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Abstract

Sarcopenia is a progressive loss of skeletal muscle mass and strength with consequent physical 
disability and negative impact on quality of life. Chemotherapy or surgery effi  cacy on cancer is infl uenced 
by the presence of sarcopenia. In particular, chemotherapy toxicity is infl uenced by genetic variability 
because the expression of specifi c muscular enzymes, i.e. dihydropyrimidine dehydrogenase (DPD), play 
an important role in the catabolism of anti-cancer drugs. The reduction of the total body DPD activity in 
muscle tissue due to sarcopenia is related to severe chemotherapy-related side effects such as nausea, 
vomiting, diarrhea, neutropenia, anemia, and infections. Sarcopenia and its detrimental impact on patients’ 
prognosis have been shown in several types of cancer, such as lung cancer, renal cancer, hepatocellular 
carcinoma, esophageal cancer, pancreatic cancer, breast cancer, medullary thyroid carcinoma, colorectal 
cancer, gastric cancer, urothelial cancer, hematologic malignancies etc. Sarcopenia may be optimally 
recognized by measures of muscle mass and physical performance and the diagnostic criteria. The 
presence of sarcopenia in elderly cancer patients should be routinely investigated by physicians in order 
to carry out appropriate nutritional and pharmacologic interventions.
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Introduction

Sarcopenia is present in about 5 to 10% of people older 

than 65 years. The prevalence is 15%-50% in patients with 

cancer. The prevalence of pre-therapeutic sarcopenia in cancer 

patients is 38.6% [1,2]. The health care costs of sarcopenia 

in the United States in the year of 2000 were estimated at 

~1.5% of total healthcare expenditure [3]. Esophageal and 

small-cell lung cancers show the highest prevalence of pre-

therapeutic sarcopenia. Pre-therapeutic sarcopenia has 

severe consequences for outcomes such as postoperative 

complications, chemotherapy-induced toxicity and poor 

survival in cancer patients [2]. The aims of this mini-review 

are: 

1. To describe evidences about the impact of sarcopenia on 

the effi cacy and side effects of cancer treatments, and 

also on clinical and surgical outcomes in elderly cancer 

patients (Figure 1)

2. To give to the clinicians a view about the defi nition and 

the diagnostic criteria (Table 1) of sarcopenia. 

The references resulted from a selection on Medline by 

using the keywords “sarcopenia”, “elderly”, “older adults”, 

and “cancer” and the following limits: “clinical trial”, 

“humans”, and “aged >65 years”.

Defi nition of sarcopenia

The term sarcopenia comes from the Greek roots of the 
words sarx (for fl esh) and penia (for loss). Sarcopenia was 
described for the fi rst time in 1989 as an age-associated 
condition characterized by relevant changes in body 
composition and physical performance [4]. Sarcopenia is often 
considered as a geriatric syndrome because human ageing is 
associated with progressive decline in skeletal muscle mass, 
strength and functionality [5], but its development may also 
a concern among the chronically ill non-elderly, i.e. intensive 
care unit [6], chronic liver disease [7], respiratory failure [8], 
metabolic syndrome [9], cancer patients. 

According to the European Working Group on Sarcopenia in 
Older People (EWGSOP) recommendations, the diagnosis of 
sarcopenia is based on the presence of low muscle mass and 
low muscle strength or low physical performance [5,10]. 71% of 
older cancer patients show more than 10% of body weight loss 
at the hospital admission and decreases in fat mass, triceps 
skinfold and muscle mass during hospital stay [11]. The factors 
leading to sarcopenia in older cancer patients are mainly 
represented by the presence of anorexia, reduced food intake, 
side effects of drugs, and muscle disuse. Loss of motor neurons, 
reduced levels of anabolic hormones such as testosterone, 
insulin resistance, and infl ammation play a role in cancer- and 
chronic disease-related sarcopenia [12-14]. In older cancer 
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patients, sarcopenia is the consequence of metabolic changes 
in skeletal muscle consisting of an increased rate of protein 
breakdown and reduced anabolism [15]. The consequences of 
sarcopenia are mobility disorders, increased risk of falls and 
bone fractures, impaired performance in daily living activities, 
independence loss, poor quality of life, and increased risk 
of death [1,12]. There is a specifi c questionnaire, named the 
SARC-F, to detect the presence of sarcopenia with high 
specifi city but low sensitivity in clinical setting. Sometimes it 
is diffi cult to recognize sarcopenia because a small proportion 
of sarcopenic older adults do not show body weight loss due 

to an increase in fat mass, i.e. the phenotype of the sarcopenic 
obesity. Moreover, the presence of cancer cachexia may lead to 
loss of muscle mass up to 80%, often indistinguishable from 
sarcopenia [16]. 

Instrumental diagnosis of sarcopenia

Diagnosis of sarcopenia is based on the assessment of 
muscle mass and physical performance. Muscle mass can be 
quantifi ed with atomic detection and anatomic measures. 
Magnetic resonance imaging (MRI) and computed tomography 
(CT) are valid tools but are costly. CT is often used to assess 
fat-free mass and it is easily available during oncologic follow-
up. The third lumbar vertebra is considered as a landmark in 
CT image analysis. Muscle and adipose tissues cross-sectional 
areas are the average values of the measures of two consecutive 
slices. Slice-O-Matic software V4.3 (Tomovision) is used to 
analyze the images and cross-sectional areas are normalized 
for stature. MRI has similar accuracy in comparison with 
CT scan regarding the quantifi cation of fat and muscle. 
Instrumental diagnosis of sarcopenia deriving from MRI allows 
to calculate segmental and total muscle mass, and to assess 
muscle quality by calculating fat infi ltration in muscle. CT and 
MRI are more sensitive to small changes in muscle mass than 
dual energy X-ray absorptiometry (DXA), which represents the 
gold standard to evaluate body composition. DXA is currently 
the most reliable procedure for routine assessment of bone 
mineral density [17]. DXA is less costly than MRI but it is 
not generally considered a routine test. The measurement of 
skeletal muscle mass by DXA allow to use a muscle mass index 
(the appendicular fat-free mass of the upper and lower limbs 
divided by body height squared) indicating the presence of 
sarcopenia if it is >2 standard deviations (SDs) below the sex-
specifi c average in healthy young men or women under 30 years 
of age [18,19]. Bioelectrical impedance analysis (BIA) is easy 
to perform in clinical setting. BIA is currently recognized as a 
routine test to study body composition. It represents a reliable 
tool to analyze lean body mass (LBM) and adipose tissue; it is 
portable, relatively simple to use, and does not expose patients 
to radiation. The results obtained by BIA may be affected by 
patient’s hydration status [18,20]. There is also a muscle 
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Figure 1: The consequences of sarcopenia.

Table 1: Diagnostic criteria of sarcopenia by different study groups.

ESPEN SIG
1. Low muscle mass (percentage of muscle mass >2 SDs below mean in subjects aged 18-39 years)
                                                                                           AND
2. GS <0.8 m/s in the 4-minute test or reduced performance in any functional test used for the comprehensive geriatric assessment

EWGSOP

1. Low muscles mass (ALM/h2 ≤7.25 kg/m2 for men and ALM/h2 ≤5.67 kg/m2 for women)
                                                                                           AND
2. Low muscle strength (HG <30 kg for men and <20 kg for women)
                                                                                            OR
3. Low physical performance (GS <0.8 m/s in the 4-minute test)

IWGS
1. GS <1 m/s over a 4-meter course
                                                                                           AND
2. Low muscle mass (ALM/h2 ≤7.23 kg/m2 in men and ALM/h2 ≤5.67 kg/m2 in women)

SCWD
1. GS ≤1 m/s or walking distance <400 m during a 6-minute walk
                                                                                           AND
2. ALM/h2 >2 SDs below the mean of healthy subjects aged 20-30 years of the same ethnic group

ESPEN SIG: European Society for Clinical Nutrition and Metabolism Special Interest Group on cachexia-anorexia in chronic diseases; EWGSOP: European Working 
Group on Sarcopenia in Older People; IWGS: The International Working Group on Sarcopenia; SCWD: The Society for Sarcopenia, Cachexia and Wasting Disorders; ALM: 
appendicular lean mass; GS: gait speed; HG: Handgrip muscle strength; h: height.
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mass index consisting of muscle mass, as measured by BIA in 
kilograms, divided by body mass, multiplied by one hundred, 
and adjusted for size (cm) and non-skeletal muscle tissue (fat, 
organs and bone) [21]. The creatine dilution method is a novel 
measure of total body skeletal muscle mass; administration of 
tritium (D3)-marked creatine and measurement of urinary D3-
creatinine are used in a preclinical phase to assess muscle mass 
[17]. Isokinetic dynamometry is the recognized gold standard 
for measuring muscle strength, but its use is limited due to the 
high costs [18]. Handgrip strength is measured by the Jamar 
dynamometer or the Martin vigorimeter. Handgrip strength 
≤10th percentile is associated with lower body mass index 
(BMI), shorter survival, greater occurrence of sarcopenia, 
higher levels of fatigue, and poor performance status [22]. 

Diagnostic criteria of sarcopenia

As shown in table 1, the European Society for Clinical 
Nutrition and Metabolism Special Interest Groups (ESPEN 
SIG) set 2 diagnostic criteria for sarcopenia: low muscle mass 
(percentage of muscle mass >2 SDs below mean in individuals 
aged 18-39 y), walking speed <0.8 m/s in the 4-min test or 
reduced performance in any functional test used for the 
comprehensive geriatric assessment [23]. The European 
Working Group on Sarcopenia in Older People (EWGSOP) 
consensus conference proposed 3 stages: pre-sarcopenia (loss 
of muscle mass), sarcopenia (loss of muscle mass with either 
loss of strength or physical performance), and severe sarcopenia 
(all 3 aspects). According to this consensus conference the 
diagnosis for sarcopenia is based on the presence of low muscle 
mass (evaluated by the ratio of appendicular lean mass over 
height squared with the following limits: ≤7.23 kg/ht2 for 
men, ≤5.67 kg/ht2 for women) with either low muscle strength 
(estimated by grip strength <30 kg for men and <20 kg for 
women) or low physical performance (gait speed <0.8 m/s). 
The diagnosis derives from the presence of criterion 1 and 
criterion 2 or 3 [5]. International Working Group on Sarcopenia 
(IWGS) fi xed 2 criteria: gait speed <1 m/s, objective measures 
of low muscle mass, e.g. appendicular mass relative to height 
squared, i.e. ≤7.23 kg/m2 in men and ≤5.67 kg/m2 in women 
[12]. The Society of Sarcopenia, Cachexia and Wasting Disorders 
(SCWD) also fi xed 2 criteria: walking speed ≤1 m/s or walking 
distance <400 m during a 6-min walk, a lean appendicular 
mass corrected for height squared of >2 SDs below the mean 
of healthy persons aged between 20 and 30 years of the 
same ethnic group [24]. Baumgartner and colleagues defi ned 
sarcopenia as the relative muscle mass 2 SDs below the mean 
of a large sex-specifi c reference population 18–40 years old. 
Relative muscle mass was obtained by dividing absolute muscle 
mass estimated by DXA by height squared [25]. Janssen and 
colleagues highlighted the relevance of evaluating the severity 
of sarcopenia. In particular, class I sarcopenia refers to skeletal 
muscle index (calculated by dividing total muscle mass by total 
body mass, with muscle mass evaluated by BIA) between 1 and 
2 SDs below the young adult values and class II sarcopenia, as 
skeletal muscle index more than 2 SDs below the young adult 
reference [22]. The Foundation for the National Institutes 
of Health Sarcopenia Project reported a two-step approach 
consisting of diagnostic criteria for low muscle strength and 

low lean mass, i.e. grip strength <26 kg for men and <16 kg 
for women, appendicular lean mass adjusted to body mass 
index <0.789 for men and <0.512 for women but they have 
not identifi ed precise diagnostic criteria of sarcopenia [26]. 
A new frontier in the diagnosis of sarcopenia is represented 
by the associations of single nucleotide polymorphisms of the 
caveolin-1 gene with sarcopenia risk. Caveolin-1 may play a role 
in the etiology of sarcopenia. The allele of caveolin-1 G14713A 
may be used as an early marker for detection of sarcopenia [27].

Sarcopenia and cancer treatments

Muscle mass loss leads to a lower content of muscular fi bers 
with a concomitant decrease of muscular drug-metabolizing 
enzymes, such as dihydropyrimidine dehydrogenase (DPD), 
able to metabolize chemotherapeutic agents. Signifi cant DPD 
activity has been documented in the skeletal muscle, liver, 
and lymphocytes. Chemotherapy toxicity is also infl uenced by 
genetic variability. DPD is able to convert fl uoropyrimidines 
to inactive metabolites thus playing an important role in 
the catabolism of drugs, such as 5-Fluorouracil (5-FU) and 
capecitabine. In this light, the decrease of the total body DPD 
activity in muscle tissue, because of the presence of sarcopenia 
or genetic defects, is associated with severe chemotherapy 
toxicity. A decrease in LBM implies a decreased volume of 
distribution of chemotherapy hydrophylic drugs thereby 
resulting in increased toxicity due to higher concentrations 
and to a reduced drug clearance [28]. An alternative drug is 
recommended for poor chemotherapy metabolizers and a 
50% decrease in starting dose for intermediate metabolizers 
[29]. An increase in LBM may be necessary to normalize 
chemotherapy dosages as demonstrated by Prado et al aimed 
at determining the highest doses of 5-FU per kilogram of 
LBM able to cause dose-limiting toxicity in colon cancer 
patients treated with one cycle of 5-FU and leucovorin. This 
study reported the development of toxicity beyond a cut point 
of 20 mg of 5-FU/kg of LBM in women with lower LBM in 
relation to their body surface area. Low LBM is a predictor of 
toxicity in female colon cancer patients in whom 5-FU dose 
is administered per unit of body surface area [30]. Barret et al 
evaluated the effect of sarcopenia on chemotherapy toxicities 
during a follow-up of 2 months in 51 metastatic colorectal 
cancer patients. Sarcopenia was associated with grade 3-4 
toxicities that occurred in 13.3% of non-sarcopenic patients 
and in 33.3% of sarcopenic patients. Severe nausea or vomiting 
were described in 5.9% of cases, diarrhea in 2%, neutropenia 
in 7.8%, anemia in 2%, thrombopenia in 2%, and peripheral 
neuropathy in 5.9% [31]. Prado et al showed a median time to 
tumor progression of 62 days in sarcopenic patients versus 105 
days in non-sarcopenic women with metastatic breast cancer 
receiving capecitabine. Chemotherapy toxicity was present 
in 50% of sarcopenic patients versus 20% of non-sarcopenic 
patients because sarcopenic patients received a higher 
dose of capecitabine per unit of LBM [32]. In the study by 
Nakashima et al, sarcopenia was present in 49.9% of patients 
with esophageal cancer and in 44.6% of elderly patients 
with esophageal cancer. The incidence of anastomotic leak 
and in-hospital death was signifi cantly higher in the elderly 
sarcopenia group [33]. Sarcopenia occurred in 37 out of 89 
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patients with esophagogastric cancer undergoing neo-adjuvant 
chemotherapy prior to surgery as reported by Tan et al. [34]. 
In the study by Yip et al, body composition analysis evaluated 
by CT scan showed a high prevalence of sarcopenia and loss 
of fat mass after neoadjuvant chemotherapy in esophageal 
cancer. Loss of fat mass, and differential loss of visceral to 
subcutaneous adipose tissue ratio and loss of skeletal muscle 
were associated with the risk of circumferential resection 
margin positivity in esophageal cancer [35]. Metastatic renal 
cell cancer patients receiving sorafenib 400 mg bid also 
experienced toxicity that was prevalent in sarcopenic male 
patients with BMI <25 [36] as described by Antoun et al., 
Cousin et al., reported that 10 percent of patients affected by 
different types of tumor undergoing chemotherapy experience 
dose-limiting toxicity associated with a signifi cant lower 
skeletal muscle index. The side effects of chemotherapy were 
present in 25.5% of the patients with a skeletal muscle index 
below the median value [37]. Sarcopenia is associated with 
enhanced chemotherapy dose-limiting toxicity also in non-
metastatic renal cancer [38], hepatocellular carcinoma (HCC) 
[39], and medullary thyroid carcinoma [40]. On the other hand, 
cancer therapies may often contribute to the development of 
sarcopenia. Abiraterone administration determining androgen 
suppression is associated with muscle and visceral fat loss [41].

Sarcopenia and outcomes

Sharma et al concluded that the presence of sarcopenia 
is a predictor of postoperative complications such as wound 
dehiscence, wound infection, lymphocele, and fl ap necrosis 
in patients undergoing lymphadenectomy for penile cancer 
[42]. Hervochon et al., reported that sarcopenia is associated 
with high C-reactive protein levels (>20 mg/L) and long-
term outcomes are negatively affected by BMI ≤25 kg/m2 and 
total psoas area ≤33rd percentile in patients with non-small 
cell lung cancer requiring pneumonectomy [43]. In study by 
Huang et al on patients who underwent radical gastrectomy 
for gastric cancer, sarcopenia was staged as “presarcopenia”, 
“sarcopenia”, and “severe sarcopenia” according to the 
defi nition of the EWGSOP for preoperative risk stratifi cation. 
Advancing sarcopenia stages determined an increase of 
postoperative medical complications, length of hospital stays, 
healthcare costs, and worse postoperative outcomes after gastric 
cancer operation [44]. In the study by Kuroki et al, sarcopenic 
patients are older than patients with normal muscle mass. 
Sarcopenic patients had a shorter recurrence-free survival 
than non-sarcopenic patients among endometrial cancer 
patients but sarcopenia does not appear to have a negative 
impact on surgical outcomes or overall survival [45]. Joglekar 
et al concluded that sarcopenia is a signifi cant independent 
predictor of negative surgical outcome before pancreatectomy 
in pancreatic cancer patients [46]. Okumura et al investigated 
the relationship between preoperative sarcopenia and mortality 
in 230 pancreatic cancer patients undergoing resection. The 
quantity and quality of skeletal muscle was investigated by 
preoperative CT calculating psoas muscle mass index and 
intramuscular adipose tissue content. The overall survival 
and recurrence-free survival rates were reduced in patients 
with low psoas muscle mass index and in patients with high 

intramuscular adipose tissue content [47]. Nakashima et al 
showed that sarcopenia was associated with signifi cantly worse 
surgical outcomes in esophageal cancer aged 65 years and 
older; sarcopenia was also an unfavorable prognostic factor for 
survival [40]. Lieffers et al assessed the presence of sarcopenia 
by preoperative CT and tested the predicting role of sarcopenia 
on different outcomes in stage II–IV primary colorectal cancer 
patients after surgical resection. Length of stay was longer for 
sarcopenic patients and, particularly, in those ≥65 years. In 
patient’s ≥65 years, sarcopenia was an independent predictor 
factor of rehabilitation care and infections [48]. In the study 
by Miyamoto et al, carcinoembryonic antigen levels were 
higher in sarcopenic patients than non sarcopenic patients 
undergoing curative resection for stage I-III colorectal cancer. 
Recurrence-free survival and overall survival were signifi cantly 
shorter in sarcopenic than non-sarcopenic patients. Skeletal 
muscle depletion negatively infl uences the prognosis of 
patients with resectable stage I-III colorectal cancer [49]. In 
study by Fukushima et al on advanced urothelial carcinoma, 
the median overall survival rates in sarcopenic and non-
sarcopenic advanced patients were 11 months and 31 months, 
respectively, being sarcopenia a signifi cant predictor of overall 
survival [50]. In study by Psutka, sarcopenia signifi cantly 
worsened 5-year cancer-specifi c survival, overall survival, and 
all-cause mortality with a median follow-up of 6.7 years in 205 
patients after radical cystectomy for urothelial cancer of the 
bladder [51]. Dodson et al., reported that sarcopenia is also an 
independent predictor for greater mortality after intra-arterial 
therapy for hepatic malignancies [52]. Harimoto et al reported 
the predictive role of sarcopenia for worse overall survival in 
patients affected by HCC following partial hepatectomy [53]. 
The 5-year overall survival rate was 71% in sarcopenic versus 
83.7% in non-sarcopenic patients. The 5-year recurrence-
free survival rate was 13% in sarcopenic patients versus 33.2% 
in non-sarcopenic patients with hepatic malignancies [52]. 
Sarcopenia is associated with poor prognosis in HCC by Iritani 
et al., [54]. In the study by Fujiwara et al, low skeletal muscle 
index, reduced intramuscular fat deposition, and high visceral-
to-subcutaneous adipose tissue area ratio, were signifi cant 
predictors of survival in HCC. A subgroup analysis performed in 
515 patients with early stage HCC who underwent percutaneous 
radiofrequency ablation showed that sarcopenia was associated 
with a higher risk for HCC recurrence [55]. Camus et al showed 
that in older patients with diffuse large B-cell lymphoma, 
treated with immunochemotherapy, the 2-year overall 
survival in sarcopenic patients was 46% versus 84% in non 
sarcopenic. The Cachexia Score, an index to evaluate the risk 
of malnutrition, established two distinct risk groups with 
0-1, representing standard risk and 2, representing high risk. 
Cachexia Score equal to 2 corresponded to a higher Charlson 
Comorbidity Index, higher LDH levels, higher number of 
death, higher International Prognostic Index (R-IPI), a poorer 
performance status, a lower BMI and lower albumin levels 
[56]. These data were confi rmed by Lanic et al. that analyzed 
82 patients with diffuse large B-cell lymphoma ≥70 years and 
receiving R-CHOP or R-mini CHOP. Sarcopenic patients had a 
higher R-IPI and were older than non-sarcopenic patients [57]. 
On the contrary, the study by Prado involving 67 breast cancer 
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patients evaluated the negative impact of sarcopenic obesity on 
prognosis and compared subjects with pathological complete 
response to neoadjuvant chemotherapy and controls without 
pathological complete response to neoadjuvant chemotherapy. 
The pathological complete response rate was higher and the 
progression-free survival interval was signifi cantly longer in 
normal weight sarcopenic patients than in overweight or obese 
patients [58]. The implications of sarcopenic obesity in patients 
with solid tumors of the respiratory and gastrointestinal 
tracts are reported in the study by Prado et al on 250 cancer 
patients showing that sarcopenia is associated with reduced 
performance status and decreased survival [59].

Conclusion

The presence of sarcopenia negatively impacts on older 
cancer patients’ clinical outcomes. We can consider sarcopenia 
as a signifi cant predictor of chemotherapy toxicity and a shorter 
time to tumor progression. Available data on older adults 
suggest to evaluate body composition and muscle strength to 
predict toxicity in order to individualize chemotherapy dosing. 
The central role of sarcopenia in surgery is confi rmed by higher 
rates of complications and the infl uence on survival rate after 
surgical interventions on older cancer patients. The awareness 
of the consensus defi nitions of sarcopenia is necessary to 
recognize its presence in older cancer patients. Sarcopenia is 
a relevant clinical condition negatively impacting on several 
outcomes such as physical performance, quality of life, and 
mortality. The depletion of muscle mass is associated with 
infectious complications, longer hospitalization, prolonged 
mechanical ventilation, and longer rehabilitation care after 
hospital discharge. The presence of sarcopenia should be 
routinely investigated in elderly cancer patients in order to 
develop appropriate interventions against muscle loss. In this 
light, taking into consideration an accurate nutritional and 
metabolic evaluation appears mandatory to improve treatment 
response rate, reduce side effects and improve patients’ quality 
of life.
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