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Are Inflammatory Cytokines the
Common Link Between Cancer-
Associated Cachexia and Depression?
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diagnosis of cancer places patients into
an extremely stressful and difficult person-
al situation, given the current treatment
options and prognoses for most tumors.
The prevalence of depression among patients with
cancer is estimated to be between 10% and 30%,
compared with 5%—-10% in the general medi-
cal population, and varies by cancer type [1-8].
Cancer-related depression is associated with faster
tumor progression and shortened survival time. A
causal relationship between depression and disease
progression has not been established, however, and
possible contributing factors are complex. Available
evidence suggests a combination of potential fac-
tors, including reduced drug compliance and pos-
sible metabolic changes associated with depression,
might affect the efficacy of chemotherapy [8].

In addition, causal factors associated with the
onset of depression in cancer patients are difficult
to assess. Multiple psychological, pathological,
and pharmacological factors may lead to clini-
cal depression in the patient with cancer. These
causal mechanisms may, and often do, overlap
(Figure 1) [9, 10]. The challenge of distinguishing
the underlying mechanism of depression as well
as differentiating clinical depression from the re-
active demoralization of illness-induced physical
deterioration may partly explain why cancer-asso-
ciated depression remains an often unrecognized
and undertreated comorbidity [11].

Cancer-related depression often coincides with
uncontrolled appetite loss (anorexia) and unin-
tentional weight loss (cachexia), especially among
those patients whose disease has reached an ad-
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Abstract The prevalence of depression among patients diagnosed
with cancer is higher than among the general medical population and
is associated with faster tumor progression and shortened survival time.
Cancer-related depression often occurs in association with anorexia and
cachexia, although until recently the relationship between these condi-
tions has not been well understood. Cachexia is associated with poorer
quality of life and survival outcomes and is the eventual cause of death
in approximately 30% of all patients with cancer. Recent evidence has
linked elevated levels of inflammatory cytokines with both depression
and cachexia, and experiments have shown that introducing cytokines
induces depression and cachectic symptoms in both humans and ro-
dents, suggesting that there may be a common etiology at the mo-
lecular level. Therapeutic agents targeting specific cytokine molecules,
such as interleukin-6 or tumor necrosis factor-alpha, are currently being
evaluated for their potential to simultaneously treat both depression
and cachexia pharmacologically. This review summarizes the available
data suggesting a dual role for cytokines in the development of cancer-
related depression and cachexia and describes how biologic therapies
targeting specific cytokines may improve outcomes beyond depression
and cachexia, such as survival and quality of life.

vanced stage or have a high symptom burden [12—
14]. Cachexia is a wasting syndrome characterized
by the substantial loss of adipose and muscle tis-
sue. As many as one half of all patients with can-
cer demonstrate some degree of weight loss during
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the course of their illness. However, the etiologi-
cal relationships among depression, anorexia, and
cachexia are not well defined.

Cachexia involves complex metabolic changes
wherein patients typically exhibit an increased
resting energy expenditure despite decreased ca-
loric consumption. Increased caloric intake and
appetite-inducing drugs have not yet demonstrat-
ed an ability to prevent the loss of lean muscle
mass in cachectic patients over an extended pe-
riod [15]. And although useful in treating many
of the symptoms of depression in patients with
cancer, antidepressants have demonstrated little
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Figure 1  Biologic/Physiologic Mechanistic Framework for Cytokine-induced Sickness Behavior

In the afferent arm (solid lines), proinflammatory cytokines and chemokines (interleukin [IL]-1, tumor necrosis factor [TNF]-o,
IL-6, interferon [IFN]-c;, and IFN-y) are released in the periphery by activated immunocytes. They exert their effects on pe-
ripheral nerves and directly on the brain to induce various aspects of the sickness response. These behavioral/physiologic
changes are elicited by mediators acting downstream from the cytokines. Glutamate, nitric oxide, prostaglandins, and sub-
stance P act on brain regions, including the paraventricular nucleus of the hypothalamus and the amygdala. Turnover of
monoamines (serotonin, dopamine, and norepinephrine) in these brain regions is affected. Availability of monoamine pre-
cursors (eg, tryptophan) may be decreased. The hypothalamic-pituitary-adrenal axis is activated, with upregulation of the
plasma concentrations of corticosteroids, which in turn can provide feedback (dotted lines) to limit cytokine production.
From Cleeland et al.® Copyright © 2003 American Cancer Society. Adapted with permission from Wiley-Liss, Inc., a subsidiary

of John Wiley & Sons, Inc.

ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone; CVO = circumventricular organ.

effect upon the progression of weight loss [15].
The effects of cachexia often can be more dev-
astating and debilitating than the growth of the
tumor itself. Cachectic patients live about half as
long as those who do not exhibit weight loss, and
approximately 30% of all patients with cancer die
as the result of cachexia [15, 16]. Furthermore,
the physical debilitation associated with cachexia
reduces functionality and adversely impacts qual-
ity of life.

Until recently, little was known about the sig-
naling pathways that underlie both cancer-related
depression and cancer-related cachexia. The iden-
tification of elevated inflammatory cytokine levels
characteristic of both depression and cachexia
and the induction of depression and cachectic
symptoms by the introduction of cytokines in
both humans and rodents suggest that there may
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be a common etiology. The prevalence and con-
comitant occurrence of depression and cachexia
among patients with different types of cancer
suggest that factors specific to particular kinds of
tumors might be involved in the etiology of both
depression and cachexia. The tumor, or the host,
in an immunological response to the tumor, may
upregulate the production of cytokines that cause
both depression and cachexia (Figure 2) [10, 17].
The recent development of biologic therapies
targeting specific cytokine molecules, such as in-
terleukin (IL)-6 and tumor necrosis factor-alpha
(TNF-01), raises the possibility of simultaneously
countering the severe effects of depression and ca-
chexia pharmacologically. Alleviating the symptoms
of depression and the effects of cachexia would not
only improve patient quality of life but might also
improve the effectiveness of antitumor therapies.
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Figure 2 Treatment Strategies for Cancer-related Symptoms

The center flow diagram is a modification of the sickness response illustrated in more detail in Figure 1. Sites for the imple-
mentation of treatments directed at the sickness response circuit are shown. (1) Immunologic treatments (such as soluble
receptors of tumor necrosis factor [TNF]-o. and interleukin [IL]-1 receptor antagonists) that are designed to inhibit cytokine
signaling directly, or treatments that block downstream mediators of inflammation, including prostaglandins, nitric oxide,and
substance P; (2) neurobiologic treatments that target central nervous system (CNS) mediators of behavioral alterations includ-
ing the monoamines and corticotropin-releasing hormone (CRH); (3) symptomatic treatments (such as narcotics for alleviation
of pain, stimulants to combat fatigue, and antidepressants for relief from depression) that address the ultimate manifestations
of upstream mediators; and (4) treatments designed to take advantage of the normal endogenous feedback circuits that limit
sickness responses in settings such as viral illness. From Cleeland et al.’® Copyright © 2003 American Cancer Society. Adapted
with permission from Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

COX = cyclooxygenase; NOS = nitric oxide synthase.

In this paper, we review the role of cytokines in
the development of cancer-associated depression
and cachexia and suggest that these two disease
syndromes may be related at the molecular level.
We also discuss data that suggest possible benefits
of anticytokine therapy for patients with cancer.
Finally, we describe how cytokine pathway-modi-
fying agents currently under clinical development
may improve survival and quality of life for pa-
tients affected by both depression and cachexia.

The Cytokine Basis of Depression

Prevailing models of the pathophysiology of de-
pression have focused on dysfunction of the turn-
over rates of monoaminergic neurotransmitters,
such as serotonin and norepinephrine, and hyper-
sensitivity of the hypothalamic-pituitary-adrenal
axis. However, recent research has emphasized
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the bidirectional relationships among the neural,
endocrine, and immune systems, suggesting that
immune-mediating molecules such as cytokines
may contribute to the progression or even the eti-
ology of depression [18-20].

Early evidence of a possible involvement of
cytokines in depression arose from the presence
of transiently elevated levels of circulating pro-
inflammatory cytokines in patients experiencing
physical or psychological stressors [21]. Levels of
IL-6, as well as other cytokines and markers of the
acute phase response, were significantly higher in
patients suffering from acute depressive episodes
than in normal control subjects, an effect amelio-
rated by successful pharmacologic treatment with
the antidepressant fluoxetine [22-25]. Patients
with major depression and sleep disorders demon-
strated elevated serum levels of the cytokines IL-6

www.SupportiveOncology.net

lllman et al

Peer viewpoints on

this article by Dr.

John A. Glaspy, Ms.
Hayley Mengies,

Drs. Harvey Max
Chochinov and William
Breitbart appear on

pages 51 and 55.

39



Major Depression

Medical lliness

Loss of interest in

pleasurable activities
Decreased appetite
Weight loss/cachexia
Fatigue

. Fever
Decreased sexual interest

Social withdrawal
Cognitive difficulties
Increased pain
complaints/pain
Sleep alterations

Figure 3 Relationship Between Depression and Medical lliness

Depression and sickness syndrome are characterized by many of the same symptoms, as
seen in this diagram. Derived from Raison and Nemeroff.>'
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and IL-8, along with a number of other inflamma-
tory response molecules, compared with levels of
these molecules in normal controls.

Chronic stress can lead to the overproduction
of IL-6 in both humans and animals [21, 26, 27].
In a small controlled study of 24 patients with ma-
jor depression, both serum TNF-o and IL-6 levels
were elevated prior to antidepressant therapy, and
IL-6 levels declined in patients who responded to
treatment [28]. The authors of this study exam-
ined only the IL-6 and TNF-o cytokines, as well
as C-reactive protein (CRP). Sample size pre-
vented individual symptom analyses. At a popula-
tion level, the clinical threshold for all symptoms
determined the response to antidepressant treat-
ment and its relationship to cytokine production.

Evidence from human patients and animal
models suggests a causative role of cytokines in
the etiology of many classic symptoms of major
depression, particularly those associated with
psychomotor retardation, fatigue, and anorexia
[29]. The administration of exogenous cytokines
can trigger “sickness syndrome”—metabolic and
behavioral changes in the body that typically oc-
cur in response to pathogenic challenges. Sick-
ness syndrome involves many of the physiologic
manifestations characteristic of major depression,
including anorexia, weight loss, anhedonia (an in-
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ability to enjoy previously pleasurable activities),
social isolation, fatigue, sleep disturbance, cogni-
tive disturbance, decreased libido, and psychomo-
tor retardation (Figure 3) [1, 8, 30, 31].

Symptoms reminiscent of sickness syndrome,
such as decreased food consumption, lethargy, and
impaired learning and memory, can be rapidly in-
duced in normal mice by the systemic administra-
tion of the cytokines IL-1, IL-2, interferon-alpha
(IFN-at), or TNF-a, as well as lipopolysaccharide,
an active fragment of a bacterial endotoxin known
to induce the synthesis of endogenous cytokines
[10]. Similarly, human patients receiving cytokine
therapy such as IL-2 (aldesleukin [Proleukin]) or
IFN-o (Intron A, Roferon-A) for a variety of dis-
eases (eg, hepatitis C, HIV infection, or cancer)
display symptoms of sickness syndrome almost im-
mediately after cytokine administration, and the
symptoms usually disappear soon after treatment
cessation [10, 32].

Finally, the rate of depression in patients un-
dergoing cytokine therapy is high—nearly 50% for
patients treated with chronic, high-dose, IFN-o
[33]. Not much is known about the exact mecha-
nism by which cytokines induce the symptoms of
sickness syndrome. There is considerable bidirec-
tional “cross-talk” among the immune, endocrine,
and neural systems in which proinflammatory
cytokines appear to function as both immuno-
regulators and neuromodulators [18, 34, 35]. A
number of cytokines, including IL-1, IL-2, IL-6,
IL-12, TNE-q, IFN-y, and macrophage inflamma-
tory protein-1-alpha (MIP-1at), have been impli-
cated in triggering the peripheral nervous system
and central nervous system (CNS) to release neu-
rotransmitters such as norepinephrine, epineph-
rine, and dopamine [34, 36].

Cytokines could affect the CNS either directly
by acting on nerve cells in the CNS or indirectly
by impacting other neuroendocrine pathways. Ex-
tensive evidence shows that cytokines, including
members of the IL-1 family, IL-6, IFN-o., TNF-o,
and transforming growth factor-beta (TGF-f3), are
produced by neuronal and glial cells in the brain
and are active within the CNS [18, 37, 38]. Pe-
ripheral cytokines, whether endogenously pro-
duced or exogenously introduced, can also direct-
ly influence neuron behavior by entering the CNS
at the circumventricular organs, sites lacking an
effective blood-brain barrier [34].

Cytokines may indirectly affect neuroendocrine
systems associated with the etiology of depression
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by contributing to the breakdown of the serotoner-
gic system and by stimulating the hypothalamic-
pituitary-adrenal axis. IL-1 and IL-6 induce pro-
duction of acute phase proteins and are associated
with a decrease in the plasma level of tryptophan,
the precursor to serotonin. In addition, IL-1 can
activate the serotonergic transporter, thus increas-
ing the reuptake of serotonin from the synaptic
cleft [20, 26]. IL-6 has been shown to trigger the
production of corticotropin-releasing hormone,
which can elevate circulating levels of adrenocor-
ticotropic hormone and, ultimately, endogenous
cortisol levels [39]. Glucocorticoid hypersecretion
can lead to further tryptophan suppression, trigger
the breakdown of fat stores, and reduce glucose
uptake by skeletal muscle [40]. In this way, proin-
flammatory cytokines may produce the physiologic
effects of depression and progressive weight loss,
providing a possible molecular basis for a link be-
tween physical and mental illness [21].

Cytokines in Cancer-related Depression

A number of recent studies link elevated cy-
tokine levels to depression in patients with can-
cer, suggesting that inflammatory cytokines may
be responsible for the relatively high rate of major
depression observed in these patients (Table 1) [1,
41, 42]. Early clinical studies of patients with un-
treated myelodysplastic syndrome and acute leu-
kemia correlated depression symptoms such as fa-
tigue, cognitive impairment, and reduced quality
of life with increased levels of the cytokines IL-1
receptor antagonist (IL-1RA), TNF-q, IL-6, IL-§,
and epidermal growth factor (EGF). Additional
evidence linked IL-1 and various interferons to
cancer-related fatigue [10].

In a small study of patients with pancreatic,
esophageal, and breast cancers, elevated plasma
levels of IL-6 were identified among patients who
also suffered from major depression, compared
with IL-6 levels in non-depressed cancer patients
and healthy control subjects [24]. The same study
showed a correlation between cancer-related de-
pression and a reduced ability to suppress cortisol
levels after dexamethasone administration, fur-
ther suggesting a connection among inflammatory
cytokines, hyperactivity of the hypothalamic-pitu-
itary-adrenal axis, and depression.

Considering the prevalence of cancer-related
depression, one could speculate that the depres-
sive symptoms might be physiologically related
to either the presence of the tumor, as a result
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Table 1

Prevalence of Depression in Various Cancer Types
Correlates Inversely With Mean Length of Survival and

Directly with Serum Cytokine Levels

PREVALENCE OF 5-YEAR RELATIVE

SERUM IL-6 LEVELS

CANCERTYPE DEPRESSION'® SURVIVAL RATE! (PG/ML)*4
Pancreatic 50% 4.4% Not determined
Gastric 11% 22.5% (stomach) 10.0-12.5
Oropharynx 22%-40% 37.3% 79.6

Colon 13%-25% 62.3% 357
Lymphoma 17% 70.6% 2.0-4.6 (median)
Acute leukemia 1.5% 46.3% (all leukemia) Not determined
Gynecologic 23% 71.4% 55.6 (median, ovarian)
Breast 10%-26% 86.6% 6.0-86.0
General medical 5%-10% =~100% Varies by condition

population

Values shown are means, unless otherwise indicated. IL = interleukin

of cytokine secretion by the tumor itself, or its
treatment. Secretion of cytokines by tumors has
been demonstrated, and cytokines have been
implicated in promoting cancer progression in at
least some types of cancer. A number of prostate
cancer cell lines, for example, have been shown
to express IL-6 receptor and secrete IL-6, suggest-
ing that cytokine production might be a key com-
ponent of the neoplastic process [43]. Although
IL-6 plays a paracrine growth inhibitory function
in hormone-dependent prostate cancer cell lines,
IL-6 has demonstrated the ability to act as both
an autocrine and paracrine growth factor for hor-
mone-refractory cell lines, thus implicating this
cytokine in prostate cancer progression.

In a study of 120 patients who underwent radi-
cal prostatectomy for localized prostate cancer,
preoperative levels of IL-6 and its soluble receptor
(sIL-6R) correlated with preoperative prostate-
specific antigen (PSA) levels and tumor volumes.
IL-6 and sIL-6R levels were predictive of cancer
progression after surgery; patients with bone me-
tastases exhibited exceptionally high levels of both
molecules [44]. Moreover, a number of cytokines,
including TNF-q, IL-1, and IL-6, are induced by
hypoxia, which is typically present within the core
of solid tumors [45, 46].

In addition to tumor-produced cytokines, host
immune responses to the tumor may also elevate
cytokine levels. The destruction of neoplastic cells,
as a result of tumor pathology or cancer therapy,
leads to the accumulation of necrotic tissue and,
consequently, to the release of cytokines and the
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recruitment of phagocytic cells. For example, se-
rum TNF-o and IL-6 levels rose in lymphoma pa-
tients within 90 minutes of infusion of anti-CD20
antibody [47]. Anti-CD20 produces a rapid lysis
of neoplastic cells, suggesting that the clinical
symptoms associated with anti-CD20 antibody
infusion, including fever, chills, nausea, vomiting,
hypotension, and dyspnea, may result from the
the release of cytokines from lysed tumor cells.

Consistent with this hypothesis is the clinical
evidence that cytokine-based antitumor thera-
pies such as IL-2 and IFN-a, which are used to
treat renal cell carcinoma, chronic myelogenous
leukemia, and melanoma, are associated with a
high incidence of depression [32]. This theory
may help explain the accumulating evidence of
a relationship among chemotherapy, irradiation,
and surgery and the development of depression in
patients with cancer [1].

The Cytokine Basis of Cancer-
related Cachexia

With some frequency in cancer, but rarely in
major depression, weight loss can progress to the
severe wasting of cachexia, a condition known
to contribute to immobility, propensity to infec-
tion, shortened duration of survival, and overall
decreased quality of life. Although anorexia may
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be present in the cancer patient with cachexia,
cachexia cannot be explained by inadequate ca-
loric and nutritional intake alone, since nutrition-
al supplements do not usually stop the progressive
wasting [14]. Instead, cachexia reflects substantial
metabolic changes in patients with cancer, which,
like cancer-related depression, may stem from the
pathophysiology of the tumor, the body’s immuno-
logic response to that tumor, or the therapy select-
ed to combat tumor progression and metastasis.

A significant body of evidence indicates that
proinflammatory cytokines play a central role
in the etiology and pathology of cachexia. TNF
was originally identified as a circulating factor
involved in cachexia and was called cachectin
[48]. A study that examined serum TNF levels in
cancer patients found that 50% of 226 patients
with active cancer showed detectable TNF-like
activity, compared with 18% of 39 patients with
regressed cancer and 3% of 32 normal subjects
(Figure 4) [49]. Cachectic symptoms in adenocar-
cinoma-bearing mice are paralleled by increased
levels of IL-6 [50]. Both the elevated levels of IL-6
and the cachexia can be relieved by administra-
tion of anti—-IL-6 antibodies, the cytokine-block-
ing drug suramin, or the cytokine modulator IL-12
[51, 52].

Furthermore, tumor-induced cachexia and the
hypercalcemia caused by bone resorption are not
observed in IL-6 knockout mice [53]. Recently, a
monoclonal antibody directed against IL-6, CNTO
328 (previously known as cCLB8), was shown to
inhibit human tumor-induced body weight loss in
nude mice, providing further evidence that IL-6
released by tumor cells induces cachexia and that
direct inhibition of IL-6 by a monoclonal antibody
can prevent loss of body weight [54].

Evidence suggests that the mechanism of cy-
tokine involvement in cachexia is through induc-
tion of hepatic synthesis of acute phase response
proteins (eg, complement proteins, coagulation
proteins, and proteinase inhibitors) and their con-
sequent effect on the neuroendocrine system. Cy-
tokines stimulate hepatocytes and other cells in
the liver, such as monocytes, endothelial cells, fi-
broblasts, and adipocytes, to synthesize and secrete
higher than normal levels of proteins involved in
the acute phase response.

Often observed in instances of trauma, inflam-
mation, and infection, acute phase response pro-
teins are involved in a wide range of activities,
including neutralization of inflammatory agents,
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minimization of local tissue damage, and participa-
tion in tissue repair and regeneration. CRE, for ex-
ample, is an IL-6-induced acute phase protein fre-
quently used as a marker for inflammation [55].

Elevated levels of acute phase response proteins
are observed in a significant proportion of patients
with cancer, particularly those with pancreatic,
lung, kidney, or esophageal cancer, and that pro-
portion increases with advanced disease progression
[56]. The presence of an acute phase response has
also been linked to increased weight loss in patients
with lung or pancreatic cancer and in patients with
melanoma [57-60]. Moreover, a substantial acute
phase response tightly correlates with reduced sur-
vival rates in patients with renal, colorectal, or pan-
creatic cancer [61-63]. These data suggest that the
cytokine-triggered acute phase response may lie at
the root of cancer-related cachexia.

Proinflammatory cytokines may also induce
cancer-related cachexia through their influence on
the neuroendocrine system. Elevated levels of both
cortisol and glucagons have been observed in pa-
tients with cancer [64, 65]. Cytokines can induce
hyperactivity of the hypothalamic-pituitary-adre-
nal axis, leading to increased release of cortisol,
which can produce muscle protein loss, increased
energy expenditure, and glucose intolerance in
humans [66, 67]. In addition, expression of leptin,
an adipose tissue—derived hormone that helps
maintain stable body weight by reducing appe-
tite and increasing energy expenditure, has been
linked to cytokine production in some models of
inflammation.

The administration of TNF has been shown
to increase leptin production [68, 69]. However,
the involvement of leptin in cachectic patients
with cancer remains unclear [70]. Cytokine pro-
duction may be the molecular underpinning of
both cancer-related depression and cancer-asso-
ciated cachexia since proinflammatory cytokines
actively induce the acute phase response and are
known to affect neuroendocrine pathways that
influence metabolism.

There are sufficient data demonstrating that
cachexia is more than a secondary comorbidity to
cancer and suggesting that the same might be true
for depression. Depression reduces compliance
with cancer treatments, decreases cancer drug ef-
fectiveness, and, in some studies, shortens overall
survival, which may partly be due to the develop-
ment of cachexia [8]. Cachexia may be responsible
for nearly one third of cancer deaths, independent
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of tumor burden or metastases [16].

The critical contribution of depression and ca-
chexia to cancer mortality highlights the need for
improved screening procedures to identify patients
suffering with symptoms of depression and wasting,
as well as the development of new therapeutics or
treatment regimens to counter them. Inhibiting cy-
tokine activity has the potential to alleviate symp-
toms of depression and the immobility and weakness
characteristic of cachexia. The consequent improve-
ment in patient constitution would allow more ag-
gressive anticancer treatments, extend patient sur-
vival, and improve patient quality of life. A number
of treatment options are already available or being
developed that may repress the proinflammatory cy-
tokine cascade and prove beneficial if incorporated
into current antitumor treatment regimens.

ANTIDEPRESSANTS

If tumor biology can affect one’s mental state,
the opposite might also be true. Some psychoso-
cial group intervention studies have highlighted
the potential for psychological intervention to sig-
nificantly improve survival in patients with breast
cancer or melanoma [71-73], indicating that
mental health treatment could improve cancer
treatment and outcomes. However, not all studies
in this area are positive [74].

The effect of antidepressant therapy on cancer
survival has not been well studied. The bidirec-
tional signaling of the immune and neuroendocrine
systems allows both serotonin and noradrenaline to
function as immunomodulators. Thus, an effective
increase in noradrenergic and serotonergic activity
mediated by antidepressant treatment could further
influence the immune system [20]. Improved qual-
ity of life was found in one study of antidepressants
in advanced solid tumor patients, but no difference
in median survival was seen [75].

Antidepressant medications that attenuate sero-
tonin reabsorption exert their effects at least in part
by suppressing proinflammatory cytokine activity
and therefore blunt the acute phase response [20].
Chronic treatment with the tricyclic antidepressant
imipramine or the selective serotonin-reuptake in-
hibitor fluoxetine can alleviate lipopolysaccharide-
induced anhedonia in rats by inhibiting proinflam-
matory cytokine production by monocytes and
macrophages [37, 38].

In vitro research also supports a cytokine inhibi-
tory effect for some antidepressants. The synthesis
and release of IL-6, TNF-a, and IL-1 by human
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monocytes are significantly inhibited when the
cells are incubated with various antidepressants
and lipopolysaccharide [20, 76]. In addition, el-
evation in the concentration of serotonin in vitro
resulting from the introduction of a selective se-
rotonin-reuptake inhibitor leads to an increase in
production of the anti-inflammatory cytokine IL-
10 and a decrease in the synthesis of IFN-y [77].
The administration of desipramine, a metabolite
of imipramine, to mice increases the capacity of
splenocytes to produce IL-10 [78]. Normalization
of previously elevated circulating levels of IL-6 and
CRP was reported after fluoxetine was administered
to 22 depressed patients [23], and serum TNF-o
and IL-6 levels dropped in patients responding to
amitriptyline in a controlled study of 24 patients
suffering major depression [28].

Although many of the symptoms of depression
can be successfully treated with antidepressant
medications in patients with cancer, the symptoms
of cachexia have proven more resistant to these
same drugs. In a large, placebo-controlled clinical
trial of 704 patients with cancer reporting fatigue
related to antitumor therapy, patients treated with
paroxetine experienced significant improvement
in the mean level of depression compared with
placebo-treated patients, but there was no differ-
ence between the two groups in the alleviation of
fatigue [79]. Both anorexia and weight loss in lipo-
polysaccharide-challenged rats could be reversed by
chronic treatment with the tricyclic antidepressants
desipramine or imipramine, but not with the more
selective drugs venlafaxine (Effexor) or paroxetine,
suggesting that tricyclics might possess anticachectic
properties [80, 81]. However, extended treatment
with desipramine produced an anhedonic response,
suggesting that long-term treatment might not al-
leviate depressive and cachectic symptoms.

An increase in body mass index (BMI) was dem-
onstrated following 6 weeks’ administration of the
tricyclic agents amitriptyline and nortriptyline, but
not in paroxetine-treated patients or placebo-treat-
ed control subjects [82]. Interestingly, the increase
in BMI was preceded by a significant increase in
circulating levels of soluble TNF-a receptor p75,
suggesting early involvement of the TNF-q, signal-
ing pathway in the weight-control process.

Although the utility of antidepressants in treat-
ing cachectic symptoms in patients with cancer
remains to be fully determined, the connection be-
tween the symptoms of cancer-related depression
and the initiation of cachexia warrants further ex-
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ploration of prophylactic antidepressant use. This
is particularly so for patients suffering from cancers
with a high susceptibility to depression, such as
pancreatic cancer.

A randomized, double-blind, placebo-controlled
clinical study has examined the benefit of parox-
etine administration prior to the initiation of IFN-o
therapy in 40 patients with malignant melanoma
[33]. Patients in the paroxetine treatment group re-
ceived the drug 2 weeks before IFN-o therapy was
started and continued to receive paroxetine during
the first 12 weeks of interferon treatment. Of the 18
patients who received paroxetine, 11% developed
signs of major depression, compared with 45% of
placebo-treated patients (n = 20). Severe depres-
sion led to the discontinuation of IFN-¢, therapy
in just one patient (6%) in the paroxetine group,
versus seven patients (35%) in the placebo group.
For patients about to undergo cytokine-based can-
cer treatments, reducing the risk of depression by
prophylactic antidepressant treatment appears to
improve treatment compliance and tolerability and
may thereby improve patient outcomes [35].

PROGESTATIONAL AGENTS

The synthetic progestins megestrol and me-
droxyprogesterone have drawn significant in-
terest in attempts to manage cancer-related ca-
chexia. Although their mechanisms of action in
alleviating cachexia have yet to be determined,
megestrol and medroxyprogesterone may act
through steroid hormone-like effects that in-
clude reducing serum levels of the proinflam-
matory cytokines IL-1, IL-6, and TNF-o [83].
A number of placebo-controlled clinical trials
provide evidence that these drugs can stimulate
appetite, reverse weight loss, and improve qual-
ity of life in cachectic patients with cancer [56,
84]. However, the weight gain realized through
megestrol treatment tends to consist mostly of
fat accumulation and water retention, rather
than an increase in lean tissue mass.

Thus, megestrol does not appear to fundamen-
tally affect the cachectic process [85]. Further, re-
sults of a randomized, double-blind, placebo-con-
trolled clinical trial in 243 patients with small cell
lung cancer demonstrated a reduced response to
chemotherapy among those treated with meges-
trol versus patients receiving placebo (68% vs
80%; P = 0.03). The megestrol arm also trended
toward poorer median survival (8.2 months vs 10.0
months, respectively; P = 0.49) [86]. Considering
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the modest benefits and the adverse effects of pro-
gestational drugs, such as venous thrombosis and
peripheral edema, enthusiasm for megestrol and
medroxyprogesterone in the treatment of can-
cer-related cachexia has been justifiably limited.
Currently, the administration of megestrol alone
or in combination with omega-3 fatty acid di-
etary supplementation as a means of improving
patient outcomes by countering cancer-related
cachexia is being evaluated in patients receiv-
ing radiation therapy for lung, head, neck, and
oropharyngeal cancers.

NONSTEROIDAL ANTI-
INFLAMMATORY DRUGS

Nonsteroidal anti-inflammatory drugs (NSAIDs)
inhibit prostaglandin synthesis through the cyclo-
oxygenase enzymes COX-1 and COX-2 and are fre-
quently used to treat the symptoms of fever and pain
in patients with cancer. An ibuprofen dose of 400 mg
3 times daily has been shown to decrease circulat-
ing levels of IL-6 and cortisol in a small study of
cachectic patients with colorectal cancer [87]. This
effect was associated with diminished serum con-
centrations of acute phase response proteins and
improvement in whole-body protein metabolism
[88]. A placebo-controlled study of 16 cachectic
patients with pancreatic cancer demonstrated that
ibuprofen administration also significantly reduced
resting energy expenditure [89].

These results suggest that NSAIDs may improve
patient outcome when combined with antitumor
therapies. This suggestion is supported by results of
a study of 135 patients with cancer suffering from
substantial weight loss who were randomly assigned
to treatment with the NSAID indomethacin (50
mg twice daily), a corticosteroid, or placebo [90].
Mean survival for the indomethacin-treated pa-
tients was more than double that of placebo-treat-
ed patients (P < 0.03).

Whereas the gastrointestinal toxicity associ-
ated with extended use of NSAIDs remains a
concern, the newer generation of COX-2—specific
inhibitors may help mitigate the gastrointestinal
side effects of these agents. Overall, NSAIDs may
offer a promising option for treating cachexia in
patients with advanced cancer, and more clinical
studies are warranted.

MELATONIN

Melatonin is a neuroendocrine-regulating hor-
mone that has a demonstrated ability to reduce
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serum TNEF-o levels in patients with advanced
cancer. In a placebo-controlled clinical study of
86 evaluable patients with advanced metastatic
solid tumors, melatonin (20 mg/day) significantly
reduced circulating TNF-av levels; substantially
fewer patients receiving melatonin than those who
received placebo lost more than 10% of their total
body weight, suggesting that melatonin might sup-
press some of the symptoms of cytokine-induced
cachexia [91]. Small cell lung cancer patients re-
ceiving melatonin in addition to chemotherapy (n
= 34) demonstrated a significant improvement in
1-year survival compared with those receiving che-
motherapy alone (n = 36; P < 0.05) [92]. Further
studies are required, however, to determine what
role melatonin supplementation might play in the
treatment of cancer-related cachexia.

THALIDOMIDE

The anti-inflammatory agent thalidomide (Tha-
lomid) has been shown to inhibit TNF-o activity in
patients suffering from a number of disease states, in-
cluding cancer. Thalidomide-treated AIDS patients
with comorbid tuberculosis gain weight and report
significantly improved quality of life, suggesting that
thalidomide might also have a role in treating ca-
chectic patients with cancer [93]. Indeed, patients
with advanced cancer treated with thalidomide
have reported improvements in insomnia, restless-
ness, nausea, and appetite, resulting in improved
patient well-being for a majority of patients [94].
Interest in thalidomide as an antitumor agent has
increased after recent evidence suggested that tha-
lidomide also has antiangiogenic properties and
that it exhibits antitumor activity in several types
of cancer [95-97].

EICOSAPENTAENOIC ACID

Although caloric supplementation has not proven
effective at stemming cachectic wasting in patients
with cancer [14], one nutritional additive, eicosap-
entaenoic acid, a major component of fish oil, has
shown potential in modulating cytokine and acute
phase response protein production. Evidence sug-
gests that eicosapentaenoic acid can suppress IL-6
production by peripheral blood mononuclear cells
isolated from cachectic patients with cancer, and
supernatants derived from lipopolysaccharide-
stimulated mononuclear cells were no longer ca-
pable of promoting hepatocyte CRP production af-
ter eicosapentaenoic acid treatment [98]. In vivo,
oral supplementation with eicosapentaenoic acid
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significantly reduced CRP levels in cachectic pa-
tients with cancer, although serum IL-6 levels were
unaffected in these patients.

A study of 20 patients with advanced pancre-
atic cancer who were administered fish oil-con-
taining dietary supplements showed significant
improvements in appetite and performance sta-
tus, including a reduction in resting energy ex-
penditure [99]. These results indicate that further
clinical study into the efficacy of eicosapentaenoic
acid supplementation for the treatment of cancer-
associated cachexia is warranted.

ANTICYTOKINE-TARGETED BIOLOGICS

The identification of a cytokine basis for both
cancer-related depression and cancer-related ca-
chexia combined with recombinant technologies
has allowed for the development of new biologic
agents that can target signaling pathway compo-
nents with a high degree of specificity. The applica-
tion of such drugs to cytokine signaling in patients
with cancer represents a promising new direction
that may strike directly at the pathophysiology of
cancer-related depression and cachexia.

The injection of TNF-¢ or the implantation of
TNF-o~secreting transformed cells into rodents
induces hypophagia and weight loss and activates
muscle protein degradation through the ubiqui-
tin pathway [100, 101]. These findings, in addi-
tion to the observation of elevated TNF-a levels
in patients with cancer-related cachexia, have
prompted interest in the potential therapeutic
benefits of inhibiting TNF signaling. Indeed, the
administration of a soluble TNF type I receptor
construct to tumor-bearing rats resulted in sig-
nificantly increased food consumption and weight
gain in comparison with control animals, suggest-
ing that TNF inhibitors may be worthy of study in
cachectic patients with cancer [102].

ETANERCEPT

Etanercept (Enbrel) is a receptor-antibody fu-
sion protein that combines the human TNF type
II receptor with the human IgG; Fc region.
Etanercept binds membrane-bound TNF-a and
is currently used as a treatment for various ar-
thritic conditions. There are indications from
a controlled clinical trial with 234 rheumatoid
arthritis patients that etanercept administration
can yield significant quality-of-life improvement,
as assessed by multiple patient-reported indices,
including the energy and mental health mea-
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sures on the Medical Outcomes Study question-
naire and a fatigue scale originally developed
and validated to measure cancer-related fatigue
[103]. Although this report cannot distinguish
if the benefits of etanercept are due to allevia-
tion of arthritic symptoms, it raises the question
as to whether targeted cytokine modulation may
alleviate depression and fatigue in patients with
conditions other than rheumatoid arthritis.

In a rodent model of heart failure, anhedonia
in rats was relieved by treatment with etanercept
[104]. Since anhedonia is relatively common in
depression and cachexia, it is plausible that TNF
antagonism may reduce the risk of depression and
cachexia in vulnerable humans. A small clinical
study of patients with myeloid metaplasia reported
that 12 of 20 patients receiving etanercept experi-
enced improvement in debilitating constitutional
symptoms, such as night sweats, severe fatigue,
fever, and weight loss [105].

In addition, a phase I clinical trial examined
the use of etanercept to reduce the adverse effects
of IL-2 therapy in 24 patients with advanced can-
cer [106]. Patients receiving etanercept in addi-
tion to IL-2 had lower TNF bioactivity and exhib-
ited partial suppression of the typical increases in
IL-1, IL-6, IL-8, and CRP levels induced by IL-2
administration. A phase Il placebo-controlled,
double-blind study is currently examining the
efficacy of etanercept to treat cancer-related ca-
chexia. Details of this trial are available online at
http://cancer.gov/clinicaltrials/ NCCTG-NOOCI.

INFLIXIMAB

Another biologic of interest for its ability to
block TNF-a signaling is infliximab (Remicade),
a chimeric IgG, monoclonal antibody that in-
hibits both membrane-bound and soluble forms
of TNF-a.. Infliximab has been approved by the
US Food and Drug Administration for the treat-
ment of rheumatoid arthritis, Crohn’s disease, and
ankylosing spondylitis. The utility of an antibody
treatment for cachectic symptoms was first dem-
onstrated in tumor-bearing mice, in which treat-
ment with a rabbit antibody raised against murine
TNF-o was shown to reduce cancer-associated
anorexia and loss of body fat and protein [107].

In another study, transgenic mice that con-
stitutively express human TNF-o exhibited an-
orexia, severe weight loss, and rapid death [108].
Administration of infliximab to these transgenic
mice reversed their weight loss and prevented the
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high rate of mortality. Currently, a phase II ran-
domized, double-blind, placebo-controlled clini-
cal trial is under way to evaluate the efficacy of
infliximab in combination with chemotherapy as a
treatment for cancer-related cachexia in patients
with pancreatic cancer. Details of this trial are
available online at http://cancer.gov/clinicaltri-
als/CO168T60.

IL-6 ANTIBODIES

A cytokine target of great interest is IL-6, which
is a key inducer of acute phase response protein
production and has been linked to both cancer-
related depression and cancer-related cachexia in
preclinical and clinical studies. Elevated levels of
[L-6 and symptoms of cachexia evident in a mouse
adenocarcinoma model were alleviated by the ad-
ministration of an anti—IL-6 antibody [50]. Anti-
bodies to IL-6 were also capable of relieving the
cachectic condition in mice with cervical cancer
and substantially prolonging the survival of hu-
man tumor-bearing mice [109, 110]. Antibodies
to the IL-6 receptor attenuated muscle atrophy in
IL-6 transgenic mice [111]. These results strongly
support a clinical examination of IL-6 blockade
for the treatment of cancer-related cachexia.

In a small study, multiple myeloma patients re-
ceiving BE-8, a murine monoclonal antibody to
IL-6, demonstrated a low daily production of IL-6
and a complete inhibition of CRP synthesis [112,
113]. The patients also exhibited a decrease in
hypercalcemia from bone resorption, a reduction
in fever, and reduced tumor mass. Eleven HIV-
positive patients with lymphoma were treated
daily with BE-8 for 21 days in an open-label study
[113]. BE-8 treatment improved lymphoma-as-
sociated fever and cachexia. Mean body weight
increased by 1.4 kg between day 1 and day 21 and
reached 12 kg over 120 days in one patient who
received three courses of treatment. In a dose-
escalation study of CNTO 328, CRP levels fell
below detection levels in 11 of 12 patients with
multiple myeloma [114].

Similarly, in a phase II trial, all 16 patients with
multiple myeloma receiving BE-8 in addition to
chemotherapy demonstrated reduced CRP levels,
and the reduction correlated with a high rate of
complete response [115]. Daily BE-8 administra-
tion for 15 days normalized previously elevated
CRP levels in 9 of 10 patients with B-lymphopro-
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liferative disorder who completed the treatment
schedule, and the reduction in CRP levels again
correlated with a high remission rate [116]. Final-
ly, BE-8 treatment reduced CRP levels in three
patients with metastatic renal cell carcinoma and,
by repressing toxicities related to IL-6 overproduc-
tion, improved quality of life for six patients with
renal cell carcinoma patients previously treated
with IFN-ot or IL-2 [117, 118]. A phase I/II clini-
cal trial examining CNTO 328 therapy in renal
cell carcinoma is currently under way. On the
basis of these early reports, anti-IL-6 antibodies
may prove to be a promising therapeutic approach
for combating the symptoms of depression and ca-
chexia in patients with cancer.

Conclusion

A significant overlap exists between the veg-
etative symptoms of major depression and can-
cer-related cachexia, and these symptoms may be
related to cytokine activity, patient quality of life,
and survival from disease. Ample evidence sug-
gests a relationship between the appearance of de-
pression-like symptoms and cachexia and the pro-
duction of proinflammatory cytokines in patients
with cancer. The release of cytokines induced
by the presence of tumor can influence multiple
neuroendocrine pathways, altering mood severe
enough to cause clinical depression and weight
loss; the consequent depression and severe wast-
ing of cachexia are linked to poor compliance with
cancer treatments and decreased survival.

Major depression in patients with cancer is
treatable with available antidepressant medica-
tions. However, to date, cancer-related cachexia
is less amenable to treatment. Recently devel-
oped biologic therapies that specifically target
cytokine signaling pathways, such as anti-TNF-o
and anti-IL-6 molecules, hold promise as more
effective therapeutics that may simultaneously
alleviate anorexia and depression. By alleviating
the symptoms of both depression and cachexia,
particularly in combination with existing anti-
tumor regimens, these drugs may improve can-
cer patient survival and enhance quality of life.
Further research into possible mechanisms of
action, therapeutic targets, and optimal patient
selection is warranted to improve the manage-
ment of depression and cachexia in patients with
advanced cancers.
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