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Background: Sarcopenia, as assessed by body composition, can affect morbidity and survival in several
gastrointestinal cancer. However, the impact of sarcopenia, referring to both quantity and quality of
skeletal muscle, in biliary tract cancer (BTC) is debatable. We aimed to investigate the impact of sar-
copenia on morbidity and mortality in patients with BTC.
Methods: Electronic databases and trial registries were searched through July 2021 to perform random-
effects meta-analyses. Study selection, data abstraction and quality assessment were independently
performed using the Grading of Recommendations, Assessment, Development, and Evaluation approach.
Results: Twenty-nine studies (4443 patients) were included; 28 used computed tomography and one
used dual-energy X-ray absorptiometry to assess body composition. Eighteen studies reported the
impact of pre-operative sarcopenia on postoperative outcomes; namely, sarcopenia increased post-
operative complications (risk ratio = 1.23, 95% confidence interval [CI] = 1.07 to 1.41; I> = 2%), and
decreased recurrence-free survival (hazard ratio [HR] = 2.20, 95% CI = 1.75 to 2.75; = 0%) in multi-
variable analyses. Low muscle quantity (HR = 2.26, 95% CI = 1.75 to 2.92; I> = 66%) and quality
(HR = 1.75, 95% ClI = 1.33 to 2.29; I = 50%) decreased overall survival in multivariable analyses. The
certainty of the evidence was low because of heterogeneity and imprecision.
Conclusions: In sarcopenia, low muscle quantity and quality by body composition conferred an inde-
pendent risk of morbidity and mortality in patients with BTC. Further studies are needed to confirm
these findings and mitigate risk.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Biliary tract cancer (BTC) refers to any malignant tumor
that mainly occurs in the biliary tract, including intrahepatic
(ICC) and extrahepatic cholangiocarcinoma (ECC), perihilar chol-
angiocarcinoma (PHC), gallbladder carcinoma (GC), and ampullary
carcinoma [1—3]. BTC is common in eastern Asia and it is an
aggressive malignancy with poor prognosis—less than half of

patients present with unresectable disease, and the 5-year overall
survival (OS) rate is only 5%—15% [4]. The main treatment modality
of BTC is surgical resection, and the elderly population undergoing
this procedure is steadily increasing [1—3].

Among such elderly populations, prognosis has improved in
recent years. For this reason, the relationship between carious
gastrointestinal cancers and sarcopenia, which refers to an age-
related decrease in skeletal muscle mass, has been attracting

Abbreviations: BTC, biliary tract cancer; CI, confidence interval; CT, computed tomography; ECC, extrahepatic cholangiocarcinoma; GC, gallbladder cancer; HR, hazard
ratio; ICC, intrahepatic cholangiocarcinoma; OS, overall survival; PHC, perihilar cholangiocarcinoma; RR, risk ratio; RFS, recurrence-free survival.
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attention recently. To assess sarcopenia, body composition is the
main focus [5]. In fact, sarcopenia may be a poor prognostic factor
in patients after surgery for various malignancies, such as
esophageal, gastric, colon, pancreatic, and hepatic cancer [6—9].
A previous systematic review of gastrointestinal and hep-
atopancreatic cancer revealed that sarcopenia predicts poor
morbidity and mortality [6,9]. However, no systematic review of
sarcopenia has been carried out in patients with BTC. Unlike other
cancers, BTC can be difficult to treat because it is aggressive and has
complex anatomical relationships [1—3]. Therefore, researchers
must investigate whether sarcopenia impacts on prognosis in BTC.

The definition and concept of sarcopenia has changed over the
years. According to the European Working Group on Sarcopenia in
Older People 2 (EWGOSP2), diagnosis should consider both quan-
tity and quality of skeletal muscle [5]. Even when patients have
sufficient muscle quantity, they may show a reduction of muscle
function and strength due to poor muscle quality [5]. When
assessing body composition for sarcopenia, dual-energy X-ray ab-
sorptiometry (DXA) and bioelectrical impedance (BIA) mainly
assess muscle quantity, while computed tomography (CT) assesses
both quantity and quality [5]. It follows that previous systematic
reviews of gastrointestinal and hepatopancreatic malignancies
mainly assessed muscle quantity [6—9]. Thus, researchers must
investigate the impact of preoperative sarcopenia, especially as
assessed by CT, on malignancy outcomes [6—9].

Clarifying the relationship of sarcopenia, as assessed by body
composition especially using CT, with outcomes seems to be useful
for the treatment of patients with BTC. Therefore, the present study
aimed to compare the morbidity and mortality between patients
with sarcopenia and BTC, as assessed by body composition, and
patients without sarcopenia. The present study, via a systematic
review and meta-analysis based on the available reports observed
the impact of sarcopenia, as assessed by body composition on
morbidity and mortality in patients with BTC.

2. Materials and methods

The Preferred reporting items for systematic review and meta-
analysis 2020 (PRISMA-2020) were followed [10]. The protocol
was published in protocols.io (dx.doi.org/10.17504/protocols.io.
bwgqpbvw).

2.1. Inclusion criteria of the articles for the review

Studies that assessed body composition in patients with BTC
were included. No restrictions based on language, country, obser-
vation period, or publication year, were applied. All papers,
including published and unpublished articles, conference abstracts
and letters, were included in accordance with the recommenda-
tions in the Cochrane handbook [11]. Review articles and case re-
ports were excluded. Prospective or retrospective cohort studies,
and case—control studies were included. Studies were included if
they involved patients with BTC aged over 18 years, and they were
excluded if they had mixed populations, in which the outcomes of
patients with either benign disease or cancer at another site could
not be separated from those of patients with BTC. Exposure was
defined as diagnosis of sarcopenia by body composition, assessed
by any method based on either the volume or characteristics of
muscle and/or adipose compartments within the body. The out-
comes were OS, recurrence-free survival (RFS), and postoperative
complications categorized according to the Clavien-Dindo
classification > IIl [12]. The studies in the qualitative synthesis
included patients preoperatively, prechemotherapy, and pre-
percutaneous transhepatic biliary drainage as assessed by body
composition (DXA, BIA and CT), while the studies in the
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quantitative synthesis (meta-analyses) included only preoperative
patients with BTC as assessed by CT.

2.2. Search method

The following databases were searched: MEDLINE (PubMed),
the Cochrane Central Register of Controlled Trials (Cochrane Li-
brary), and EMBASE (Dialog) (Appendix 1). The following databases
for ongoing or unpublished trials were also searched: the World
Health Organization International Clinical Trials Platform Search
Portal (ICTRP); and ClinicalTrials.gov (Appendix 1). The reference
lists of studies, including international guidelines [13—17] as well as
the reference lists of eligible studies and articles citing eligible
studies, were searched.

2.3. Data collection and analysis

Two independent reviewers (JW and RM) screened the titles and
abstracts and then assessed the eligibility based on the full texts.
Two independent reviewers (JW and RM) then performed data
extraction and evaluated the risk of bias independently using the
Newcastle—Ottawa Quality Rating Scale (NOS) [18]. Two reviewers
(JW and RM) evaluated the certainty of evidence based on the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach [19]. Disagreements between the
two reviewers were resolved by discussion; when this failed, a
third reviewer acted as an arbiter (KK). We contacted original au-
thors when relevant data were missing. Summary of findings table
was made for the following outcomes, based on the Cochrane
handbook [11]: OS, RSF, and major postoperative complications.

2.4. Statistics

The hazard ratios and 95% confidence intervals (CIs) for OS and RFS
were pooled in preoperative patients with BTC. The relative risk ratios
(RRs) and 95% Cls for major postoperative complications were pooled.
Intention-to-treat analysis was performed on dichotomous data as
much as possible. Statistical heterogeneity was evaluated by visual
inspection of forest plots and by calculating the I? statistic (1> values of
0%—40%: may not be important; 30%—60%: may represent moderate
heterogeneity; 50%—90%: may represent substantial heterogeneity;
75%—100%: considerable heterogeneity) [11]. When there was sub-
stantial heterogeneity (I> > 50%), we assessed the reason for the
heterogeneity. The clinical trial registry systems (ClinicalTrials.gov
and ICTRP) were searched to assess reporting bias. Potential publi-
cation bias was assessed by visual inspection of the funnel plot [11].
Meta-analysis with a random-effects model was performed using
Review Manager software (RevMan 5.4.2). To elucidate the influence
of effect modifiers on results, subgroup analyses of the following
factors were performed when sufficient data were available: cancer
type (BTC, ICC, ECC, or GC) and method of assessing body composition
(CT, DXA, or BIA). Sensitivity analyses were planned to assess whether
the results of the review withstood the decisions made during the
review process. In one of these analyses, studies that used imputed
statistics were excluded; the other only included participants who
completed the study with complete data.

3. Results

Figure 1 shows the study flowchart. A total of 1264 records were
searched on July 9, 2021. After screening, 29 studies (4443 patients)
were included in qualitative synthesis [20—48]. Eighteen studies
(2923 patients) were ultimately included in the quantitative syn-
thesis (meta-analysis) [20—24,29—-31,35,37,38,41—46,48]. Although
we followed the Cochrane handbook's recommendation of
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Records identified through database searching
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Fig. 1. Flow of the study selection process.

including unpublished data and ongoing studies in the systematic
review, no such elements were identified in our search.

Table 1 summarizes the characteristics of the eligible studies. All
29 studies were retrospective cohort studies; 19 were published as
articles, while 10 were published as conference abstracts. Of the 29
studies, nine focused on BTC, five on PHC, eight on ICC, four on ECC,
and three on GC. Twenty-eight studies assessed body composition
for sarcopenia using CT, while one used DTX. Of the 28 studies that
used CT to assess skeletal muscle quantity, seven only reported
measurements of body composition, while 20 reported their
normalization to height and one reported neither. Of the nine
studies that used CT to assess skeletal muscle quality, seven only
reported measurements of the mean CT value, while two reported
their normalization to subcutaneous fat. With regards to timing, 24
studies assessed body composition before surgery, four before
chemotherapy, and one before percutaneous transhepatic biliary
drainage. Study quality was assessed using NOS; the median was 8
and the range between 2 and 9.

3.1. Body composition assessment in BTC

Table 2 summarizes the findings using the GRADE approach.

3.2. Postoperative complications

Ten studies reported postoperative complications [21-24,29,
31,35,42,44]. Sarcopenia assessed by CT increased the postoperative
complications (RR = 1.23, 95% CI = 1.07 to 1.41; I? = 2%) (Fig. 2).

3.3. RFS

Seven studies reported RFS [23,24,29,35,43,48]. On univariable
analysis, sarcopenia assessed as low muscle quantity by CT was a
significant risk factor for RFS (HR = 1.89, 95% CI = 1.12 to 3.17;
I> = 91%) (Fig. 3A). On multivariable analysis, sarcopenia was an
independent prognostic factor for RFS (HR = 2.20, 95% CI = 1.75 to
2.75; I> = 0%) (Fig. 3B).
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Sixteen studies reported OS [20,23,24,29—31,35,37,38,41-46,48].
On univariable analysis, sarcopenia assessed by CT and defined as
low muscle quantity (HR = 2.01, 95% CI = 1.47 to 2.73; I> = 85%)
(Fig. 4A) was a significant risk factor for OS, as was sarcopenia
assessed by CT and defined as low muscle quality (HR = 1.91, 95%
Cl = 1.61 to 2.27; I?> = 0%) (Fig. 5A). On multivariable analysis, sar-
copenia assessed as low muscle quantity (HR = 2.26,95% Cl = 1.75 to
2.92; I = 66%) (Fig. 4B) and quality (HR = 1.75, 95% Cl = 1.33 to 2.29;
I? = 50%) (Fig. 5B) by CT were independent prognostic factors for OS.

3.5. Additional analysis

Subgroup analyses of cancer type were performed (Appendix
Figs. 1-7), in which RFS (P < 0.00001) (Appendix Fig. 2) and OS
of muscle quantity (P = 0.04) (Appendix Fig. 4) differed signifi-
cantly by univariable analysis, but not by multivariable analysis for
PFS (Appendix Fig. 3) and OS (Appendix Fig. 5). Subgroup analyses
of body composition assessment methods could not be performed
because the studies included in the quantitative synthesis (meta-
analysis) all used CT. Sensitivity analysis only involving participants
who completed the study with complete data were consistent with
the original results (Appendix Figs. 8—12). The prespecified sensi-
tivity analyses excluding studies that used imputed statistics could
not be performed because no studies used imputed statistics.
Funnel plots were visualized as symmetrical, indicating minimal
publication bias for reporting of postoperative complications, RFS,
and OS (Appendix Figs. 13—16).

4. Discussion

The present systematic review and meta-analysis revealed that
sarcopenia, as assessed by body composition, could confer a
significantly high rate of postoperative complications and an
independently high risk of RFS and OS in patients with BTC. This is
new information about the impact of sarcopenia on morbidity and
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Table 1
The characteristics of the eligible studies.
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Authors [ref no.] Year Country Study type Study design Cancer type Subject no. Sarcopenia no. Age Methods Muscle quantity Muscle quality NOS
Mir [20] 2012 France P R BTC 28 10 63 NR NR — 6
Coelen [21] 2015 Netherland A R PHC 97 41 NR CT SMA — 4
Otsuji [22] 2015 Japan P R PHC 256 85 67 CT TPA - 6
Zhou [23] 2015 China P R ICC 67 33 61 CT SMI — 9
Okumura [24] 2016 Japan P R ECC 207 71 68 CT PMI IMAC 9
Van Vugt [25] 2016 Netherland A R PHC 241 112 66 CT SMI MA 5
Ashida [26] 2017 Japan A R GC 88 22 NR CT PMI IMAC 4
Cho [27] 2017 Korea P R BTC 524 212 61 CT SMI — 8
Nakamura [28] 2017 Japan A R ICC 50 20 NR CT TPA — 4
Okumura [29] 2017 Japan A R ICC 109 69 68 CT SMI MA 9
Van Rijssen [30] 2017 Netherland P R BTC 166 130 65 CT SMI MA 9
Chakedis [31] 2018 USA P R BTC 117 30 NR CT PMI MA 9
Gao [32] 2018 China A R GC 88 NR NR CT SMA - 3
Gaspersz [33] 2018 Netherland A R BTC 96 27 NR CT SMI - 2
Limpawattana [34] 2018 Thailand P R BTC 75 46 57 DXA - - 8
Umetsu [35] 2018 Japan P R ECC 65 48 72 CT PMI - 8
Yamao [36] 2018 Japan A R ICC 66 10 NR CT SMA - 4
Hahn [37] 2019 Germany P R ICC 293 164 66 CT PMI - 9
Kitano [38] 2019 Japan P R ECC 110 31 70 CT SMI - 9
Lacaze [39] 2019 France A R ICC 102 NR NR CT SMI MA 5
Meguro [40] 2019 Japan A R BTC 46 NR 76 CT PMI - 4
Van Vugt [41] 2019 Netherland P R PHC 233 103 66 CT SMA MA 8
Yoon [42] 2019 Korea P R BTC 371 185 66 CT SMI MA 9
Yugawa [43] 2019 Japan P R ICC 61 30 65 CT PMA - 8
Lee EC [44] 2020 Korea P R GC 158 88 64 CT SMI - 9
Lee BM [45] 2020 Korea P R BTC 353 159 67 CT SMI - 9
Tamura [46] 2020 Japan P R ECC 111 89 72 CT SMI - 9
Zhang [47] 2020 China P R PHC 144 NR 66 CT SMI - 8
Deng [48] 2021 China P R ICC 121 66 65 CT PMI - 9

A, conference abstract; BTC, biliary tract cancer; CT, computed tomography; ECC, extrahepatic cholangiocarcinoma; GC, gallbladder cancer;

ICC, intrahepatic chol-

angiocarcinoma; IMAC, intramuscular adipose tissue content; MA, muscle attenuation; NOS, the Newcastle—Ottawa Quality Rating Scale; NR, not reported; P, published
articles; PHC, perihilar cholangiocarcinoma; PMA, psoas muscle area; PMI, psoas muscle index; R, retrospective cohort study; SMA, skeletal muscle area; SMI, skeletal muscle

index.

Table 2
Summary of findings.

The impact of sarcopenia assessed by body composition in patients with biliary tract cancer

Patient or Population: Adults, Setting: Preoperative, Exposure: Sarcopenia, Comparison: Non-sarcopenia

Outcomes

Relative Effect (95% CI) Patient Number (Studies) Certainty of the

Comments

Evidence (GRADE)

Postoperative complications

Recurrent free survival
(multivariable)

Overall survival (multivariable) HR 2.26 (1.75—2.92)
assessed with muscle
quantity

Overall survival (multivariable) HR 1.75 (1.33—2.29)
assessed with muscle quality

RR 1.23 (1.07—1.41)
HR 2.20 (1.75-2.75)

1574 (10 non-RCT)
630 (6 non-RCT)

1887 (13 non-RCT)

1444 (7 non-RCT)

Low* Sarcopenia may increase postoperative complications.

Low” Sarcopenia may reduce recurrent free survival.

Low™¢ Sarcopenia of muscle quantity may reduce overall survival.
Moderate® Sarcopenia of muscle quality probably reduce overall survival.

CI, confidence interval; HR, hazard ratio; RCT, randomized control trials; RR, risk ratio. GRADE Working Group grades of evidence; High certainty: We are very confident that
the true effect lies close to that of the estimated effect. Moderate certainty: We are moderately confident in the estimated effect. The true effect is likely to be close to the
estimated effect, but there is a possibility that it is substantially different. Low certainty: Our confidence in the estimated effect is limited: The true effect may be substantially
different from the estimated effect. Very low certainty: We have very little confidence in the estimated effect. The true effect is likely to be substantially different from the

estimated effect.
2 Downgraded because of non-RCT.
> Downgraded because of imprecision due to the small sample size.
¢ Downgraded because of inconsistency due to substantial heterogeneity.

mortality in BTC based on a systematic review of studies that
considered both skeletal muscle quantity and quality (a recent
concept of sarcopenia) as assessed by CT mainly. The present study
findings would imply that sarcopenia should be assessed before
surgical treatment of patients with BTC.

In previous systematic reviews of gastrointestinal and hep-
atopancreatic malignancies [5—8], sarcopenia, as assessed by body
composition, increased postoperative complications and mortality,
with HRs of 1.70 (esophageal cancer), 2.12 (gastric cancer), 1.78
(pancreatic cancer), 3.19 (hepatic cancer), and 1.85 (colorectal
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cancer) for mortality or survival [5—8]. In the present review, sar-
copenia conferred increased postoperative complications, as well
as decreased RFS (HR = 2.20) and OS (HR = 1.75) in patients with
BTC. These findings are consistent with previous reviews reporting
poor outcomes in patients with sarcopenia [5—8]. Thus, this study
was valuable in that it expanded knowledge of sarcopenia in
gastroenterological malignancies to include BTC.

In the present review, most studies used CT among the several
methods (CT, DXA, or BIA) to assess body composition. Although
previous reviews have also used often used CT [5—8], the impact of
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Sarcopenia  Non-sarcopenia Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Coelen 2014 27 41 26 56 14.7% 1.42 [0.98, 2.03] 1
Otsuji 2015 46 85 64 171 24.2% 1.45 [1.10, 1.90] —
Zhou 2015 g8 33 5 24 1.9% 1.65 [0.60, 4.52]
Okumura 2016 25 71 42 136 11.6% 1.14 [0.76, 1.71] I e a—
Okumura 2017 12 69 5 40 2.1% 1.29[0.53, 3.66]
Yan Rijssen 2017 62 130 16 36 11.4% 1.07 [0.71, 1.61] e —
Chakedis 2018 12 20 15 48 5.2% 1.28 [0.70, 2.35] —
Umetsu 2018 25 48 12 17 11.3% 0.74[0.49, 1.11] —_—
Yoon 2019 45 185 36 186  12.9% 1.34 [0.92, 1.96] T—
Lee EC 2020 1% 88 13 70 4.8% 1.16 [0.62, 2.19]
Total (95% CI) 780 794 100.0% 1.23 [1.07, 1.41] il
Total events 284 234
Heterogeneity. Tau? = 0.00; Chi® = 9.19, df = 9 (P = 0.42); I = 2% %02 055 ] i z

Test for overall effect: Z = 2.87 (P = 0.004)

Favours [sarcopenia] Favours [non-sarcopenia]

Fig. 2. Forest plot of postoperative complications.

A
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Zhou 2015 1.1184 0.293% 13.7% 3.06[1.72, 5.44]
QOkumura 2016 0.8416 0.181% 15.2% 2.56[1.80, 2.66] e —
QOkumura 2017 0.4886 0.2342 145% 1.62 [1.03, 2.58] —
Yugawa 2019 1.2B8E 0.4173 11.7% 4.01[1.77, 9.09] S —
Lee BM 2020 -0.2877 0.1054 16.0% 0.75 [0.61, 0.92] —s—
Lee EC 2020 0.1613 02387 14.5% 1.18 [0.74, 1.8BE] i
Deng 2021 0.892 0.2415 14.4% 2.44[1.52, 2.92] —_—
Total (95% CI) 100.0% 1.89 [1.12, 3.17] -*—
Heterogeneity, Tau? = 0.43; Chi? = 64.86, df = 6 (P < 0.00001); I* = 91% =0 1 012 015 ) i é 10:
Test for overall effect: Z = 2.40 (P = 0.02) Favours [Sarcopenia] Favours [Non-sarcopenia]
B
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Zhou 2015 Q07227 02757 17.3% 2.06[1.20, 2.54] —_—
Okumura 2016 07613 01939 35.0% 2.14 [1.4¢, 3.13] —a—
Okumura 2017 0.5596 0.2606 19.4% 1.75[1.05, 2.92] e —
Umetsu 2018 2.4037 1.0475 1.2% 11.06[1l.42, B6.21] +
Yugawa 2018 0.9042 04316 7.1% 2.47 [1.06, 5.786] e
Deng 2021 0.967 02568 20.0% 2.63[1.59, 4.35] —_—
Total (95% CI) 100.0% 2.20 [1.75, 2.75] -’
Heterogeneity: Tau? = 0.00; Chi® = 3.78, df = 5 (P = 0.58); P = 0% :0 1 0I2 0:5 T i é 10:

Test for owverall effect: 2 = .85 (P < 0.00001)

Favours [Sarcopenia] Favours [Non-sarcopenia]

Fig. 3. Forest plot of recurrence-free survival on A) univariable and B) multivariable analysis.

assessment of body composition using CT on postoperative outcomes
has not been comparted to the other assessment methods. Even
though CT was recently recognized as the gold standard method to
assess body composition, which refers to both the quantity and
quality of skeletal muscle, the choice of methods for the body
composition assessment in clinical practice is under consideration.
While the present review observed the impact of body composition,
assessed using CT (manifesting partly the muscle quality), on post-
operative outcomes, it could not compare CT with DXA or BIA in terms
of the measured impact of body composition on outcomes. Moreover,
the impact was not markedly higher than in previous reviews [5—38],
indicating that muscle quality and quantity cannot be completely
separated, but that they are highly correlated [24]. Moreover, the
methodology for assessing muscle quality has not yet been stan-
dardized. Seven of the nine studies in the present review
[25,29—-31,39,41,42] used mean CT values as the quality measure;
however, this value is greatly influenced by CT equipment and scan-
ning conditions [49]. Another two studies [24,26] used intramuscular
adipose tissue content, standardized to subcutaneous fat, which is

unaffected by the scanning device [50]. The best methodologies for
assessing body composition in patients undergoing BTC surgery
should be further determined in an evidence-based way.

The mechanisms responsible for the relationship between sar-
copenia and increased risk of morbidity/mortality are still unclear.
Potential factors include age-related changes [51] and cancer
cachexia [52]. Skeletal muscle quantity and quality can be
compromised by a variety of factors, including age-related changes
in the body composition and hormonal environment, positive en-
ergy balance, inflammatory pathways, and insulin resistance [51].
In addition, cancer cachexia causes an involuntary loss of muscle
mass and increased adipocyte lipolysis, stimulating systemic
inflammation and cytokine networks [52]. Inflammation and in-
sulin resistance promote cancer progression because tumor cells
activate various growth and survival signaling pathways [53,54].

Intervention to maintain muscle quantity and quality may
improve survival, but no studies have evaluated long-term survival
[55]. Approaches to enhance skeletal muscle quantity and quality
include exercise [56] and oral nutritional support [57]. Preoperative
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Fig. 4. Forest plot of overall survival assessed as low muscle quantity on A) univariable and B) multivariable analysis.
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Fig. 5. Forest plot of overall survival assessed as low muscle quality on A) univariable and B) multivariable analysis.
rehabilitation and nutritional support may reduce morbidity and The present study had several limitations. First, the overall
improve survival [58,59]. In the elderly population, exercise, strength of the conclusion was limited because the studies had high

especially strength training, is reported to improve the muscle heterogeneity in their methods and techniques of body composi-
quality compared to the muscle quantity [60,61]. Further studies tion assessment, and because the small sample size led to impre-
are needed to elucidate the effects of methods that improve skeletal cision. Further large studies using standardized measures of body
muscle quantity and quality in cancer patients. composition are needed. Second, variability in cancer type was an
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important confounder. However, in the multivariable subgroup
analyses, RFS and OS did not differ significantly among cancer
types. Third, many other studies have assessed body composition in
mixed cohorts that included patients with liver or/and pancreatic
cancer; these studies were therefore not suitable for inclusion in
this review. However, we adopted a rigorous method of searching
based on the PRISMA statement [10]. Forth, sarcopenia based on
physical performance was not assessed, since the body composition
assessment used in the present review could not directly evaluate
physical performance.

5. Conclusion

The present systematic review and meta-analysis revealed that
sarcopenia, as assessed by body composition, was associated with a
significantly high rate of postoperative complications and an
independently high risk of RFS and OS in patients undergoing BTC
surgery. These findings suggested that the medical team in-charge
of treatment should be aware of the presence of sarcopenia and
adjust the care given accordingly, because it is related to post-
operative complications and prognosis. Further studies are needed
to confirm these findings and mitigate the negative effects.
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