
Abstract. Aim: Sarcopenia affects the treatment of various
cancer types but its impact on chemotherapy efficacy and
prognosis in biliary tract cancer remains unclear. Thus, we
evaluated whether sarcopenia independently affects the
outcome of chemotherapy for biliary tract cancer. Patients
and Methods: Data of 50 patients who underwent
chemotherapy for biliary tract cancer at two affiliated
centres were retrospectively analysed. The association of
clinical factors, including sarcopenia, with overall survival
and time to treatment failure was analysed. Results:
Sarcopenia was an independent factor negatively influencing
overall survival and time to treatment failure in univariate
and multivariate analyses (median overall survival,
sarcopenic vs. non-sarcopenic patients: 10.6 vs. 16.6
months; hazard ratio=2.19, p=0.018; time to treatment
failure: 5.3 vs. 13.1 months, hazard ratio=2.50, p=0.019).
Conclusion: Sarcopenia may affect the efficacy of
chemotherapy and prognosis in biliary tract cancer. Thus,
improving sarcopenia may improve the prognosis of patients
with biliary tract cancer undergoing chemotherapy.

Chemotherapy is the last treatment option for patients with
biliary tract cancer (1). Patient characteristics, such as age
and the Eastern Cooperative Oncology Group performance
status (ECOG PS) prior to chemotherapy, have been reported
to influence the efficacy of chemotherapy for various
carcinomas (2). Sarcopenia, a concept proposed by
Rosenberg in the late 1980s (3), is defined as a decrease in
skeletal muscle mass and muscle function, and it has been

used as an indicator of activities of daily living and
nutritional status (4). Sarcopenia may affect the prognosis of
various cancer types including lung, gastric, colorectal, and
pancreatic, by diminishing the effect of chemotherapy (5, 6). 
The association between sarcopenia and efficacy of
chemotherapy in biliary tract cancer has not yet been fully
investigated and remains unknown. Hence, this study aimed
to evaluate whether sarcopenia independently affects the
efficacy of chemotherapy for biliary tract cancer.

Patients and Methods
Patients. Using our electronic health records databases, we
retrospectively collected and studied the data of patients with biliary
tract cancer who underwent chemotherapy at Yokohama Sakae
Kyosai Hospital and Yokohama City University Hospital between
November 2012 and February 2019. The diagnosis of most biliary
tract cancers was based on histological findings obtained by
endoscopic retrograde cholangiopancreatography. Where histological
determination was not possible, such as in patients with gallbladder
cancer, diagnosis was based on imaging findings and tumour markers.

Here, we only included patients with ECOG PS0-1, due to the
poorer prognosis of patients with PS2 or more which might have
influenced our results (2). In addition, given that the tumour stage
affects prognosis, we included only those with stage III and IV
tumours which are associated with a 5-year survival rate of
approximately 30% or less in Japan, and excluded patients with
tumours of lower stages (7). Tumour staging was determined based
on the eighth edition of the Union for International Cancer Control
Tumour Node and Metastasis Classification of Malignant Tumours
(8). Other exclusion criteria included patients without sufficient
follow-up or clinical data, those with severe comorbidities that may
affect prognosis, and those whose cause of death was not likely to
be related to biliary tract cancer (for example, pneumonia, heart
failure, or myocardial infarction). All patients provided their written
informed consent prior to starting chemotherapy.

Data collection. We collected clinical data, including, age, sex,
ECOG PS, laboratory data (complete blood count and aspartate
aminotransferase, alanine aminotransferase, total bilirubin, alkaline
phosphatase, γ-glutamyl transpeptidase, albumin, and C-reactive
protein), and levels of serum tumour markers, such as
carcinoembryonic antigen and carbohydrate antigen 19-9 (CA19-9).
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Each cut-off value was determined by referring to previous reports
(9-11). Additionally, we also analysed comorbidities (hypertension,
dyslipidaemia, type 2 diabetes, and cholelithiasis), body mass index,
tumour site (bile duct or gallbladder), location of metastasis (lung
and liver), and chemotherapy regimen. These values were measured
within 4 weeks from the start of chemotherapy. This study was
approved by the Research Ethics Committee of Yokohama Sakae
Kyosai Hospital (20181217-4) and Yokohama City University
Certified Institutional Review Board (B201000005).

Treatment strategy. In Japan, a combination therapy with
gemcitabine plus cisplatin (GC therapy), gemcitabine plus S-1 (GS
therapy), and gemcitabine or S-1 monotherapy are approved for
biliary tract cancer treatment (1). The chemotherapy regimen was
determined according to third edition of the Clinical Practice
Guidelines for the Management of Biliary Tract Cancers, published
by the Japanese Society of Hepato-Biliary-Pancreatic Surgery (1).
Generally, either GC or GS therapy was selected as a first-line
regimen. Depending on the patient’s age, general condition,
comorbidities, and patient preference, single-agent gemcitabine or
S-1 therapy was occasionally chosen as an optional first-line
treatment. Furthermore, for each regimen, dose modification was
based on the occurrence of adverse effects and the patient’s status.
These choices were made at the discretion of the attending
physician and with the patient’s consent. The efficacy of
chemotherapy was evaluated by computed tomographic imaging.
When a patient was diagnosed with progressive disease as defined
by the revised Response Evaluation Criteria in Solid Tumours
guideline version 1.1 (12), they were administered a second-line
regimen or the treatment was discontinued, depending on the
physician’s assessment based on a consideration of various factors. 

Sarcopenia. The presence of sarcopenia was assessed using
Ziostation2 (Ziosoft, Tokyo, Japan) and Vincent (Fuji film, Tokyo,
Japan) by measuring the area of the psoas muscle at the third lumbar
spine on computed tomographic images taken within 4 weeks before
chemotherapy initiation. Simultaneously, subcutaneous fat and
visceral fat were also measured. Each tissue HU threshold was set
at −29 to 150 HU for the iliopsoas muscle and −150 to −30 HU for
the adipose tissue, as per previous reports (9, 13).

The cross-sectional area of the psoas muscle was normalized for
the patient height by calculating the psoas muscle index (PMI:
cm2/m2). To define sarcopenia, we used the sex-specific PMI cut-
off values provided by the Japan Society of Hepatology as follows:
PMI<3.92 cm2/m2 for women and <6.36 cm2/m2 for men (14). We
also calculated the subcutaneous adipose tissue index, visceral
adipose tissue index (VATI), and total adipose tissue index (ATI) of
the third lumbar vertebra. Similarly, each adipose tissue area was
normalized for height (15). Cut-off values for subcutaneous adipose
tissue index, VATI, and ATI were defined as previously reported (9).

Statistical analyses. The study endpoint was overall survival (OS),
which was defined as the period from the start of the first
chemotherapy until death. Additionally, we also investigated
prognostic factors for the time to treatment failure (TTF), which was
defined as the period from chemotherapy initiation to discontinuation
of treatment for any reason, including the appearance of adverse
effects, disease progression, or patient complaint or death.

In the analysis of the relationship between sarcopenia and
individual factors, the Mann-Whitney U-test was applied for

continuous variables, and Fisher’s exact test or Pearson’s chi-
squared test was applied for categorical data. The OS and TTF
analyses were evaluated using the Kaplan-Meier method.
Differences between each group were assessed using the log-rank
test for univariate analyses, and the Cox proportional hazard model
for multivariate analyses. Tests were two-sided, with the
significance level set at p<0.05. All statistical analyses were
performed using EZR software (16).

Results

The data of 62 eligible patients were evaluated from the
database. Twelve patients were excluded after applying the
exclusion criteria. Hence, 50 patients were finally included in
this retrospective analysis. Patient characteristics are
summarized in Table I. The median age of patients was 75
(range=48-87) years, and they were predominantly male
(60%). There were 31 patients (62%) with cholangiocarcinoma
(distal cholangiocarcinoma plus hilar cholangiocarcinoma) and
19 (38%) with gallbladder cancer. Initially, 24 patients (48%)
had metastases, of whom 14 (28%) had liver metastases, 10
(20%) had lung metastases, and five (10%) had other
metastases, such as peritoneal seeding. There were 22 patients
with stage III and 28 with stage IV. Regarding the
chemotherapy regimen, 41 patients (82%) received a regimen
containing gemcitabine, and nine patients (18%) received a
regimen without gemcitabine (S-1). Furthermore, 25 patients
(50%) received second-line chemotherapy or later lines.

In this survey, the average PMI was 5.24 cm2/m2 (5.82
cm/m2 for men and 4.35 cm2/m2 for women). Consequently,
28 (56.0%) patients were classified as having sarcopenia.
There were no significant differences in clinical background
factors, such as the age, sex, tumour staging or presence of
metastasis between the sarcopenic and non-sarcopenic
groups (Table I).

The results of the univariate and multivariate analyses of
the factors for the OS are shown in Table II. In the univariate
analysis, sarcopenia, lung metastasis, liver metastasis, gall
bladder tumour, and high CA19-9 level were identified as
significant factors negatively affecting OS (p<0.05). A
multivariate analysis was then performed, and the results
showed that sarcopenia [hazard ratio (HR)=2.19, 95%
confidence interval (CI)=1.14-4.23; p=0.018 and CA19-9
(HR=4.62, 95% CI=2.07-10.31; p<0.001)] were significant
independent factors.

Table III shows the results of univariate and multivariate
analyses of factors predicting the TTF. Univariate analysis
showed that sarcopenia, ECOG PS, CA19-9, VATI, and ATI
may be associated with TTF (p<0.05). Furthermore,
multivariate analysis demonstrated that sarcopenia (HR=2.50,
95% CI=1.15-5.43; p=0.019) was the only independent factor.
Hence, sarcopenia was a significant factor for both OS and TTF.

There were 28 patients with sarcopenia and 22 without.
Kaplan-Meier curves for OS and TTF for patients with and

in vivo 35: 2909-2915 (2021)

2910



without sarcopenia are shown in Figure 1. The median OS for
the entire cohort was 12.6 months. The median OS of patients
with sarcopenia was shorter than that of patients without
sarcopenia (10.6 vs. 16.6 months, p=0.015) (Figure 1A). The
median TTF for patients overall was 8.5 months (Figure 1B).
Similarly, the TTF in patients with sarcopenia was shorter than
in those without (5.3 vs. 13.1 months, respectively, p=0.045). 

Discussion

This study evaluated the association of sarcopenia with the
efficacy of chemotherapy in patients with biliary tract cancer.
Our results showed that sarcopenia is an independent

prognostic factor for patients with biliary tract cancer treated
with chemotherapy. Previous studies have reported that
sarcopenia affects the efficacy of chemotherapy in other
carcinoma types (9, 17); our results show that sarcopenia
affects chemotherapy in patients with biliary tract cancer.

It has been noted that sarcopenia is associated with
prognosis and treatment response of various carcinomas.
Okumura et al. evaluated the association between surgical
treatment and sarcopenia and found that the low-PMI
(sarcopenia) group had significantly poorer OS than the
normal-PMI (non-sarcopenia) group in patients who had
undergone resection of biliary tract cancer, except for those
with intrahepatic cholangiocarcinoma. They found that the
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Table I. Patient characteristics and comparisons between patients with sarcopenia and without sarcopenia. 

Characteristic Total (n=50) Sarcopenia (n=28, 56%) Non-sarcopenia (n=22, 44%) p-Value

Age, (range) Median (range) 75 (48-87) 73 (48-83) 77 (70-87)                       0.017
Gender, n (%) Male 30 (60) 19 (38) 11 (22)                          0.25
ECOG PS, n (%) 0 27 (54) 13 (26) 14 (28)                          0.38

1 23 (46) 15 (30) 8 (16)                             
Site of tumor, n (%) Bile duct (Bp+Bd) 31 (62) 14 (28) 17 (34)                          0.055

Gall bladder 19 (38) 14 (28) 5 (10)                             
Metastasis, n (%) Liver 14 (28) 8 (16) 6 (12)                        >0.99

Lung 10 (20) 7 (14) 3 (6)                            0.48
Peritoneum 4 (8) 1 (2) 3 (6)                            0.30

Recurrent, n (%) Yes 12 (24) 7 (14) 5 (10)                        >0.99
Stage, n (%) III 26 (52) 11 (22) 11 (22)                          0.568

IV 28 (56) 17 (34) 11 (22)                            
First line, n (%) GC 17 (34) 10 (20) 7 (14)                           0.407

GS 8 (16) 6 (12) 2 (4)                              
Gemcitabine 16 (32) 9 (18) 7 (14)                             
S-1 9 (18) 3 (6) 6 (12)                             

Second line, n (%) Yes 25 (50) 13 (26) 12 (24)                          0.78
Diabetes 15 (30) 9 (18) 6 (12)                           0.77

Comorbidity, n, n (%) Hypertension 29 (58) 17 (34) 12 (24)                          0.78
Lipidemia 17 (34) 8 (16) 9 (18)                           0.39
Gall stone 11 (22) 6 (12) 5 (10)                        >0.99

WBC, n/μl Median (IQR) 5,800 (4,600-6,800) 5,750 (4,750-6,550) 6,250 (4,525-7,100)               0.61
Albumin, g/dl Median (IQR) 3.52 (3.1-3.94) 3.66 (3.10-3.96) 3.44 (3.14-3.89)                  0.63
CRP, mg/dl Median (IQR) 0.45 (0.21-1.05) 0.30 (0.18-0.81) 0.68 (0.30-1.41)                  0.12
AST, IU/l Median (IQR) 28 (21-48) 29 (23-44) 24 (20-48)                       0.57
ALT, IU/l Median (IQR) 26 (18-48) 29 (22-54) 21 (15-38)                       0.11
T-Bil, mg/dl Median (IQR) 0.70 (0.60-1.0) 0.7 (0.6-0.9) 0.8 (0.6-1.0)                     0.64
ALP, IU/l Median (IQR) 408 (280-713) 385 (311-844) 440 (243-475)                    0.67
γ-GTP, IU/l Median (IQR) 100 (39-279) 92 (39-313) 106 (47-207)                     0.79
CA19-9, U/ml Median (IQR) 315 (39-1,196) 616 (248-1,223) 130 (27-1,059)                   0.17
CEA, ng/ml Median (IQR) 4.30 (2.70-7.60) 4.2 (3.1-8.6) 4.8 (2.4-7.5)                     0.49
BMI, kg/m2 Median (IQR) 21.6 (19.6-23.7) 21.9 (18.9-23.6) 21.3 (20.1-23.4)                  0.85
SATI, cm2/m2 Median (IQR) 30.6 (19.2-38.7) 28.2 (16.6-38.9) 35.6 (20.2-38.6)                  0.31
VATI, cm2/m2 Median (IQR) 33.9 (21.2-57.7) 44.3 (22.9-58.1) 31.1 (18.0-53.0)                  0.45
ATI, cm2/m2 Median (IQR) 63.2 (45.4-95.1) 78.1 (42.3-95.0) 60.0 (48.9-94.3)                  0.75

ALP: Alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ATI: adipose tissue index; Bd: distal bile duct; BMI:
body mass index; Bp: perihilar bile duct; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CRP: C-reactive protein; ECOG
PS: Eastern Cooperative Oncology Group performance status; GC: gemcitabine plus cisplatin; GEM: gemcitabine; GS: gemcitabine plus S-1; IQR:
interquartile range; SATI: subcutaneous adipose tissue index; T-Bil: total bilirubin; VATI: visceral adipose tissue index; WBC: white blood cell;
γGTP: γ-glutamyl transpeptidase. Statistically significant p-values are shown in bold.
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Table II. Univariate and multivariate analyses for overall survival.

Univariate Multivariate

Factor Subgroup OS, months (median) 95% CI p-Value HR 95% CI p-Value

Age <75 Years                              11.0 6.9-14.2                 0.29                                                
≥75 Years                              13.7 11.4-21.5                                                                        

Gender Female                                11.8 6.6-17.4                 0.91                                                
Male                                  12.8 8.2-16.4                                                                        

ECOG PS 1                                       8.5 5.6-12.8                 0.058                                              
0                                     14.5 11.2-19.7                                                                        

Tumor site Bile duct                              14.5 8.5-19.0                 0.034                     1.89 1.01-3.95             0.056
Gall bladder                            11.2 6.9-12.8                                               1                        

Liver metastasis Present                                10.0 5.7-14.2                 0.031                     1.19 0.57-2.51             0.64
Absent                                13.1 9.8-19.0                                               1                        

Lung metastasis Present                                  7.7 0.8-14.5                 0.049                     1.42 0.59-3.41             0.43
Absent                                12.8 11.2-16.6                                               1                        

Recurrent Present                                12.9 2-22                    0.66                                                
Absent                                12.6 9.5-14.6                                                                        

First line Included GEM                          11.4 8.2-14.5                 0.38                                                
S-1                                   16.6 5.3-25.6                                                                        

Second line Absent                                12.8 6.5-16.6                 0.52                                                
Present                                12.1 8.5-16.4                                                                        

Diabetes Present                                  7.7 5.3-12.4                 0.21                                                
Absent                                14.3 11.4-16.7                                                                        

Hypertension Present                                11.2 6.8-14.6                 0.16                                                
Absent                                14.5 8.5-17.4                                                                        

Lipidemia Present                                13.1 9.5-19.7                 0.38                                                
Absent                                12.1 6.8-14.5                                                                        

Gallstone Present                                12.8 5.3-17.4                 0.98                                                
Absent                                12.4 8.2-16.5                                                                        

WBC ≥8000/μl                                 9.8 5.7-14.2                 0.10                                                
<8000/μl                              12.8 10.7-16.6                                                                       

AST ≥27 IU/l                               12.8 10.7-16.4                0.44                                                
<27 IU/l                               12.2 6.5-16.6                                                                        

ALT ≥33 IU/l                               10.4 6.5-16.7                 0.51                                                
<33 IU/l                               12.8 10.7-16.4                                                                       

T-Bil ≥1.2 IU/l                              17.0 4.3-19.7                 0.68                                                
<1.2 IU/l                              12.4 9.5-14.5                                                                        

ALP ≥334 IU/l                              12.8 6.6-17.4                 0.62                                                
<334 IU/l                              12.1 11.2-14.5                                                                        

γ-GTP ≥66 IU/l                               12.3 6.8-16.7                 0.47                                                
<66 IU/l                               12.8 10.7-16.4                                                                       

Alb ≥3.5 mg/dl                             14.2 12.1-16.7                0.63                                                
<3.5 mg/dl                             11.0 5.6-14.6                                                                        

CRP ≥1.0 mg/dl                               9.8 5.7-14.3                 0.12                                                
<1.0 mg/dl                             13.1 10.7-16.7                                                                       

CEA ≥5.0 ng/ml                             10.6 10.7-16.6                0.56                                                
<5.0 ng/ml                             14.4 6.9-19.0                                                                        

CA19-9 ≥1,000 U/ml                             6.8 4.3-14.2               <0.001                     4.62 2.07-10.31          <0.001
<1,000 U/ml                           14.6 12.1-19.0                                              1                        

BMI <22 kg/m2                             12.8 10.7-17.4                0.41                                                
≥22 kg/m2                             12.1 6.8-16.4                                                                        

Sarcopenia Present                                10.6 6.5-12.8                 0.015                     2.19 1.14-4.23             0.018
Absent                                16.5 11.2-22.8                                               1                        

SATI High                                  12.8 10.7-19.7                0.21                                                
Low                                  12.3 6.8-14.5                                                                        

VATI High                                  14.3 10.7-21.5                0.078                                              
Low                                  11.0 6.8-14.6                                                                        

ATI High                                  16.7 10.7-21.5                0.063                                              
Low                                  12.1 6.9-13.1                                                                        

ALP: Alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ATI: adipose tissue index; BMI: body mass index;
Bp: perihilar bile duct; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CRP: C-reactive protein; CI: confidence intervaI;
ECOG PS: Eastern Cooperative Oncology Group performance status; GEM: gemcitabine; HR: hazard ratio; SATI: subcutaneous adipose tissue
index; T-Bil: total bilirubin; VATI: visceral adipose tissue index; WBC: white blood cell; γGTP: γ-glutamyl transpeptidase. Statistically significant
p-values are shown in bold.
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Table III. Univariate and multivariate analyses for time to treatment failure.

Univariate Multivariate

Factor Subgroup TTF, months (median) 95% CI p-Value HR 95% CI p-Value

Age <75 Years                                6.8 4.8-11.3                 0.61                                                
≥75 Years                              12.5 3.7-15.7                                                                        

Gender Female                                  7.6 3.3-14.4                 0.45                                                
Male                                    9.4 5.3-13.1                                                                        

ECOG PS 1                                       5.0 3.0-8.3                  0.017                     1.23 0.60-2.51             0.57
0                                     13.1 6.4-15.8                                               1                        

Site of tumor Bile duct                              12.8 4.4-14.4                 0.22                                                
Gall bladder                              6.4 4.8-10.2                                                                        

Liver metastasis Present                                  7.6 3.3-13.1                 0.33                                                
Absent                                  9.4 4.8-13.6                                                                        

Lung metastasis Present                                  6.8 0.4-13.0                 0.12                                                
Absent                                10.1 5.3-13.6                                                                        

Recurrent Present                                11.1 1.3-17.7                 0.73                                                
Absent                                  7.6 5.3-12.8                                                                        

First line Included GEM                            6.8 4.8-13.0                 0.58                                                
S-1                                   11.3 2.1-17.7                                                                        

Second line Absent                                  5.3 3.0-13.6                 0.13                                                
Present                                10.1 6.3-13.6                                                                        

Diabetes Present                                  4.4 3.3-10.1                 0.14                                                
Absent                                11.3 6.4-14.4                                                                        

Hypertension Present                                  6.4 4.5-12.8                 0.21                                                
Absent                                10.1 4.4-15.8                                                                        

Lipidemia Present                                12.2 4.8-15.8                 0.45                                                
Absent                                  6.8 4.4-12.8                                                                        

Gall stone Present                                  6.8 2.3-12.2                 0.64                                                
Absent                                  8.6 4.8-13.6                                                                        

WBC ≥8,000/μl                                6.3 4.5-13.0                 0.19                                                
<8,000/μl                              10.1 5.3-13.6                                                                        

AST ≥27 IU/l                                 7.6 3.3-13.6                 0.50                                                
<27 IU/l                               10.8 5.3-13.1                                                                        

ALT ≥33 IU/l                                 7.6 3.3-14.4                 0.76                                                
<33 IU/l                               10.2 5.3-13.1                                                                        

T-Bil ≥1.2 IU/l                              14.6 2.6-16.4                 0.53                                                
<1.2 IU/l                                7.5 5.3-12.2                                                                        

ALP ≥334 IU/l                              10.2 5.3-13                   0.66                                                
<334 IU/l                                6.8 4.4-14.4                                                                        

γ-GTP ≥66 IU/l                                 6.8 4.5-13.6                 0.24                                                
<66 IU/l                               10.2 4.3-13.6                                                                        

Alb ≥3.5 IU/l                               11.8 5.3-13.6                 0.56                                                
<3.5 IU/l                                5.8 3.0-13.6                                                                        

CRP ≥1.0 mg/dl                               5.3 3.3-8.3                  0.085                                              
<1.0 mg/dl                             11.3 5.3-13.6                                                                        

CEA ≥5.0 ng/ml                               6.1 4.4-13.6                 0.94                                                
<5.0 ng/ml                             11.2 4.5-14.4                                                                        

CA19-9 ≥1,000 U/ml                             4.4 2.3-12.8                 0.009                     1.72 0.77-3.86             0.19
<1,000 U/ml                            11.3 5.3-15.7                                               1                        

BMI <22 kg/m2                               5.3 4.3-11.3                 0.20                                                
≥22 kg/m2                             12.2 5.3-14.4                                                                        

Sarcopenia Present                                  5.3 3.3-8.6                  0.045                     2.50 1.15-5.43             0.019
Absent                                13.1 6.8-17.4                                               1                        

SATI High                                  12.9 6.3-16.4                 0.12                                                
Low                                    5.3 4.3-11.3                                                                         

VATI High                                  13.1 6.3-17.4                 0.023                     2.05 0.83-5.10             0.12
Low                                    5.3 4.3-10.1                                               1                        

ATI High                                  13.6 6.8-16.4                 0.027                     1.20 0.33-2.13             0.70
Low                                    5.3 4.5-11.3                                                1                        

ALP: Alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ATI: adipose tissue index; BMI: body mass index;
Bp: perihilar bile duct; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CRP: C-reactive protein; CI: confidence intervaI;
ECOG PS: Eastern Cooperative Oncology Group performance status; GEM: gemcitabine; HR: hazard ratio; SATI: subcutaneous adipose tissue
index; T-Bil: total bilirubin; VATI: visceral adipose tissue index; WBC: white blood cell; γGTP: γ-glutamyl transpeptidase. Statistically significant
p-values are shown in bold.



loss of skeletal muscle mass was an independent predictor
of poor prognosis in the postoperative period (HR=2.92,
95% CI=1.92-4.47; p<0.001) (18).

The relationship between chemotherapy and sarcopenia
has recently been reported for several types of carcinoma but
reports on biliary tract cancer are limited. In their study of
patients with advanced gastric cancer who underwent
chemotherapy, Lee et al. showed that the OS was
significantly shorter in patients with advanced gastric cancer
with sarcopenia than those without (median: 6.8 vs. 10.3
months, p=0.033). Additionally, they revealed that
sarcopenia was an independent prognostic factor for poor OS
(HR=1.51, p=0.029) (5). Kurita et al. studied the relation
between sarcopenia and the effect of FOLFIRINOX in
pancreatic cancer (9). They found that both OS and TTF
were significantly shorter in the group with sarcopenia than
in that without, and reported that sarcopenia was an
independent prognostic factor for OS and TTF. Our findings
on biliary cancer are similar to theirs for pancreatic cancer.

Recently, skeletal muscle has gained increasing attention
as an endocrine organ involved in immune responses,
including inflammatory reactions. Interleukin (IL) 15, which
is highly expressed in the skeletal muscle, is required for the
development and survival of natural killer lymphocytes. In
patients with sarcopenia, a reduced expression of IL15 may
lead to reduced innate immunity (19). Skeletal muscle cells
also produce IL6, which is involved in the regulation of the
immune system, and its role in the suppression of cancer cell
growth has been described (20). Based on these findings, it
is highly likely that patients with sarcopenia have a weakened
immune system, which may have led to the present results.

This study has several limitations. This was a retrospective
study with a relatively small sample size. Furthermore, there
are no internationally standardized cut-off values for
sarcopenia; here, we used the Japan Society of Hepatology
criteria for sarcopenia. The Asian Working Group for
Sarcopenia states that the cut-off value for sarcopenia varies
according to race (4); however, standardized cut-off values
for sarcopenia for each race have not been established. In
addition, the revised European Working Group on
Sarcopenia in Older People states that including data on low
muscle strength/quality and low physical performance for the
assessment of sarcopenia will help to better assess the
severity and physical effects of sarcopenia, and this should
be considered in future studies (21).

In conclusion, sarcopenia was identified as a factor for
poor prognosis in patients with biliary tract cancer who
underwent chemotherapy. Thus, maintenance of muscle mass
may improve the efficacy of chemotherapy in such patients
and consequently their prognosis. 
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Figure 1. Kaplan-Meier curves for overall survival OS (A) and time to treatment failure (TTF) (B) in patients with and without sarcopenia.
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