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Abstract: Since Cancer cachexia is defined as a “multifactorial syndrome”, an effective therapeutic
approach might be comprehensive multi-faceted treatment that targets different pathophysiological
mechanisms simultaneously. The defining features of cancer cachexia, such as weight loss, reduced food
intake, and chronic inflammation, might provide both a framework for classification of cachexia and
a rationale for identifying multiple therapeutic targets. Past efforts to treat cachexia with nutritional
or medical interventions may have disappointed because they were directed at a single domain of the
syndrome, such as anorexia or muscle wasting, usually with a single therapeutic agent. Preliminary trials
combining pharmacological and non-pharmacological therapy have been shown to be feasible and also
to improve selected clinical outcomes. The choice of specific pharmacological agents has varied based on
mechanistic considerations or on prior promising single intervention or multimodal trials. Despite the
variations in therapy composition, most multimodal regimens share a common purpose in simultaneously
modulating the major mechanisms causing cachexia, identifying patients early in the illness trajectory, and

including supportive care measures such as symptom management, exercise, and nutritional counseling/

supplementation.

Keywords: Multimodal therapy; cancer; cachexia

Submitted Jun 27, 2018. Accepted for publication Aug 06, 2018.

doi: 10.21037/apm.2018.08.05

View this article at: http://dx.doi.org/10.21037/apm.2018.08.05

Introduction

Ken Fearon recognized that the defining features of cachexia
in humans (weight loss, reduced food intake, and chronic
inflammation) might provide a framework for classification
of cachexia and a rationale for identifying multiple
therapeutic targets (1). By combining pharmacological
and non-pharmacological interventions, the multifaceted
mechanisms of this complex syndrome could be addressed
simultaneously, resulting in improved protein and caloric
intake, gains in muscle and fat, and better physical function.
Furthermore, the role of co-morbid conditions such as
age-related sarcopenia and immobility in contributing to
muscle-wasting was appreciated, providing justification
for including physical activity and nutritional support
in formulating comprehensive cachexia therapy for the
“whole patient”. Pre-clinical research elucidating the
complex molecular mechanisms of cancer cachexia revealed
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additional support for the inclusion of specific individual
interventions into multimodality treatment strategies and
increased susceptibility for cachexia because of genetic
variation.

However, for more than two decades, despite recurrent
glimpses of success, strong evidence for this concept of
“multimodal therapy for a multidimensional problem” has
proven to be elusive. This review will highlight research
that provides support for using a variable combination of
nutritional, exercise, and pharmacological interventions.
The review also focuses on past clinical trials incorporating
nonsteroidal anti-inflammatory drugs (NSAIDs) and
omega-3 supplements in combination therapy—two of
the principle agents, along with supportive care, that are
included in MENAC (Multimodal-Exercise, Nutrition and
Anti-inflammatory medication for Cachexia), a multi-center
trial developed by the late Ken Fearon (2).

A theoretical model of multimodal therapy for cachexia
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Figure 1 Multimodality Rx model. NSAID, nonsteroidal anti-inflammatory drug; REE, resting energy expenditure; IL, interleukin.

is shown in Figure 1. Although there may be debate about
the composition or relative importance of specific individual
interventions, the model illustrates the rationale for
multimodality treatment directed at the various cachexia
mechanisms.

An individualized multimodal model
Based on patient preference

The treatment goal for many patients with cachexia
is to maintain physical function and independence.
In addition, fatigue often occurs in patients with
cachexia along with muscle weakness and impaired
ability to perform activities of daily living (ADLs) (3).
For some individuals, the psychosocial aspects of the
cachexia/anorexia syndrome (CAS), such as altered
body image and the inability to enjoy meals with family
members, may carry greater importance. A systematic
review identified five areas of health-related quality of
life (HRQoL) themes based on patient quotes extracted
from the literature (4). Loss of eating as pleasure, loss of
independence, and physical decline were recognized as
important components along with psychosocial themes such
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as relationships, coping, and knowledge of the condition. A
cancer cachexia-specific questionnaire, the QLQ-CAX24,
has been developed in an attempt to be relevant, acceptable,
and applicable to patients with cancer cachexia. The module
was developed with the help of cancer patients at different
stages of the cancer trajectory, from relatively soon after
diagnosis to those approaching the end of life. The module
contains five multi-item scales (food aversion, eating and
weight-loss worry, eating difficulties, loss of control, and
physical decline) and four single items (5). However, the
QLQ-CAX24 is relatively new, with full validation to be
assessed in a large international study. The only other
available cancer cachexia-specific instrument, the Functional
Assessment of Anorexia/Cachexia Therapy (FAACT) (6),
is part of the Functional Assessment of Chronic Illness
Therapy measurement system FAACT has also been used
to establish cut-off values (<37) for anorexia in patients
starting chemotherapy (7),and is a single scale, whereas the
QLQ-CAX24 provides a more comprehensive assessment
and contains more items, including two scales (eating
difficulties and physical decline). Although both FAACT
and QLQ-CAX24 scales are specific to cancer cachexia and
attempt to be all-inclusive, they do not necessarily capture
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an individual patient’s experience or needs.

Based on mechanisms of cachexia

Ideally, the treatment should also be modified to target
the mechanisms affecting individual patients since the
contribution of the different mechanisms of cachexia
may vary. For example, not all patients have an elevated
resting energy expenditure (REE) (some may be hypo-
or eumetabolic), and for many with cancer cachexia, poor
appetite is a common but not universal symptom.

The composition of a multimodal drug therapy could be
modified depending on the proportional representation of
the mechanisms of cachexia. Some of the components of the
cachexia syndrome such as Nutritional Impact Symptoms
(NIS) could be evaluated with tools such as the Edmonton
Symptom Assessment Scale (ESAS) or Patient Generated
Subjective Global Assessment (PG-SGA). Currently,
laboratory tests such as C-reactive protein (CRP) and
testosterone identify those patients with a pro-inflammatory
state or low testosterone, while REE can be measured by
indirect calorimetry (IC). The feasibility of using IC in
daily practice may limit use of IC; however, centers with
metabolic chambers or metabolic carts could take advantage
of an accurate measure of REE. The emergence of brown
fat as a potential driver of dysfunctional metabolism and
inefficient energy production may increase the utility of
IC. Specific interventions that are used in response to these
markers include NSAIDs for elevated CRP >10 mg/L, beta-
blockers for increased REE, and testosterone replacement
for hypogonadal males. Note, however, that there is only
preliminary evidence these medications are effective for
cancer cachexia.

Additional clinical and biological markers are needed
to better identify individuals who may respond to specific
interventions. Biomarkers for cachexia are in their infancy
but in future could facilitate earlier intervention, more
effective individualized therapeutic regimens, and fewer
unnecessary side effects. Pro-inflammatory cytokines,
reactive oxygen species (ROS) (8,9), and single-nucleotide
polymorphisms (10,11), are examples of markers that might
aid in creating the biological profiles of cachectic patients.

Pharmacologic combinations

Monotherapy alone is unlikely to correct the multiple
abnormalities associated with cachexia such as loss of
muscle, fat, and physical function because of negative
protein and energy balance driven by reduced food
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intake and metabolic dysfunction. Even an effective
single pharmacological agent would have to be combined
with dietary counseling, supplementation, symptom
management, and exercise. Combination therapy
should ideally have additive or even synergistic effects.
Unfortunately, some current medications such as megestrol
acetate (MA) or medroxyprogesterone may modulate one
pathway favorably while encouraging other potentially
harmful mechanisms. For example, although progestins
can decrease pro-inflammatory cytokines and improve
appetite, they are associated with endocrine abnormalities
such as hypogonadism and hypoadrenalism (12). Other
medications such as corticosteroids are effective appetite
stimulants but have detrimental effects on muscle function,
including myopathy. Some single interventions for cachexia
under investigation, such as ghrelin, ghrelin agonists, beta
blockers, and exercise, appear to be particularly promising
in that they might affect more than one mechanism
favorably, (e.g., inflammatory as well as neurohormonal
pathways).

NSAIDs

Many NSAIDs, including celecoxib, ibuprofen,
indomethacin, and etodolac (13), have been used alone
or in combination with other agents for a variety of
clinical outcomes related to cancer cachexia. A systematic
literature review identified 11 of 13 trials either showing
improvement or stabilization in weight or lean body mass
(LBM) (14). However, the authors concluded the evidence
was insufficient to recommend NSAIDs for cachexia outside
clinical trials since seven were without a comparator, most
had a small sample size, and a few were methodologically
flawed. Trials using NSAIDs in combination with other
agents included two trials combining NSAIDs with MA and
NSAIDs with fish oil, which were compared with MA and
fish oil alone, respectively.

A prospective randomized trial of ibuprofen (1,200 mg/day)
in combination with MA, found significantly improved
quality of life (QoL) and a median weight gain of 2.3 kg
compared to a loss of 2.8 kg in patients on MA alone, with
gastrointestinal (GI) cancer (15). Notably, individuals on
combination therapy with ibuprofen did not appear to be
at greater risk of major hemorrhage than those on MA
alone (480 mg daily). A phase III trial in 104 advanced-stage
gynecological cancer patients found MA plus L-carnitine,
celecoxib, and antioxidants improved LBM as measured by
dual energy X-ray absorptiometry (DEXA), REE, fatigue,
and QoL compared to MA alone (16). Inflammation and
oxidative stress measures including IL-6, TNF-a, CRP, and
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ROS decreased significantly with combination therapy.

A 6-week prospective study of 22 patients with advanced
lung cancer compared celecoxib (200 mg twice daily) in
combination with fish oil to fish oil alone (6 g daily in divided
doses). Those receiving combination therapies had significantly
lower CRP levels (17) (21.3 mg/L; standard error 7)
and greater handgrip strength (3.12; 0.98) than patients
receiving monotherapy (6.7 mg/L; 4.5 and 1.16; 0.3),
respectively. Both groups were provided with a food
supplement equivalent to 20% of the basal metabolic rate
(BMR) in addition to dietary advice aimed at maintaining
caloric intake equivalent to BMR.

Finally, a Swedish center with a history of using
combination therapy for cancer cachexia compared
standard care (SC) for cachexia in their center to SC
plus low dose insulin in 138 patients with advanced GI
malignancies (18). SC, included indomethacin for patients
with elevated CRP, plus erythropoietin for anemia,
and enteral or parenteral nutrition for decreased food
intake (<90% and <80% respectively). Insulin treatment
significantly improved survival (median 181 versus 128
days), stimulated carbohydrate intake as measured by 4-day
food records, and increased body fat as measured by DEXA,
particularly in trunk and leg compartments. There were no
significant changes in muscle mass, tumor markers, REE,
or spontaneous physical activity. Of note, SC also included
beta-blockers for some patients possibly identified as having
elevated REE.

Omega-3 supplements

Several systematic reviews have concluded that there is
insufficient evidence for omega-3 supplements or fish oil
providing benefit in cancer cachexia (19,20). In addition,
a large randomized controlled trial (RCT) of more than
400 patients comparing MA to omega-3 supplements or
the combination found no advantage to the addition of
both agents. Omega-3 supplements, either alone or in
combination with MA, did not improve weight or appetite
better than MA alone (21). Survival and global QoL were
not significantly different among treatment arms. With the
exception of increased impotence in MA-treated patients,
toxicity was comparable.

Omega-3 supplements were included in a large phase
III RCT in 332 patients, showing combination therapy in
cancer cachexia was more effective than any one individual
component. Patients were randomized to 1 of 5 treatment
arms: medroxyprogesterone or MA; oral supplementation
with eicosapentaenoic acid (EPA); L-carnitine; thalidomide;
and a combination of all the selected agents (22). The
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combination of all selected agents was the most effective
treatment for LBM, REE, fatigue, appetite, IL-6, Glasgow
Prognostic Score, and performance status (20).

A small trial combining melatonin and fish oil in patients
with GI tumors produced stabilization of weight loss
compared to either agent alone. The combination therapy
consisted of 30mL of fish oil, providing 4.9 g of EPA and
3.2 g of docosahexanoic acid (DHA), plus 18 mg/day of
melatonin. Although a synergistic effect was postulated,
there was no change in the level of serum cytokines with the
combination treatment (23).

Despite the systematic reviews, there is continued
interest in the use of omega-3 enriched oral nutritional
supplements (ONS). Preliminary trials have reported
improved clinical outcomes including increased muscle
mass, weight, and serum albumin (24,25). An PA enriched
oral nutritional supplement compared to an isocaloric diet
in NSCLC patients significantly improved protein intake,
body composition, appetite, and decreased fatigue (26).
Other combinations
Other combinations shown to be more effective than
monotherapy in randomized trials includes MA and
thalidomide compared with MA alone. Combination
therapy increased body weight by 2.27+6.62 kg compared
to 1.19+2.57 kg in the control group. Fatigue also improved
(2.57+4.67; —0.23+5.39), as did the European Organization
for Research and Treatment of Cancer Quality of Life
Questionnaire-C30EORTC (-7.93£13.20; —1.12+2.35),
and the secondary endpoints of grip strength, Glasgow
Prognostic Score, and pro-inflammatory cytokines (27).
Toxicity was reported to be “relatively negligible” in both
groups, possibly because of the low doses used (320 mg/day
of MA and 100 mg/day thalidomide); however, other trials
have reported intolerable side effects at higher doses of
thalidomide (200 mg) (28). In theory, co-administration of
an anabolic hormone such as testosterone with MA could
improve appetite and counter some of MA’santi-anabolic
and hypogonadal side-effects in males. The combination
of MA and thalidomide has also been used in cachexia

associated with chronic obstructive pulmonary disease
(COPD) and HIV with inconsistent or mixed effects (29,30).

Non-pharmacologic interventions

Several trials have used a combination of nutritional
counseling, ONS, and physical activity in combination
with medications for cancer cachexia. The MENAC study
is, however, the first to provide a standardized approach
that includes dietary supplements, dietary counseling, and
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specific resistance and aerobic exercises in combination with
a NSAID and omega-3 supplement. A multimodal approach
requires an interdisciplinary team, and although specialist
interdisciplinary teams are ideal and may include a physical
therapist, dietician, and psychologist, there is evidence
that non- specialist team members can also be effective
in achieving improved clinical outcomes. For example, a
nurse-led, simple “Walk-and-Eat” intervention (31) in a
group of patients receiving outpatient chemoradiotherapy
consisting of 20 minutes ambulation 3x/week and weekly
nutritional advice resulted in significantly better handgrip
strength, walk distance, and weight compared to a control
group of usual care.

NIS

The role of symptom management and supportive care
is fundamental in addressing the many contributors to
decreased oral intake. They include early satiety, taste
and smell alterations, mucositis, nausea, constipation,
pain, dysphagia, fatigue, and depression (32). These
symptoms are common (33), decrease energy intake (34),
and respond to readily available, inexpensive medications,
increasing oral intake and weight gain in up to one third
of patients (32). Other metabolic abnormalities, such as
hypogonadism, vitamin B12 deficiency, hypothyroidism, and
hypoadrenalism, may also contribute to anorexia and muscle
wasting in patients; however, low testosterone in males and
vitamin D deficiency (35) appear to be most common. The
importance of NIS was underscored by a study evaluating
the impact of 17 symptoms on clinical outcomes in patients
with head and neck cancer. Aggregate burden of symptoms
was a significant independent predictor of reduced intake,
weight loss, and survival (36). Importantly, these NIS
may affect oral intake throughout the disease trajectory,
occurring as a result of the symptoms and complications
of advanced cancer, anticancer treatment, or even medical
comorbidities.

Psychosocial interventions

Psychosocial support as part of a multimodal treatment
has the potential to relieve distress and family conflict (37),
support self-efficacy, decrease social isolation, and improve
body image and adherence to treatment. A small study in
the United Kingdom has demonstrated the feasibility of
a nurse-delivered psychosocial intervention to mitigate
weight- and eating-related distress in patients with advanced
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cancer and their careers. Components of the intervention
included breaking the weight loss taboo, healing stories,
managing conflict, advice on eating well, and supporting
self-management. Distress among family members has also
been reported to be increased. A multi-center Japanese
study of 702 bereaved family members found high levels
of eating-related distress and a need for education and
support. About half of family members were distressed by
the patient’s disappointment at their inability to eat, and 1
in 10 felt it was “useless” to consult medical staff about a
daily diet (38-40). Psychological intervention and teaching
cognitive reframing strategies also encourages patients to
take control over eating habits, empowering the patient.
A shift to conscious control over eating may be useful by
reframing eating as a necessity (rather than a pleasure)
for promoting positive outcomes such as slowing disease
progression, tolerating side-effects of chemotherapy, and
maintaining strength and stamina (41).

Nutritional supplements and dietary counseling

A multimodal approach emphasizing the need for
increased caloric and protein intake is supported by
trials that have included ONS as a component of the
intervention and studies reporting that the majority
of patients with advanced cancer and weight loss are
consuming diets insufficient to maintain weight even
in healthy individuals. A systematic review found older
patients may be particularly susceptible, with up to 90%
experiencing weight loss during chemotherapy. Dietary
counseling, which includes increasing energy dense foods,
meal frequency and the use of oral liquid nutritional
supplements, can improve energy intake and body weight.
However, there are few published studies, and a systematic
review concluded there was not enough proof of benefit
in patients identified as having cancer cachexia (42-44).
However, a systematic review (45) and a meta-analysis (46)
of nutrition interventions in oncology patients found counseling
with/without ONS was associated with improvements in weight,
BMI, energy intake and PG-SGA score.

Exercise

Exercise has the potential to improve muscle mass and
strength, physical function (47), fatigue and QoL in
patients with cancer cachexia. Exercise may exert its effects
via modulation of muscle metabolism, insulin sensitivity,
mitigation of tumor growth and decreasing levels of
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inflammation (48). However, despite strong justification
for the use of resistance training and aerobic exercise (49),
a systematic review found insufficient evidence to determine
safety and effectiveness in patients with cancer cachexia (50).
Exercise has been combined successfully with other
modalities in small trials. Resistance exercise in combination
with testosterone has a greater anabolic action than
either intervention alone in age-related cachexia and has
demonstrated similar benefits in HIV and COPD (51).
In HIV-associated wasting, the combination of resistance
training and testosterone in eugonadal men increases muscle
mass (52). Exercise promises to be an important component
of multimodal therapy by modulating expression of cytokines
and perhaps acting in concert with anabolic hormones to
improve strength, function, and QoL (53).

Current multimodal studies

The framework for a multimodality intervention
outlined above has been incorporated into the design of
two randomized trials. A phase II multimodal study of
exercise, nutrition, and anti-inflammatory treatment for
cachexia demonstrated feasibility and safety in patients
receiving chemotherapy for incurable lung or pancreatic
cancer. The follow-up phase III MENAC intervention
is a multimodal, multi-site trial comprising ibuprofen
(1,200 mg/day), omega-3 fatty acids (2 g EPAand 1 ¢
DHA), ONS contributing 542 kcal and 30 g of protein,
and a home-based exercise program consisting of resistance
training three times/week in addition to aerobic training
2 tmes/week. Because patients in the early phase of cachexia
are more likely to respond to therapy, the interventions
will be initiated alongside chemotherapy and concomitant
symptom management (54).

Conclusions

There will be ongoing debate regarding the specific
therapies used in combination for cachexia until larger
trials such as MENAC are able to confirm the efficacy of
a particular multimodality intervention. The selection of
individual agents may be based on clinical outcomes in
single intervention trials or on studies using multimodal
therapy. Despite the variations in composition, most
multimodal regimens share a common purpose in
simultaneously modulating the major mechanisms
causing cachexia and including pharmacologic and non-
pharmacologic interventions. Implementing a multimodal
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strategy successfully—especially one that includes exercise—
requires early identification of at-risk patients. Modulating
the aberrant inflammatory response, restoring endocrine
homeostasis, and providing supportive care early in the
disease trajectory offers the best prospect for improving
weight, LBM, and physical function. A greater awareness of
the CAS by clinicians and the development of biomarkers
will facilitate timely diagnosis and initiation of therapy. In
addition, multimodality therapies for cachexia need to be
relatively safe—without a negative impact on survival or
QoL—and must be accompanied by supportive care, which
may include a team providing nutritional counseling, an
exercise program, and optimal symptom management.
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