo was reported
(24). The authors concluded that (a) erythropoietic drugs reduce the relative risk for
red cell transfusion; (b) there is suggestive evidence that these drugs improve QOL;
(c) erythropoietic drugs increase the relative risk of thromboembolism (RR 1.67);
and (d) no definitive effect of erythropoietic drugs on cancer patient survival can be
demonstrated, favorably or unfavorably (24). A more recent meta-analysis by
Bennett et al. of phase III trials between 1985-2008 found that erythropoietic drug
therapy was associated with a significantly higher risk for death (25). However,
when the data was analyzed based on anemia of cancer trials vs. anemia of cancer
and chemotherapy trials, the mortality effect was restricted to the anemia of cancer
subgroup (25).

At this time, the preponderance of the data indicates no definite effect of erythropoietic
drugs on survival of cancer patients receiving chemotherapy. Several prospective clinical
trials are ongoing to directly address this question, and they will have sufficient power
individually to detect an absolute difference in survival between 7-11%; collectively, a
meta-analysis of these trials will have an 80% power to detect a hazard ratio for survival
as low as 1.15 (26). Additionally, an updated Cochrane group meta-analysis of patient-
level data is pending (27). Until this data is available it would be prudent to use erythro-
poietic drugs in a manner that minimizes possible risk by not exceeding a target Hb level
of 12 g/dL.. The NCCN guideline suggests that patients be counseled about the risks and
benefits of erythropoietic drug therapy vs. red cell transfusion (2).
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What is the Role of Parenteral Iron Therapy?

The discussion above has focused on the role of erythropoietic drugs to improve the
anemia of cancer or chemotherapy. However, as shown in Fig. 1, there is another poten-
tial treatment strategy — iron therapy. Even though many cancer patients will have
improvement in Hb levels with erythropoietic therapy alone, ~30% of these patients will
have a suboptimal response (failure to achieve the target Hb or a Hb rise <2 g/dL (28);
adding iron therapy to a patient’s erythropoietic drug therapy would be expected to
enhance their erythropoietic response.

When erythropoietic drugs are used to treat anemia in other “chronic disease”
settings, such as the hemodialysis setting, large amounts of iron are necessary to
keep up with the demands of erythropoietic agent-induced erythropoiesis. In the
hemodialysis setting, oral iron supplementation is inadequate, and intravenous iron
replacement is required (29). The first study to suggest that parenteral iron therapy
is important in managing patients with anemia of cancer or chemotherapy was
reported by Auerbach et al. (30). This study randomized nonmyeloid cancer patients
with anemia into four groups: no iron therapy, oral iron therapy (325 mg twice
daily), i.v. iron dextran bolus (100 mg weekly), and i.v. iron dextran (total dose
infusion at the initial visit). All patients received epoetin alfa 40,000 U weekly, so
the major variable was whether iron supplementation was received, and, if so,
whether oral or i.v. iron was used. Major endpoints in this trial were Hb increase
and QOL measures.

Although all groups demonstrated a Hb increase from baseline (all patients received
epoetin alfa), the Hb increase in patients receiving either i.v. bolus iron or i.v. total dose
infusion was statistically greater than the Hb increase seen in the no iron and oral iron
patient groups. Similarly, both i.v. iron groups demonstrated increased QOL scores
compared to the groups receiving no iron or oral iron (30). These results clearly indicate
that intravenous iron optimizes the response to erythropoietic drugs.

How Should This Information Be Translated into Routine Clinical Practice?

Many physicians are wary of iron dextran, whose use has been associated with ana-
phylaxis and death. Therefore, it is important to note that not all iron dextran products
are equivalent. The older iron dextran products (Imferon®, DexFerrum®) are high-
molecular-weight (HMW) products with a higher incidence of adverse events (31).
In contrast, InFed® is a low-molecular-weight (LMW) iron dextran product with a better
safety profile (37). The Auerbach et al. study primarily used InFed® (30).

If iron dextran is used to treat functional iron deficiency of cancer or chemotherapy,
patients should be treated with methylprednisolone before and after the infusion (30),
or with diphenhydramine and acetaminophen before infusion (32). Alternatively, other
parenteral iron products are available to treat functional iron deficiency, including iron
gluconate (Ferrlecit®) and iron sucrose (Venofer®) (33). Table 2 summarizes parenteral
iron therapy options currently available, as well as their advantages and disadvantages,
recommended dosing of each drug, and cost. DexFerrum® is not listed because of its
unfavorable safety profile; clinicians who desire to use an iron dextran product are
urged to consider InFed®. The safest parenteral iron product is probably iron sucrose
(Venofer®) (34); however, it is more expensive and repeated doses are necessary to fully
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Table 2
Parenteral iron products and their use
Life-
threatening
adverse
events® (per
Product Trade names  Dosage Test dose million) Cost?®
Iron dextran  InFed® 100 mg over Required on first 3.3 $377
2-5 min or total infusion
dose infusion
Iron gluco- Ferrlecit® 125 mg over 10 min Not required 0.9 $689
nate 1-3 times/week
Iron sucrose ~ Venofer® 100 mg over 5 min  Not required 0.6 $688

1-3 times/week

iPData obtained from Chertow et al. (31)
As of September 2006, University of Utah Pharmacy. Cost is listed per gram of iron

replete patients’ iron stores. Trials in cancer patients receiving iron gluconate (35) and
iron sucrose (36) have been reported. Despite the lack of a requirement for a test dose
with iron gluconate and iron sucrose, it is the author’s recommendation to give patients
who receive any parenteral iron product an initial test dose and routine premedication,
since life-threatening adverse events have been associated with all parenteral iron prod-
ucts (34).

For physicians who remain uncertain as to whether the use of parenteral iron prod-
ucts up front is necessary in their patients with anemia of cancer and chemotherapy, one
option would be to consider using parenteral iron therapy only in those patients who
have had a suboptimal erythropoietic response despite dose escalation. Many of these
“nonresponders” will likely be salvaged with the addition of parenteral iron therapy, as
has been seen in hemodialysis patients with functional iron deficiency (29). An argu-
ment for using parenteral iron therapy “up front” is that iron will enhance the effective-
ness of erythropoietic drugs, likely reducing the amount and cost of erythropoietic agent
used, as has been seen in the hemodialysis setting (29). Such a strategy will also reduce
patient exposure to unnecessarily high doses of erythropoietic drugs.

FUTURE DIRECTIONS

Even under optimal circumstances when erythropoietic drugs are used in combina-
tion with parenteral iron, a significant number of patients may not respond (30), and
these patients may require red cell transfusion. Whether novel erythropoietic molecules
currently under development will be more effective or safer than current therapy in
managing the anemia of cancer or chemotherapy remains to be seen. Trials of these
agents are ongoing (37, 38).
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ABSTRACT

The development and use of myeloid growth factors in support of cancer patients
receiving chemotherapy has had a huge impact on the practice of oncology. While there
are several areas of importance, this chapter will focus on the problem of chemotherapy-
induced neutropenia and its impact on patient outcomes and potential strategies for
management, including dose reduction, prophylactic antibiotics, and myeloid growth
factors. In this context, the biology, pharmacology, and pharmacodynamics of myeloid
growth factors will be reviewed, as well as the clinical evidence of benefit that have led
to the current guidelines for use. Lastly, while the focus will be predominantly around
support for chemotherapy-induced neutropenia, the impact of myeloid growth factors in
other settings, including high-dose chemotherapy and the management of chronic neu-
tropenia will also be briefly addressed.

Key Words: Neutropenia, Myeloid growth factors, Prophylactic antibiotics.

THE PROBLEM OF NEUTROPENIA IN THE CANCER PATIENT

Since the initial development of cancer chemotherapy, the primary dose-limiting
toxicity of chemotherapy has been neutropenia (/). Severe or grade 3 neutropenia
is defined as <1,000 neutrophils/MM?* while grade 4 life-threatening neutropenia is
<500 neutrophils/MM?. While definitions of febrile neutropenia have varied with studies,
they generally include a temperature of >38.2°C along with either grade 3 or grade 4
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neutropenia, most commonly the latter. While fever and infection can develop at any of
these levels of neutropenia, it is most commonly associated with neutropenia <500 cells/
MM, the highest risk subgroup of patients with neutrophil count <100 neutrophils/
MM, While the depth of neutropenia is a risk factor, the best established relationship
of neutropenia to the risk of developing fever and infection relates to the duration of
neutropenia. This is well established in early studies of patients with leukemia (7), but
also has been well described in the setting of chemotherapy-induced neutropenia in
patients with solid tumors (2). In these studies, the risk of fever and infection is roughly
linear over the first week to ten days of grade 4 neutropenia; for example, the risk of
developing febrile neutropenia is approximately 10% per day. Therefore, for patients
with five days of grade 4 neutropenia, a 50% risk of febrile neutropenia can be expected
and even 1-2 days of grade 4 neutropenia can be associated with 10-20% risk.

The development of febrile neutropenia should be considered an oncologic emer-
gency. Patients should undergo thorough history, physical examination, and laboratory
evaluation, including blood and urine cultures, chest X-ray and other studies as dictated
by the clinical presentation. With detailed evaluation, a clinically or microbiologically
documented source of infection will be determined in approximately half of patients.
While most patients will recover uneventfully, chemotherapy-induced neutropenia still
carries substantial risk of both morbidity and mortality. The mortality risk varies with
the patient population, disease setting, and type of chemotherapy, but in general is <5%
for the majority of solid tumors other than lung cancer, where the risk approaches that
of lymphoma and hematologic malignancies. The latter groups have a higher risk of
mortality because of the more prolonged duration of neutropenia associated with regi-
mens. For the lung cancer population, the higher mortality may relate to the increased
comorbidity that exists in this population and the higher risk for development of life-
threatening and fatal pneumonia in the setting of neutropenia. Recent paradigms have
attempted to develop risk stratification models to identify patients at low risk for com-
plications of febrile neutropenia that might be managed by treatment and careful follow-
up in the outpatient setting. However, in the absence of a well-structured support system
to accomplish this, standard care for the majority of patients with febrile neutropenia
remains hospitalization and intravenous broad spectrum empiric antibiotics pending
laboratory imaging and culture results to help direct therapy. The duration of therapy is
based both on the initial and ongoing evaluation in the hospital and is most often dic-
tated by recovery of the neutrophil count to >500 or 1,000 neutrophils/MM?. Continued
use of antibiotics after neutrophil recovery is not necessary in the patient who has been
afebrile and had no source of infection identified. On the other hand, patients who have
an infection in this setting should continue on appropriate antibiotic therapy after neu-
trophil recovery as appropriate to that infection. However, several critical clinical points
are the early recognition of fever in the setting of neutropenia, prompt evaluation, and
urgent administration of appropriate antibiotics and medical management. For patients
whose fever is an indicator of Gram negative bacteremia, for example, a delay in treat-
ment, even hours can literally mean a difference between life and death.

In addition to the major clinical consequences of febrile neutropenia, even mild to
moderate neutropenia can pose a problem. While neutrophil counts between 1,000 and
1,500 neutrophils/MM? are not known to be associated with increased likelihood of
infection in the absence of other risk factors, neutrophil counts in this range on the day
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of planned treatment do generally lead to chemotherapy dose delays or reductions
depending on the regimen. The impact of these dose reductions and delays on ultimate
treatment outcome has not been well studied and will be discussed further under treat-
ment strategies in the next section. However, at a minimum, these alterations in treat-
ment plan do result in patient concern about not receiving the planned treatments and
logistical difficulties in time lost from work for both patients and their care providers,
and complicates scheduling for both patients and practitioners. Thus, in addition to the
potential physical consequences of neutropenia and increasing risk of infection, there is
a psychological impact in increasing anxiety for patients around alterations in treatment
planning and general concern that the neutropenia may worsen leading to a risk for
infection. Furthermore, health care providers continue to provide varied information to
patients about special diets, avoiding crowds, etc. that can lead to social isolation. Much
of this advice is unwarranted in most patients receiving outpatient chemotherapy in
which the likelihood of prolonged neutropenia is relatively low, but it continues to be a
factor that impacts quality of life for these patients. Formal studies of quality of life
related to symptoms of both anxiety and fatigue that may occur as a result of neutrope-
nia per se have been studied by Cella and colleagues (3) in the development of the
FACT neutropenia scale and other instruments, but it has been difficult to fully assess
the relationship of quality of life measures to neutropenia per se, since patients who
experience neutropenia are also often more likely to have other chemotherapy-related
side effects, including anemia, mucositis, etc., that may also complicate such analyses.
The economic impact of neutropenia in patients receiving cancer chemotherapy is sub-
stantial, in terms of the direct expenses associated with hospitalization, IV antibiotics,
and follow-up care; in the altered treatment plans associated with lesser degrees of neu-
tropenia; and the indirect costs of care (4). The costs of myeloid growth factors must
also be considered but when used by current practice guidelines they can minimize or
actually reduce overall healthcare costs.

STRATEGIES FOR MANAGEMENT OF CHEMOTHERAPY-INDUCED
NEUTROPENIA

Dose Reduction Delay

Because of the major clinical consequences of chemotherapy-induced neutropenia,
the primary strategy for management should be that of prevention. However, because
we haven’t fully identified patient risk models, even with application of appropriate
practice guidelines, neutropenia and febrile neutropenia will continue to be a common
complication of chemotherapy. In the area of prevention, there are three basic strategies
that can be considered alone or in combination and they include chemotherapy dose
reduction and/or delay, the use of prophylactic antibiotics, and/or the use of myeloid
growth factors.

Chemotherapy dose reduction and delay have been the time-honored approaches to
reduce toxicities of chemotherapy. Prior to the advent of myeloid growth factors, these
were literally the only fully effective approaches for this, but with unclear impact on
potential reduction in treatment benefit. As we are all aware, the dose and schedule of
chemotherapy regimens that we use have largely been developed to deliver treatment at
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the maximum tolerated dose (MTD). With the vast majority of cytotoxic chemotherapy
agents alone, and in combination, the MTD is generally determined by neutropenia.
Furthermore, the patient population generally treated on clinical trials defining the
MTD of these regimens is in general younger and healthier patients with less comorbid
disease than seen in clinical practice. Thus, the oncologist is often faced with adminis-
tering full standard dose chemotherapy, using a planned dose reduction, if necessary, in
treatment to reduce the potential risks of the chemotherapy. In addition, regardless of
whether the patient is treated at full or reduced dose initially, unplanned dose reductions
may occur as a result of consequences of chemotherapy, again commonly due to neu-
tropenia, as well as other chemotherapy complications.

The evidence that maintenance of full dose chemotherapy across all cycles of treat-
ment is essential to optimal treatment outcome is limited by a lack of studies that directly
address this question. The two areas that have been studied better than others include the
adjuvant treatment of early stage breast cancer, as well as chemotherapy in the setting of
patients with lymphoma. These studies have looked at the relative dose intensity (RDI)
of the chemotherapy planned. The RDI can be determined by measuring the actual
amount of chemotherapy delivered per unit time, such as milligrams/week divided by the
reference standard, full dose, on time, resulting in a percentage. In a retrospective analy-
sis by Bonadonna of women with breast cancer receiving adjuvant chemotherapy, those
who received less than 85% of full dose therapy had virtually no benefit of treatment with
outcomes similar to the controls (5). Similar prospective data from CALGB have also
shown an important dose threshold (6). Similarly, in lymphoma studies that have looked
at planned reduced dose of chemotherapy at 50%, RDI results in poor outcomes for these
patients, compared to those treated at full standard doses (7). Despite the potential impact
of delivering reduced chemotherapy doses in these populations, large surveys of com-
munity practice in the United States have shown a high frequency of both planned and
unplanned chemotherapy dose reductions in breast cancer (8), as well as lymphoma (9).
The full reasons for these dose reductions and delays are likely multifactorial and pro-
spective survival data is not available, but is much needed in this area. At present, what
can be said is that in the practice of medical oncology, delivery of reduced dose intensity
chemotherapy rather than the evidence-based dosing from clinical trials is a common
practice. Prospective studies are clearly needed in this area to understand the impact of
delivery of full dose chemotherapy with appropriate supportive care versus dose reduc-
tion in optimizing treatment outcomes and quality of care for patients across the range of
curative, adjuvant, and palliative settings in oncology.

Prophylactic Antibiotics

In addition to or instead of chemotherapy dose reduction, a second strategy to try to
reduce febrile neutropenia involves the use of prophylactic antibiotics. Initial attempts
that utilize either trimethoprim/sulfamethoxazole and/or incompletely absorbed antibi-
otics result in very inconsistent results (/0). More consistent results have been seen in
the era o