
Academic Editor: Hsien-Hui Chung

Received: 9 June 2026

Revised: 12 July 2026

Accepted: 13 July 2026

Published: 16 July 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Clinical Prognostic Factors and Survival Risk Stratification for
Advanced Biliary Tract Cancer Treated with Gemcitabine-Based
Palliative Chemotherapy: A Real-World Retrospective Study
Jirapat Wonglhow 1 , Arunee Dechaphunkul 1 , Patrapim Sunpaweravong 1 , Chirawadee Sathitruangsak 1

and Panu Wetwittayakhlang 2,*

1 Division of Medical Oncology, Department of Internal Medicine, Faculty of Medicine, Prince of Songkla
University, Songkhla 90110, Thailand; jirapat.jw@gmail.com (J.W.); dr.arunee@gmail.com (A.D.);
spatrapi@medicine.psu.ac.th (P.S.); sjirawadee@gmail.com (C.S.)

2 Gastroenterology and Hepatology Unit, Division of Internal Medicine, Faculty of Medicine, Prince of Songkla
University, Songkhla 90110, Thailand

* Correspondence: wet.panu@gmail.com

Abstract

Background: Although gemcitabine-based palliative chemotherapy remains widely used
for advanced biliary tract cancer (BTC), practical pretreatment prognostic factors are needed.
This study identified baseline prognostic factors associated with overall survival (OS) and
explored a simple risk stratification approach for 12-month survival in advanced BTC
patients treated with gemcitabine-based chemotherapy. Methods: This retrospective co-
hort study included advanced BTC patients treated with gemcitabine-based palliative
chemotherapy between 2011 and 2025. Baseline clinical and laboratory variables were
collected at treatment initiation. The Kaplan–Meier method estimated OS. Univariable and
multivariable Cox proportional hazards regression analyses identified prognostic factors.
A post hoc exploratory risk score was developed using routinely available factors indepen-
dently associated with OS. Results: A total of 154 patients were included, gemcitabine plus
cisplatin was administered to 95 patients, whereas 59 received gemcitabine plus carboplatin.
Median OS was 9.43 months. Multivariable analysis showed that ECOG performance
status ≥ 2 (adjusted HR, 5.68; 95% CI, 2.52–12.81), alkaline phosphatase (ALP) ≥ 2 × ULN
(adjusted HR, 1.53; 95% CI, 1.01–2.33), and neutrophil-to-lymphocyte ratio (NLR) ≥ 3
(adjusted HR, 1.51; 95% CI, 1.03–2.20) were associated with worse OS. An exploratory score
assigning one point to each factor stratified patients into low-, intermediate-, and high-risk
groups. The estimated 12-month OS rates were 59.6%, 40.4%, and 10.8%, respectively.
Conclusions: Poor performance status, elevated ALP, and elevated NLR were associated
with worse OS in advanced BTC patients receiving gemcitabine-based palliative chemother-
apy. However, the associations for ALP and NLR were modest and should be interpreted
cautiously. A simple exploratory score based on routinely available factors demonstrated
distinct 12-month survival across risk groups and may help inform prognostic discus-
sions in routine practice. This approach should be considered hypothesis-generating, and
external validation is warranted.
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1. Introduction
Advanced biliary tract cancer (BTC) remains a clinically challenging malignancy

with limited long-term survival despite advances in systemic therapy [1]. BTC includes
intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, and gallbladder cancer.
Although these subtypes differ in anatomical origin, biological behavior, molecular profile,
and clinical outcome, they are managed within a shared framework in advanced disease
because of their rarity and similar therapeutic approach [2–4]. Many patients present
with unresectable or metastatic disease, making systemic therapy the primary treatment
modality for disease control and survival prolongation [5].

Gemcitabine-based chemotherapy has been a cornerstone of first-line treatment for ad-
vanced BTC for more than a decade. The phase III ABC-02 trial established gemcitabine plus
cisplatin as the standard regimen by demonstrating a survival advantage over gemcitabine
alone [6]. More recently, adding immunotherapy to gemcitabine and cisplatin has improved
outcomes and changed the treatment landscape [7–9]. Nevertheless, gemcitabine-based
palliative chemotherapy remains important in real-world practice [10–12]. A substantial
proportion of patients may still receive chemotherapy alone because of contraindications to
immunotherapy, limited access or reimbursement, financial constraints, or clinical factors
that preclude chemoimmunotherapy.

Despite advances in systemic therapy, survival outcomes in advanced BTC remain
highly variable. Some patients achieve meaningful disease control with chemotherapy,
whereas others experience rapid clinical deterioration and early mortality. This hetero-
geneity reflects tumor burden, disease extent, and host-related factors such as performance
status, hepatic function, nutritional reserve, and systemic inflammation [13–16]. However,
the prognostic relevance of these factors may vary across patient populations, treatment pat-
terns, and healthcare settings. In clinical practice, simple and readily available parameters
are needed to support prognostic assessment before palliative chemotherapy.

Real-world data are important because patients in routine oncology practice are
more heterogeneous than those in clinical trials. Older patients, those with impaired
renal function, suboptimal performance status, biliary drainage, or comorbidities are
often underrepresented in pivotal studies yet remain common in daily practice [10,12,17].
Identifying practical prognostic factors in patients receiving gemcitabine-based palliative
chemotherapy may support risk stratification, patient counseling, treatment planning, early
integration of supportive care, and supporting individualized decision-making. This study
aimed to identify baseline clinical and laboratory prognostic factors associated with overall
survival (OS) in patients with advanced BTC treated with gemcitabine-based palliative
chemotherapy in a real-world setting. We also explored whether a simple risk stratification
approach using routinely available prognostic domains could identify patients at high risk
of poor 12-month survival.

2. Materials and Methods
2.1. Study Participants

This retrospective cohort study included patients with advanced BTC who re-
ceived gemcitabine-based palliative chemotherapy at Songklanagarind Hospital, Prince
of Songkla University between January 2011 and December 2025. Eligible patients were
aged ≥18 years and had histologically confirmed adenocarcinoma BTC, including intrahep-
atic cholangiocarcinoma, extrahepatic cholangiocarcinoma, gallbladder cancer, or ampulla
of Vater cancer. Patients included were those with unresectable locally advanced, recur-
rent, or metastatic disease who received at least one cycle of palliative gemcitabine-based
chemotherapy. Patients who received chemotherapy only in the adjuvant or perioperative
setting were excluded.
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The study was conducted in accordance with the Declaration of Helsinki, and ap-
proved by the Human Research Ethics Committee, Faculty of Medicine, Prince of Songkla
University (REC.69023141). Patient consent was waived due to the retrospective nature of
the study. Patient confidentiality was maintained by anonymizing all identifiable informa-
tion before analysis.

2.2. Treatment and Study Variables

Gemcitabine-based palliative chemotherapy was defined as gemcitabine administered
in combination with a platinum agent, including cisplatin or carboplatin. The treatment
regimen was selected by the treating physician based on clinical judgment, renal function,
performance status, comorbidities, and expected treatment tolerance.

Baseline clinical and laboratory variables were collected at initiation of palliative
chemotherapy. Clinical variables included age, sex, Eastern Cooperative Oncology Group
(ECOG) performance status, body mass index, primary tumor site, disease extent, cre-
atinine clearance, and chemotherapy regimen. Laboratory variables included complete
blood count, liver function tests, renal function tests, and cancer antigen 19-9 (CA 19-9).
The neutrophil-to-lymphocyte ratio (NLR) was derived from baseline complete blood
count data.

2.3. Outcomes

The primary outcome was OS, defined as the time from initiation of gemcitabine-based
palliative chemotherapy to death from any cause. Patients alive at the last follow-up were
censored on the date of last contact. The main objective was to identify baseline clinical and
laboratory factors associated with OS. Twelve-month OS was assessed using Kaplan–Meier
estimates. Twelve-month OS was also used for exploratory risk stratification to identify
patients at high risk of early mortality after initiation of palliative chemotherapy.

2.4. Statistical Analyses

Descriptive statistics were used to summarize baseline characteristics, treatment vari-
ables, and laboratory parameters. Categorical variables were presented as frequencies and
percentages. Continuous variables were presented as medians with interquartile ranges
(IQR) or means with standard deviations, as appropriate.

OS was estimated using the Kaplan–Meier method, and median OS was reported
with 95% confidence intervals (CIs). Survival differences between groups were compared
using the log-rank test. Candidate prognostic factors were selected a priori based on lit-
erature review, prior studies, and investigator clinical expertise. These factors included
demographic characteristics, performance status, nutritional status, disease-related vari-
ables, renal and liver function parameters, inflammatory markers, tumor marker level, and
chemotherapy regimen.

Univariable Cox proportional hazards regression assessed the association between
each candidate prognostic factor and OS. Variables associated with OS at p < 0.05 in
univariable analyses were entered into the multivariable Cox proportional hazards model.
No automated stepwise selection procedure was used. Model complexity was assessed
using the events-per-variable principle, with at least 10 events per covariate considered
acceptable. Hazard ratios with 95% CIs were reported.

A post hoc exploratory risk stratification analysis was performed using baseline fac-
tors independently associated with OS in multivariable Cox regression analysis. Patients
were categorized into risk groups based on a derived risk score. Twelve-month OS for
each risk group was estimated using the Kaplan–Meier method. Continuous variables
were categorized using clinically established criteria, laboratory reference limits, or cut-offs
supported by prior prognostic literature [13]. Specifically, alkaline phosphatase (ALP)
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and total bilirubin were categorized relative to the upper limit of normal (ULN), while
NLR ≥ 3 and CA 19-9 ≥ 120 U/mL were selected based on prior prognostic studies in
BTC [13]. No automated cut-point optimization method was used. Because complete data
were available for all variables included in the multivariable analysis and exploratory risk
stratification, no data imputation was required. The apparent discriminatory performance
of the exploratory risk score was assessed using Harrell’s concordance index (C-index),
with the corresponding 95% CI. A two-sided p-value < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using R software version 4.6.0 (R Foundation
for Statistical Computing, Vienna, Austria).

3. Results
3.1. Patient Characteristics

A total of 154 patients with advanced BTC receiving gemcitabine-based palliative
chemotherapy were included. The mean age was 60.4 years, and 50.6% of patients were
male. Most patients had ECOG performance status 0–1 (92.2%) and metastatic disease
at treatment initiation (92.8%). The most common primary tumor site was intrahepatic
cholangiocarcinoma (50.6%), followed by extrahepatic cholangiocarcinoma (29.9%) and
gallbladder cancer (14.3%). Gemcitabine plus cisplatin was administered to 95 patients
(61.7%), whereas 59 patients (38.3%) received gemcitabine plus carboplatin. Further baseline
clinical and laboratory findings are summarized in Table 1. Treatment details are presented
in Table S1.

3.2. Survival Outcomes

At the time of analysis, 127 patients (82.5%) had died, and 27 (17.5%) were censored
at the last follow-up. The median observation time for the overall cohort, defined as the
time from initiation of gemcitabine-based palliative chemotherapy to death or last follow-
up, was 8.5 months (IQR, 4.5–14.3 months). The median OS for the overall cohort was
9.43 months (95% CI, 8.44–11.30). Estimated OS rates at 6, 12, and 24 months were 70.2%,
39.3%, and 16.0%, respectively (Figure 1). The median progression-free survival was 4.99
months (95% CI, 3.98–5.98). Response evaluations were available for 134 patients (87.0%),
the objective response rate was 9.1% in the overall treatment population and 10.4% among
patients with evaluable response data.

Table 1. Patient characteristics.

Characteristics Total (n = 154)

Mean age, years (SD) 60.4 (10.3)

Sex, n (%)
Male 78 (50.6)

Female 76 (49.4)

ECOG PS, n (%)
0–1 142 (92.2)
≥2 12 (7.8)

BMI, n (%)
<18.5 kg/m2 35 (22.7)

18.5–22.9 kg/m2 67 (43.5)
≥23.0 kg/m2 52 (33.8)

Cirrhosis, n (%) 10 (6.5)
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Table 1. Cont.

Characteristics Total (n = 154)

Laboratory values
Hemoglobin, g/dL (SD) 11.5 (1.60)

White blood cell, /µL (IQR) 8470 (6880, 10,630)
White blood cell ≥ 10,000/µL, n (%) 51 (33.1)

NLR (IQR) 3.46 (2.02, 5.79)
NLR ≥ 3, n (%) 87 (56.5)

Platelet, /µL (IQR) 298,000 (243,000, 357,750)
Total bilirubin, mg/dL (IQR) 0.7 (0.4, 1.1)
Total bilirubin ≥ ULN, n (%) 30 (19.5)

AST, U/L (IQR) 37 (24.0, 57.0)
ALT, U/L (IQR) 23 (17.0, 45.8)
ALP, U/L (IQR) 160 (112.5, 318.8)

ALP ≥ 2 × ULN, n (%) 53 (34.4)
Albumin, g/dL (IQR) 3.9 (3.4, 4.3)

Albumin < 3.5 g/dL, n (%) 43 (27.9)
CA 19-9, U/mL (IQR) 85.1 (10.0, 1393.8)

CA 19-9 ≥ 120 U/mL, n (%) 71 (46.1)
Creatinine clearance, mL/min (IQR) 55.1 (44.7, 69.5)

Primary tumor site, n (%)
Intrahepatic bile duct 78 (50.6)
Extrahepatic bile duct 46 (29.9)

Gallbladder 22 (14.3)
Ampulla of Vater 8 (5.2)

Advanced disease status, n (%)
Unresectable locally advanced disease 11 (7.1)

Metastatic disease 143 (92.8)

Number of organ metastasis, n (%)
1 79 (51.3)
2 40 (26.0)
≥3 24 (15.6)

Organ metastasis, n (%)
Liver 78 (50.6)
Lung 38 (24.7)

Lymph nodes 72 (46.8)
Peritoneum 33 (21.4)

Bone 14 (9.1)

Regimen, n (%)
Gemcitabine plus cisplatin 95 (61.7)

Gemcitabine plus carboplatin 59 (38.3)
ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index; NLR, neutrophil-to-
lymphocyte ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
CA 19-9, cancer antigen 19-9.

3.3. Prognostic Factors Associated with Overall Survival

Univariable and multivariable Cox regression analyses for OS are presented in Table 2.
In univariable analysis, ECOG performance status ≥ 2, hypoalbuminemia, elevated CA
19-9, elevated ALP, elevated total bilirubin, metastatic disease, lung metastasis, elevated
NLR, and leukocytosis were associated with worse OS.
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Figure 1. Kaplan–Meier curve for overall survival.

Table 2. Prognostic factors for overall survival.

Univariable Analysis Multivariable Analysis

HR (95% CI) p Value HR (95% CI) p Value

Age ≥ 65 years 1.02 (0.69, 1.52) 0.917 - -
Male 1.05 (0.74, 1.50) 0.770 - -

BMI < 18.5 kg/m2 0.92 (0.61, 1.39) 0.688 - -
ECOG PS ≥ 2 7.48 (3.57, 15.7) <0.001 5.68 (2.52, 12.81) <0.001

Albumin < 3.5 g/dL 2.64 (1.77, 3.96) <0.001 1.40 (0.85, 2.30) 0.186
CA 19-9 ≥ 120 U/mL 1.43 (1.01, 2.03) 0.046 1.12 (0.75, 1.68) 0.574

ALP ≥ 2 × ULN 2.04 (1.41, 2.95) <0.001 1.53 (1.01, 2.33) 0.044
TB > ULN 1.81 (1.15, 2.83) 0.010 1.57 (0.92, 2.68) 0.097

CrCl < 60 mL/min 0.90 (0.63, 1.28) 0.556 - -
NLR ≥ 3 1.72 (1.21, 2.46) 0.003 1.51 (1.03, 2.20) 0.034

Hb < 10 g/dL 1.54 (0.98, 2.43) 0.062 - -
WBC > 10,000/µL 1.94 (1.34, 2.81) <0.001 1.31 (0.87, 1.97) 0.199
Plt < 150,000/µL 1.01 (0.44, 2.31) 0.976 - -

Primary tumor site

- -
Intrahepatic bile duct Ref Ref
Extrahepatic bile duct 1.00 (0.67, 1.50) 0.998

Gallbladder 1.16 (0.68, 1.97) 0.580
Ampulla of Vater 0.49 (0.21, 1.14) 0.097

Metastatic vs. locally advanced disease 2.11 (1.06, 4.22) 0.035 1.65 (0.81, 3.37) 0.171
Lung metastasis 1.53 (1.02, 2.29) 0.039 1.44 (0.91, 2.27) 0.116
Liver metastasis 1.12 (0.79, 1.60) 0.526 - -

Peritoneal metastasis 1.15 (0.74, 1.78) 0.538 - -
Cisplatin vs. carboplatin 0.85 (0.59, 1.22) 0.382 - -

ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index; NLR, neutrophil-
to-lymphocyte ratio; ALP, alkaline phosphatase; CA 19-9, cancer antigen 19-9; CrCl, creatinine clearance; Hb,
hemoglobin; WBC, white blood cell; Plt, platelet; TB, total bilirubin; ULN, upper limit of normal; HR, hazard ratio;
CI, confidence interval.
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In multivariable analysis, ECOG performance status ≥ 2 showed the strongest associ-
ated with inferior OS. Elevated ALP (≥2 × ULN) and NLR ≥ 3 also remained associated
with worse OS after adjustment. Other variables were not independently associated with
OS after adjustment. The multivariable Cox model included nine covariates. With 127 death
events, the events-per-variable ratio was 14.1.

3.4. Exploratory Risk Stratification for 12-Month Overall Survival

Based on independently associated and routinely available baseline prognostic fac-
tors from multivariable analysis, an exploratory risk score was constructed using ECOG
performance status ≥ 2, ALP ≥ 2 × ULN, and NLR ≥ 3. One point was assigned for each
adverse factor, yielding a total score ranging from 0 to 3 (Figure 2).

Figure 2. Exploratory risk stratification score for 12-month overall survival. ECOG, Eastern Coopera-
tive Oncology Group; ALP, alkaline phosphatase; NLR, neutrophil-to-lymphocyte ratio; ULN, upper
limit of normal.

The score distribution included 48 patients with a score of 0, 66 with a score of 1,
34 with a score of 2, and 6 with a score of 3. Accordingly, patients were categorized
as low risk (score 0; n = 48), intermediate risk (score 1; n = 66), and high risk (scores
2–3; n = 40). Estimated 12-month OS rates showed a stepwise decrease across the low-,
intermediate-, and high-risk groups: 59.6%, 40.4%, and 10.8%, respectively. Kaplan–Meier
curves according to exploratory risk group are shown in Figure 3. The exploratory risk
score demonstrated an apparent Harrell’s C-index of 0.648 (95% CI, 0.594–0.701), indicating
modest discrimination within this cohort. However, this analysis was exploratory and
descriptive, and was not intended to establish a validated prognostic prediction model.
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Figure 3. Kaplan–Meier curves for overall survival according to exploratory risk group (log-rank
p < 0.0001).

4. Discussion
In this real-world cohort of patients with advanced BTC receiving gemcitabine-based

palliative chemotherapy, poor performance status, elevated ALP, and elevated NLR were
associated with inferior OS. These factors represent three practical prognostic domains: host
functional reserve, hepatobiliary dysfunction or cholestatic tumor burden, and systemic
inflammation. An exploratory risk stratification score based on these routinely available
parameters distinguished stratified patients into groups with different 12-month survival
outcomes. These findings support the value of simple baseline clinical assessment for
estimating prognosis before starting palliative chemotherapy.

The median OS of 9.43 months in our cohort is consistent with the outcomes reported
for patients receiving gemcitabine-based chemotherapy in routine practice [6–8,18–21]. Al-
though pivotal trials have established gemcitabine-based chemotherapy and more recently
chemoimmunotherapy as standard first-line treatments, their populations are typically
selected according to performance status, organ function, and protocol-defined eligibility
criteria. Real-world cohorts remain important because they include patients with broader
clinical heterogeneity, including renal impairment, biliary obstruction, comorbidities, and
variable treatment tolerance [14,19,22,23]. Therefore, prognostic information from routine
practice remains clinically relevant, particularly when treatment decisions must balance
expected benefit, toxicity, and patient condition.

Performance status was the strongest prognostic factor. Patients with ECOG perfor-
mance status ≥ 2 had substantially worse survival, consistent with previous studies in
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advanced BTC [14,19,24,25]. This likely reflects reduced physiological reserve, higher symp-
tom burden, and lower tolerance of systemic therapy. Elevated ALP was also associated
with inferior OS and may indicate cholestasis, biliary obstruction, hepatic involvement,
or extensive hepatobiliary tumor burden. Previous prognostic models in advanced BTC
have identified liver involvement, biliary obstruction, albumin, inflammatory markers,
and tumor markers as clinically relevant variables [13,16,26,27]. Although bilirubin was
associated with survival in univariable analysis, ALP remained more consistent after adjust-
ment, possibly because bilirubin is influenced by reversible obstruction or biliary drainage,
whereas ALP may reflect cholestatic disease burden or liver involvement.

Elevated NLR, a marker of systemic inflammation, was another adverse prognostic
factor. NLR is an inexpensive and readily available marker derived from routine complete
blood count testing. A high NLR may reflect a pro-tumor inflammatory state, impaired host
immune response, or aggressive tumor biology [28]. Previous reports have also shown that
elevated NLR is associated with worse survival in BTC [29,30]. Our findings supported the
use of NLR as an additional prognostic marker when interpreted alongside performance
status and hepatobiliary function.

A secondary exploratory analysis was performed to describe survival heterogeneity
according to routinely available baseline factors associated with OS. Although prognostic
scores and nomograms for advanced BTC have previously been proposed based on clinical
and laboratory factors [13,16,26,27], the present study explored a simpler risk stratification
approach using ECOG performance status ≥ 2, ALP ≥ 2 × ULN, and NLR ≥ 3. This
exploratory grouping demonstrated a stepwise decrease in 12-month OS across low-,
intermediate-, and high-risk groups. However, the proposed grouping should not be
interpreted as a validated prognostic model or as a basis for withholding chemotherapy.
Rather, it may help illustrate how combinations of poor performance status, elevated ALP,
and elevated NLR identify patients with markedly different survival outcomes in this
cohort. These findings may help inform treatment discussions by highlighting patients
who may require careful assessment of expected treatment benefit, toxicity risk, symptom
burden, goals of care, early supportive care integration, and closer monitoring. Because all
components are routinely available in clinical practice, this exploratory framework may be
feasible for further evaluation. Nevertheless, it should be considered hypothesis-generating
and requires validation in independent cohorts.

This study has several limitations. First, its retrospective, single-center design may
introduce selection bias and unmeasured confounding. Treatment selection and dose
modifications were at the discretion of the treating physicians. Second, the exploratory
risk stratification was derived and assessed within the same cohort and was not designed
as a formal prognostic prediction model. Although the apparent discrimination of the
exploratory risk score was assessed using Harrell’s C-index, calibration and optimism-
corrected performance were not evaluated. Because the score was derived and assessed
within the same cohort, its discriminatory performance may be optimistic and requires
confirmation in independent cohorts. The observed separation of survival curves should
be interpreted as descriptive and hypothesis-generating rather than evidence of validated
predictive utility. In addition, the associations between ALP ≥ 2 × ULN and NLR ≥ 3
were modest, with 95% CIs close to 1.0, and should therefore be interpreted cautiously.
External validation in an independent cohort is required before this exploratory approach
can be applied in clinical practice. Finally, the findings may not be directly generalizable to
patients receiving contemporary chemoimmunotherapy regimens.

In conclusion, poor performance status, elevated ALP, and elevated NLR were associ-
ated with worse OS in patients with advanced BTC receiving gemcitabine-based palliative
chemotherapy. A simple exploratory risk stratification based on these routinely available
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factors demonstrated the different 12-month survival outcome across groups. However, this
approach should be interpreted as hypothesis-generating rather than a validated prognostic
model, and external validation is warranted.

Supplementary Materials: The following supporting information can be downloaded at: https://
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