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INTRODUCTION

Sarcopenia is defined as decreasing muscle mass 
and function. Sarcopenia is commonly found in 
malnourished and cachexia cancer patients [1,2]. The 
prevalence of sarcopenia varied from 13% to 61% in 
different cancer types. Prevalence of sarcopenia in 
cancer varied depending on types, stadium, location of 
cancer, measurement method, cut-off, and definition 
of sarcopenia. Late-stage cancer and gastrointestinal 
cancer had higher prevalence of sarcopenia [3].

Decreasing muscle mass did not exactly correlate 
with muscle strength [4,5]. Manini and Clark [6] suggest 
the definition of dynapenia to describe loss of muscle 
strength. The diagnosis of sarcopenia needs evaluation 
of muscle mass and strength together with physical 
performance. Several modalities had been used to 
evaluate those parameters [7].

Sarcopenia has an unfavorable impact on cancer. 
The sarcopenia in cancer will increase mortality risk 
from 1.11 to 4.84 times compared to those without 
sarcopenia [8,9]. Sarcopenia also decreased response to 
chemotherapy and cancer survival. In the end, it will 

decrease the quality of life of patients with cancer [3]. 
In this literature review, we will evaluate current articles 
related to sarcopenia and cancer.

Search Strategies
A comprehensive search of literature was conducted 

in the PubMed (NIH) and EMBASE databases (January 
1989 to January 2019) using keyword combinations of 
the medical subject headings (MeSH) of ‘sarcopenia’, 
‘muscle mass’, ‘muscle strength’, ‘physical performance’, 
‘exercise’, ‘cancer’, and ‘neoplasm’. Relevant reference 
lists were also manually searched. Studies on childhood 
cancer and hematological diseases were excluded.

Definition of Sarcopenia
Sarcopenia is defined as a deprivation of muscle 

mass and function. In 1988, Rosenborg for the first 
time used the concept of sarcopenia as progressive loss 
of skeletal muscle mass in elderly. Decreasing of lean 
body mass will impact decreasing physical performances 
which are correlated with increasing age [1,2]. Firstly, 
Baumgartner used the term “sarcopenia” to describe 
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decreasing muscle mass because of age. Sarcopenia in 
Greek term means poor of flesh [7].

Based on the European Working Group on Sarcopenia 
in Older People (EWGSOP), sarcopenia is a syndrome 
characterized by decreasing muscle mass and function 
with impact on physical disability, and poor quality of 
life and survival. Based on those criteria, sarcopenia is 
diagnosed if there is a decreasing of muscle mass and 
function [10]. Diagnosis criteria of sarcopenia need low 
muscle mass and either low muscle strength or 
disturbance of physical performances in daily life. Muscle 
strength is not correlated solely on muscle mass. Those 
relationships were not linear [10,11]. As a result, the 
diagnosis of sarcopenia needs evaluation of muscle mass 
and strength together with physical performances as 
can be seen in Table 1.

Sarcopenia can be divided into 3 stages. If low 
muscle mass occurs without any sign of low muscle 
strength and physical performance, the condition is 
defined as pre-sarcopenia. This stage could be identified 
with good technique to measure muscle mass exactly 
based on the normal value in the population. Sarcopenia 
was defined if there is low muscle mass accompanied 
by either low muscle strength or physical performance. 
If low muscle mass, low muscle strength, and low 
physical performance were found, the condition is 
categorized as severe sarcopenia [10].

In 2018, EWGSOP2 uses low muscle strength as the 
primary parameter of sarcopenia; muscle strength is 
currently the most reliable measurement of muscle 
function. Sarcopenia is probable when low muscle 
strength is detected. Sarcopenia diagnosis is confirmed 
by the presence of low muscle quantity or quality [12]. 
The 2018 operational definition of sarcopenia can be 
seen in Table 2.

Mechanisms of Sarcopenia in Cancer
There are several proposed mechanisms of 

sarcopenia. Primary, age-related, sarcopenia is associated 
with sex hormones, apoptosis, and mitochondrial 
dysfunction, anorexia of aging. Secondary sarcopenia 
starts from the mechanism involving neurodegenerative 
processes such as motor neuron diseases and 
endocrinopathy which is associated with a reduction of 
anabolic hormone levels (such as growth hormone, 
insulin-like growth factor-1 (IGF-1), testosterone, vitamin 
D, increased cortisol, abnormal thyroid function, insulin 
resistance), pro-inflammatory cytokines (such as 
interleukin-1, interleukin-6 and tumor necrosis factor-
alpha), and inadequate nutrition or malabsorption and 
disuse situations (such as the immobilization syndrome, 
physical inactivity) [10,13–15]. 

There are several mechanisms that might contribute 
to the onset and progression of sarcopenia. Sarcopenia 
can be divided based on the causes of primary sarcopenia 

or age-related sarcopenia and secondary sarcopenia. 
Several factors, such as sex hormones, apoptosis, and 
mitochondrial dysfunction, may have roles in the 
development of sarcopenia. Secondary sarcopenia could 
be divided into activity-related sarcopenia, disease-related 
sarcopenia, and nutrition-related sarcopenia. Activity-
related sarcopenia can result from bed rest, sedentary 
lifestyle, deconditioning or zero-gravity conditions. 
Disease-related sarcopenia is associated with advanced 
organ failures such as heart, lung, liver, kidney, or brain 
failure, or inflammatory diseases (cancer or endocrine 
disease). Lastly, nutrition-related sarcopenia is resulted 
from inadequate dietary intake of energy and/or protein, 
for instance in conditions of malnutrition and 
gastrointestinal disorders [10]. The summary of 
mechanisms of sarcopenia can be seen in Figure 1.

Table 1. Diagnosis criteria of sarcopenia [10]

Diagnosis based on criteria 1 AND criteria 2 or 3

1. Low muscle mass
2. Low muscle strength
3. Low physical performances.

Table 2. Operational definition of sarcopenia (2018) [12]

Probable sarcopenia is identified by Criterion 1.
Diagnosis is confirmed by additional documentation  
of Criterion 2.
If Criteria 1,2, and 3 are all met, sarcopenia is 
considered severe.

Low muscle strength
Low muscle quantity and quality
Low Physical performance

Figure 1. Mechanisms of sarcopenia [10].

Impact of Sarcopenia in Cancer
Sarcopenia in cancer patients will develop higher 

chemotherapy toxicity because of oncology therapy, as a 
result of decreased tolerance to chemotherapy, decreased 
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chemotherapy doses and delayed chemotherapy schedule. 
Toxicity increment caused by those risks varied from 1.6 
to 13 times depends on the type of chemotherapy drugs 
given [3]. The possible explanation for this chemotherapy 
toxicity is because chemotherapy dose was defined based 
on the calculation of body surface area consist of height 
and weight to predict the soft tissues.

Sarcopenia patients will get greater toxicity after 
oncology therapy compared to those without sarcopenia, 
due to decreased tolerance to therapy by decreased 
chemotherapy dose or delayed chemotherapy schedule. 
The risk of toxicity varied between 1.6 to 13 times 
depends on the type of chemotherapy drugs given [3]. 
The possible explanation of chemotherapy toxicity in 
sarcopenia is because the chemotherapy drug dose 
evaluation is based on body surface area comprise of 
height and weight to predict body tissues. It did not 
consider adipose mass that is the biggest tissue in the 
body and this one is the most difficult part to predict. 
The body composition difference is varied between the 
different classes of body mass index, so the body tissue 
estimation using body surface is not precise [16,17]. 
Because of this difference, sarcopenia patients tend to 
get increased chemotherapy toxicity [18].

Prado and colleagues found that lean body mass 
correlated with chemotherapy distribution volume and 
there was small correlation between lean body mass 
and body surface area (r2 = 0.37), especially in obese 
patients. The variation can be increased to three times 
effective distribution volume for each chemotherapy drug 
given to every unit body surface area. They also explained 
that lean body mass and aspartate transaminase (AST) 
contribute to 33% variation in Epirubicin clearance [19]. 
This explains overestimation of posology drug when body 
surface area is used. This variation can be bigger 
concomitant with increased body mass index [20].

In cancer patients with sarcopenia whose 
chemotherapy doses were calculated based on the body 
weight, in the settings distribution volume lower will 
impact higher chemotherapy drug concentration in a 
relatively short period. In those conditions, there is 
difficulty in metabolizing and clearing chemotherapy 
drugs from systemic circulation [21].

Risk Factors of Sarcopenia in Cancer
Body composition

The important factor in metabolism many drugs 
include chemotherapy is body composition. Patients with 
low lean body mass (LBM) will impact to low distribution 
volume of cytotoxic chemotherapy drugs. The previous 
study explained that patients who got chemotherapy 
5-fluorouracil (5-FU) doses based on body weight 
associated with increased incidence overall toxicity. 
Another study done by Gusella et al. [22] showed that 
LBM and total body water (TBW) were the better 

prediction pharmacokinetic clearance and distribution 
volume than body surface area (BSA) or bodyweight.

Aslani et al. [23] study done in 31 patients who got 
cyclophosphamide, methotrexate, and 5-FU with 
calculated doses with LPB, there were increased 28 times 
relative risk neutropenia grades 3 and 4 in patients with 
LBM less than 89% than normal after adjusted with age 
and sex. This study also showed that chemotherapy 
toxicity correlated inverse with muscle mass.

Age
The incidence of cancer increased with age and more 

than 50% of all cancer diagnosed after 65 years old [24]. 
Decreased muscle mass associated with age started after 
the 5th decade and those decreased was 1.9 kg every 
decade in males and 1.1 kg every decade in female. The 
loss especially types 2 muscle spindles because of 
progressive loss of denervation and motor neuron. 
Comorbidity such as type 2 diabetes and ischemic stroke 
had a role through inflammation pathway, disturbed 
metabolism and deconditioning [25,26]. Because the 
muscle loss correlated with age, chemotherapy drugs are 
given in elderly increased toxicity risk. 

Malnutrition
Cancer patients with severe malnutrition will develop 

cachexia. From a survey of 1453 oncology outpatient 
clinics, there were reported 32% increased risk of 
malnutrition [27]. In condition of negative energy 
balance, amino acids from muscle protein will be used 
as energy sources and will impact decreased muscle 
protein [28]. Decreasing total protein muscle will 
contribute to decreased muscle function. In study of 
colorectal cancer with malnutrition, there is decreasing 
29% handgrip strength and 12.2 kg total body muscle 
when compared to them without malnutrition [29].

Immobilization
Patients with cancer on some occasions have 

decreased physical daily activity. In post-operation period, 
they usually stayed in prolonged bedridden that will 
impact decreased muscle mass similarly found in elderly 
patients. Immobilization more than 10 days will decrease 
isokinetic muscle strength and decreased 1.5 kg total 
body muscle mass especially in lower extremities [30].

Inflammation
Cancer is chronic inflammation. A study in mice with 

cancer showed increased in pro-inflammation cytokines 
such as TNF-alpha, I1a-beta and interferon-gamma. This 
proinflammation cytokines activated nuclear factor kappa 
beta signal in muscle and then started transcription ligase 
ubiquitin, atropine-1, and Murf1. The end product was 
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activated this pathway and developed muscle protein 
degradation [31]. Those activated pathways also reported 
in newly diagnosed cancer patients. Those phenomena 
supported that inflammation response to cancer cells 
directly start with first phase muscle degradation and 
this one had happened in early-stage until developed 
decreasing of muscle mass detected clinically [32].

Cancer cell metabolism
The cancer cell is active metabolism through 

glycolysis cycle that produced prime energy. The cancer 
cell will take a sum of glucose by competing from the 
host cell. A recent study showed that cancer cell 
depends on amino acid glutamine [33,34]. As a result, 
cancer patients had negative protein balance, will 
develop malnutrition and at last decreased muscle mass.

Malnutrition-associated Sarcopenia
The sarcopenia phenotype is also associated with 

malnutrition, regardless of if the malnourished condition 
because of low dietary intake (starvation, inability to 
eat), reduced nutrient bioavailability (diarrhea, vomiting) 
or high nutrient bioavailability (inflammatory disease 
such as cancer). Low muscle mass has recently been 
considered as part of definition of malnutrition. Also 
in malnutrition, low-fat mass is usually present but is 
not necessarily the case in sarcopenia [35,36].

Screening of Sarcopenia
Variety tests and tools are now available for screening 

sarcopenia in practice and in research. In clinical practice, 
case finding may start when patients report symptoms 
and signs of sarcopenia. Symptoms like falling, feeling 
weak, slow walking speed, difficulty rising from a chair 
or weight loss/muscle wasting should be considered 
having sarcopenia. In such cases, further testing and 
evaluation of sarcopenia are recommended [37].

European Working Group Sarcopenia in Older People 
(EWGSOP) recommends the use of the SARC-F 
questionnaire to evaluate self-reports from patients with 
signs of sarcopenia. SARC-F can be readily used in 
community healthcare and other clinical settings. The 

SARC-F is a 5-item questionnaire that is self-reported 
by patients as screen for sarcopenia risk [38]. Responses 
are based on the patients’ perception of their limitation 
in strength, walking ability, rising from a chair stair 
climbing and experiences of falls. The tools have been 
validated in larger population especially in Asian 
population in a study of Chinese men and women [39].

SARC-F has low to moderate sensitivity and very high 
specificity to predict low muscle strength. So, SARC-F 
will likely to detect severe cases. SARC-F is an inexpensive 
and convenient method for sarcopenia risk screening [40]. 
Alternatively, clinicians may use a formal case-finding 
instrument such as using the Ishii screening test, a 
method that estimates the probability of sarcopenia using 
an equation-derived score based on three variables-age, 
grip strength and calf circumference [41].

Diagnosis of Sarcopenia
Based on the definition of sarcopenia comprise of 

muscle mass and strength, to diagnosis need examination 
both of them. Muscle mass evaluation is done from 
examination body composition using dual-energy X-ray 
absorptiometry (DXA) and bioelectrical impedance (BIA). 
Muscle mass examination also can be done through 
cross-sectional area evaluation that correlated with body 
composition. A tool to evaluate this one can use 
computerized tomography (CT), magnetic resonance 
imaging (MRI) and ultrasound [42].

Function exam or muscle strength can be done with 
handgrip strength exam, quadriceps muscle strength 
and skeletal muscle index.43 Based on recommendation 
of EWGSOP, low handgrip strength was 30 kg in male 
and 20 kg in female. Peak expiration flow can be used 
to evaluate respiratory muscle strength if there are no 
lung problems. This exam is cheap, simple, available in 
many places and has prognostic value [44,45].

Evaluation physical performance comprises of walking 
speed, six-minute walking test, and walking upstairs test. 
Walking speed less than 0.8 m/s are categorized as poor 
physical performance. To evaluate muscle cell structure, 
muscle biopsy can be done to evaluate muscle morphology, 
biochemical indicator and gene expression profile [42]. 

Modality to evaluate sarcopenia summarize in Table 3.

Table 3. Measurement of sarcopenia parameters [10,12,42,46]

Measurement Tools
Cut-off values AWGS Cut-off values EWGSOP
Male Female Male Female

Skeletal muscle 
mass or quality

Dual energy X-ray absorptiometry (DXA) 7 kg/m2 5.4 kg/m2 7 kg/m2 6 kg/m2

Bio-impedance analysis (BIA) 7 kg/m2 5.7 kg/m2 < 10.76 kg/m2 < 6.76 kg/m2

Muscle strength
Handgrip strength (HS) 26 kg 18 kg 27 kg 16 kg
Knee flexion/extension (quadriceps strength) 18 kg 16 kg - -

Physical performance 6-m/4-m usual gait speed 0.8 m/s 0.8 m/s 0.8 m/s 0.8 m/s

AWGS: Asian working Group on Sarcopenia; EWGSOP: European Working Group on Sarcopenia. 
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To screen sarcopenia based on Asian Working Group 
on Sarcopenia (AWGS) recommendation, start with gait 
speed or physical performance and handgrip strength. 
If one of them is abnormal, proceed with muscle mass 
evaluation. Sarcopenia will be diagnosed if the result 
of muscle mass exam below the normal cut-off. Then, 
if both of the examinations were normal, we can 
conclude there is no sarcopenia [46].

Although the cut-off of these measurements in 
Asians might differ from those in Caucasians. If we 
use the lowest 20th percentile of gait speed in 
community settings according to mostly Asian studies, 
the cut-off would be higher than 1 m/s. Based on 
several epidemiological studies in Asia, the definition 
of low handgrip strength is <26 kg for men and <18 
kg for women. The AWGS recommends using height 
adjusted skeletal muscle mass, with suggested cut-off 
values of 7.0 kg/m2 in men and 5.4 kg/m2 in women 
using dual x-ray absorptiometry (DXA). The suggested 
cut-off values are 7.0 kg/m2 in men and 5.7 kg/m2 in 
women when bioelectrical impedance analysis (BIA) is 
used. Yet, DXA is not yet available in most Asian 
countries because the software analysis is different 
from bone mineral density evaluation. BIA is an 
alternative inexpensive measurement for assessing 
muscle mass [47].

A variety of methods are being used or evaluated 
to determine the quantity and quality of muscle and 
impact of sarcopenia in a patient’s QoL. These diagnostic 
measures are being tested for validity, reliability, and 
accuracy in cancer patients.

Lumbar 3rd vertebra imaging by computed 
tomography

Computed tomography (CT) has been used in cancer 
patients to describe tumors and their response to 
treatment, and this technique has also been shown to 
give a practical and precise measure of body composition. 
In particular, CT images of a specific lumbar vertebral 
landmark (L3) are correlated significantly with whole-
body muscle. This imaging method has been used to 
detect low muscle mass, even in patients with normal 
or high body weights and it also can predict prognosis. 
Quantification of lumbar L3 cross-sectional area also 
has been done by MRI [48,49].

Mid-thigh muscle measurement
Mid-thigh imaging (by MRI or CT) has also been 

used in research studies. This is a good predictor of 
whole-body skeletal muscle mass and very sensitive to 
change. Mid-thigh muscle area is more strongly 
correlated with total body muscle volume than are 
lumbar muscle areas L1-L5 [48,49].

Psoas muscle measurement
CT-based measurement of the psoas muscle has also 

been reported as simple and predictive of morbidities 
in certain conditions (cirrhosis, colorectal surgery). 
Further studies need to be done to verify this method 
because psoas is minor muscle and it might not be the 
representative of overall sarcopenia [50,51].

Muscle quality measurement
Muscle quality measurement is a relatively new term, 

referring to both micro and macroscopic changes in 
muscle architecture and composition and muscle 
function delivered per unit of muscle mass. Imaging 
tools such as MRI and CT have been used to assess 
muscle quality in research settings, for instance to 
determine infiltration of fat into muscle and use the 
attenuation of the muscle. Another term, muscle quality, 
has been applied to ratios of muscle strength to 
appendicular skeletal muscle mass or volume. Muscle 
quality has been assessed by BIA-derived phase angle 
measurement [52,53].

Treatment
Non-pharmacological management is beneficial for 

sarcopenia in adults in terms of prevention and 
treatment such as exercise and nutrition. No Medications 
are currently proven to be efficacious as exercise but 
might be beneficial in older adults with deficiency such 
as testosterone, dehydroepiandrosterone (DHEA), growth 
hormone, and vitamin D.

Exercise
Physical activity exercise is the best strategy for 

primary and secondary prevention. Physical activity can 
change skeletal muscle directly and can repair this 
muscle dysfunction. Repetitive muscle contraction can 
stimulate physiologic changes of muscle contractile 
machinery, mitochondria function, metabolic settlement 
and intracellular signal [42,54].

Physical inactivity is part of the pathogenesis of 
sarcopenia. Therefore, exercise can reverse or prevent 
the occurrence of sarcopenia. Exercise is the most 
effective method to improve quality of life and function 
in older adults [55]. Resistance exercise (RE) is the type 
of exercise that mainly increases muscle mass and muscle 
strength by directly stimulate protein synthesis especially 
by progressive resistance exercise (PRE). This exercise is 
the most commonly used in resistance therapy. It requires 
muscle to generate power to move or resist weight and 
escalate the intensity when physical capacity improves 
[55,56]. A meta-analysis and systematic review showed 
that progressive resistance exercise can reduce physical 
disability in older adults [57].
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Aerobic exercise can benefit to improve cardiovascular 
fitness and endurance. It increases the cross-sectional 
area of muscle fibers, mitochondrial volume and enzyme 
activity, but it is unlikely to increase muscle hypertrophy 
[58]. Combinations of aerobic and resistance exercises 
can further improve muscle strength and function and 
are important to prevent and treat sarcopenia [59].

Diet
Anorexia is commonly found in cancer patients 

especially in the late stage. Anorexia is the commonly-
used word to define reduce appetite and low intake. 
Inadequate protein intake is particularly the key 
component to develop sarcopenia. It can be the result 
of physiological change, comorbidities and treatment-
related [60].

The daily recommendation of protein is about 1.5 
g/kg/day which is higher than current dietary 
recommendation because of increased catabolism in 
cancer patients. An essential amino acid (EAA) plays an 
important role in muscle protein synthesis and declined 
proteolysis. It is recommended for cancer patients to 
take adequate protein with a high EAA such as beef, 
fish, and peanuts [55].

Vitamin D decreases with age as a result of an 
intrinsic change in vitamin D synthesis and extrinsic 
causes such as malnutrition and reduced sunlight 
exposure in elderly cancer patients and bedridden. 
Vitamin D deficiency is related to altered muscle 
morphology causing osteomalacia and myopathy, 
reduced muscle strength, muscle mass, and physical 
performances that lead to an increased risk of 
sarcopenia. Vitamin D supplementation does not show 
beneficial effects in improved muscle strength, muscle 
function and decreased risk of falls but co-administration 
with 1000 mg of calcium in vitamin D deficient patients 
can decrease risk of falling. This effect is dose-dependent 
(700–1000 IU/day of vitamin D 3) and vitamin D level 
of at least 60 nmol/L is required for prevention [61–63].

There is evidence that the combination of exercise, 
adequate nutrition, and vitamin D supplementation is 
superior to the exercise alone to increase muscle 
strength, muscle mass and gait speed in sarcopenic 
patients. Therefore, adequate energy and protein intake 
during exercise are important [60].

Medications
The mechanisms of pharmacological management 

of sarcopenia focus on various pathways such as 
androgen receptors, peroxisome proliferator-activated 
receptor delta, insulin-like growth factor 1, beta-
adrenergic receptors, neuregulins, angiotensin-converting 
enzymes, and inflammatory cytokines. However, no 
proven drug is recommended to be used in sarcopenia 
for prevention and treatment at present. Some 

medications improved muscle mass, muscle function 
and physical performance in animal studies but it is 
limited in cancer patients. Most studied drugs are 
testosterone, growth hormone, dehydroepiandrosterone 
(DHEA) and vitamin D especially in older adults [54,62].

The growth hormone is indicated in growth disorders 
and growth hormone deficiency. The benefits of GH in 
older adults are associated with increased total lean 
body mass, decreased fat mass, and decreased muscle-
bone demineralized rate but the role in increased muscle 
strength, muscle power, aerobic endurance and physical 
performance after short treatment periods is limited. 
Severe side effects that are also found are joint pain, 
carpal tunnel syndrome, edema, carbohydrate 
intolerance, diabetes, and tumors [54].

DHEA is a precursor of sex hormones indicated in 
testosterone deficiency. It can increase bone density in 
older adults, and it may increase muscle strength via 
an increased ratio of circulating testosterone to cortisol 
in animal studies [56,59].

CONCLUSIONS

Patients with cancer are the population at risk to 
develop sarcopenia before and after chemotherapy. The 
loss of muscle mass that happens during chemotherapy 
will make a poor prognosis. Sarcopenia can worse 
chemotherapy toxicity. Sarcopenia diagnosis needs 
evaluation of muscle mass and muscle strength or 
physical performance. Physical activity exercise is the 
best strategy for sarcopenia in cancer patients. The 
combination of adequate energy and protein with 
vitamin D supplementation is important. 
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