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ABSTRACT 

 

Prognostic significance of sarcopenia in advanced biliary tract 

cancer patients 

 

Byung Min Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Ik Jae Lee) 

 

Purpose: Sarcopenia and systemic inflammation is getting its attention in 

patients with malignancy as systemic inflammation and low muscularity have 

great impact on the survival of cancer patients. There are few studies regarding 

how the sarcopenia and systemic inflammation affect the prognosis in biliary 

tract cancer with distant metastasis have been studied. Based on this 

background, we aimed to investigate the association between the sarcopenia 

with systemic inflammation and prognosis between the patients with metastatic 

biliary tract cancer. 

Materials and Methods: A total 353 patients with metastatic biliary tract cancer 

patients from 2007 to 2016 were analyzed. To evaluate the skeletal muscle mass, 

the computed tomography image at upper level of 3rd lumbar vertebra (L3) was 

used. We defined the sarcopenia as follows using Japan Society of Hepatology 

guideline; L3 muscle index < 42 cm2/m2 for male and < 38cm2/m2 for female 

patients. The systemic inflammation status was evaluated using the neutrophil 

lymphocyte ratio (NLR). Patients with NLR>3 was categorized into patients 

with inflammatory status. The overall survival (OS) and progression free 

survival (PFS) were analyzed. The subgroup analysis was performed those who 

received gemcitabine/cisplatin (GP) chemotherapy. The OS and PFS of patients 

who received GP chemotherapy were analyzed depending on sarcopenia and 

inflammatory status. 

Results: Patients with sarcopenia showed inferior 1-year OS compared to 



2 

 

patients without sarcopenia (25.5% vs 38.2%, p=0.019). Concordant to other 

studies, the patients with high NLR (NLR>3) were associated with inferior OS 

than low NLR (NLR≤3) (21.0% vs 52.8%, p<0.001). Based on this results, we 

categorized the patients into 3 groups; patients with sarcopenia accompanied 

high NLR, patients without sarcopenia and low NLR, and either sarcopenia or 

high NLR. The OS of patients was well stratified according to this grouping 

(1-year OS; 18.3% vs 30.3% vs 55.8%, p<0.001). Concordant with OS results, 

the PFS was well stratified based on either sarcopenia or NLR (Sarcopenia; 

9.5% vs 19.4%, p<0.001, NLR; 10.0% vs 23.4%, p<0.001). The PFS was 

significantly associated with group depending on NLR and sarcopenia (1-year 

PFS; 7.8% vs 13.0% vs 27.9%, p<0.001). 

Conclusion: We find out that the sarcopenia coexist with inflammatory status is 

notably associated with inferior OS and also PFS. Based on results that 

sarcopenia accompanied with inflammatory status has been associated with 

poor prognosis, the conservative treatment such as nutritional support, exercise 

and pharmacologic intervention would be helpful to these patients in metastatic 

biliary tract cancer to overcome the sarcopenia and inflammatory status. 

 

 

 

 

 

 

 

 

 

 

 

 

______________________________________________________________ 
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Prognostic significance of sarcopenia in advanced biliary tract 

cancer patients 

 

Byung Min Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Ik Jae Lee) 
 

I. INTRODUCTION 

The sarcopenia is a phenomenon that happens as a part of normal 

aging process. However, nowadays, it turns out that the sarcopenia is associated 

not only with aging but also with other health problems such as liver cirrhosis, 

renal failure, cognitive problems and cancer [1-3]. The sarcopenia especially in 

cancer patients has gradually gained its significance as the low muscularity was 

significant predictor of poor prognosis in various cancers [4-6]. 

One study showed that the low skeletal muscle mass before the surgery 

was significantly associated with OS in biliary tract cancer (BTC) patients who 

underwent resection [7, 8]. There are only few reports regarding the sarcopenia 

as the prognostic factor in advanced BTC [9]. If the loss of skeletal muscle mass 

occurred, the tolerance to anticancer treatment reduced and it is associated with 

a decrease in survival [10, 11]. However, the mechanism of sarcopenia in 

malignancy is not fully defined [12]. As far as is known, the sarcopenia in 

patients with malignancy were related to inflammation as well as older age, 

poor performance [11, 13]. Low muscularity of patients could lead to 

inflammation around the muscle and it contributes to systemic inflammation 

[14]. 

Due to seldom knowledge about mechanism of sarcoepnia, the clinical 

management of sarcopenia is limited and complex [12, 15, 16]. The plan for the 

management could not be easily established because of little understanding 

about sarcopenia. For over the past decades, the understanding of sarcopenia 

has been developed but there is still a lack of a definition, diagnostic criteria for 

sarcopenia.  

Several studies demonstrated that systemic inflammation is related to 

poor prognosis [17, 18]. To evaluate the systemic inflammatory status, the 
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inflammatory markers such as neutrophil/lymphocyte ratio (NLR), 

platelet/lymphocyte ratio (PLR) and C-reactive protein (CRP) commonly used. 

Several studies showed that patients with high NLR and low skeletal muscle 

mass were related to inferior OS rate in colorectal cancer, small cell lung cancer 

and head and neck cancer [19-21]. We aimed to demonstrate that patients with 

sarcopenia accompanying systemic inflammation would affect the overall 

survival in advanced BTC.  

 

II. MATERIALS AND METHODS 

 

1. Patient population 

We retrospectively reviewed the advanced BTC patients who treated in 

single institution. The patients with gallbladder cancer, intrahepatic, perihilar, 

extrahepatic bile duct cancer, and ampullar of vater cancer were included in this 

study. The patients with distant metastasis at initial diagnosis were analyzed in 

this study.  

Three hundred fifty-three patients were analyzed who diagnosed 

metastatic BTC in Gangnam Severance Hospital from January 2007 to 

November 2016. The diagnosis of the patient was made through tissue biopsy or 

cytology. The inclusion criteria for this study were as follows: 1) age more than 

18 years, 2) diagnosis of BTC via histologic confirmation 3) metastatic BTC at 

diagnosis and 4) patients with available for medical records.  

The exclusion criteria were as follows: 1) patients with widespread 

brain or leptomeningeal metastasis, 2) uncontrolled infections or poor medical 

conditions, 3) synchronous malignancies and 4) patients with follow up loss 5) 

patients who could not measure the tissue area at the 3rd lumbar level or patients 

without height data. This study was approved by the institutional review board 

of the Gangnam Severance Hospital (3-2019-0257) 

 

2. Measurement of body composition and definition of sarcopenia 

The computed tomography (CT)-based body composition method 
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which was validated previously was used to define whether the patients were 

sarcopenia status or not. We selected a single axial slice at the upper border of 

L3 spine level for measurement. The delineation of skeletal muscle, visceral fat 

and subcutaneous fat tissue was performed using MIM Vista software (MIM 

corp., Version 6.6.14, OH, USA) based on Hounsfield units (HUs). The 

threshold of HUs was applied as follows; Skeletal muscle was −29 to +150 HU, 

visceral fat tissue was −150 to −50 HU, and subcutaneous fat tissue was −190 to 

−30 HU. The measurements for sarcopenia were performed by one radiation 

oncologist (B.M.Lee) and the treatment outcome was kept blinded to lessen the 

bias. 

To determine the amount of skeletal muscle, the L3 skeletal muscle 

index was used. First, the cross sectional volume at L3 level was divided by the 

thickness of the axial slice to get cross sectional area. The cross sectional areas 

were divided by the height of the patients and the L3 skeletal muscle index was 

obtained. According to international consensus, the sarcopenia was defined as 

follows; L3 muscle index is less than 55 cm2/m2 and 39 cm2/m2 for male and 

female, respectively [22]. However, the studies contributed to this consensus 

was mostly based on European and American guidelines [23, 24] Due to this 

reason, we applied the other definition of sarcopenia as the patients included in 

this study were Asian. According to the Japan Society of Hepatology (JSH) 

guideline, the sarcopenia defined as follows; Male less than 42 cm2/m2 and 

female less than 38 cm2/m2 [25]. We adopted the definition of JSH which 

presents the Asian patients with liver disease. Figure 1 demonstrates the CT 

images of patients with sarcopenia and without sarcopenia.  

 

Figure 1.The computed tomography (CT) images of patients with 

sarcopenia (left) and without sarcopenia (right) who had similar body mass 

index.  
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3. Indicator of inflammatory status 

Among several inflammatory markers, we analyzed the neutrophil 

lymphocyte ratio (NLR) to evaluate the inflammatory status of patients. The 

NLR was calculated by dividing the neutrophil count by lymphocyte count. 

Although there are several studies suggesting elevated NLR was associated with 

poor prognosis, the optimal cut off values for NLR were different in each 

studies [26, 27]. We adopted the cut off value of NLR which used in metastatic 

BTC previously [28]. Every blood count of patients was taken before 

determining the treatments. The initial blood count before the treatment was 

used to calculate the NLR.  

 

4. Statistical analysis 

The Fisher’s exact test or χ2 test were used for analysis of categorical 

data. For continuous data, the Mann-Whitney-U test was used for comparison. 

The overall survival (OS) was defined as the time from the date of diagnosis to 

either death of any cause or to last follow-up. The progression free survival 

(PFS) was defined as the time from the date of diagnosis to date of either 

disease progression or death. The survival curves were evaluated using the 

Kaplan-Meier method. The univariate and multivariate analysis were performed 

using Cox propositional hazards model to determine the association between 

OS, PFS and factors we suggested. The multivariate analysis was conducted 

using the variables that significant predictor of OS, PFS in univariate analysis. 

The hazard ratios (HRs) and 95% confidence intervals (CIs) were acquired. The 

p-value less than 0.05 was considered to be significant statistically. The 

analyses were conducted using IBM SPSS version 25.0 (SPSS, Chicago, IL, 

USA). 

 

III. RESULTS  

 

1.Patient characteristics 

A total of 353 patients were included with a median follow up of 7.77 

months (Interquartile range [IQR]: 3.27 – 14.70 months). Table 1 shows the 
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patients’ characteristics of overall patients. The median age was 67 years (IQR: 

58 – 75) and male patients were slightly predominant with 203 patients (57.5%). 

Among 353 patients, 158 patients (44.9%) showed good performance status 

with ECOG 0 or 1 while 194 patients (55.1%) experienced poor performance 

status (ECOG≥2). Histologically, 202 tumors (74.8%) were well-differentiated 

or moderately differentiated tumor. 

Table 1. Patients characteristics 

Variables No. % 

Age (Median, IQR) 67 (58 - 75) 

<67 166 47.00% 

≥67 187 53.00% 

Sex 
  

Male 203 57.50% 

Female 150 42.50% 

Primary 
  

Gall bladder 130 36.80% 

Intrahepatic bile duct 112 31.70% 

Non-hilar bile duct 43 12.20% 

Perihilar bile duct 58 16.40% 

Ampullary  10 2.90% 

Pathology 
  

WD/MD 202 74.80% 

PD 68 25.20% 

Performance status 
  

ECOG 0 27 7.70% 

ECOG 1 131 37.20% 

ECOG 2 141 40.10% 

ECOG 3 37 10.50% 

ECOG 4 16 4.50% 

CA 19-9 (Median, IQR) 311.85 (36.65 - 3262.2) 

CA 19-9 normal 85 24.10% 

CA 19-9 elevated 267 75.90% 

CEA (Median, IQR) 4.45 (2.20 - 24.80) 

CEA normal 187 53.10% 

CEA elevated 165 46.90% 

Albumin 
  

≥ 3.4 (g/dL) 259 73.40% 

< 3.4 (g/dL) 94 26.60% 

Protein 
  

≥ 6.9 (g/dL) 186 52.70% 

< 6.9 (g/dL) 167 47.30% 

Cholesterol 
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< 139 (mg/dL) 91 25.80% 

≥ 139 (mg/dL) 262 74.20% 

BUN 
  

< 23.0 (mg/dL) 304 86.10% 

≥ 23.0 (mg/dL) 49 13.90% 

Bilirubin 
  

< 1.2 (mg/dL) 192 54.50% 

≥ 1.2 (mg/dL) 160 45.50% 

C-reactive protein 
  

< 8.0 (mg/L) 100 29.00% 

≥ 8.0 (mg/L) 245 71.00% 

Neutrophil lymphocyte ratio 
  

≤ 3.0 129 36.80% 

> 3.0 222 63.20% 

Abbreviation : IQR, Interquartile range ; WD, Well differentiated ; MD, 

Moderately differentiated ; PD, Poorly differentiated ; ECOG, Eastern 

Cooperative Oncology Group ; CA 19-9, Carbohydrate antigen 19-9 ; CEA, 

Carcinoembryonic antigen ; BUN, Blood urea nitrogen ;  

 

We divided the patients into two groups according to the presence of 

sarcopenia. Table 2 compares the patients’ characteristics between the patients 

with sarcopenia and without sarcopenia. More sarcopenia than non-sarcopenia 

patients showed older age (71 vs 65 year, p<0.001) and more female patients 

(51.6% vs 35.1% p=0.002). The sarcopenia group had more patients with poor 

performance status (ECOG ≥ 2) than non-sarcopenia group (68.4% vs 44.3%, p 

< 0.001). The several significant differences were shown in blood chemistry 

profile between two groups. There were more patients with hypoalbuminemia 

and hypoproteinemia in sarcopenia group (Hypoalbuminemia; 34.6% vs 20.1%, 

p=0.002, Hypoproteinemia; 53.5% vs 42.3%, p=0.036). Concerning 

inflammatory markers, more patients with NLR> 3 were distributed in 

sarcopenia group (72.8% vs 55.4%, p<0.001). 

Table 2. Comparision of patients characteristics between sarcopenia 

group and non-sarcopenia group 

  
Sarcopenia 

(n=159) 

Non-sarcopenia 

(n=194) 
  

Variables No. % No. % p-value 

Age (Median, IQR) 71 (62 - 79) 65 (56 - 71) 
 

<67 53 33.30% 113 58.20% <0.001 
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≥67 106 66.70% 81 41.80% 
 

Sex 
     

Male 77 48.40% 126 64.90% 0.002 

Female 82 51.60% 68 35.10% 
 

Primary 
     

Gall bladder 56 35.20% 74 38.10% 0.618 

Intrahepatic bile duct 53 33.30% 59 30.40%  

Non-hilar bile duct 16 10.10% 27 13.90%  

Perihilar bile duct 28 17.60% 30 15.50%  

Ampullary  6 3.80% 4 2.10%  

Pathology 
     

WD/MD 79 69.90% 123 78.30% 0.115 

PD 34 30.10% 34 21.70% 
 

Performance status 
     

ECOG 0 7 4.40% 20 10.30% <0.001 

ECOG 1 43 27.20% 88 45.40% 
 

ECOG 2 75 47.50% 66 34.00% 
 

ECOG 3 22 13.90% 15 7.70% 
 

ECOG 4 11 7.00% 5 2.60% 
 

CA19-9      

CA 19-9 normal 34 21.40% 51 26.40% 0.271 

CA 19-9 elevated 125 78.60% 142 73.60% 
 

CEA      

CEA normal 75 47.20% 112 58.00% 0.042 

CEA elevated 84 52.80% 81 42.00% 
 

Albumin 
     

≥ 3.4 (g/dL) 104 65.40% 155 79.90% 0.002 

< 3.4 (g/dL) 55 34.60% 39 20.10% 
 

Protein 
     

≥ 6.9 (g/dL) 74 46.50% 112 57.70% 0.036 

< 6.9 (g/dL) 85 53.50% 82 42.30% 
 

Cholesterol 
     

< 139 (mg/dL) 42 26.40% 49 25.30% 0.805 
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≥ 139 (mg/dL) 117 73.60% 145 74.70% 
 

BUN 
     

< 23.0 (mg/dL) 134 84.30% 170 87.60% 0.365 

≥ 23.0 (mg/dL) 25 15.70% 24 12.40% 
 

Bilirubin 
     

< 1.2 (mg/dL) 85 53.50% 107 55.40% 0.71 

≥ 1.2 (mg/dL) 74 46.50% 86 44.60% 
 

C-reactive protein 
     

< 8.0 (mg/L) 43 27.40% 57 30.30% 0.55 

≥ 8.0 (mg/L) 114 72.60% 131 69.70% 
 

Neutrophil lymphocyte ratio 
     

≤ 3.0 43 27.20% 86 44.60% 0.001 

> 3.0 115 72.80% 107 55.40%   

Abbreviation : IQR, Interquartile range ; WD, Well differentiated ; MD, 

Moderately differentiated ; PD, Poorly differentiated ; ECOG, Eastern 

Cooperative Oncology Group ; CA 19-9, Carbohydrate antigen 19-9 ; CEA, 

Carcinoembryonic antigen ; BUN, Blood urea nitrogen 

 

2. Analysis of overall survival and prognostic factors 

The median OS is 7.77 months (IQR; 3.27 – 14.70) for overall patients. 

The median OS was 5.23 and 8.90 months in sarcopenia and non-sarcopenia 

group respectively (p=0.057). The 1-year OS was significantly different 

between sarcopenia and non-sarcopenia (25.5% vs 38.2%, p=0.020) (Fig 2). As 

the mechanism of sarcopenia in cancer patients were known to be associated to 

cancer-related inflammation, we assessed the effect of systemic inflammation 

on survival using NLR. The figure 3 shows the OS of patients with metastatic 

BTC between the patients with elevated NLR and those without and there was 

significant difference. The 1-year OS for patients with NLR>3 was 21.0% 

whereas the NLR≤3 was 52.8% (p<0.001). 
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Figure 2. The overall survival of patients with sarcopenia group and non- 

sarcoepnia group showing better OS in non-sarcopenia group (p=0.020) 

 

Figure 3. The overall survival of patients with high NLR group and low 

NLR group demonstrating the better OS in NLR≤3 group (p<0.001) 

 Based on this result, we analyzed the survival depending on sarcopenia 

and inflammatory status. We stratified the patients into 3 groups according to 
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sarcopenia and NLR as follow; Patients with no sarcopenia and NLR ≤3, 

patients with sarcopenia and NLR>3 and lastly, patients with either sarcopenia 

or elevated NLR. The survival of patients with sarcopenia and NLR>3 were 

significantly poorer than those with not. The 1-year OS for patients showing 

NLR≤3 and without sarcopenia was 55.8% while the 1-year OS for the group 

with NLR>3 and sarcopenia or either was 18.3% and 30.3%, respectively 

(p<0.001) (Fig 4).  

 

Figure 4. The overall survival graph depending on sarcopenia and NLR 

status showing poor OS in group with sarcopenia and NLR>3 (p<0.001) 

The results of univariate and multivariate analysis were summarized in 

table 3. In univariate analysis, the sarcopenia, NLR, and groups based on 

sarcopenia and NLR were significant factor affecting OS. As these 3 factors are 

highly correlated with each other, we performed the multivariate analysis using 

only the groups depending on sarcopenia and NLR status. In multivariate 

analysis, patients with sarcopenia and high NLR (p=0.004) were significantly 

associated with poor OS along with male patients (p=0.010), higher CA 19-9 

(p=0.032), poor ECOG status (p<0.001). 
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Table 3. Univariate and multivariate analysis of OS 

 Univariate analysis Multivariate analysis 

Variables  HR 95% CI p-value HR 95% CI p-value 

Sex  

(Male vs Female) 
1.24 

1.00 - 

1.55 
0.050 1.414 

1.09 - 

1.84 
0.010 

Age  

(<67 vs ≥67) 
1.15 

0.93 - 

1.44 
0.185 

   

Pathology 

(WD/MD vs PD) 
1.53 

1.15 - 

2.03 
0.003 

   

ECOG 
  

<0.001 
  

<0.001 

ECOG 0 vs 1 2.11 
1.32 - 

3.40 
0.002 1.988 

1.17 - 

3.38 
0.011 

ECOG 0 vs 2 2.97 
1.85 - 

4.78 
<0.001 2.520 

1.47 - 

4.32 
0.001 

ECOG 0 vs 3 6.84 
3.94 - 

11.88 
<0.001 6.166 

3.16 - 

12.02 
<0.001 

ECOG 0 vs 4 14.27 
7.28 - 

28.02 
<0.001 5.981 

1.92 - 

18.61 
0.002 

CA 19-9 (per 

100) 
1.00 

1.00 - 

1.01 
<0.001 1.002 

1.00 - 

1.004 
0.032 

CEA (per 20) 1.00 
1.00 - 

1.01 
0.066 

   

CRP (Normal vs 

Elevated)  
1.86 

1.45 - 

2.39 
<0.001 

   

Albumin  

(≥ 3.4 vs < 3.4) 
1.96 

1.54 - 

2.51 
<0.001 

   

Protein  

(≥ 6.9 vs < 6.9) 
1.42 

1.15 - 

1.77 
0.001 

   

Cholesterol  

(<139 vs ≥139) 
0.66 

0.52 - 

0.85 
0.001 

   

BUN  

(<23.0 vs ≥23.0) 
1.44 

1.07 - 

1.97 
0.018 

   

Bilirubin  

(< 1.2 vs ≥ 1.2) 
0.98 

0.80 - 

1.23 
0.920 

   

NLR  

(< 3.00 vs ≥3.00) 
1.93 

1.55 - 

2.43 
<0.001 

   

Sarcopenia  

(Yes vs No) 
0.77 

0.62 - 

0.96 
0.020 

   

VATI  

(Low vs High) 
0.98 

0.79 - 

1.22 
0.860 

   

SATI  

(Low vs High) 
0.85 

0.69 - 

1.06 
0.156 
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BMI (<25 vs ≥25) 0.80 
0.63 - 

1.03 
0.085 

   

Sarcopenia & 

NLR   
<0.001 

  
0.004 

Low NLR & no 

sarcopenia vs 

either  

1.68 
1.28 - 

2.22 
<0.001 1.601 

1.16 - 

2.22 
0.005 

Low NLR & no 

sarcopenia vs 

High NLR & 

sarcopenia 

2.12 
1.59 - 

2.84 
<0.001 1.796 

1.25 - 

2.59 
0.002 

Abbreviation : HR, Hazard ratio ; CI , Confidence interval ; CBD, Common 

bile duct ; CCC, Cholangiocarcinoma ; GB, Gallbladder ; WD, Well 

differentiated ; MD, Moderately differentiated ; PD, Poorly differentiated ; 

ECOG, Eastern Cooperative Oncology Group ; CA 19-9, Carbohydrate 

antigen 19-9 ; CEA, Carcinoembryonic antigen ; CRP, C-reactive protein ; 

BUN, Blood urea nitrogen ; NLR, Neutrophil lymphocyte ratio ; VATI, 

Visceral adipose tissue index ; SATI, Subcutaneous adipose tissue index 

 

3. Analysis of progression free survival and prognostic factors 

 The PFS was also analyzed according to sarcopenia and inflammatory 

status. As shown in figure 5, patients in sarcopenia group was related with 

inferior PFS (1-year PFS; 9.5% vs 19.4%, p<0.009). Concordant with 

sarcoepenia results, the PFS was significantly different depending on NLR 

status. The patients with NLR>3 showed inferior PFS than NLR≤3 (1-year 

PFS; 10.0% vs 23.4%, p<0.001) (Fig 6). Patients with sarcopenia and high 

NLR demonstrated poorer PFS than other two groups (1-year PFS; 7.8% vs 

13.0% vs 27.9%, p<0.001) (Fig 7). 
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Figure 5. The progression free survival graphs with sarcopenia group and 

non- sarcoepnia group showing better PFS in non-sarcopenia group 

(p=0.009) 

 

 

Figure 6. The progression free survival graphs with high NLR group and 

low NLR group demonstrating the better PFS in NLR≤3 group (p<0.001) 
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Figure 7. The progression free survival graph depending on sarcopenia 

and NLR status showing poor PFS in group with sarcopenia and NLR>3 

(p<0.001) 

 In univariate analysis, the NLR, sarcopenia, and group depending on 

NLR and sarcopenia were significantly associated with PFS. The group 

representing the patients with sarcopenia and high NLR was the significant 

predictor of poor PFS. Along with high NLR and sarcopenia, the poorly 

differentiated carcinoma (p=0.017), the poor performance (p<0.001) and the 

higher CA 19-9 (p=0.011) were were significant predictors of poor PFS (Table 

4) 

Table 4. Univariate and multivariate analysis of PFS 

 Univariate analysis Multivariate analysis 

Variables  HR 95% CI p-value HR 95% CI p-value 

Sex  

(Male vs Female) 
1.24 

1.00 - 

1.542 
0.047 

   

Age  

(<67 vs ≥67) 
1.04 

0.84 - 

1.29 
0.717 

   

Pathology 

(WD/MD vs PD) 
1.67 

1.26 - 

2.21 
<0.001 1.44 

1.07 - 

1.95 
0.017 

ECOG 
  

<0.001 
  

<0.001 

ECOG 0 vs 1 1.68 
1.09 - 

2.59 
0.018 1.48 

0.92 - 

2.39 
0.110 
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ECOG 0 vs 2 2.01 
1.31 - 

3.08 
0.001 1.60 

0.98 - 

2.60 
0.058 

ECOG 0 vs 3 4.49 
2.69 - 

7.49 
<0.001 3.94 

2.08 - 

7.47 
<0.001 

ECOG 0 vs 4 6.23 
3.30 - 

11.77 
<0.001 2.02 

0.67 - 

6.03 
0.210 

CA 19-9 (per 

100) 
1.00 

1.00 - 

1.00 
0.001 1.00 

1.00 - 

1.01 
0.011 

CEA (per 20) 1.00 
0.99 - 

1.01 
0.220 

   

CRP (Normal vs 

Elevated)  
1.71 

1.34 - 

2.18 
<0.001 

   

Albumin  

(≥ 3.4 vs < 3.4) 
1.59 

1.25 - 

2.02 
<0.001 

   

Protein  

(≥ 6.9 vs < 6.9) 
1.34 

1.09 - 

1.66 
0.006 

   

Cholesterol  

(<139 vs ≥139) 
0.71 

0.55 - 

0.90 
0.005 

   

BUN  

(<23.0 vs ≥23.0) 
1.23 

0.90 - 

1.67 
0.191 

   

Bilirubin  

(< 1.2 vs ≥ 1.2) 
0.89 

0.72 - 

1.11 
0.302 

   

NLR  

(< 3.00 vs ≥3.00) 
1.75 

1.40 - 

2.18 
<0.001 

   

Sarcopenia  

(Yes vs No) 
0.75 

0.61 - 

0.93 
0.009 

   

VATI  

(Low vs High) 
0.92 

0.74 - 

1.13 
0.416 

   

SATI  

(Low vs High) 
0.88 

0.71 - 

1.09 
0.246 

   

BMI (<25 vs ≥25) 0.85 
0.67 - 

1.08 
0.195 

   

Sarcopenia & 

NLR   
<0.001 

  
0.015 

Low NLR & no 

sarcopenia vs 

either  

1.67 
1.27 - 

2.18 
<0.001 1.49 

1.09 - 

2.04 
0.014 

Low NLR & no 

sarcopenia vs 

High NLR & 

sarcopenia 

2.00 
1.50 - 

2.65 
<0.001 1.64 

1.15 - 

2.34 
0.007 

Abbreviation : HR, Hazard ratio ; CI , Confidence interval ; CBD, Common 

bile duct ; CCC, Cholangiocarcinoma ; GB, Gallbladder ; WD, Well 
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differentiated ; MD, Moderately differentiated ; PD, Poorly differentiated ; 

ECOG, Eastern Cooperative Oncology Group ; CA 19-9, Carbohydrate 

antigen 19-9 ; CEA, Carcinoembryonic antigen ; CRP, C-reactive protein ; 

BUN, Blood urea nitrogen ; NLR, Neutrophil lymphocyte ratio ; VATI, 

Visceral adipose tissue index ; SATI, Subcutaneous adipose tissue index 

 

4. The subgroup analysis of OS and PFS for patients received GP 

chemotherapy 

 The subgroup analysis among the patients who received 

gemcitabine/cisplatin (GP) based chemotherapy was performed. Among the 

353 patients, 132 patients received GP chemotherapy, the first line 

chemotherapy in advanced BTC. The median follow up period was 10.67 

months (IQR; 5.97 – 18.48). The OS and PFS rates for patients received GP 

chemotherapy were evaluated depending on sarcopenia and inflammatory 

status.  

 The OS and PFS were not significantly differed between the 

sarcopenia group and non-sarcopenia group among the patients received GP 

chemotherapy. The 1-year OS for sarcopenia patients was 42.6 % and 50.7% 

for non-sarcopenia patients (p=0.844) (Fig 8). The 1-year PFS was 12.7% and 

28.0% respectively for sarcopenia patients and non-sarcopenia (p=0.123) (Fig 

9). The comparison of OS and PFS depending on NLR status is shown in 

figure 10 and 11. The patients with NLR>3 was significantly related with poor 

OS and PFS compared to patients with NLR≤3 (1-year OS; 63.0% vs 36.5%, 

p=0.003, 1-year PFS; 27.3% vs 17.6%, p=0.008). 
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Figure 8. The overall survival graph depending on sarcopenia among the 

patients received GP chemotherapy showing no difference in OS between 

sarcopenia and non-sarcopenia group  

 

Figure 9. The progression free survival graph depending on sarcopenia 

among the patients received GP chemotherapy showing no difference in PFS 

between sarcopenia and non-sarcopenia group 
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Figure 10. The overall survival graph depending on NLR among the patients 

received GP chemotherapy showing superior OS in NLR>3 group (p=0.003) 

 

Figure 11. The progression free survival graph depending on NLR among 

the patients received GP chemotherapy showing superior PFS in NLR>3 

group (p=0.008) 
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Table 5 summarized the results of univariate and multivariate analysis 

in OS among the patients who received GP chemotherapy. The OS was not 

affected by the sarcopenia (p=0.844) but was affected by the high NLR 

(p=0.003) in univariate analysis. The multivariate analysis also showed the 

relevance of OS and high NLR (p=0.019). The results of univariate and 

multivariate analysis of PFS are shown in table 6. The sarcopenia was not 

associated with PFS but the inflammation status was significantly associated 

with PFS (p=0.003). The NLR status remained its significance in multivariate 

analysis in PFS (p=0.019). 

 

Table 5. Univariate and multivariate analysis of OS for patients 

underwent GP chemotherapy 

 Univariate analysis Multivariate analysis 

Variables  HR 95% CI p-value HR 95% CI p-value 

Sex  

(Male vs Female) 
1.704 

1.18 - 

2.46 
0.005 1.628 

1.11 - 

2.39 
0.013 

Age  

(<67 vs ≥67) 
0.751 

0.52 - 

1.08 
0.122 

   

Pathology 

(WD/MD vs PD) 
1.256 

0.81 - 

1.95 
0.312 

   

ECOG 
  

<0.001 
  

<0.001 

ECOG 0 vs 1 2.399 
1.14 - 

5.07 
0.022 2.253 

1.06 - 

4.78 
0.034 

ECOG 0 vs 2 2.567 
1.21 - 

5.46 
0.014 2.184 

1.02 - 

4.68 
0.044 

ECOG 0 vs 3 
72.33

3 

12.43 - 

421.05 
<0.001 

76.84

9 

12.86 - 

459.33 
<0.001 

ECOG 0 vs 4 2.818 
0.35 - 

22.83 
0.332 2.795 

0.34 - 

23.15 
0.341 

CA 19-9 (per 

100) 
1.005 

1.00 - 

1.01 
0.001 

   

CEA (per 20) 1.006 
1.00 - 

1.01 
0.015 1.006 

1.00 - 

1.01 
0.026 

CRP (Normal vs 

Elevated)  
1.932 

1.30 - 

2.88 
0.001 

   

Albumin  

(≥ 3.4 vs < 3.4) 
1.719 

1.06 - 

2.79 
0.029 

   

Protein  

(≥ 6.9 vs < 6.9) 
1.308 

0.90 - 

1.89 
0.154 
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Cholesterol  

(<139 vs ≥139) 
0.771 

0.49 - 

1.21 
0.256 

   

BUN  

(<23.0 vs ≥23.0) 
0.967 

0.49 - 

1.91 
0.924 

   

Bilirubin  

(< 1.2 vs ≥ 1.2) 
1.083 

0.75 - 

1.56 
0.668 

   

NLR  

(< 3.00 vs ≥3.00) 
1.744 

1.21 - 

2.52 
0.003 1.596 

1.08 - 

2.36 
0.019 

Sarcopenia  

(Yes vs No) 
0.964 

0.67 - 

1.39 
0.844 

   

VATI  

(Low vs High) 
1.158 

0.80 - 

1.67 
0.431 

   

SATI  

(Low vs High) 
0.951 

0.66 - 

1.37 
0.788 

   

BMI (<25 vs ≥25) 0.887 
0.60 - 

1.32 
0.554 

   

Abbreviation : HR, Hazard ratio ; CI , Confidence interval ; CBD, Common 

bile duct ; CCC, Cholangiocarcinoma ; GB, Gallbladder ; WD, Well 

differentiated ; MD, Moderately differentiated ; PD, Poorly differentiated ; 

ECOG, Eastern Cooperative Oncology Group ; CA 19-9, Carbohydrate 

antigen 19-9 ; CEA, Carcinoembryonic antigen ; CRP, C-reactive protein ; 

BUN, Blood urea nitrogen ; NLR, Neutrophil lymphocyte ratio ; VATI, 

Visceral adipose tissue index ; SATI, Subcutaneous adipose tissue index 

 

Table 6. Univariate and multivariate analysis of PFS for patients 

underwent GP chemotherapy 

 Univariate analysis Multivariate analysis 

Variables  HR 95% CI p-value HR 95% CI p-value 

Sex  

(Male vs Female) 
1.586 

1.11 - 

2.26 
0.011 

   

Age  

(<67 vs ≥67) 
0.744 

0.52 - 

1.06 
0.101 

   

Pathology 

(WD/MD vs PD) 
1.570 

1.02 - 

2.41 
0.042 1.601 

1.03 - 

2.49 
0.036 

ECOG 
  

0.033 
   

ECOG 0 vs 1 1.997 
1.01 - 

3.93 
0.045 

   

ECOG 0 vs 2 1.755 
0.88 - 

3.49 
0.108 

   

ECOG 0 vs 3 
11.61

7 

2.41 - 

55.92 
0.002 
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ECOG 0 vs 4 1.204 
0.15 - 

9.49 
0.860 

   

CA 19-9 (per 

100) 
1.005 

1.00 - 

1.01 
0.002 1.004 

1.00 - 

1.01 
0.005 

CEA (per 20) 1.004 
0.99 - 

1.01 
0.097 

   

CRP (Normal vs 

Elevated)  
1.685 

1.15 - 

2.46 
0.007 

   

Albumin  

(≥ 3.4 vs < 3.4) 
1.468 

0.92 - 

2.33 
0.104 

   

Protein  

(≥ 6.9 vs < 6.9) 
1.311 

0.92 - 

1.88 
0.137 

   

Cholesterol  

(<139 vs ≥139) 
0.814 

0.53 - 

1.26 
0.353 

   

BUN  

(<23.0 vs ≥23.0) 
0.402 

0.38 - 

1.48 
0.402 

   

Bilirubin  

(< 1.2 vs ≥ 1.2) 
0.989 

0.70 - 

1.41 
0.949 

   

NLR  

(< 3.00 vs ≥3.00) 
1.616 

1.13 - 

2.32 
0.009 1.562 

1.06 - 

2.30 
0.025 

Sarcopenia  

(Yes vs No) 
0.758 

0.53 - 

1.08 
0.126 

   

VATI  

(Low vs High) 
1.076 

0.76 - 

1.53 
0.686 

   

SATI  

(Low vs High) 
0.858 

0.60 - 

1.22 
0.397 

   

BMI (<25 vs ≥25) 0.869 
0.59 - 

1.28 
0.476 

   

Abbreviation : HR, Hazard ratio ; CI , Confidence interval ; CBD, Common 

bile duct ; CCC, Cholangiocarcinoma ; GB, Gallbladder ; WD, Well 

differentiated ; MD, Moderately differentiated ; PD, Poorly differentiated ; 

ECOG, Eastern Cooperative Oncology Group ; CA 19-9, Carbohydrate 

antigen 19-9 ; CEA, Carcinoembryonic antigen ; CRP, C-reactive protein ; 

BUN, Blood urea nitrogen ; NLR, Neutrophil lymphocyte ratio ; VATI, 

Visceral adipose tissue index ; SATI, Subcutaneous adipose tissue index 

 

5. Analysis of subcutaneous adipose tissue index and visceral adipose 

tissue index 

 To evaluate the prognostic significance depending on subcutaneous 

adipose tissue index (SATI) and visceral adipose tissue index (VATI), we 

compared the OS according to high and low SATI and VATI. The cut off value 
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for VATI and SATI were determined by median value. The VATI cut off value 

for male was 29.5cm2/m2, for female was 28.5cm2/m2 and the cut off value of 

SATI for male was 26.5cm2/m2 and for female was 56.5 cm2/m2. The more 

sarcopenia than non-sarcopenia patients had more patients with either low VATI 

or low SATI. (VATI; 57.2% vs 41.8%, p=0.004, SATI; 61.0% vs 36.6%, 

p<0.001). 

 We compared the OS of patients depending on VATI and SATI 

respectively. There was no difference of OS between patients with high VATI 

and low VATI (1-year OS: 34.6% vs 30.2%, p=0.860). Also, concordant with 

VATI results, the SATI was not significant factor for OS. The 1-year OS for 

high SATI was 35.0% and low SATI was 29.7% (p=0.155). In all together, the 

adipose index was not associated with OS in metastatic BTC.  

 

IV. DISCUSSION 

 In this study, we demonstrated that the patients with sarcopenia were 

significantly associated with poor OS and PFS compared to those without 

sarcopenia in BTC with distant metastasis at diagnosis. Furthermore, the 

patients with high NLR indicating inflammatory status play a significant role in 

OS and PFS. Based on these two results, we stratified the patients into 3 groups 

and there was a significant difference in OS and PFS between these groups. The 

patients with sarcopenia accompanied the inflammation showed inferior OS and 

PFS. 

1. The sarcopenia affecting the prognosis 

There is increasing evidence that the loss of muscle may affect the 

prognosis of cancer [5, 6]. As patients with malignancy are tended to be 

vulnerable to degenerative conditions, the decreased muscle mass and 

dysfunction are easily observed. Especially in malignancy progressed to 

unresectable or metastatic stage, the sarcopenia tend to occur often [29]. The 

relevance between sarcopenia and poor prognosis was shown in breast cancer 

[6], lung cancer [4], esophageal cancer [30], hepatocellular cancer [31], and 

colon cancer [32]. 

There is one article represented the relevance of sarcopenia and 

prognosis of patients with BTC. Yoon et al used two ways to evaluate the 
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sarcopenia status of patients; skeletal muscle attenuation and index. The 

author suggested that patients showing low skeletal muscle attenuation were 

associated with negative influence on survival those who underwent resection 

for BTC [33]. 

In our study, the sarcopenia alone did not worsen the PFS and OS in 

multivariate analysis. However, the patients with sarcopenia were significantly 

associated with poor prognosis in univariate analysis. Concordant with our 

data, in Yoon et al which analyzed about the significance of sarcopenia on 

BTC, low skeletal muscle index did not decreased the survival in multivariate 

survival [33]. It could be explained as the BTC is more affected by tumor 

specific factors rather than patient related factor such as sarcopenia. 

There are controversial about the cut off values of sarcopenia to 

determine as there are several factors to consider such as the age, sex of patients, 

ethinicity, what level to be measured and which part of anatomy to be used. We 

adopted the cut off value of JSH guidelines which representing the Asian 

patients with liver disease [25]. As the amount of muscle waste is different 

depending on disease and ethinicity, further study would be helpful to clarify 

the cut off value of sarcopenia in metastatic biliary tract cancer. 

 

2. The systemic inflammation affecting the prognosis 

 The systemic inflammation is a crucial parameter predicting cancer 

outcome in multiple cancers. Many inflammatory markers, such as CRP, NLR 

and PLR have been analyzed to find out the association between poor prognosis 

and various cancers [34-36].  

Due to inflammatory response, the cytokines such as 

phosphatidylinositol 3-kinase, metalloproteinase-9 are recruited along the 

cancer, promote the proliferation of cancer cells and inhibit apoptosis of cancer 

cells [37]. Also, the cytokines promote the angiogenesis and tumor migration 

[38]. Based on these phenomena, the inflammation plays a key role in cancer 

progression. The high NLR associated with poor prognosis and poor response to 

treatment has been demonstrated in various cancer including melanoma [39], 

colorectal cancer [40, 41], intrahepatic cholangiocarcinoma [42], prostate 

cancer [43] and pancreatic cancer [44].  
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 In biliary tract cancer, the NLR cut off value 3 is frequently used to 

evaluate the inflammatory status. Several studies compared the NLR>3 and 

NLR≤3 of OS in BTC. In these studies, the patients with NLR>3 showed poor 

OS compared to patients with NLR≤3 (Median OS; 21.6 months vs. 12.0 

months, p=0.01). The patients with advanced stage were more predictive to 

NLR status than surgical group [26, 27]. In our study, the OS was significantly 

different depending NLR status.  

3. The sarcopenia accompanied with systemic inflammation affecting the 

prognosis 

Notably, patients with inflammation accompanied sarcopenia were 

associated with poor prognosis. These patients showed poor OS rates and also 

more disease progression than those without. The more studies demonstrating 

the relations between systemic inflammation and waste of muscle mass are 

getting its attention [21]. There is a close connection between inflammatory 

markers and the activation of catabolic pathway [45]. For instance, the tumor 

necrosis factor (TNF) and interleukin 6 (IL-6) are generated from the tumors 

and encompass cells and these cytokines not only hasten the degradation of 

protein but also inhibited the synthesis of protein [46]. Taken together, the 

systemic inflammation and sarcopenia are worsening each other. 

The patients with sarcopenia in this study demonstrated high rate of 

inflammation such as CRP and NLR, and this reflects that sarcopenia are 

markers showing the increased activity of aggressive tumor [47]. The same 

result was demonstrated in head and neck cancer. Cho et al. represented that 

sarcopenia accompanied systemic inflammation was significantly associated 

with poor OS and PFS. Also, the patients with sarcopenia showed more frequent 

treatment interruption. Due to muscle wasting, the patients are hard to endure 

the treatment well [19]. 

In our study, the sarcopenia accompanied with systemic inflammation 

showed inferior OS and PFS. The poor treatment outcome could be explained 

because these patients may not tolerate well to treatment. For this reason, the 

sarcopenia did not lower the OS and PFS among the patients who received GP 

chemotherapy which is the 1st line chemotherapy. The patients who could 

tolerate the chemotherapy well received GP chemotherapy and among these 

patients, the sarcopenia did not significantly lower OS and PFS. 
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4. The SATI and VATI influence on prognosis 

The other factors describing the adipose tissue composition of patients 

such as VATI and SATI were not associated with long-term survival in our study. 

However, there are some reports demonstrating the high visceral fat is 

associated with poor survival in cancer patients [48]. The reason for opposite 

results could be explained that there are significantly less obese patients in Asia 

compared to patients in western. In other studies, patients showing overweight 

or obese status are over half of overall patients [49, 50]. In contrary, there are 

only 26.1% of patients representing overweight in our cohort. As the patients 

with high VATI was not sufficient, the VATI could not adversely affect the 

prognosis of cancer patients especially for Asian.  

5. Limitation 

 There are some limitations in this study. First, the result should be 

interpreted with cautions due to its retrospective study nature. For example, we 

concluded that there is a relation between the sarcopenia, systemic 

inflammation and the survival. However, the causal relationship was not 

identified in this study. We could not demonstrate the cause and consequences 

of this phenomenon. Secondary, only the Korean patients were included in this 

study. The skeletal muscle mass are various depending on the disease, status of 

patients and ethnicity of patients. For this reason, the diverse cut-off values for 

sarcopenia are used. In this study, we adopted the sarcopenia definition created 

by the Japan Society of Hepatology (JSH). Yet, the optimal cut off value of 

sarcopenia for Korean cancer patients is rare. To evaluate the sarcopenia status 

for Korean population especially with malignancy, the further studies are 

necessary for new criteria of sarcopenia. Despite these limitation, this is the first 

study demonstrated the poor prognosis of sarcopenia accompanied systemic 

inflammation in metastatic BTC.  

 

V. CONCLUSION 

 In conclusion, patients accompanied the sarcopenia with systemic 

inflammation at diagnosis was associated with poor OS in BTC with distant 

metastasis. The exercise, nutrition support and pharmacologic interventions 

blocking the cytokines related to muscle atrophy signals or inducing muscle 

hypertrophy could enhance the survival of cancer patients with sarcopenia and 
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inflammation. 
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ABSTRACT(IN KOREAN) 

 

진행된 담도암 환자에서 근소실이 예후에 미치는 영향 

 

<지도교수  이 익 재> 

 

연세대학교 대학원 의학과 

 

이 병 민 

 

 

목적: 근소실과 전신 염증수치가 암환자의 생존에 영향을 

미치는 것이 밝혀짐에 따라 암환자에서 근소실 유무와 염증 

수치가 주목을 받고 있다. 아직까지 타 장기 전이가 동반된 

진행된 담도암 환자들에서 과연 근육 감소증과 전신 염증이 

동반되어 있을 때에 어떻게 영향을 주는지에 대한 연구는 많이 

되어 있지 않은 상태이다. 이러한 배경으로, 본 연구에서는 

전신성 염증을 동반된 근육 감소증과 전이성 담도암 환자에서의 

예후 관련성을 조사하고자 하였다.  

 

대상 및 방법: 2007년부터 2016년까지 본 기관에서 전이성 

담도암 환자를 진단 받은 353 명의 환자들을 분석하였다. 

환자들의 골격근질량을 평가하기 위해서 컴퓨터 단층 촬영 

이미지를 이용하여 3번째 요추 (L3)의 요근 상위 부위의 

골격근질량을 측정하였다. 근육 감소증은 Japan Society of 

Hepatology에서 제시한 기준으로 아래와 같이 정의하였다; 

남성의 경우 골격근질량 < 42cm2/m2, 여성의 경우 < 38cm2/m2. 

전신 염증 상태를 평가하기 위해서는 호중구 림프구 비율 

(NLR)을 이용하였다. NLR > 3인 환자들이 염증 상태를 갖는 

환자로 분류되었다. 환자들의 근육 감소증 및 전신 염증 상태에 

따라 전체 생존율 및 무 진행 생존율을 비교 분석 하였다. 
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추가적으로 진행된 담도암 환자들의 첫번째 항암요법인 

gemcitabine/cisplatin 항암치료 환자들 가운데 근육 감소증 및 

전신 염증 상태에 따른 전체 생존율 및 무 진행 생존율도 

비교하였다. 

 

결과: 근육 감소증이 있는 환자와 없는 환자의 1년 전체 

생존율을 비교하였을 때에 더 열등한 생존율을 보이는 것으로 

나타났다 (25.5% vs 38.2%, p=0.019). 높은 NLR (NLR>3)인 

환자가 낮은 NLR (NLR≤3) 환자보다 더 열등한 생존율을 

보였고 이는 다른 연구들과 비슷한 결과를 보였다 (21.0% vs 

52.8%, p<0.001). 이 결과를 바탕으로 환자를 세가지 그룹으로 

분류를 하였습니다. 첫번째로는 높은 NLR과 근육 감소증을 

동반한 환자, 두번째로는 낮은 NLR과 근육 감소증이 없는 

환자였으며, 마지막으로는 높은 NLR 혹은 근육 감소증이 있는 

환자는 두 요인 중에 하나 있는 환자 이렇게 세가지 그룹으로 

나누었. 환자 세 가지의 그룹의 전체 생존율을 잘 계층화 

되었고 이는 무 진행 생존율에서도 유의한 상태를 보였다 (전체 

생존율 ; 18.3% vs 30.3% vs 55.8%, p<0.001, 무 진행 생존율 ; 

7.8% vs 13.10% vs 27.9%, p<0.001). 

 

결론: 결론적으로, 근육 감소증과 염증 상태가 공존하는 것이 

열등한 전체 생존율과 무 진행 생존율과 현저한 연관이 있음을 

발견하였다. 염증 상태가 동반 된 근육 감소증 환자가 예후가 

좋지 않다는 결과에 근거하여, 보전적 치료는 전이성 담도암 

환자에서 근육 감소증 및 염증 상태를 극복하는 데에 도움이 될 

것 이다. 

 

 

___________________________________________________________ 

핵심되는 말 : 담도암, 근육감소증, 염증, 생존율 
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