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Abstract. Background/Aim: Sarcopenia describes the loss of
skeletal muscle mass. While this condition is associated with
a high mortality in cancer patients, its influence on survival
is still underestimated. Patients and Methods: A systematic
review for articles was performed using the PubMed database,
Cochrane Library, Biomed Central, Science Direct and by
manual search. We used data of overall survival in sarcopenic
patients for assessing the death risk. We extracted hazard ratio
estimates from univariate and multivariate Cox proportional
hazards models for meta-analysis. Results: A total of 15
studies were eligible for meta-analysis including a total of
2,521 lung cancer patients. Univariate meta-analysis revealed
a two-fold increased death risk in sarcopenic patients;
multivariate meta-analysis yielded a significant, three-fold
elevated risk of death. This higher mortality is independent of
tumour stage. Conclusion: Muscle loss is an independent risk
factor for increased death risk in lung cancer patients
independent of cancer stage. This argues for implementing
screening for sarcopenia into cancer care.
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Sarcopenia describes the age-related loss of muscle mass and
strength starting during the fourth to fifth decade of life. It
is defined as a muscle mass of at least two standard
deviations below the mean muscle mass found in young
healthy adults (1-3).

While often reported in the elderly, loss of muscle mass does
also manifest in patients suffering from a chronical disease like
congestive heart failure, chronical obstructive pulmonary
disease, chronical renal failure or cancer. Muscle loss has a
relevant impact on survival, especially in the latter group. The
prevalence of sarcopenia in cancer patients depends on cancer
entity, which is why a prevalence of 16% is described in breast
cancer patients, whereas 71% of lung cancer patients under
palliative therapy suffer from sarcopenia (4-6).

Muscle wasting is an unfavourable prognostic factor for
cancer specific survival of rectum, liver, oesophagus,
stomach or kidney cancer patients (1, 7). If muscle mass is
maintained or increased, patients show a longer overall
survival (5). Sarcopenia may be caused by several different
factors; cancer, chemotherapy or locoregional impairment
caused by surgery or radiation therapy, comorbidities,
malnutrition or physical inactivity (8). Sarcopenia itself is
also a risk factor for an increase in chemotoxicity and a
decrease in therapy response (1). Physical activity prevents
muscle wasting; a small pilot study showed that smartphones
are a good tool to implement personalized physical activity
programs and to increase physical activity of patients (9, 10).
Sarcopenia is assessed by using Dual-energy X-ray
absorptiometry scan (DEXA), bioelectrical impedance
analysis (BIA) or computed tomography (2). Especially
computed tomography is used routinely for investigations

4603



ANTICANCER RESEARCH 39: 4603-4612 (2019)

and follow-up in lung cancer patients and offers an elegant
way to simultaneously assess sarcopenia by calculating the
skeletal muscle mass index (5, 11-20).

Here, we investigated sarcopenia as a potential prognostic
factor in lung cancer patients. We further analysed the
influence of tumour stage, study design and an increase in
muscle mass on patients’ outcome.

Patients and Methods

Literature search and study selection. To identify relevant studies,
we performed a systematic literature search in the bibliographic
databases MEDLINE via PubMed (299 hits), BioMed Central (24
hits), Science Direct (331 hits) and Cochrane Library (26 hits) on
2nd May 2018. No language restrictions and no filters were applied
to the search. The following search terms were used: (“lung cancer”
OR “lung cancers” OR “pulmonary cancer” OR “pulmonary
cancers” OR “lung neoplasm” OR “lung neoplasms” OR “lung
neoplasm” (MeSH Terms)) AND (“sarcopenia” OR “sarcopenia”
(MeSH Terms) OR “malnutrition” OR “malnutrition” (MeSH
Terms)). The abstracts identified by the literature search were
screened independently for inclusion and exclusion criteria by two
investigators (JB and AE). If an abstract was judged as potentially
relevant, the full-text of the publication was screened. Studies were
included (I) if sarcopenia was assessed in lung cancer patients using
DEXA, BIA or computed tomography, (II) if overall survival was
reported and (III) if data were suitable for statistical analysis (refer
also to subsection data extraction and meta-analyses). Reference
lists of the publications fulfilling the inclusion criteria were also
screened via hand search in order to identify additional studies.

Quality assessment. Since the meta-analysis was based on
observational studies, we assessed the study’s quality regarding
three category groups, as recommended (20): selection of patients
(low-risk in studies with consecutive inclusion of patients; high-risk
mainly in retrospective studies without consecutive inclusion),
description of outcome measurement (low-risk if the observation
period for the endpoint mortality has been defined in the
publication) and description of the covariate measurement
(definition of the covariates included in the survival analyses; high-
risk for studies without inclusion of covariates in the model;
unknown risk for studies reporting multivariate analyses but without
specification of the covariates, and low-risk for studies, which
explained explicating the covariates of the multivariate models).

Data extraction and Meta-analyses. We extracted data on study
design, recruitment time, number, gender and age of patients,
cancer entity and cancer stage, treatment, method of assessing
sarcopenia and the cut off for sarcopenia of the chosen method.
As the measure of interest quantifying the effect of sarcopenia on
overall survival we extracted hazard ratios from univariate and
multivariate Cox proportional hazards models. We extracted point
estimates and the associated confidence interval. The extracted
hazard ratios were log-transformed and their standard errors were
calculated from the reported 95% confidence intervals. The effect
estimators were combined in a random effects model with inverse
variance weighting and using a heterogeneity estimator of
DerSimonian and Laird (21, 22). Heterogeneity between studies
was examined by using the 12 statistic, quantifying inconsistency
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across studies. Tau? was given as an estimator of the variance
between studies in a random effect meta-analysis. The stability of
the pooled results was examined by leaving out one study at a
time and pooling the remaining effect measures. Separate meta-
analyses have been conducted regarding inclusion of covariates
in the cox proportional hazards models (univariate and
multivariate). We conducted further a separate meta-analysis for
studies including sarcopenia as continuous variable (per unit
SMI/SMA or phase angle) in the Cox proportional hazards model.
Subgroup analyses have been conducted regarding study design
(retrospective and prospective) and tumour classification (if UICC
classification was reported, UICC I to IIla and UICC IIIB to IV).
For this subgroup analyses point estimates and confidence
intervals from univariate analyses have been used, since most of
the studies indicated results from univariate analyses. If the
estimator was only available from multivariate analysis we used
this estimator. Subgroup analysis concerning the cancer type
(non-small cell lung cancer and small cell lung cancer) was not
possible since only one eligible study included patients with small
cell lung cancer. In this case a sensitivity analysis was conducted
excluding this study and re-pooling the results. Since only four
studies were available including a measure of sarcopenia as a
continuous variable, we did not conduct further subgroup
analyses in this meta-analysis.

All analyses were performed using Review Manager (RevMan),
Version 5.3, Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014.

Results

Search results and characteristics of included studies. Ten
retrospective studies and five prospective observational studies
published between 2009 and May 2018 were included in this
meta-analysis (Figure 1 and Table I). The number of patients
included into the studies varied from 33 to 252 patients. In
total we were able to include 2521 patients, and 60.5% were
male. We included studies investigating patients with either
NSCLC (non-small cell lung carcinoma; 13 studies), NSCLC
and SCLC (small cell carcinoma; one study) or SCLC (one
study). The group of NSCLC patients was heterogeneous,
albeit studies did not analyse sarcopenia by sub-entities
(adenocarcinoma, squamous cell carcinoma). Patients were
treated either by surgery, chemotherapy, radiotherapy, targeted
therapy or a combination of these. Surgical treatment was
usually reserved for patients suffering from NSCLC I-IIIA,
while chemo- and/ or radiotherapy was the treatment of choice
in advanced cancer (UICC IIIB-1VB; refer also to Table I).
Tumour stage for NSCLC was either described using the
UICC classification (Ranging from I-IV) or the TNM
classification (ranging from T1a-T2a). SCLC was classified as
limited or extensive disease. Follow up time of patients
included into these studies ranged from 90 days to follow up
until death of patients. Studies assessed sarcopenia by using
either computed tomography images for calculating the
muscle area (L3/psoas, pectoral or Th12; 12 studies), BIA
(two studies) or DEXA (one study; Table I). Studies used
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Figure 1. PRISMA flow-chart, describing the selection process. Studies were assessed by data-base screening and manual search. Duplicates were
removed; studies not meeting the inclusion criteria were excluded. Of 21 studies eligible for analysis only 15 were suitable and included in

quantitative synthesis.

univariate and/or multivariate Cox proportional hazards
models for describing the impact of sarcopenia on overall
survival. A meta-analysis of the influence of sarcopenia on
disease-free survival was not possible, as only one study
investigated the association of disease-free survival and
sarcopenia (18).

Quality Assessment of included studies. The included studies
were observational studies with retrospective (n=10) and
prospective study designs (n=>5). In half of these studies the

inclusion of patients was not consecutive and a bias in
patient selection cannot be excluded. In most studies the
exact observation period of the outcome mortality was
defined. In three publications we found no specification on
outcome measurement. Most of the studies included
covariates in the survival analyses, of which six studies
reported the included covariates. Four studies did not
account for covariates and were therefore classified as high-
risk for bias. We did not exclude any of the identified studies
from further analysis after quality assessment (Figure 2).
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Table 1. Study characteristics.

Author, publication Study Recruitment N patients Age, Cancer, Procedure, Method SMI (cm?/m?2)
year design (male/female) mean+SD stage follow-up cut-off
duration sarcopenia
Bowden et al., Retrospective  2008-2010 194 (91/103) 64 (58-70)* NSCLC/SCLC, CRT, CT Th4  Cut-off male/female
2017 cohort I-1V, limited/ 90 days  muscle index  as defined by
extensive disease Prado et al. 2008
Chambard, Prospective Start 2011 64 (48/16) 65.1x11.4 NSCLC,IV CHT, targeted DEXA DEXA sarcopenia
2018 cohort therapy, only male <7.26 kg/mZ2,
Until death 49 patients f e m a 1 e
<545 kg/m?
Gupta et al., Retrospective  2001-2006 165 (93/72) No reference NSCLC, No reference, Phase Phase angle >5.3° vs.
2009 IIB-1V >1 year angle <5.3°/Phase angle
>5.3° vs. <5.3°
Kim et al., Retrospective  2010-2014 149 (127/22)  68.6+9.5 SCLC, CHT/RT CT L3 <55/<39
2015 Limited/ radiation, muscle
extended disease 29 months index
(median)
Kinsey et al., Prospective 2002-2006 252 (117/135) 66.2+10.9 NSCLC, Surgery/CHT/ CT Pectoral muscle
2017 I-1v RT, 2412 pectorales area in cm?/
days (median)  muscle Pectoral muscle
area area in cm?
Kimura et al., Retrospective  2010-2011 134 (80/54) Male: NSCLC, CHT, 12 CTL3 Study determined
2014 66 (36-86)*/ 1I-1v months muscle 1.0 unit increase
Female: of muscle mass
66 (35-81)* cm?/m? for male/
female patients
Mitsuyoshi et al., Retrospective  2006-2013 89 (67/22) 66 (42-81)* NSCLC, CRT, 21 CTL3 <3.73/ <2.45
2018 IIIA-IIIB months (median) muscle
Rossi et al., Retrospective  2010-2014 33 (6/27) Age>70 NSCLC, TKI, CT L3 <55/<39
2018 (12 out of v =1 year muscle
33 patients)
Sanchez-Lara et al., Prospective ~ 2009-2011 119 (55/64)  60.5+12.5 NSCLC, Before Phase Phase angle >5.8°
2012 1IB-1V treatment, angle vs. <5.8°/Phase
6 months angle >5.8°
(median) vs. <5.8°
Shoji et al., Retrospective  2005-2010 147 (82/65) 68 (42-86)* NSCLC,  Surgery/CHT, CTL3 <43.75/<41.10
2017 Tla-T2a 59 months muscle
(median) index
Sjgblom et al., Prospective ~ 2005-2006 734 (420/314) 65494 NSCLC, CHT/RT, CTL3 <47.6, **study
2016 IIB-IV >40 months muscle defined only a
threshold for male
patients, decrease
of muscle mass
per unit was
also determined
Stene et al., Prospective ~ 2009-2010 35 (18/17) 67.1+6.8 NSCLC, CHT, - CT L3 <52.4/ <38.5
2015 HIB-1V muscle
index
Suzuki et al., Retrospective  2005-2008 90 (52/38) 68.7+8.7 NSCLC, Surgery, CT L3 <43.75/<41.10
2016 IA-IB <1 year muscle Study used ratio
Takamori et al., Retrospective  2005-2010 101 (54/47)  66.1+10.4/ NSCLC, 1 Surgery, CT Th12  pre-operative/post-
2018 66.1+9.7 >1 year muscle operative skelettal
index muscle area, age
indicated for non-
sarcopenic vs.
sarcopenic patients
(male/female)
Tsukioka et al., Retrospective  2003-2012 215 (215/0) 68 (46-93)* NSCLC, Surgery, 6 CTL3 <49, study defined
2017 TIA-IITA months muscle only a threshold
(median) index for male patients

*Data presented as median (range). CRT, Chemoradiotherapy; CHT, chemotherapy; RT, radiation therapy.

4606



Buentzel et al: Sarcopenia as Prognostic Factor in Lung Cancer Patients (Review)

Selection of participants

Description of outcome measurement

Description of covariate measurement

0% 20% 40% 60% 80% 100%

M low risk unknown risk  m high risk

Figure 2. Quality assessment: Visualization of the risk of bias assessments of the 15 included studies. Dark grey signifies low, light grey unknown
and grey high risk.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Bowden 2017 021 0.18 21.5% 1.23 [0.87, 1.76] T
Chambard 2018 1.09 038 9.9% 2.97 [1.41, 6.26]
Kim 2015 0.51 0.24 17.0% 1.67 [1.04, 2.67] -
Mitsuyoshi 2018 0.06 037 10.2% 1.06 [0.51, 2.19] -1
Rossi 2018 08 038 9.9% 2.23 [1.06, 4.69] ”
Shoji 2017 092 039 9.5% 2.51[1.17, 5.39] -
Stene 2015 0.34 044 8.0% 1.40 [0.59, 3.33] A
Suzuki 2016 1048 7.0% 2.72[1.06, 6.96] =
Takamori 2018 1.34 047 7.2% 3.82[1.52, 9.59] - =
Tsukioka 2017 1.06 0.26 Not estimable
Total (95% Cl) 100.0% 1.83 [1.38, 2.42] L3

Heterogeneity: Tau® = 0.06; Chi? = 12.57, df = 8 (P = 0.13); I = 36% L : 1 L
Test for overall effect: Z = 4.23 (P < 0.0001) 008 9e L 5 2

Figure 3. Pooled hazard ratios for the effect of presence of sarcopenia on the risk of death. Risk estimators from univariate analyses. The presence
of sarcopenia increases the death risk of patients.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kim 2015 0.52 0.25 25.9% 1.68 [1.03, 2.75] =
Sanchez-Lara 2012 1.11 045 14.4% 3.03[1.26, 7.33] I S
Shoji 2017 1.64 041 16.2% 5.16 [2.31, 11.51] -
Stene 2015 0.74 0.74 6.9% 2.10 [0.49, 8.94] -
Suzuki 2016 196 059 9.9% 7.10 [2.23, 22.56] —
Takamori 2018 1.34 051 122% 3.82[1.41, 10.38] ——————
Tsukioka 2017 119 045 14.4% 3.29 [1.36, 7.94] . —
Total (95% CI) 100.0% 3.13 [2.06, 4.76] L

Heterogeneity: Tau? = 0.11; Chi*=9.54, df =6 (P = 0.15); F=37% 1 ? ! y
Test for overall effect: Z = 5.34 (P < 0.00001) QA5 02 1 2 #0

Figure 4. Pooled hazard ratios for the effect of presence of sarcopenia on the risk of death. Risk estimators from multivariate analyses. Muscle loss
increases patients’ death risk.
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 UICC [ to llla
Suzuki 2016 1 048 15.0% 2.72 [1.06, 6.96] . =
Takamori 2018 1.34 051 13.3% 3.82[1.41, 10.38]
Tsukioka 2017 1.06 052 12.8% 2.89[1.04, 8.00] = = = ¢
Subtotal (95% CI) M.1% 3.09 [1.75, 5.46] i
Heterogeneity: Tau? = 0.00; Chi? = 0.26, df = 2 (P = 0.88); I?=0%
Test for overall effect: Z = 3.89 (P < 0.0001)
3.1.2 UICC llib to IV
Chambard 2018 1.09 0.38 24.0% 2.97 [1.41, 6.26] S —
Sanchez-Lara 2012 111 045 17.1% 3.03[1.26, 7.33] -
Stene 2015 0.34 044 17.9% 1.40 [0.59, 3.33] =
Subtotal (95% CI) 58.9% 2.38 [1.47, 3.86] -
Heterogeneity: Tau? = 0.01; Chi? = 2.07, df =2 (P = 0.36); I = 3%
Test for overall effect: Z = 3.52 (P = 0.0004)
Total (95% CI) 100.0% 2.65[1.84, 3.82] <
Heterogeneity: Tau? = 0.00; Chiz2 = 2.81, df =5 (P = 0.73); 2= 0% 0* p sz cfs 1 2 5 110

Test for overall effect: Z =5.24 (P < 0.00001)
Test for subaroup differences: Chi2=0.47. df=1 (P =0.49). P=0%

Figure 5. Pooled hazard ratios for the effect of presence of sarcopenia on the risk of death. Subgroup analysis regarding UICC classification (UICC
I-IIIA and UICC IIIB-1V). Death risk of sarcopenic patients is independent of cancer stage.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 retrospective
Bowden 2017 0.21 0.18 16.6% 1.23[0.87, 1.76] I
Kim 2015 0.51 0.24 13.5% 1.67 [1.04, 2.67] — =
Mitsuyoshi 2018 0.06 0.37 8.5% 1.06 [0.51, 2.19] —r -
Rossi 2018 0.8 038 8.2% 2.23[1.06, 4.69] o
Shoji 2017 0.92 0.39 7.9% 2.51[1.17, 5.39] - =
Suzuki 2016 1 0.48 5.9% 2.72 [1.06, 6.96] =
Takamori 2018 1.34 0.51 5.4% 3.82[1.41, 10.38] -
Tsukioka 2017 1.06 0.26 126% 2.89[1.73, 4.80] e
Subtotal (95% CI) 78.6% 1.93 [1.41, 2.63] - =
Heterogeneity: Tau? = 0.09; Chiz = 13.77,df =7 (P = 0.08); I> = 49%
Test for overall effect: Z=4.15 (P < 0.0001)
3.2.2 prospective
Chambard 2018 1.09 0.38 8.2% 2.97 [1.41, 6.26) = &=
Sanchez-Lara 2012 111 045 6.5% 3.03[1.26, 7.33] —
Stene 2015 0.34 044 6.7% 1.40 [0.59, 3.33] —_—r
Subtotal (95% CI) 21.4% 2.38 [1.47, 3.86] g
Heterogeneity: Tau? = 0.01; Chi*=2.07, df = 2 (P = 0.36); I = 3%
Test for overall effect: Z = 3.52 (P = 0.0004)
Total (95% CI) 100.0% 2.01[1.54, 2.61] <>

Heterogeneity: Tau? = 0.08; Chi? = 17.11, df = 10 (P = 0.07); 12 = 42% ' t t t f
Test for overall effect: Z =5.17 (P < 0.00001) =02 & - " 1

Test for subaroup differences: Chi2=0.51.df=1 (P =0.47). F=0%

Figure 6. Pooled hazard ratios for the effect of presence of sarcopenia on the risk of death. Subgroup analysis regarding study design (retrospective
and prospective studies). Study design had no impact on the influence of sarcopenia.
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Gupta 2009 0.24 0.105 26% 1.27 [1.03, 1.56]
Kimura 2015 0.11 0.03 18.9% 1.12 [1.05, 1.18] —
Kinsey 2017 0.02 0.008 38.3% 1.02 [1.00, 1.04] :
Sjoblom 2016 0 0.005 40.2% 1.00 [0.99, 1.01]
Total (95% CI) 100.0% 1.04 [1.00, 1.07] @

Heterogeneity: Tau? = 0.00; Chi? = 21.25, df = 3 (P < 0.0001); |12 = 86% 1 1 T T

Test for overall effect: Z =1.97 (P = 0.05)

Figure 7. Pooled hazard ratios for the effect of sarcopenia per 1 unit (SMA or SMI) decrease or 1° phase angle decrease on the risk of death. A

decrease of SMA or a phase angle leads to an elevated death risk.

Table II. Covariates of multivariate analyses

Author Publication Covariates for multivariate analysis

year
Kim et al. 2015 Sarcopenia, age >65 years, poor performance status, elevated LDH ,extensive stage, supportive care only
Sanchez-Lara et al. 2012 Not reported
Shoji et al. 2017 Not reported
Stene et al. 2015 Sarcopenia, performance status,tumour response, quality of life, appetite loss, weight loss
Suzuki et al. 2016 Sarcopenia, age, gender, smoking, BMI, performance status, cancer stage,

differentiation, surgical procedures, anemia

Takamori et al. 2018 SMA pre/post-ratio, age, BMI, vascular invasion, histological tumour type
Tsukioka et al. 2017 Sarcopenia, age, performance status, BMI, CYFRA, cancer stage

Results of the meta-analyses on the impact of sarcopenia on
death risk of lung cancer patients. Ten studies used
univariate Cox proportional hazards models for investigating
the effect of the presence of sarcopenia on the risk of death.
The combined hazard ratio was 1.96 (95% confidence
interval=1.49, 2.59), indicating a significantly higher risk for
death in sarcopenic patients (p<0.001). The estimate of the
between-study heterogeneity is 12=0.08 (Figure 3).

Multivariate Cox proportional hazards models were used
in seven studies to evaluate the risk of death in sarcopenic
patients. Here, the combined hazard ratio was 3.13 (95%
confidence interval=2.06, 4.76), pointing to a significantly
shorter overall survival in the presence of sarcopenia
(p<0.001). The corresponding between-study heterogeneity
is 12=0.11 (Figure 4).

Two studies (15, 23) did not describe covariates, which
was taken in consideration while assessing the quality of
these studies. For covariates of the remaining studies please
refer to Table II.

Results of subgroup analyses of cancer stage and study design.
Sarcopenia is present in patients suffering from potentially
curable lung cancer (UICC IA-IITA) and in patients undergoing
a palliative therapy regimen (UICC IIIB-1V). Patients of the
first group (UICC IA-IIIA) have an increased risk for death of

3.09 (95% confidence interval=1.75, 5.46, p<0.001) and
patients of the second group (UICC IIIB-1V) of 2.38 (95%
confidence interval=1.47, 3.86, p<0.001). There is no
significant difference (X2:0.47, df=1, p=0.49) between the
estimated death risk of both groups (Figure 5).

We included both retrospective and prospective studies.
Meta-analyses of both showed a significantly elevated hazard
ratio for the risk of death in sarcopenic patients
(retrospective studies: 1.77 (1.44, 2.17), p<0.001;
prospective studies: 2.38 (1.48, 3.83), p<0.001). There is no
significant difference between both groups (y?=1.27, df=1,
p=0.26) (Figure 6).

Results of the meta-analysis of studies using a measure of
sarcopenia as continuous variable. Four studies investigated
the change in muscle mass as a continuous variable,
measuring either the decrease in the phase angle, in muscle
mass per area or in muscle mass index (SMA/SMI). A
decrease of 1 unit is associated with 4% increase in risk of
death (p=0.05). The estimate of the between-study
heterogeneity is at T2=0.00 (Figure 7).

Results of sensitivity analyses. Sensitivity analyses did not

result in any inconsistent results since the pooled results did
not change substantially by leaving one study out and re-
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pooling the remaining studies. Therefore, the exclusion of
the one study investigating small cell lung cancer did not
influence the results substantially.

Discussion

Weight loss in cancer patients is usually described in the
background of cancer cachexia, which is a multifactorial
wasting syndrome characterized by weight loss including the
ongoing loss of muscle mass with or without the loss of fat
tissue. The extent of cachexia is dependent on cancer entity
and stage, degree of systemic inflammation and response to
anti-cancer therapy. Albeit muscle loss may predate cachexia
due to aging, disuse, or inflammation (24-26).

Patients suffering from sarcopenia are of lean body mass.
They may show fatigue, reduced strength and a limited
physical function. With the ongoing loss of functionality, the
ability to live independently may be impaired. An overlap of
both cachexia and sarcopenia is possible. While usually
skeletal muscle metabolism is a controlled balance of
anabolic and catabolic processes, it is characterized by a
procatabolic shift resulting in muscle loss and decreased
protein synthesis in the presence of cachexia (6, 25, 26).
Physical activities like resistance and endurance training are
recommended for patients suffering from sarcopenia. These
act as anabolic stimuli, maintaining body resources under
anti-cancer therapy (2, 25, 26).

Sarcopenia is known to have an unfavourable influence on
the prognosis of patients suffering from rectum, liver,
oesophagus, stomach or kidney cancer (1, 7). Furthermore, its
presence is associated with frailty, an increase of chemotoxicity
and an unfavourable response to treatment (1, 8). Here, we
assess the impact of sarcopenia on the overall survival of lung
cancer patients. During the last years, several studies in lung
cancer patients reported a shorter overall survival in the
presence of sarcopenia (5, 11-14, 18, 19, 27-30).

Studies included into this review assessed sarcopenia by
computed tomography, DEXA scan or BIA. The presence of
sarcopenia is a strong prognostic factor for a two-fold
increased death risk of lung cancer patients (three-fold in
multivariate analysis). Subgroup analyses showed no
significant difference in death risk between early (UICC I-
IITA) and advanced stages (UICC IIIB-I1V) in the presence
of sarcopenia. An explanation for the latter might be
different, underlying the causes of sarcopenia. A sarcopenia
concomitant to cancer cachexia is more probable in patients
suffering from end stage cancer. Sarcopenia in patients
undergoing a potentially curative therapeutic approach
(UICCC I-IITIA) might be due to age, comorbidities, or
muscle loss due to inactivity during hospitalisation.

Our meta-analyses had several limitations. This review
included only observational studies. But, subgroup analysis
of retrospective and prospective studies showed a significant
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increase in death risk in sarcopenic patients. Due to the
observational character of the included studies the respective
meta-analyses may be affected by the same biases found in
the original studies. We included studies using different
methods for assessing sarcopenia (computer tomography or
DEXA scan or BIA), hence sarcopenia was defined by the
design of the studies included a priori. Most of the studies
using computed tomography for diagnosing sarcopenia used
the L3 muscle area for acquiring the SMI, albeit one study
(12) that used the pectoral and one (18) that used the Th12
muscle area. The threshold for diagnosing sarcopenia differed
between studies (Table I). The study of Kim et al. used
Korean-specific cut-offs for sarcopenia (11). Furthermore, the
studies using BIA defined different cut-offs for sarcopenia.

From our results we concluded that sarcopenia is a
prognostic factor for a poor prognosis in lung cancer patients
independent of cancer stage. Patients with sarcopenia show
more toxicity and less response to chemotherapy regimens (1,
8), while their lifespan is shorter compared to the controls.
This argues for implementing screening for sarcopenia into
cancer care. Identifying patients suffering from sarcopenia is
a first step to acknowledge the increased risk for
chemotoxicity and subsequently improve and adapt supportive
care of these patients. Modern tools like smartphones are
already used in patients with metastatic breast cancer for
implementing a personalized physical activity program (9).
Use of Health Apps increases the physical activity of patients
(31). Physical activity does not only prevent muscle wasting,
but also reduces cancer fatigue (10); Health Apps may help to
adapt to the individual need of the patient. As sarcopenia and
cancer cachexia may overlap, screening for malnutrition and
nutritional intervention are other tools to decrease muscle
wasting (25). Furthermore, patients suffering from metastatic
NSCLC benefit from implementing early palliative care,
which results in a longer survival and clinically meaningful
improvement in quality of life and mood (32).
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