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Abstract

Background

Sarcopenia is usually characterized by the loss of skeletal muscle mass and impaired mus-
cle function which is commonly seen in the elderly. It has been found to be associated with
poorer prognoses in many types of cancer. Computed tomography (CT) scan is frequently
used to assess skeletal muscle mass and further calculate skeletal muscle index (SMI) at
the third lumbar vertebra level (L3), which is used to define sarcopenia. The purpose of this
meta-analysis was to assess the prognostic value of sarcopenia for overall survival (OS) in
patients with rectal cancer.

Methods

We performed a systematic search to find relevant studies published up to 14 January
2021 in PubMed, Embase, Web of science and Scopus. In our meta-analysis, studies
comparing OS in rectal cancer patients with sarcopenia versus those without were
included. Quality assessment for included studies was evaluated according to the Qual-
ity in Prognosis Studies (QUIPS) tool. We directly extracted hazard ratios (HRs) with
95% confidence intervals (Cls) in both univariate and multivariate analyses from each
study. The Cochrane Collaboration’s Review Manager 5.4 software was applied to ana-
lyze data. The quality of evidence was assessed using the Grading of Recommenda-
tions Assessment, Development, and Evaluation (GRADE) guidelines and website
GRADEpro.

Results

Finally, a total of 7 studies involving 2377 patients were included. The pooled HRs were
2.10 (95% C11.33-3.32, P=0.001) and 2.37 (95% CI 1.13-4.98, P=0.02) using ran-
dom-effects models in univariate and multivariate analyses, respectively. The results
showed a significant association between sarcopenia and OS in patients with rectal
cancer. The quality of the evidence for OS was moderate for both univariate and multi-
variate analyses.
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Conclusion

CT-defined sarcopenia is an independent predictor for worse OS in patients with rectal can-
cer. Future studies with a more stringent definition of sarcopenia are required to further con-
firm our findings.

Introduction

Colorectal cancer, with rectal cancer accounting for approximately 30%, is the third most com-
mon form of cancer and ranks second in terms of mortality worldwide [1, 2]. And rectal can-
cer has been a challenging disease to treat due to the anatomical structure and also due to a
high rate of local recurrence. At present, the combination of total mesorectal excision (TME)
and neoadjuvant chemoradiotherapy (nCRT) has been the standard treatment for patients
with locally advanced rectal cancer. And it has been reported that preoperative CRT can
improve local control of rectal cancer and reduce toxicity without improving overall survival
(OS) compared with postoperative CRT [3]. At present, identifying modifiable risk factors
associated with the prognoses of patients with rectal cancer is of great value.

As we know, cancer patients are going through changes in their body composition along
with the disease process. According to the report of the European Working Group on Sarcope-
nia in Older People (EWGSOP), sarcopenia can be defined as low muscle mass and impaired
muscle function (strength or performance) [4]. Sarcopenia is common in older adults and has
been found to be associated with poorer prognoses in many types of cancer, including head
and neck cancer, lung cancer, breast cancer, and so on [5-7]. The third lumbar vertebrae skele-
tal muscle index (L3 SMI) is often calculated based on a computed tomography (CT) scan to
define sarcopenia [8]. For cancer patients, CT scans are routinely performed for assessing
tumor lesions and monitoring tumor metastasis, and it has been a common approach to mea-
sure skeletal muscle mass without extra radiation.

Currently, there is an increasing focus on the relationship between sarcopenia and cancer
outcomes. Previous meta-analyses have found that sarcopenia is a negative predictor for OS in
patients with colorectal cancer [9, 10]. Several studies have investigated the association
between sarcopenia and the OS in patients with rectal cancer, but the result remains controver-
sial. So far, the prognostic value of sarcopenia in rectal cancer has not been systematically eval-
uated yet.

Here, we performed a meta-analysis aiming to explore whether sarcopenia defined by L3
SMI can negatively influence OS among rectal cancer patients.

Methods

This meta-analysis study was conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 Table) [11].

Search strategy

Two reviewers (Y.Z. and X.G.) independently carried out a systematic literature search to
identify relevant studies. And disagreements were solved by discussion with a third reviewer if
necessary (Q.Z.). This study was conducted according to a pre-designed protocol. PubMed,
Embase, Web of science and Scopus were all screened from their inception to 14 January 2021.
A combination of medical subject headings (MeSH) terms and keywords were applied relating
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to rectum, cancer and sarcopenia. The full search strategy was presented in S1 File. Besides,
the references of included studies and relevant reviews were manually searched in order to
detect additional eligible studies.

Eligibility criteria

Studies were included in this meta-analysis if they met all of the following criteria: (1) studies
of patients with rectal cancer; (2) studies that compared OS between patients with sarcopenia
versus those without; (3) skeletal muscle mass measured by CT quantificationally at the level of
L3; (4) studies that reported hazard ratios (HRs) and 95% confidence intervals (CIs) for OS.
Case reports, reviews, comments, conference abstracts, and animal experiments were

excluded. Furthermore, we excluded studies that did not provide valid data, such as HRs and
95% Cls.

Data extraction

Two reviewers (Y.Z. and X.G.) independently extracted relevant data from all included studies
using a standardized form. Disagreements were resolved through consultation with a third
reviewer (Q.Z.). For each study, the following details were extracted: first author’s name, year
of publication, country, study design, number of patients, mean/median population age, the
percentage of male, disease stage, SMI measurement, cut-off points of SMI, prevalence of sar-
copenia, and HRs with 95%CIs for OS. And we extracted HRs with corresponding 95% Cls in
univariate and multivariate analyses from each study if data was provided.

Quality assessment

Quality assessment for included studies was performed by two independent reviewers (Y.Z.
and X.G.) according to the Quality in Prognosis Studies (QUIPS) tool [12, 13]. This tool con-
sists of six bias domains: study participation, study attrition, prognostic factor measurement,
outcome measurement, study confounding, and statistical analysis and reporting. Each of
these domains is categorized as high, moderate, or low risk based on several criteria. The study
with <2 domains of moderate risk of bias and all others of low risk of bias is rated as having a
low risk of bias. The study with >2 domains of moderate risk of bias and all others of low risk
of bias is rated as having a moderate risk of bias. The study with high risk of bias in at least one
domain is rated as having a high risk of bias. Any discrepancies were resolved through discus-
sion with a third reviewer (Q.Z.). We further assessed the quality of evidence for the outcomes
in our meta-analysis using the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) guidelines and website GRADEpro [14]. For each outcome, some vari-
ables were imputed to automatically rate the quality of evidence, including type of study
design, risk of bias, inconsistency, indirectness, imprecision, and other considerations. And
the outcome was rated as four levels: high, moderate, low or very low based on GRADE
guidelines.

Statistical analysis

We performed this meta-analysis by using Review Manager 5.4 software (The Cochrane Col-
laboration). HRs and 95% ClIs of OS associated with sarcopenia were directly retrieved from
the included studies. Heterogeneity between studies was estimated by performing the chi-
square test and the I° statistic. P < 0.1 and I’ > 50% were used to define statistically significant
heterogeneity between studies. In view of the different cut-off points of SMI for the diagnosis
of sarcopenia, there may be different effect sizes among different studies and the between-
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study heterogeneity was expected to be at least moderate. Therefore, random-effects models
were applied for both univariate and multivariate data in our study [15]. A Tau® value was pro-
duced to estimate the between-study variance in a random-effects meta-analysis. Besides, we
performed sensitivity analyses to investigate the sources of heterogeneity. And funnel plots
were used to identify potential publication bias. The symmetric distribution of funnel plot
shapes suggested that the publication bias was low. P < 0.05 was considered to be statistically
significant.

Results
Search results/included studies

The literature searches of four databases yielded a total of 1791 potential relevant records.
After removing 462 duplicates, titles and abstracts were screened in 1329 studies. Among
these, 20 studies underwent full text review. Finally, 7 studies were identified as suitable for
this meta-analysis [16-22]. The detailed flow diagram of the selection process was shown in
Fig 1.

Patient characteristics

Ultimately, 7 retrospective studies were included, comprising a total of 2377 patients. All these
included studies evaluated L3 SMI for diagnosing sarcopenia and its association with OS in
patients with rectal cancer. L3 SMI was the variable that calculated as the total muscle area at

Records identified through database Additional records identified
S searching (n=1791): through other sources
= PubMed (n=211), Embase (n=938), (n=0)
5.;.' Web of science (n=534), Scopus (n=108)
s
) v v
= Records after duplicates removed
(n=1329)
2
5
2 A 4
A Titles and abstracts Records excluded
screened (n=1329) (n=1309)
Full-text articles Full-text articles
Z sasessed forelipibility excluded, with reasons
5 (n=20) (n=13)
= 1. results about
l colorectal cancer
instead of rectal
— Studies included in cancer (n=10)
qualitative synthesis 2. outcome not
(== (0=7) measured by hazard
ratio (n=1)
o l 3. lack of definition of
° . ] sarcopenia (n=1)
S Studies included in 4. CT image not at the
£ quantitative synthesis third lumbar vertebra
(meta-analysis) level (n=1)
) ©=7)

Fig 1. Flow chart of the selection process for included studies.

https://doi.org/10.1371/journal.pone.0270332.g001
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Table 1. Study characteristics of included studies.

Study Country | Study design | Number of | Age” | Male | Disease Sarcopenia measurement and Prevalence of | Outcome data
cases (%) stage definitions sarcopenia (%) reported
Measurement Cut-off points of
SMI (cm? /m?)

Choi et al., South Retrospective 188 613 | 622 II-111 CT image at the 3rd Men: 52.4 39.4 os®
2017 [16] Korea lumbar level Women: 38.5

Chung et al,, South Retrospective 93 NR | 645 II-111 CT image at the 3rd Men: 52.4 NR os®
2019 [21] Korea lumbar level Women: 38.5

Han et al, South Retrospective 1384 59.0 | 64.2 0-1IT CT image at the 3rd Men: 52.4 68.2 os®
2020 [22] Korea lumbar level Women: 38.5

Hopkinsetal,, | Canada | Retrospective 381 NR | 69.6 I-11T CT image at the 3rd | Men: 43 or 53° NR 0s?
2019 [20] lumbar level Women: 41

Levolger et al., | Netherlands | Retrospective 122 61.0 | 582 II-1v CT image at the 3rd Men: 52.4 NR os¢
2017 [18] lumbar level Women: 38.5

Park et al., South Retrospective 65 71.0 | 70.8 II-IIT CT image at the 3rd Men: 49 38.5 osP
2018 [19] Korea lumbar level Women: 31

Takeda et al., Japan Retrospective 144 NR | 708 II-I11 CT image at the 3rd Men: 45 25.7 os®
2018 [17] lumbar level Women: 33.8

SMI, skeletal muscle index; OS, overall survival; NR, not reported.

*Mean or median age as reported.

Univariate and multivariate data.

SMI < 43 cm? /m” when body mass index < 25 kg/m” or SMI < 53 cm* /m” when body mass index > 25 kg/m>.
dMultivariate data.

“Univariate data.

https://doi.org/10.1371/journal.pone.0270332.t001

L3 the level (cm?) divided by height square (m®) based on axial CT scan. One study involving
patients with colorectal cancer was included, since the outcome data about patients with rectal
cancer had been provided in the article [20]. In most of the included studies, sarcopenia was
diagnosed according to SMI by CT images taken before nCRT. And in two studies, the out-
come data about sarcopenia diagnosed by CT scans measured before and after nCRT were
both obtainable [18, 21], and we selected the data with CT scans taken before nCRT. The diag-
nosis of rectal cancer was confirmed in all included patients, mostly between stages II-III. And
most of these rectal cancer patients underwent nCRT combined with surgery. Study character-
istics were displayed in Table 1.

Risk of bias and GRADE assessment

The methodological quality of all included 7 studies were assessed by using the QUIPS tool on
six domains. For the study participation domain, the risk of bias was moderate in four studies
[17,19-21]. And a moderate risk of bias was ranked in all included studies of study attrition
[16-22], one study of prognostic factor measurement [17], and one study of outcome measure-
ment [18]. Regarding study confounding, two studies were ranked with a high risk of bias [18,
19]. To sum up, four studies were judged as having an overall low risk of bias [16, 20-22], one
study was at an overall moderate risk of bias [17], and the other two studies were assessed as
being at an overall high risk of bias [18, 19] (Table 2). According to GRADEpro tool, the qual-
ity of evidence was downgraded for outcomes due to risk of bias and inconsistency. And the
quality of evidence was moderate for both univariate and multivariate data with respect to the
association between sarcopenia and OS (Table 3).
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Table 2. Risk of bias for the included studies assessed by the Quality in Prognosis Studies (QUIPS) tool.

Study Study Prognostic factor Outcome Study Statistical analysis and | Overall risk of

participation attrition measurement measurement confounding reporting bias
Choi et al. [16] Low Moderate Low Low Low Low Low
Chung et al. Moderate Moderate Low Low Low Low Low
(21]
Han et al. [22] Low Moderate Low Low Low Low Low
Hopkins et al. Moderate Moderate Low Low Low Low Low
[20]
Levolger et al. Low Moderate Low Moderate High Low High
(18]
Park et al. [19] Moderate Moderate Low Low High Low High
Takeda et al. Moderate Moderate Moderate Low Low Low Moderate

(17]
https://doi.org/10.1371/journal.pone.0270332.t002

Sarcopenia and OS in rectal cancer

The impact of sarcopenia on OS was described in Fig 2, including univariate and multivariate
analyses. As for univariate data, the random-effects model was used due to the existence of het-
erogeneity between studies (Tau® = 0.20, Chi® = 14.59, P = 0.01, I = 66%). And the pooled
analysis showed that there was a significant association between sarcopenia and poorer OS in
rectal cancer patients (HR 2.10, 95% CI 1.33-3.32, P = 0.001) (Fig 2A). With regard to multi-
variate data, the outcome using a random-effects model indicated that sarcopenia was nega-
tively associated with OS (HR 2.37, 95% CI 1.13-4.98, P = 0.02), in spite of obvious
heterogeneity (Tau® = 0.54, Chi® = 21.44, P = 0.0003, I’ = 81%) (Fig 2B).

Sensitivity analysis and publication bias

There were seven studies in our meta-analysis to investigate the association between sarcope-
nia and OS. For both univariate and multivariate analyses, the significant heterogeneity
between studies was found. Regarding univariate data, the heterogeneity among studies
decreased to 41% when we excluded the study conducted by Park et al. [19]. As for multivari-
ate data, when we removed the study carried out by Han et al. [22], the heterogeneity dramati-
cally decreased from 81% to 1%.

The publication bias was detected by funnel plots. And the funnel plots revealed a symmet-
ric distribution (Fig 3), indicating the absence of publication bias among these included
studies.

Discussion

This meta-analysis demonstrated that sarcopenia was associated with worse OS in patients
with rectal cancer of both the univariate and multivariate data. It was the first meta-analysis to

Table 3. GRADE evidence profile: Sarcopenia vs. non-sarcopenia for OS in rectal cancer patients.

Certainty assessment No. of Effect Certainty Importance
No. of studies | Study design | Risk of |Inconsistency |Indirectness | Imprecision Other patients | pejative
bias considerations (95% CI)
Opverall survival- non- serious serious not serious | not serious strong 1996 HR2.10 [ 7::7-1@) CRITICAL
univariate data randomised association (1.33- MODERATE
(n=26) studies 3.32)
Overall survival- non- serious serious not serious | not serious strong 2162 HR 2.37 Y710 CRITICAL
multivariate data randomised association (1.13- MODERATE
(n=5) studies 4.98)

https://doi.org/10.1371/journal.pone.0270332.t003
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A

Study or Subgrou|
Choi 2017

Chung 2019

Han 2020
Levolger 2017
Park 2018
Takeda 2018

Total (95% Cl)

log[Hazard Ratio

1.1525
0.4032
0.3472
0.1679
1.7346
1.2224

Heterogeneity: Tau®= 0.20; Chi*=14.59, df=5 (P = 0.01); F= 66%

Test for overall effect: Z= 3.18 (P = 0.001)

B

Study or Subgroup __log[Hazard Ratio]
Choi 2017 1.2691
Han 2020 -0.054
Hopkins 2019 0.6956
Park 2018 1.8016
Takeda 2018 1.0709
Total (95% Cl)

Hazard Ratio Hazard Ratio

SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
04178 14.7% 3.17[1.40,7.18] —
0.3877 157% 1.50[0.70, 3.20) A T
01216 259% 1.42[1.12,1.80] -
0.3404 17.5% 1.18 [0.61, 2.30) .
0.4568 13.5%  5.67[2.31,13.87) —— -
0.4805 12.8% 3.40[1.32,8.71) — s

100.0% 2.10[1.33,3.32] -
0.01 0.1 1 10 100
Favours [Non-sarcopenia] Favours [Sarcopenia)
Hazard Ratio Hazard Ratio

SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
05094 17.9% 3.56 [1.31, 9.66) — %
01344 255% 0.95[0.73,1.23) B
0.3549 21.4% 2.00[1.00, 4.02) [— =
05483 17.0%  6.06[2.07,17.75) .
0.4954 18.2% 2.92[1.11,7.70) —

100.0%  2.37[1.13,4.98] el
0.01 0.4 1 10 100

Heterogeneity: Tau®= 0.54, Chi*= 21.44, df= 4 (P = 0.0003), F=81%
Testfor overall effect: Z=2.28 (P =0.02)

Favours [Non-sarcopenia] Favours [Sarcopenia)

Fig 2. Forest plots of hazard ratios for overall survival in rectal cancer patients with sarcopenia versus those without. (A) univariate data, (B) multivariate

data.

https://doi.org/10.1371/journal.pone.0270332.9002

investigate the relationship between sarcopenia and OS in rectal cancer patients, and the result
was in line with most previous observational studies. The quality of evidence for the outcome
was considered moderate for both univariate and multivariate analyses on the basis of the

GRADE rating.
U__SE(Iog[Hazard Ratio]) ! 0__':.‘E(Iog[Hazard Ratio])
A ’ B 5
1 |
1 |
i 0 i
1 |
01T i 027 i
0| |
1 |
1 |
1 |
1 |
1 |
027 i 04T !
1 |
1 |
i 100
| |
1 |
03T ! 06T !
1 |
0 | i
1 |
1 |
0 i
047 ! 08T !
1 o |
1 |
! |
i , ., & 8 ) Hazard Ratio, 1 , , i , Hazard Ratio,
01 01 1 10 100 001 01 1 10 100
Fig 3. Funnel plots for assessing publication bias. (A) univariate data, (B) multivariate data.
https://doi.org/10.1371/journal.pone.0270332.g003
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Sarcopenia, which is defined by the age-related loss of skeletal muscle mass and impaired
muscle function, has been increasingly investigated for the predictive value in cancer patients
over the past decade [4]. Sarcopenia should not be disregarded in clinical work, since the inci-
dence among geriatric cancer patients varied from 12.5% to 57.7% [23]. And cancer has been a
major cause of secondary sarcopenia [24]. In current cancer studies, the diagnosis of sarcope-
nia depended mainly on the low SMI, without assessing muscle strength and physical perfor-
mance. And further studies with a more comprehensive definition of sarcopenia are needed to
reach more reliable conclusions. CT scan is able to be a practical method to assess body com-
position on account of the routine use for clinical staging in cancer patients. The main purpose
of this meta-analysis was to explore the effects of sarcopenia on the prognosis of rectal cancer,
as the current findings of studies had not been summarized so far. In our meta-analysis, sarco-
penia was diagnosed with SMI at the level of L3 by CT scan in all seven included studies,
which was the gold standard of measurement. And we believe it can decease the heterogeneity
and help to reach a convincing conclusion.

As a result, the incidence rate of sarcopenia among rectal cancer patients had a range from
25.7 to 68.2%. The rate seemed to be relatively high in view of the mean age (about 60 years)
and the small proportion of patients with metastatic disease. And it may be due to the usage of
common sex-specific cut-off points of SMI for sarcopenia in some included studies from
South Korea [16, 21, 22], rather than using Korean-specific cut-off points (49 cm®/m? for men
and 31 cm?/m?® for women) [25]. And significant differences were observed in OS between
patients with sarcopenia and those without in both univariate (HR 2.10, 95% CI 1.33-3.32,

P =0.001) and multivariate analyses (HR 2.37, 95% CI 1.13-4.98, P = 0.02) using random-
effects models. The pooled HR was even higher in the multivariate analysis. Based on these
results, sarcopenia was demonstrated to be significantly associated with shorter survival in
patients with rectal cancer. Of note, we had tried to use the data of sarcopenia defined by pre-
treatment CT. This said, sarcopenia was assessed before the treatment for rectal cancer. In
light of our findings, screening pre-treatment sarcopenia exhibited significance among cancer
patients because pre-treatment sarcopenia was independently related to the poorer survival.
Thus, timely detection and intervention of sarcopenia before cancer treatment should contrib-
ute to improve patient outcomes.

We found obvious heterogeneity in both univariate and multivariate analyses. And sensitiv-
ity analyses were performed in order to explore the potential source of heterogeneity. When
we removed the study conducted by Park et al. [19] in univariate analysis, the heterogeneity
decreased obviously and the result was not influenced. The cut-off point of SMI to define sar-
copenia in the study by Park et al. was lower than that in other studies. For this reason, sarco-
penia might be more severe in the sarcopenia group of this study than those in other studies,
which further magnified the negative impact of sarcopenia on OS. Thus, the study by Park
et al. might be the source of heterogeneity. As for multivariate analysis, the heterogeneity
decreased dramatically after removal of the study conducted by Han et al. [22] and the result
was consistent with the outcome pooled by all studies. Perhaps, it can be attributed to the
usage of common cut-off points of SMI for sarcopenia instead of using Korean-specific cut-off
points in this study, which may increase the incidence rate of sarcopenia and accordingly
reduce the negative effects of sarcopenia on OS.

To date, the reason why sarcopenia is negatively associated with OS in rectal cancer patients
is still unclear. It may be explained by systemic inflammation. Sarcopenia reflects a state of
increased catabolism and is related to a stronger postoperative inflammatory response in colo-
rectal cancer [26, 27]. Systemic inflammation can be an independent factor for poorer out-
comes in patients with rectal cancer [28]. And the co-existence of inflammation and

PLOS ONE | https://doi.org/10.1371/journal.pone.0270332  June 24, 2022 8/11


https://doi.org/10.1371/journal.pone.0270332

PLOS ONE

Prognostic value of sarcopenia in patients with rectal cancer

sarcopenia leads to a high mortality risk [29]. The exact mechanisms need to be investigated
further.

There are still several limitations in our meta-analysis. Firstly, sarcopenia was defined using
cut-off points of SMI to meet the criterion of low muscle mass. However, the assessments of
muscle strength and physical performance were not included in all these studies, which should
be considered according to the diagnostic criteria for sarcopenia by the EWGSOP [4]. And the
cut-off points of SMI varied among studies. Secondly, two of these included studies had high
risk of bias, while other studies were classified as low to moderate risk of bias. Finally, only
seven studies were included in this meta-analysis and all of them were retrospective in nature.

Conclusion

In general, we make the conclusion that sarcopenia is independently associated with worse OS
in patients with rectal cancer. Future studies with a comprehensive definition of sarcopenia
and different type of designs are needed to strengthen the evidence and further confirm our
conclusion. We suppose that appropriate nutrition supplement and strengthening exercise
may contribute to improve the prognosis of patients with rectal cancer, which can be verified
in further researches.
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