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Abstract. Background/Aim: Skeletal muscle mass loss is an
emerging concern in oncology. Our systematic review and
meta-analysis identified the mean difference in skeletal muscle
index pre- to post-chemotherapy and synthesized potential key
factors. Materials and Methods: We searched primary original
research published through October 2019 in four databases:
MEDLINE via PubMed, Scopus, CINAHL, and Embase.
Results: Fifteen studies were included, 60% published in the
past 2 years (2018-2019). Advanced non-small cell lung
cancer was the most frequently reported cancer, and overall
survival the most often identified key related factor. Mean
difference in skeletal muscle index during chemotherapy was
2.72 (95%CI=1.77-3.67, p=0.00), with muscle loss in males
(4.52, 95%CI=3.34-5.71, p=0.00) about 1.6 times higher than
that in females (2.86, 95%CI=0.81-4.92, p=0.01). Conclusion:
Oncologists should recognize sex-specific differences in
skeletal muscle mass loss during chemotherapy and consider
adjusting treatment accordingly.

Low skeletal muscle mass is an emerging issue in oncology.
While the amount of skeletal muscle mass loss varies widely
across cancer types, between 5% and 89% of cancer patients
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have low skeletal muscle mass (1). Low skeletal muscle
mass at baseline has been reported to the increase incidence
of disability among cancer patients and is associated with
poor anti-tumor response (2). In addition, cancer patients
with low skeletal muscle mass during cancer treatment have
been reported to have a higher risk of mortality (3-5), cancer
recurrence (6-8), and reduced quality of life (9).

The causes of low skeletal muscle mass are multifactorial.
These include cancer itself, cancer treatments, and aging (10).
Chemotherapy is known to accelerate muscle mass loss in cancer
patients. For example, gastric cancer patients who received
adjuvant chemotherapy had significantly decreased skeletal
muscle mass, which was an independent risk factor for overall
survival rate (11). In addition, higher risk of chemotherapy
toxicity has been related to low muscle mass, with 50% of
metastatic breast cancer patients with sarcopenia, compared to
20% of those without sarcopenia, showing capecitabine toxicity
(12). Since chemotherapy is linked to loss of muscle mass,
which is in turn linked to an increased risk of mortality (12),
cancer specialists need to recognize the importance of skeletal
muscle mass as a predictor of survival rates.

Recent studies have offered reasons for viewing skeletal
muscle mass change as an essential predictor of survival rates,
regardless of whether a patient meets criteria for sarcopenia
before or after treatment. In a previous retrospective study
involving 394 patients with nasopharyngeal carcinomas, the
presence of sarcopenia, whether before or after cancer
treatment, was not related to overall survival. Severe muscle
loss after chemotherapy, however, was an independent
predictor of prognosis (13). In another retrospective study
involving locally advanced cervical patients,
pretreatment sarcopenia was not related to overall survival.

cancer
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Figure 1. PRISMA flow diagram.

However, skeletal muscle mass loss during concurrent
chemoradiation therapy was independently related to both
poorer overall survival and cancer-specific survival (14). Past
systematic review and meta-analysis papers have focused on
low muscle mass either before treatment or after treatment.
We found no such studies examining skeletal muscle mass
change during chemotherapy. The focus of our meta-analysis
thus reflects researchers’ current areas of interest regarding
skeletal muscle mass change and examines potential key
factors related to skeletal muscle mass loss as well as mean
differences in skeletal muscle mass change during treatment.

Materials and Methods

Data sources and search strategy. We performed a comprehensive
search for relevant articles published from 1973 through October
2019 using four databases: MEDLINE via PubMed, Scopus, the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) Plus with Full Text, and the Excerpta Medica Database
(Embase). Because the databases use differing Medical Subject
Headings (MeSH) terms, a research librarian and expert researchers

2410

helped to identify MeSH terms likely to produce the most accurate
search results. The general search terms were neoplasms (or cancer
or oncology or cancer survivor) AND skeletal muscle index (or low
muscle mass or sarcopenia or muscular atrophy) AND
chemotherapy. Only English-language published articles for which
full-text versions were available were included. Figure 1 illustrates
the detailed search strategy employed. This systematic review and
meta-analysis were guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Titles and abstracts were independently reviewed by two reviewers,
and the full text of each relevant article was obtained. After
selecting relevant studies, the two reviewers assessed their quality
and extracted appropriate data.

Study selection. The following criteria were used to select studies
for inclusion: (a) primary original research published in a journal;
(b) a study sample consisting of cancer patients and survivors; (c)
a study that included repeated measurements of skeletal muscle
index using computed tomography (CT); and (d) a study that
appeared in a published English-language article. We excluded
studies that: (a) did not relate to cancer, sarcopenia, or muscle mass
change; (b) were animal studies; (c) did not report original primary
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research (such as review papers); (d) did not report skeletal muscle
index (such as those using different units or measurements); (e)
applied interventions that produced muscle mass change (such as
exercise and nutritional interventions); (f) did not include repeated
muscle mass measurements during chemotherapy; (g) focused on
skeletal muscle mass change related to surgery or radiation therapy;
or (h) were not suitable for meta-analysis because median values
and ranges were reported rather than mean and standard deviation
(SD) or standard error (SE) values.

Data extraction and analysis. The data that were collected from each
of the 15 included articles of the study sample included study
characteristics, measurements of muscle mass (mean and SD, or mean
and SE), mean time between CT assessments, and key findings
associated with skeletal muscle mass. To assess the quality of the
nonrandomized studies in this review, the Newcastle—Ottawa Scale
was applied independently by two reviewers (15). Three categories,
including selection of the study population, comparability, and
description of the outcome, were assessed, and high-quality studies
were defined as those meeting 7 or more out of 9 items.

To test for heterogeneity of the studies, we calculated 12 statistics
and Cochrane’s Q statistics. The I? value is the ratio of the
interstudy variance. If an /2 value exceeded 50% and the p-value of
x% was below 0.1, we concluded that there was substantial
heterogeneity according to the criteria suggested in the Cochrane
Handbook for Systematic Reviews of interventions (16). To estimate
mean differences for parallel group analysis, the skeletal muscle
mass change values reported across the studies were used.
Specifically, mean differences between skeletal muscle index
(cm2/m2) values measured pre- and post-chemotherapy were
employed. To obtain the SE of the mean differences, the authors
adhered to the following Cochrane Handbook guideline (16):
SE=SD of within-participant differences between pre- and post-
chemotherapy measurements divided by the square root of the
number of participants. Effect sizes were derived using both the
mean skeletal muscle index differences (pre- and post-
chemotherapy) and the SE. Subsequently, the authors performed a
meta-analysis using a random-effects model to investigate skeletal
muscle index change. Between-study heterogeneity was assessed by
visually inspecting forest plots generated from the study data. To
identify sex-specific differences in skeletal muscle mass changes,
we applied subgroup meta-analysis to explore the heterogeneity of
the studies.

Results

Study characteristics and systematic review. A total of 1,048
articles, including duplicate entries in the databases, were
identified as potentially relevant based on the final search
terms employed. After the initial screening of titles and
abstracts, we selected 15 articles for detailed analysis (Figure
1). With respect to quality assessment, all 15 of the studies
reviewed were rated as high quality; their mean rating of
quality assessment was 8.37, with a range from 6 to 9.
Table I shows study characteristics and the number of
studies that found these characteristics to be significantly
related to skeletal muscle mass loss. Table II provides more
detailed information for each study reviewed. The 15

Table 1. General analysis of the studies reviewed (N=15).

Category Description N
Year of publication 2015 3
2016 1
2017 2
2018 3
2019 6

Level of evidence Level IV: Case-control or cohort study 15

Nations Japan

China

Korea

Ireland

The Netherlands
Taiwan

United Kingdom
United States

—_— e N WA

Cancer type (site) Advanced non-small cell lung cancer
Esophageal cancer

Gastric cancer

Pancreatic cancer

Head and neck squamous cell carcinoma
Locally advanced cervical cancer
Advanced endometrial cancer
Nasopharyngeal carcinoma
Colorectal liver metastases
Unresectable pancreatic

cancer or distal cholangiocarcinoma
Advanced biliary tract cancer

—_ e N W

—_

Overall survival

Gender

Mortality risk

Acute toxicities

Adjuvant chemotherapy
Body weight
Cancer-specific survival
Carcinoembryonic antigen
=200 ng/ml (preoperative)
Decreased body mass index 1
during chemotherapy

Disease-free survival

Extended-field radiotherapy
Hand-grip strength

Incremental shuttle walking distance
Primary tumor origin

Performance status

Recurrence-free survival

Smoker

Therapy type (cytotoxic chemotherapy
versus molecular targeted therapy)
Tumor type

Tumor progression

Tumor diameter change

Tumor stage

Factors contributing to
skeletal muscle
mass loss

—_ = NN W

[ U

More than one factor could be listed per article. The hierarchy of
evidence rating system developed by Melnyk and Fineout-Overholt
(2015) was used to rate each study: level IV, case-control or cohort study.
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Table II. Summary of the 15 articles reviewed.

Author (year) Sample Mean age, yr Study design/ Cancer type Cancer treatment Mean SMI at Mean SMI after
Country T/M/F (£SD) or mean time between diagnosis, chemotherapy,
(Citation) (range) assessments cm?2/m? cm?/m?
(+SD or SE) (+SD or SE)
Cho et al. 524/ T: 61 (z9.4) Retrospective/ Advanced 39.9%: gemcitabine/ T: 46.02 (x8.38) T: 40.67 (x10.40)
(2017) 344/ M: 61 (£9.5) no specific time biliary platinum M: 48.58 (£7.74) M: 42.86 (£9.52)
Korea 180 F: 61 (29.2) data provided tract cancer 37.6%: F: 41.24 (#7.39) F:36.63 (x12.02)
(35) 5-FU/platinum
Griffin et al. 78/ T: 64 (£7.9) Retrospective/ Pancreatic 44%: FOLFIRINOX T: 45.6 (£8.7) T: 42.3 (£9.3)
(2019) 37/ 182 days cancer 19%: gemcitabine+
Ireland 41 (range=72-316) nab-paclitaxel
(12) 11%: gemcitabine
(single agent)
13%: gemcitabine+
oxaliplatin
4%: gemcitabine+
cis/carboplatin
5%: 5-FU
Guinan et al. 28/ T: 63 (£8.18) Prospective Esophageal 79%: CROSS T: 60.3 (+8.1) T: 54.7 (£7.5)
(2018) 23/ observational cancer (cisplatin/5-FU,
Ireland 5 design/92 days 40 Gy/15 fr, or
(30) (range: 61-118) carboplatin/paclitaxel,
41.4 Gy/23 fr)
21%: MAGIC
(etoposide, cisplatin,
FU, or capecitabine)
Huang et al. 394/ T: 46 (18-79) Retrospective/ Nasopharyngeal 11%: radical T: 42.8 (+8.4) T: 38.1 (x8.0)
(2019) 298/ 22.7 months carcinoma radiotherapy = TT M: 454 (£7.5) M: 404 (£6.8)
China 96 (range: 2.5-46.4) 43%: CCRT = TT/AC F: 347 (£5.5) F: 309 (7.0)
(13) 45%: 1C + CCRT
+ TT/AC
13%: IC + radical
radiotherapy
Jung et al. 258/  T: 64 (56-73) Prospective/ Head and neck 12%: surgery + CRT T: 61.7 (£x8.4) T: 579 (z4.7)
(2019) 223/ 53.6 months squamous cell 36%: CRT
Korea 35 (range: 26.3-70.5) carcinoma
(36)
Kakinuma et al. 65/ T: 66 (£10.5) Retrospective/ Advanced non-  66%: platinum-based T: 44.0 (x0.9) T: 40.7 (x0.8)
(2018) 40/ 132 days small cell combination
Japan 25 lung cancer 2%: single agent
37) (cytotoxic drug)
32%: single agent
(EGFR-TKI or
ALK-TKI)
Kimura et al. 134/ M: 66 (36-86) Retrospective/ Advanced non- 68.8% (M), 59.3% (F): M: 46.4 (+6.8) M: 43.46 (£0.55)
(2015) 80/ F: 66 (35-81) 29.3 months small cell platinum-based F: 37.0 (z4.5) F: 36.98 (+0.50)
Japan 54 (range: 26.3-34.2) lung cancer combination
(38) 18.8% (M), 5.6% (F):
single-agent
(cytotoxic drug)
12.5% (M), 35.2% (F):
single-agent (EGFR-TKI)
Lee et al. 245/ T: 63 (x12.7) Retrospective/ Locally 86.5%: chemotherapy T: 39.6 (7.6) T: 39.3 (7.7)
(2018) 0/ 4.8 months advanced
Taiwan 245 (range: 3.5-5.9) cervical cancer
14)
Lee et al. 131/ T: 54 (£9.6) Retrospective/ Advanced 97%: 6 cycles of T: 424 (x6.5) T: 42.3 (£7.6)
(2019) 0/ 223 days endometrial paclitaxel and
China 131 (range: 205-236) cancer carboplatin AUCS
(39)
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Table II. Continued

Author (year) Sample Mean age, yr Study design/ Cancer type Cancer treatment Mean SMI at Mean SMI after
Country T/M/F (+SD) or mean time between diagnosis, chemotherapy,
(Citation) (range) assessments cm?2/m?2 cm?2/m?2
(+SD or SE) (+SD or SE)
Li et al. 153/ T: 52 (26-80) Retrospective/ Gastric cancer Adjuvant T: 39.8 (z11.1) T: 38.2 (£9.3)
(2019) 101/ 36 months chemoradiotherapy
China 52 (range:7-115) (5-FU and leucovorin)
(40)
Naito et al. 30/ T: 74 (70-82) Prospective/ Advanced non- 80%: cytotoxic T: 41.2 (£7.8) T: 39.4 (x0.7)
(2017) 19/ M: 74 (70-82) 10 months small cell regimen M: 44.5 (£7.6)
Japan 11 F: 76 (70-80) lung cancer 20%: targeted F:354 (¢4.1)
41) regimen
Yamaoka et al. 102/ T: 64 (x10.5) Retrospective/ Gastric cancer 63%: adjuvant T: 46.6 (+7.84) T: 43.6 (£6.92)
(2015) 71/ 1 year (range: chemotherapy
Japan 31 0.90-1.10) (none or within
(11) 6 months)
37%: adjuvant
chemotherapy
(after 6 months)
Okuno et al. 169/ T: 56 (x11.7) Retrospective/ Colorectal liver 89%: oxaliplatin T: 51.2 (x10.6) T: 50.6 (x10.7)
(2019) 97/ 47 months metastases 19%: irinotecan
USA 72 12%: multiple
42) regimens
78%: bevacizumab
10%: cetuximab/
panitumumab
Reisinger et al. 123/ T: 63 (£10) Prospective/ Esophageal 93%: neoadjuvant T: 50.9 (8.5) T: 48.4 (8.5)
(2015) (43) 111 days (range: cancer CRT (cisplatin/ M: 53.4 (£7.8) M: 495 (£7.9)
the Netherlands 101/ 94-128) 5-FU or paclitaxel/ F: 427 (£5.4) F:39.7 (x44)
22 carboplatin or
epirubicin/cisplatin/
capecitabine)
Rollins et al. 228/  T: 69 (x10.9) Retrospective/  Pancreatic cancer Palliative T: 42.4 (£8.6) T: 39.8 (x8.0)
(2016) 123/ 60 days or distal chemotherapy
UK 105 cholangio-
(44) carcinoma

N=15 (number of studies). Data are reported for study totals (T) and for male (M) and female (F) where available. ALK-TKI: Anaplastic lymphoma
kinase tyrosine kinase inhibitor; AUC: area under the curve; CCRT: concurrent chemoradiotherapy; CRT: chemoradiotherapy; EGFR-TKI: epidermal
growth factor receptor tyrosine kinase inhibitor; FU: fluorouracil; IC: induction chemotherapy; MAGIC: etoposide, cisplatin, fluorouracil or
capecitabine; SMI: skeletal muscle index; TT: targeted therapy; TT/AC: targeted therapy/adjuvant chemotherapy.

articles involved only case-control or cohort (level IV) study
designs (17). Across the 15 articles, the average age of
participants was 60+6.5 years. A total of 2,662 participants
produced the results synthesized herein, and the mean
sample size was 177+136.4, with a range from 28 to 524.
Notably, 60% of the articles were published in the past 2
years (2018-2019). A large variety of cancer types were
addressed in these studies; advanced non-small cell lung
cancer was the most frequently reported, followed by
esophageal cancer and gastric cancer equally. Among the
various factors related to skeletal muscle mass change,
overall survival was the factor most often identified,
followed by mortality risk and sex.

Meta-analysis. Meta-analysis of 14 studies was performed
for skeletal muscle mass change outcomes. One study did
not report total skeletal muscle index values, instead it
reported separate male and female skeletal muscle index
results; consequently, although this study was included in the
systematic review, it was not subjected to meta-analysis.
Forest plots were constructed for each outcome using the
mean effect size measured by the random-effects model
(Figure 2).

Statistically significant heterogeneity was found (1*=86.83%,
Q=132.20, p=0.00), and thus we employed a random-effects
method. The summary mean difference, which was derived
from the 14 studies with a total of 2,528 participants, revealed
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Effect Size Weight

Study with 95% CI (%)
Cho et al., 2017 E B 5.35[ 4.63, 6.07] 843
Griffin et al., 2019 —— 3.30[ 1.37, 5.23] 6.48
Guinan et al., 2018 —a— 5.60[ 2.60, 8.60] 4.70
Huang et al,, 2019 ~ 4,70[ 3.87, 5.53] 8.30
Jung et al., 2019 —— 3.80[ 2.78, 4.82] 8.03
Kakinuma ef al., 2018 —— 3.30[ 1.54, 5.06] 6.78
Lee et al., 2018 i 0.30[-0.65, 1.25] 8.13
Lee et al,, 2019 — 0.10[-1.01, 1.21] 7.90
Li et al., 2019 —— 1.60[-0.16, 3.36) 6.79
Naito et al., 2017 —— 1.80[-0.99, 4.59] 5.02
Yamaoka et al., 2015 —B— 3.00[ 1.48, 4.52] 7.22
Okuno et al., 2019 —— 0.60[-1.00, 2.20] 7.08
Reisinger et al., 2015 —F— 2.50[ 1.00, 4.00] 7.25
Rollins ef al., 2016 | 2.60[ 1.48, 3.72] 7.89
Overall < 2.72[ 1.77, 3.67]
Heterogeneity: 7° = 2.65, I° = 86.83%, H’ = 7.59
Test of 6 = 6; Q(13) = 132.20, p=0.00
Testof 8 = 0: z = 5.62, p=0.00

0 5 10

Figure 2. Random-effects meta-analysis results for skeletal muscle mass change in patients with cancer.

a significant loss of skeletal muscle mass (mean difference in
skeletal muscle index=2.72, 95%Cl=1.77-3.67, p=0.00).

In addition, four studies reported skeletal muscle index
according to sex (Figure 3). Based on the mean difference
by sex, statistically significant heterogeneity was found in
male participants (I?=78.21%, Q=12.22, p=0.01). Skeletal
muscle mass loss was found in male participants (mean
difference in skeletal muscle index=4.52, 95%CI=3.34-5.71,
p=0.00). In female participants, statistically significant
heterogeneity was also found in the effect size (1>=89.98%,
Q=34.25, p=0.00). In addition, loss of skeletal muscle mass
was found (mean difference in skeletal muscle index=2.86,
95%C1=0.81-4.92, p=0.01). Notably, skeletal muscle mass
loss in males was about 1.6 times higher than that found in
females.

Discussion

This systematic review and meta-analysis contribute to our
understanding of the current research status on changes in
skeletal muscle mass during cancer treatment. Although
sarcopenia has been recognized as an important issue in
oncology over the past 10 years, it is only recently that
studies have focused on comparing skeletal muscle index
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before and after cancer treatment. Skeletal muscle mass
change during treatment is recognized as a predictor of
chemotherapy toxicity as well as of overall survival rates.
Thus, this study’s contributions include identification of key
factors related to muscle mass loss, quantification of muscle
mass change in terms of mean differences, and identification
of directions for future study.

Among the findings of this systematic review, it is
interesting to note that all 15 included studies focused on
skeletal muscle mass comparison during treatment were
published since 2015, and 60% of them were published in the
past 2 years (2018-2019). This finding indicates that cross-
sectional measurements of skeletal muscle index are trending
toward longitudinal measurements in order to identify patterns
of skeletal muscle mass change. Consequently, it appears that
oncologists and researchers are coming to recognize the
clinical significance of patterns of skeletal muscle mass
change, especially with regard to patient survival.

In addition, although other review articles have reported
studies providing sarcopenia findings (18-20), comparative
studies of skeletal muscle mass change during chemotherapy
that involve skeletal muscle index measurements have been
scarce. In fact, although loss of skeletal muscle mass is a
measurable predictor of cancer treatment toxicity, skeletal
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Male-specific studies

Effect Size Weight
Study with 95% CI (%)
Cho et al., 2017 —— 5.72[ 4.90, 6.54] 28.60
Huang et al., 2019 —B— 5.00[ 4.15, 5.85] 28.28
Kimura et al., 2015 _— 2.04[ 1.45, 4.43] 21.71
Reisinger et al., 2015 — 3.00[ 2.38, 542] 21.40
Overall e 452 3.34, 5.71]
Heterogeneity: 7° = 1.10, I = 78.21%, H” = 4.59
Test of 8, = 6;: Q(3) = 12.22, p=0.01
Testof 8 =0: z=7.50, p=0.00

2 4 6 8
Female-specific studies

Effect Size Weight
Study with 95% CI (%)
Cho et al., 2017 —— 4.61[ 3.53, 5.69] 26.44
Huang et al., 2019 —— 3.80[ 2.70, 4.90] 26.36
Kimura et al., 2015 — W — 0.02[ -1.18, 1.22] 25.99
Reisinger et al., 2015 —l— 3.00[ 0.74, 5.26] 21.21
Overall =TT 2.86[ 0.81, 4.92)
Heterogeneity: T° = 3.85, I’ = 89.98%, H’ = 9.98
Test of 6, = 6;: Q(3) = 34.25, p=0.00
Test of 8= 0: z = 2.73, p=0.01

-2 0 2 4 6

Figure 3. Random-effects meta-analysis results for skeletal muscle mass change in patients with cancer, by sex.

muscle mass change during treatment has not been widely
studied by race/ethnicity or by country; this is true despite
the fact that the incidence of sarcopenia is known to differ
by race/ethnicity (21-24). Clearly more research is needed,
particularly in Western countries, to better understand the
relationships of race/ethnicity and culture to skeletal muscle
mass change.

Of the various cancer types addressed, advanced non-
small cell lung cancer was the most frequently reported,
followed by gastric cancer and esophageal cancer equally. In
the studies involving advanced non-small cell lung cancer,
changes in skeletal muscle index varied, ranging from 0.2 to
3.3. Similarly, a previous systematic review and meta-
analysis revealed that in one study, non-small cell lung
cancer showed the highest prevalence of sarcopenia at
baseline (74%) (20). In addition, the study concluded that
maintaining and gaining skeletal muscle cross-sectional area
was significantly related to longer overall patient survival
(25). In another review paper, focused on gastric cancer,
(26), the authors pointed out that among patients with gastric

cancer associated with eating disorders, loss of weight and
muscle was often experienced, highlighting the importance
of sarcopenia. Considering that chemotherapy regimens and
cancer-related symptoms differ by cancer type, future
researchers should compare skeletal muscle mass change
among various cancer types, explore which regimens and
cancer types result in the greatest skeletal muscle index loss,
and identify predictors of skeletal muscle index change.
These efforts may generate information that can be used to
optimize interventions to better preserve and improve
skeletal muscle mass.

In our systematic review, key factors related to skeletal
muscle mass change included clinical, demographic,
physical, and health-related factors. To be specific, overall
survival was most often reported as a key factor, followed
by mortality risk and sex. In addition, skeletal muscle mass
loss showed associations with higher tumor stage, acute
toxicities, lower physical function (in terms of hand-grip
strength), chemotherapy regimens, cancer treatment type,
tumor type, and tumor diameter change. While we identified
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a considerable variety of key factors related to skeletal
muscle mass loss, we noted that cancer-related symptoms
such as fatigue, depression, pain, and sleep disorder have
seldom been considered in terms of their relationship with
skeletal muscle mass loss. Considering that most cancer
patients experience a variety of symptoms (27-29), studies
examining cancer-related symptoms and associated skeletal
muscle mass change should be conducted.

In the meta-analysis portion of our study, 14 studies
reporting skeletal muscle mass change during cancer
treatment were analyzed. No randomized controlled trials
were included in this review, in order to avoid confounding
factors (such as exercise and nutrition interventions) that
affect muscle mass change. In our most significant finding,
the mean value for skeletal muscle mass loss was 2.72
(95%Cl=1.77-3.67, p=0.00, I’=86.83%); the high I*
indicates that significant heterogeneity was observed across
the 14 studies. In addition, although advanced non-small cell
lung cancer was the most common cancer type observed in
the systematic review, the meta-analysis revealed that
patients with esophageal cancer (30) experienced the greatest
skeletal muscle mass loss (skeletal muscle index change: 5.6,
ranging from 3.7 to 7.5) between pre- and post-neoadjuvant
therapy (mean time interval: 92 days, ranging from 61 to 118
days). In addition, 89% of those cancer patients used the
CROSS protocol (cisplatin/5-fluorouracil, 40 Gy/15 fr, or
carboplatin/paclitaxel, 41.4 Gy/23 fr) adapted from the Dutch
ChemoRadiotherapy for Oesophageal cancer followed by
Surgery Study (CROSS) trial. In a previous retrospective
study involving patients with esophageal cancer who
underwent neoadjuvant chemoradiotherapy, patients with
sarcopenia were more likely to experience severe adverse
events such as fever, mucositis, and neutropenic fewer than
patients without sarcopenia (31). Thus, while patients with
multiple cancer types exhibited significant skeletal muscle
mass loss during treatment, esophageal cancer patients
undergoing neoadjuvant therapy showed twice as much
skeletal muscle mass loss compared to other cancers. This
may be due to the fact that eating is more challenging for
esophageal cancer patients.

Among the 14 studies, 4 showed specific skeletal muscle
mass change by sex. Notably, the skeletal muscle mass loss
in males was about 1.6 times higher than in females. In a
previous study on risk factor analysis for sarcopenia among
cancer patients, males were more likely to develop
sarcopenia than females (32). Possible explanations for the
differences in skeletal muscle mass loss by sex include
hormonal, inflammatory, and myocellular mechanisms that
affect underlying biological processes that promote fat
deposition and loss of lean mass and strength (33). Sex-
specific hormone changes due to testosterone may be one
factor that affects muscle and fat composition (34). Another
possibility may be that since the male skeletal muscle index

2416

at baseline is higher than that of females (4.54 vs. 2.86),
males may be more susceptible to chemotherapy’s effects on
skeletal muscle mass loss. Also, it is necessary to take a
closer look at adherence to health-related behavioral
interventions such as nutrition and exercise during cancer
treatment by sex. Since only 4 of the 14 studies compared
skeletal muscle index by sex, future studies examining
differences in skeletal muscle index by sex during
chemotherapy are needed.

This meta-analysis has some limitations that should be
acknowledged. To accurately compare skeletal muscle indexes
and avoid confounding factors, this meta-analysis did not
include intervention studies that involved maintaining or
increasing skeletal muscle index. Future systematic reviews
and meta-analyses should focus on reports of nutrition and
exercise interventions to better understand their effectiveness
at preserving skeletal muscle mass during chemotherapy. In
addition, future studies should pay attention to a number of
other factors potentially contributing to skeletal muscle mass
loss, including social determinants of health, recurrence status,
pre-existing medical conditions, and other cancer treatments
received (such as surgery, radiation therapy, hormonal therapy,
or immunotherapy). Finally, more than three-quarters of the
studies identified for this meta-analysis employed
retrospective designs; additional prospective studies are
needed to more accurately determine risk factors for skeletal
muscle mass loss while also avoiding confounding factors.

In summary, the findings derived from 14 studies revealed
that total skeletal muscle mass significantly declined during
chemotherapy and that male patients experienced a relative
muscle mass loss 1.6 times greater than female patients.
Also, esophageal cancer patients undergoing chemotherapy
were found to be at serious risk for skeletal muscle mass
loss. Therefore, health care providers should recognize sex-
specific differences in muscle mass loss and consider
adjusting patients’ treatment regimens accordingly.
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