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Abstract

Purpose To evaluate the prognostic significance of sarcopenia and systemic inflammatory markers in patients with surgi-
cally resected biliary tract cancer (BTC).

Methods Between July 2010 and December 2022, 146 patients were recruited. Sarcopenia was assessed using the psoas
muscle index. Preoperative inflammatory markers were used to calculate the prognostic nutritional index (PNI), neutrophil-
to-lymphocyte ratio, and platelet-to-lymphocyte ratio. Cox regression analysis was performed to determine prognostic factors
for overall survival (OS) and recurrence-free survival (RFS). P <0.05 was considered statistically significant.

Results Sixty-four patients had sarcopenia. Sarcopenia was associated with body mass index (<22 kg/m?), lymph node
metastasis, and low PNI (<42). R1/R2 resection (P =0.02), sarcopenia (P <0.001), lymph node metastasis (P =0.007),
intrahepatic cholangiocarcinoma (P <0.001), and low PNI (P=0.01) were independent predictors of OS, while male sex
(P=0.04), R1/R2 resection (P <0.001), lymph node metastasis (P =0.005), intrahepatic cholangiocarcinoma (P <0.001),
tumor differentiation (other than well; P =0.003), and low PNI (P =0.03) were independent predictors of RFS. Patients were
stratified into no sarcopenia and high PNI (>42; A), sarcopenia or low PNI (B), and sarcopenia and low PNI (C) groups.
Group C had worse OS than the other two groups (P <0.001 and P=0.02, respectively).

Conclusion Sarcopenia is associated with the PNI. Sarcopenia and the PNI are independent prognostic factors among patients
with resected BTC. Sarcopenia may have better prognostic value when combined with the PNI.
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Introduction Preoperative prognostic factors for BTC may allow better

preoperative risk—benefit assessment and permit patient

Biliary tract cancer (BTC), including gallbladder carcinoma,
intrahepatic cholangiocarcinoma, perihilar cholangiocarci-
noma, distal cholangiocarcinoma, and ampullary carcinoma,
is a rare aggressive malignancy that has been increasing in
incidence in recent decades [1]. Resection is the only cura-
tive treatment for BTC. However, recurrence is a major con-
cern [2]. Most patients are not eligible for surgical resection,
because of the advanced stage of the disease at the time
of diagnosis. Despite advances in surgical techniques and
adjuvant chemotherapy, the prognosis remains poor [3].
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stratification for precision medicine [4].

Sarcopenia is characterized by the loss of skeletal muscle
mass and strength. It is associated with aging, as well as
pathological conditions, such as liver cirrhosis, renal failure,
and cancer. The importance of sarcopenia in cancer has been
recognized as low muscularity is an independent predictor of
poor prognosis in various cancers [5]. Sarcopenia is associ-
ated with overall survival (OS) in patients with BTC [6].
Therefore, the prediction and early diagnosis of sarcopenia
are crucial for the prognosis of patients with BTC.

Sarcopenia is associated with inflammation in cancer, as
well as aging [7]. Several studies have shown that systemic
inflammation and nutritional status are associated with poor
prognosis in patients with cancer [8, 9]. Several markers have
been used to assess systemic inflammation in the clinic, including
the prognostic nutritional index (PNI), Glasgow Prognostic
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Score, C-reactive protein-to-albumin ratio, neutrophil-to-
lymphocyte ratio, and platelet-to-lymphocyte ratio [10, 11].

Patients with metastatic BTC and hepatocellular carci-
noma with high systemic inflammation and sarcopenia have
worse OS [12, 13]. However, the relationship between sys-
temic inflammation and sarcopenia in patients with surgi-
cally resected BTC has not been well studied. This study
aimed to evaluate the prognostic significance of sarcopenia
and systemic inflammatory markers in patients with surgi-
cally resected BTC.

Materials and Methods
Patients

A total of 147 consecutive patients who underwent surgical
resection for BTC at our institution between July 2010 and
December 2022 were retrospectively reviewed. BTC, includ-
ing gallbladder carcinoma, intrahepatic cholangiocarcinoma,
distal cholangiocarcinoma, ampullary carcinoma, and peri-
hilar cholangiocarcinoma, was confirmed by pathological
examination. One patient who died of heart failure due to
arrhythmia on postoperative day 18 was excluded. A total
of 146 patients who underwent surgical resection for BTC
were analyzed.

Data Collection

Data on demographic characteristics (age at surgery and
sex), laboratory tests (serum albumin/C-reactive protein
levels, platelet/neutrophil/lymphocyte counts, total bili-
rubin, conjugated bilirubin, and tumor markers), comor-
bidities (hypertension, diabetes mellitus, cardiac disease,
and stroke), preoperative cholangitis, surgical procedure
(type of resection), operative time, blood loss, transfu-
sion, tumor stage (Union for International Cancer Control
Tumor—Node—Metastasis classification [eight edition]),
tumor differentiation, and postoperative adjuvant chemo-
therapy were obtained from patients’ medical records. Liver
resections were classified according to the Brisbane 2000
Terminology of Liver Anatomy and Resections [14]. Cura-
tive (RO) resection was defined as complete removal of all
macroscopic nodules with microscopically clear margins. R1
and R2 resections were defined as microscopically or mac-
roscopically positive margins, respectively. Complications
were defined according to the Clavien—Dindo classification
[15]. In this study, postoperative complications were defined
as complications of Clavien—Dindo Grade > IIla. Postopera-
tive mortality was defined as death from any cause within
30 days after surgery.

Sarcopenia Definition

Sarcopenia was assessed using the psoas muscle index, an
alternative measurement of sarcopenia that has been adopted
by the Japan Society of Hepatology [16]. Preoperative com-
puted tomography imaging was performed within 1 month
before surgery using a multidetector computed tomography
scanner. Using preoperative computed tomography at the
level of the caudal end of the third lumbar vertebra, the cross-
sectional area of the bilateral psoas muscles was measured
by manual tracing. The psoas muscle index was calculated as
the cross-sectional area of the bilateral psoas muscles (cm?)
divided by height squared (m?). A low psoas muscle index was
considered a proxy for low muscle volume [16].

Because the psoas muscle index range differs between
men and women, different cutoff values were established
using receiver operating characteristic curves. The optimal
cutoff values were determined based on the best accuracy
in relation to outcome. The cutoff values for psoas mus-
cle index in men and women were 5.10 and 3.69 cm%/m?,
respectively (area under the receiver operating characteristic
curve—0.587 and 0.625, respectively).

Systemic Inflammatory Markers

Peripheral venous blood samples were collected within 2 weeks
before surgery. The PNI was calculated as 10X serum albu-
min (g/dL)+0.05 X total lymphocyte count (/mm>) [17]. The
Glasgow Prognostic Score was defined as follows: 0, normal
albumin >3.5 g/dL and C-reactive protein < 1.0 mg/dL; 1, low
albumin < 3.5 g/dL or high C-reactive protein > 1.0 mg/dL; and
2, low albumin < 3.5 g/dL and high C-reactive protein> 1.0 mg/
dL [18]. The C-reactive protein-to-albumin ratio was calculated
as C-reactive protein (mg/dL) divided by albumin (g/dL) [19].
The neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios
were calculated by dividing the neutrophil and platelet counts
by the lymphocyte count, respectively [10, 11].

Follow-Up

All patients underwent routine follow-up until December
2022. Postoperative follow-up included medical history
(symptoms and physical examination), laboratory tests,
and imaging studies performed every 6 months for > 5
years. Patients with lymph node metastasis or who under-
went R1/R2 resection received postoperative adjuvant
chemotherapy (tegafur/gimeracil/oteracil) for approxi-
mately 6 months. None of the patients received neoadju-
vant chemotherapy.
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Outcomes

The relationships between clinicopathological characteristics
and OS and RFS were analyzed using univariate and multivari-
ate Cox regression analyses. The duration between surgery and
death or the last follow-up was defined as OS. The duration
between surgery and recurrence which confirmed by radiology
imaging was defined as recurrence-free survival (RES).

Statistical Analysis

All data were blinded before analysis. Continuous data
were presented as median (interquartile range). Categori-
cal data were presented as numbers (percentage). Univari-
ate analysis was performed using the Mann—Whitney U test
and chi-square test. Diagnostic accuracy was determined
using the area under the receiver operating characteristic
curve. The optimal cutoff values of systemic inflammatory
markers were determined by maximizing the Youden index
(sensitivity + specificity — 1). OS was estimated using the
Kaplan—Meier method and compared using the log-rank test.
Univariate and multivariate analyses were performed using
the Cox proportional hazards model. Prognostic factors that
were significant in the univariate analysis were included
in the multivariate analysis. All statistical analyses were
conducted using JMP 11 (SAS Institute, Cary, NC, USA).
P <0.05 was considered statistically significant.

Results
Patient Characteristics

Patient characteristics are summarized in Table 1. The
median age was 74 (range, 38-92) years. 64 patients had
sarcopenia. 43 patients had gallbladder carcinoma; 33,
intrahepatic cholangiocarcinoma; 31, distal cholangiocar-
cinoma; 23, ampullary carcinoma; and 16, perihilar chol-
angiocarcinoma. Curative (RO) resection was achieved in
125 patients. Surgical procedures included liver resection
in 67 patients (hemihepatectomy [N =36], subsegmentec-
tomy [N=11], liver bed resection [N = 8], sectionectomy
[N=T], trisectionectomy [N=4], and partial hepatectomy
[N=1]), pancreaticoduodenectomy in 52, cholecystec-
tomy in 24, hepatopancreaticoduodenectomy in two, and
bile duct resection without hepatectomy in one. Postopera-
tive complications were observed in 51 patients: pancre-
atic fistula in 29, bile leakage in nine, abdominal abscess
in eight, pleural effusion and chylous ascites in two each,
and abdominal bleeding in one. The optimal cutoff val-
ues for the PNI, Glasgow Prognostic Score, C-reactive
protein-to-albumin ratio, platelet-to-lymphocyte ratio,
and neutrophil-to-lymphocyte ratio were 42 (sensitivity,

@ Springer

31.3%; specificity, 83.0%; area under the receiver operating
characteristic curve, 0.560; and 95% confidence interval,
0.467-0.625), 1 (sensitivity, 26.6%; specificity, 80.3%; area
under the receiver operating characteristic curve, 0.530;
and 95% confidence interval, 0.462-0.623), 0.125 (sensi-
tivity, 51.9%; specificity, 69.5%; area under the receiver
operating characteristic curve, 0.590; and 95% confidence
interval, 0.497-0.680), 106 (sensitivity, 79.7%; specific-
ity, 31.8%; area under the receiver operating characteristic
curve, 0.550; 95% confidence interval, 0.450-0.638), and
1.59 (sensitivity, 26.6%; specificity, 80.5%; area under the
receiver operating characteristic curve, 0.467; and 95% con-
fidence interval, 0.372-0.560), respectively.

Relationship Between Clinicopathological
Characteristics and Sarcopenia

Patients were stratified into two groups according to the
presence (N =64) or absence (N = 82) of sarcopenia. Clin-
icopathological characteristics were compared between
the two groups. Body mass index in the sarcopenia group
was lower than that in the non-sarcopenia group [20.8
(18.9-23.3) vs. 23.6 (22.1-26.2) kg/m?, respectively;
P <0.001]. PNI was also lower in the sarcopenia group
than in the non-sarcopenia group [44.3 (40.0-48.6) vs.
48.5 (42.9-52.3), respectively; P =0.009]. There were
more patients with preoperative cholangitis in the sarco-
penia group than in the non-sarcopenia group. The inci-
dence of lymph node metastasis was higher in the sarco-
penia group than in the non-sarcopenia group (46.9% vs.
29.3%, respectively; P=0.03) (Table 2).

Univariate and Multivariate Analyses of Prognostic
Factors for OS

The median OS was 47 (range, 6-147) months. The 1-, 3-,
and 5-year OS rates were 87.7%, 57.2%, and 46.1%, respec-
tively. In the Kaplan—Meier analysis, the sarcopenia group
had worse OS than the non-sarcopenia group (P=0.001;
Fig. 1a), and the low PNI (< 42) group had worse OS than
the high PNI (>42) group (P=0.007; Fig. 1b).

Table 3 shows the relationship between clinicopathologi-
cal characteristics and OS after surgical resection. Univariate
analysis showed that male sex, R1/R2 resection, sarcopenia,
lymph node metastasis, intrahepatic cholangiocarcinoma, T
stage > 3, tumor differentiation, low PNI, C-reactive pro-
tein-to-albumin ratio >0.125, and carbohydrate antigen
19-9 levels >20 U/mL were associated with poor OS. R1/
R2 resection (P =0.02), sarcopenia (P < 0.001), lymph node
metastasis (P =0.007), intrahepatic cholangiocarcinoma
(P<0.001), and low PNI (P=0.01) were independent pre-
dictors of OS in the multivariate analysis.
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Table 1 Patient characteristics

Characteristic Patients
Age (years), median (IQR) 75 (69-82)
Sex (male/female), N 91/58

Body mass index (kg/m2), median (IQR)
Preoperative laboratory data
Albumin (g/dL), median (IQR)
Platelet count (x 10%mm?), median (IQR)
Neutrophil count (x 10>/mm?), median (IQR)
Lymphocyte count (X 10*/mm?), median (IQR)
C-reactive protein (mg/dL), median (IQR)
Carcinoembryonic antigen (ng/mL), median (IQR)
Carbohydrate antigen 19-9 (U/mL), median (IQR)
Prognostic nutritional index, median (IQR)
Glasgow Prognostic Score (0/1/2), N
C-reactive protein-to-albumin ratio, median (IQR)
Platelet-to-lymphocyte ratio, median (IQR)
Neutrophil-to-lymphocyte ratio, median (IQR)
Psoas muscle index (cm?*/m?), median (IQR)
Type of cancer, N (%)
Intrahepatic cholangiocarcinoma
Gallbladder carcinoma
Distal cholangiocarcinoma
Ampullary carcinoma
Perihilar cholangiocarcinoma
Preoperative cholangitis, N (%)
Comorbidities (absent/present), N
Surgical procedure, N (%)
Cholecystectomy
Bile duct resection without liver resection
Liver bed resection
Partial hepatectomy
Subsegmentectomy
Sectionectomy
Hemihepatectomy
Trisectionectomy
Pancreaticoduodenectomy
Hepatopancreaticoduodenectomy
Operative time (min), median (IQR)
Blood loss (mL), median (IQR)
Blood transfusion, N (%)
T classification (1/2/3/4), N
Tumor—Node—Metastasis classification (eighth edition) (0/I/II/II/IV), N
Resection (RO/R1/R2), N
Lymph node metastasis (absent/present), N
Tumor differentiation (well/moderate/poor/pap/well pap/other/unknown), N
Mortality, N (%)
Postoperative adjuvant chemotherapy, N (%)
Postoperative complications (Clavien—Dindo Grade > Illa) (absent/present), N

22.8(19.8-24.8)

3.8 (3.4-4.2)
21.4 (17.3-25.6)
3.56 (2.67-4.52)
1.53 (1.15-1.93)
0.80 (0.60-1.00)
3.02 (2.00-4.65)
16.55 (5.18-101.98)
45.9 (42.3-51.2)
91/39/2

0.073 (0.027-0.234)
136 (104-198)

2.26 (1.71-3.30)

33 (22.6)
43 (29.4)
31(21.2)
23 (15.7)
16 (10.9)
50 (40.4)
37/109

24 (16.4)
1(0.7)

8(5.5)

1(0.7)

11 (7.5)

7 (4.8)

36 (24.7)
42.7)

52 (35.6)
2(1.3)

437 (305-525)
340 (144-713)
16 (11.2)
29/51/58/8
7/27/57/37/18
125/18/3
54/92
59/38/11/8/5/7/18
0 (0.0)

87 (61.3)
51/95
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Table 2 Patient characteristics according to the presence or absence of sarcopenia

Characteristic Sarcopenia (N=64)  Non-sarcopenia (N=82)  P-value
Age (years), median (IQR) 77 (69-83) 74 (68.5-80.5) 0.09
Sex (male/female), N 44/22 47/35 0.31
Body mass index (kg/m2), median (IQR) 20.8 (18.9-23.3) 23.6 (22.1-26.2) <0.001**
Carcinoembryonic antigen (ng/mL), median (IQR) 3.38 (2.34-4.98) 2.82 (1.95-4.65) 0.22
Carbohydrate antigen 19-9 (U/mL), median (IQR) 18.38 (6.5-163.1) 13.7 (4.4-71.3) 0.11
C-reactive protein (mg/dL), median (IQR) 0.32 (0.12-0.88) 0.22 (0.09-0.82) 0.25
Prognostic nutritional index, median (IQR) 44.3 (40.0-48.6) 48.5 (42.9-52.3) 0.009*
Glasgow Prognostic Score (0/1/2), N 37/18/9 54/21/7 0.48
C-reactive protein-to-albumin ratio, median (IQR) 0.093 (0.029-0.304)  0.056 (0.023-0.23) 0.21
Platelet-to-lymphocyte ratio, median (IQR) 141 (106-220) 131 (99-174) 0.17
Neutrophil-to-lymphocyte ratio, median (IQR) 2.39 (1.49-3.63) 2.16 (1.72-2.88) 0.79
Preoperative cholangitis (absent/present), N 32/32 55127 0.04
Comorbidities (absent/present), N 16/48 22/60 0.80
Type of cancer (intrahepatic cholangiocarcinoma/other), N 12/52 22/60 0.25
Resection (RO/R1-2), N 52/12 74/8 0.12
Operative time (min), median (IQR) 426 (306-531) 458 (303-511) 0.96
Blood loss (mL), median (IQR) 325 (146-808) 346 (141-648) 0.38
Transfusion (no/yes), N 53/10 76/6 0.12
T classification (>3), N (%) 33 (51.6) 33 (40.2) 0.17
Lymph node metastasis (absent/present), N 30 (46.9) 24 (29.3) 0.03*
Tumor—Node—Metastasis classification (eighth edition) (I-1I/III-1V), N 30/34 57/25 0.04*
Tumor differentiation (well/other) 20/44 29/53 0.50
Postoperative complications (Clavien—Dindo Grade > Illa) (absent/present), N 44/20 51/31 0.41
Postoperative adjuvant chemotherapy (no/yes), N 41/23 46/36 0.24
*P<0.05; **P<0.01
a
( ) 100 —L"—l . —— No sarcopenia (N = 82) (b) 100 —HH“ - =  PNI242(N=111)
B S Sarcopenia (N = 64) ‘ LL“-x ........ PNI < 42 (N = 35)
~ 80 — - ~ 80 H\_‘_\j
8 60 e 8 60 ‘—\_H—
40 e 40 - T
20 Log-rank test: P = 0.001 20 Log-rank test: P = 0.007
0 0
Numberat 0 1 2 3 4 5 Number 0 1 2 3 4 5
risk Time (years) at risk Time (years)
No . 82 63 44 37 26 21 PNI 242 M 85 57 43 30 24
sarcopenia
Sarcopenia 64 44 27 16 13 9 PNI <42 35 22 14 " ° s

Fig. 1 Kaplan—Meier curves of overall survival (OS) stratified by a sarcopenia and b prognostic nutritional index (PNI)
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Tablg 3 Univariate and Clinicopathological characteristic Univariate analysis Multivariate analysis
multivariate analyses
of clinicopathological N P-value HR? (95% CI?) P-value
characteristics for overall
survival after resection of Age (years) 76 0.79 - -
biliary tract cancer >75 70
<75
Sex 89 0.02%* 1.69 (0.97-3.07) 0.07
Male 57
Female
Body mass index (kg/m?) 95 0.40 - -
>20 51
<20
Carcinoembryonic antigen (ng/mL) 30 0.46 - -
>9 104
<9
Carbohydrate antigen 19-9 (U/mL) 53 0.05* 1.04 (0.57-1.83) 0.89
>20 91
<20
Preoperative cholangitis 59 0.09 - -
Present 87
Absent
Comorbidities 108 0.15 - -
Present 38
Absent
Type of cancer 34 0.03* 3.33 (1.71-6.38) 0.005%%*
Intrahepatic cholangiocarcinoma 112
Other
Resection 126 <0.001*** 2.35(1.19-4.52) 0.02%*
RO 20
R1-2
Operative time (min) 80 0.55 - -
>420 66
<420
Blood loss (mL) 77 0.65 - -
>300 69
<300
Transfusion 127 0.18 - -
No 16
Yes
T classification 91 <0.001%** 1.56 (088-2.80) 0.13
<3 55
>3
Lymph node metastasis 54 <0.001%** 2.31(1.26-4.28) 0.007%**
Present 82
Absent
Tumor differentiation 61 0.006** 1.61 (0.92-2.93) 0.10
Well 84
Other
Sarcopenia 64 0.001%** 2.55(1.46-4.51) <0.001***
Present (low psoas muscle index) 82
Absent (high psoas muscle index)
Prognostic nutritional index 35 0.007** 2.17 (1.21-3.82) 0.01*
<42 111
>42
Glasgow Prognostic Score 91 0.10 = -
0 55
1-2
C-reactive protein-to-albumin ratio 88 0.020* 1.00 (0.56-1.79) 0.99
<0.125 58

>0.125
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Table 3 (continued)

Clinicopathological characteristic

Univariate analysis Multivariate analysis

N P-value HR? (95% CI?) P-value
Neutrophil-to-lymphocyte ratio 24 0.93 - -
<1.59 122
>1.59
Platelet-to-lymphocyte ratio 32 0.30 - -
<106 113
>106
Postoperative complications (Clavien— 95 0.15 - -
Dindo Grade >111a) 51
Absent
Present
Postoperative adjuvant chemotherapy 55 0.16 - -
No 91
Yes

*P<0.05; **P<0.01; ***P<0.001

2HR hazard ratio
bCI confidence interval

Univariate and Multivariate Analyses of Prognostic
Factors for RFS

The median RFS was 60 (range, 6—147) months. The 1-,
3-, and 5-year RFS rates were 68.1%, 55.4%, and 48.9%,
respectively.

Table 4 shows the relationship between clinicopatho-
logical characteristics and RFS after surgical resection.
Univariate analysis showed that male sex, R1/R2 resec-
tion, sarcopenia, lymph node metastasis, intrahepatic chol-
angiocarcinoma, T stage >3, tumor differentiation, low
PNI, C-reactive protein-to-albumin ratio >0.125, carbo-
hydrate antigen 19-9 levels >20 U/mL, and postoperative
adjuvant chemotherapy were associated with poor RFS.
Male sex (P=0.04), R1/R2 resection (P <0.001), lymph
node metastasis (P =0.005), intrahepatic cholangiocarci-
noma (P <0.001), tumor differentiation (other than well;
P=0.003), and low PNI (P=0.03) were independent pre-
dictors of RFS in the multivariate analysis.

Impact of Sarcopenia and PNI on OS

Sarcopenia and PNI were independent predictors of OS in
patients with BTC. Patients were stratified into three groups
according to these two factors: Group A, no sarcopenia and
high PNI; Group B, sarcopenia or low PNI; and Group C,
sarcopenia and low PNI. In the Kaplan—-Meier analysis,
Group C had worse OS than the other two groups (P <0.001
and P=0.02, respectively) (Fig. 2).

As sarcopenia and PNI are strongly associated with OS,
we performed a multivariate analysis of sarcopenia and PNI.
Multivariate analysis showed that sarcopenia and low PNI
and sarcopenia or low PNI were independent predictors of
OS (P<0.001 and P=0.047, respectively) (Table 5).

@ Springer

Subgroup Analysis According to Tumor Location

The impact of sarcopenia and PNI on OS was also analyzed
in relation to tumor location. Patients with gallbladder carci-
noma and intrahepatic cholangiocarcinoma in Group C had
worse OS than those in the other two groups (both, P <0.001;
Fig. 3). For patients with distal cholangiocarcinoma, ampullary
carcinoma, and perihilar cholangiocarcinoma, the impact of
sarcopenia and PNI on OS was not significant.

Discussion

In this study, we showed that sarcopenia and low PNI are
independent predictors of poor OS in patients with surgically
resected BTC. Patients in Group C had the worst OS among
the three groups. To our knowledge, this is the first study to
show that sarcopenia accompanied by low PNI is associated
with poor OS in patients with BTC.

Sarcopenia is a hallmark of cancer cachexia and is a
major factor leading to increased morbidity and mortal-
ity in patients with advanced gastrointestinal cancer [20].
The role of sarcopenia as a prognostic marker remains
controversial. Therefore, there is an urgent need to inves-
tigate the prognostic significance of sarcopenia in patients
with BTC. In this study, multivariate analysis showed that
sarcopenia is associated with OS but not RFS. A previ-
ous study [6] confirmed that sarcopenia is an independent
predictor of OS and RFS after surgical resection of BTC.
Yoon et al. [21] analyzed the significance of sarcopenia
in BTC and showed that sarcopenia (a low skeletal muscle
index) was not associated with poor OS. Another study
[13] showed that sarcopenia alone did not predict OS and
RFS in multivariate analysis. However, sarcopenia and



Journal of Gastrointestinal Cancer (2024) 55:888-899 895
Tablg 4 Univariate and Clinicopathological characteristic Univariate analysis Multivariate analysis
multivariate analyses
of clinicopathological N P-value HR? (95% CI?) P-value
characteristics for recurrence-
free survival after resection of Age (years) 76 0.20 - -
biliary tract cancer >75 70
<75
Sex 89 0.01%* 1.82 (1.04-3.32) 0.04*
Male 57
Female
Body mass index (kg/m?) 95 0.27 - -
>20 51
<20
Carcinoembryonic antigen (ng/mL) 30 0.73 - -
>9 104
<9
Carbohydrate antigen 19-9 (U/mL) 53 0.03* 1.12 (0.67-2.06) 0.54
>20 91
<20
Preoperative cholangitis 59 0.08 - -
Present 87
Absent
Comorbidities 108 0.11 - -
Present 38
Absent
Type of cancer 34 0.003* 4.50 (2.27-8.89) <0.001%#**
Intrahepatic cholangiocarcinoma 112
Other
Resection 126 <0.001*** 4.66 (2.24-9.69) <0.001***
RO 20
R1-2
Operative time (min) 80 0.13 - -
>420 66
<420
Blood loss (mL) 77 0.29 - -
>300 69
<300
Transfusion 127 0.39 -
No 16
Yes
T classification 91 <0.001%** 1.24 (069-2.27) 0.46
<3 55
>3
Lymph node metastasis 54 <0.001%** 2.53 (1.32-4.93) 0.005%%*
Present 82
Absent
Tumor differentiation 61 0.002%** 2.36 (1.32-4.35) 0.003**
Well 84
Other
Sarcopenia 64 0.033* 1.62 (0.91-2.89) 0.11
Present (low psoas muscle index) 82
Absent (high psoas muscle index)
Prognostic nutritional index 35 0.003** 2.14 (1.09-4.18) 0.03*
<42 111
>42
Glasgow Prognostic Score 91 0.40 - -
0 55
1-2
C-reactive protein-to-albumin ratio 88 0.01%* 1.02 (0.54-1.93) 0.94
<0.125 58

>0.125
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Table 4 (continued)

Clinicopathological characteristic

Univariate analysis Multivariate analysis

N P-value HR? (95% CI?) P-value
Neutrophil-to-lymphocyte ratio 24 0.12 - -
<1.59 122
>1.59
Platelet-to-lymphocyte ratio 32 0.77 - -
<106 113
>106
Postoperative complications (Clavien— 95 0.43 - -
Dindo Grade > 111a) 51
Absent
Present
Postoperative adjuvant chemotherapy 55 0.02* 1.31 (0.64-2.62) 0.44
No 91
Yes

*P<0.05; **P<0.01; ***P<0.001

2HR hazard ratio
bCI confidence interval

high neutrophil-to-lymphocyte ratio (> 3) were associated
with poor OS and progression-free survival in patients
with metastatic BTC. It is possible that BTC is more
affected by tumor- than by patient-related factors (such as
sarcopenia). Our findings support the prognostic value of
sarcopenia in surgically resected BTC.

Systemic inflammation is a significant factor that
can predict the prognosis of various cancers. Several
inflammatory markers (Glasgow Prognostic Score,
neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte
ratio) are associated with poor prognosis in patients with

100
80
9
~ 60
)
(@)
40 .
20 .
0
Numberat 0 1 2 3 4
risk Time (years)
Group A 18 10 5 3 2
Group B 65 51 35 29 20
Group C 63 47 32 23 17

1

17

11

BTC [13, 22, 23]. PNI, a marker of nutritional status and
systemic inflammation, is based on serum albumin and
lymphocyte count, both of which can be easily obtained from
routine preoperative blood tests. Several studies [24, 25] have
shown that the PNI can be used as a prognostic marker in
patients with BTC. We previously investigated the prognostic
significance of PNI in patients with surgically resected BTC
and demonstrated its potential clinical application [22].
In this study, we obtained similar results with PNI. The
mechanism(s) underlying the prognostic significance of PNI
in patients with BTC have been discussed previously.

= Group A: No sarcopenia and high PNI ( 42) (N = 18)
= = Group B: Sarcopenia or low PNI (< 42) (N = 65)
Group C: Sarcopenia and low PNI (< 42) (N = 63)

Log-rank test:
Group A vs. Group C P < 0.001
Group B vs. Group C P =0.02

Fig.2 Kaplan—Meier curves of overall survival (OS) for patients stratified into no sarcopenia and high prognostic nutritional index (PNI) (>42;
A), sarcopenia or low PNI (<42; B), and sarcopenia and low PNI (C) groups
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Table 5 Multivariate analysis of sarcopenia and PNI for overall sur-
vival

Variable Multivariate analysis
HR® (95% CI") P-value

Type of cancer (intrahepatic 3.71 (2.01-6.71) <0.001***

cholangiocarcinoma)
Resection (R1-2) 2.07 (1.08-3.79) 0.029*
Lymph node metastasis (present) 3.03 (1.75-5.31) <0.0071%*#**
Sarcopenia and PNI®

No sarcopenia and high PNI Reference

Sarcopenia or low PNI 1.84 (1.01-3.45) 0.047*

Sarcopenia and low PNI 5.48 (2.38-12.31) <0.001%**

*P<0.05; ***P<0.001
2HR hazard ratio
CI confidence interval

€PNI prognostic nutritional index

Patients with sarcopenia accompanied by inflammation
have faster disease progression and worse OS than those
without sarcopenia and inflammation. The relationship
between sarcopenia and systemic inflammatory markers has
attracted increasing attention. There is a strong correlation
between systemic inflammatory markers and catabolic path-
way activation [26]. Tumor necrosis factor and interleukin 6,

Fig.3 Kaplan—Meier curves
of overall survival (OS) for
patients with a gallbladder
carcinoma and b intrahepatic
cholangiocarcinoma stratified
into no sarcopenia and high

@) 15

80

which are released by the tumor and surrounding cells, can
suppress protein synthesis, and stimulate protein degrada-
tion. The tumor itself also promotes inflammation, which
facilitates tumor progression. The secretion of proinflamma-
tory myokines induces muscle degeneration and exacerbates
systemic inflammation [27]. A previous study [28] suggested
that inflammation causes malnutrition, resulting in impaired
immune responses and reduced muscle strength. Inflamma-
tion and malnutrition jointly lead to sarcopenia. In this study,
patients with sarcopenia had low PNI and advanced disease
compared to those without sarcopenia, suggesting that sarco-
penia is associated with nutritional-inflammation status and
tumor progression. Our findings are consistent with those
of the aforementioned studies. Sarcopenia may have better
prognostic value in patients with surgically resected BTC
when combined with PNI.

In the subgroup analysis, sarcopenia and low PNI were
associated with poor OS in patients with intrahepatic chol-
angiocarcinoma and gallbladder carcinoma but not distal
cholangiocarcinoma, ampullary carcinoma, and perihilar
cholangiocarcinoma. The reason may be that intrahepatic
cholangiocarcinoma and gallbladder carcinoma have rela-
tively high RO resection rates. The RO resection rates of
intrahepatic cholangiocarcinoma and gallbladder carci-
noma were 97.1% and 86.0%, respectively, while those

= GroupA(N=5)
= - = Group B (N =20)
Group C (N=9)

prognostic nutritional index 9 60
(PNI) (>42; A), sarcopenia or »
low PNI (<42; B), and sarcope- o 40 Log-rank test:
nia and low PNI (C) groups Group A vs. Group C P=0.01
20 Group B vs. Group C P = 0.006
0
0 1 2 3 4 5
Time (years)
(b) 100 ——
T PO
80 . | Group A (N =4)
: L = « = Group B (N =15)
" e Group C (N = 24)
~ 60 Y -
q .
(%] .
© 40 : Log-rank test:
R Group A vs. Group C P<0.001
20 . Group B vs. Group C P < 0.001
0
0 1 2 3 4 5

Time (years)
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of distal cholangiocarcinoma, ampullary carcinoma, and
perihilar cholangiocarcinoma were 80.0%, 95.1%, and
62.5%, respectively. Intrahepatic cholangiocarcinoma and
gallbladder carcinoma may be more affected by patient-
related factors (such as sarcopenia and PNI), whereas
distal cholangiocarcinoma, ampullary carcinoma, and
perihilar cholangiocarcinoma may be more affected by
tumor-related factors and surgical outcomes.

Kaido et al. [29] reported the impact of nutritional
therapy on prognosis after liver transplantation in patients
with sarcopenia. Mayo et al. [30] reported that preopera-
tive rehabilitation is effective in reducing postoperative
complications in patients with various cancers. Sup-
portive therapies focusing on perioperative nutrition and
rehabilitation may be applicable to patients with surgically
resected BTC. However, the efficacy of such therapies
requires further evaluation in prospective studies.

This study has several limitations related to its single-
center, retrospective design. The sensitivity, specific-
ity, and areas under the receiver operating characteristic
curves of the psoas muscle index and PNI were low. Fur-
ther multicenter prospective studies are needed to validate
our findings. Sarcopenia should be diagnosed not only by
the detection of low muscle mass but also by reduced mus-
cle strength. The diagnosis of sarcopenia in this study may
not have been accurate enough.

Conclusions

Sarcopenia and low PNI are associated with poor OS in
patients with surgically resected BTC. Both sarcopenia and
PNI are independent predictors of OS in patients with BTC.
Nutritional therapy and rehabilitation may enhance the sur-
vival of cancer patients with sarcopenia and inflammation.
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