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Abstract
Background  Biliary tract cancers (BTC) are rare and aggressive malignancies originating from intrahepatic and 
extrahepatic bile ducts and the gallbladder. Surgery is the only curative option, but due to late-stage diagnosis, 
is frequently not feasible, leaving chemotherapy as the primary treatment. Radiotherapy (RT) can be an effective 
alternative for patients with unresectable, non-metastatic BTC despite the generally poor prognosis and significant 
variability. To help manage patients with unresectable BTC who receive RT, we aimed to identify prognostic markers 
that could aid in predicting overall survival (OS).

Methods  A retrospective cohort study was conducted at the University of Pennsylvania, involving seventy-eight 
patients with unresectable BTC treated with definitive intent RT. Comprehensive demographic, clinical, and treatment-
related data were extracted from the electronic medical records. Univariate and multivariate Cox regressions were 
employed to identify predictors of OS after RT. A biomarker model was developed for refined survival prediction.

Results  The cohort primarily comprised patients with good performance status without significant hepatic 
dysfunction at presentation. The predominant treatment approach involved hypofractionated RT or concurrent 
5FU-based chemoRT. Median OS after RT was 12.3 months, and 20 patients (15.6%) experienced local progression 
with a median time of 30.1 months. Univariate and multivariate analyses identified CA19-9 (above median) and 
higher albumin-bilirubin (ALBI) grades at presentation as significant predictors of poor OS. Median OS after RT was 24 
months for patients with no risk factors and 6.3 months for those with both.

Conclusions  Our study demonstrates generally poor but significantly heterogeneous OS in patients with 
unresectable BTC treated with RT. We have developed a biomarker model based on CA19-9 and ALBI grade at 
presentation that can distinguish sub-populations with markedly diverse prognoses. This model can aid the clinical 
management of this challenging disease.
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Background
BTC are rare and aggressive malignancies that origi-
nate from the epithelial cells of the gallbladder, intra-
hepatic, and extrahepatic bile ducts. These cancers are 
uncommon in the Western world, with an annual rate 
ranging from 0.35 to 2 cases per 100,000 people; in 
contrast, in China and Thailand, the incidence can be 
40 times higher [1].

BTC often carries a bleak prognosis. While surgery 
is the only curative treatment, these tumors are usu-
ally asymptomatic due to their location, and 60–70% 
are diagnosed at an advanced stage when surgery is 
no longer viable [2]. Treatment options for advanced 
disease patients are limited, with systemic chemo-
therapy commonly used. Based on the results of the 
ABC-02 trial, the combination of gemcitabine and 
cisplatin (GemCis) became a common first-line treat-
ment for advanced BTC, with a demonstrated median 
OS of 11.7 months [3]. Recent phase III trials showed 
an improvement in OS of a little over a month with 
the addition of immunotherapy to GemCis, and this 
combination has become the new frontline standard 
[4, 5]. The NCCN guidelines recommend 5-fluoroura-
cil and oxaliplatin (FOLFOX) as a second-line therapy 
based on the results of the ABC-06 trial. Patients who 
received FOLFOX had an average OS of 6.2 months, 
while those in the active symptom control group had 
an average OS of 5.3 months [6].

RT is an alternative treatment option for patients 
with unresectable BTC, however its role is less clear 
due to the lack of data to define a standard regimen or 
definitive clear survival benefit. Several studies, mainly 
conducted at single institutions, reported outcomes 
of RT in unresectable BTC, with or without concur-
rent chemotherapy. These reports describe different 
dosing schedules with varying RT doses and a wide 
range of survival outcomes, from as low as six months 
to as high as 24 months [7–15]. The pursuit of effec-
tive treatment strategies is further complicated by the 
potential side effects of RT and the protracted treat-
ment schedules, frequently entailing weeks of treat-
ment coupled with concurrent chemotherapy.

Consequently, there is a great need to identify sub-
groups of patients who can benefit substantially from 
an intensive therapeutic approach and others with dis-
mal prognoses where burdensome, toxic, and likely 
ineffective treatments should be avoided. Herein, we 
sought to identify prognostic markers of survival after 
RT that could assist in clinical management.

Methods
Study design and patient selection
This retrospective cohort study was conducted to 
comprehensively analyze the outcomes of unresectable 

BTC patients treated with RT. Patients with non-met-
astatic BTC treated at the University of Pennsylvania 
with RT between September 2008 and November 2022 
were identified from the electronic medical records. 
Clinical data were extracted following approval of the 
institutional review board. Patients were included in 
this study if the target received a Biologically Effective 
Dose (BED10) of at least 60 Gy. This threshold, biologi-
cally equivalent to a dose of 50  Gy in 2  Gy fractions 
(EQD2), was chosen because, based on our institu-
tional practice, it would exclude patients treated with 
palliative intent.

Data collection and variables
Demographic, clinical, and treatment-related data 
were systematically extracted. Variables included 
age at presentation, gender, ethnicity, BMI, type of 
pathology, microscopy pathology, Eastern Coopera-
tive Oncology Group (ECOG) performance status, the 
presence of known risk factors for BTC, liver cirrho-
sis, ascites, encephalopathy, ALBI grade at diagnosis, 
CA19-9 blood levels at diagnosis (before initiating 
treatment and after initial decompression of the bile 
duct system in cases of biliary obstruction), biliary 
cancer type, tumor maximum diameter at diagnosis, T 
stage at diagnosis, N stage at diagnosis, clinical stage 
at diagnosis, location of involved lymph nodes at diag-
nosis, vascular involvement at diagnosis, CEA blood 
levels at diagnosis, albumin blood levels at diagnosis 
and total bilirubin blood levels at diagnosis. Treatment 
details included chemotherapy regimens, RT modal-
ity, and treatment planning/dosimetric parameters, 
including BED10 and gross tumor volume (GTV).

Clinical outcomes and follow-up
Clinical outcomes were documented, including local 
recurrence, distant metastasis, and mortality during 
the follow-up period. During the initial presentation, 
all patients were thoroughly discussed at a multidisci-
plinary gastrointestinal or hepatobiliary tumor board. 
Unresectability was determined by experienced sur-
gical oncologists and hepatobiliary surgeons. Treat-
ment-related toxicity was reported during RT using 
Common Terminology Criteria for Adverse Events 
CTCAE v4.0 [16]. OS was defined as the time from the 
last RT treatment to death or last documented follow-
up. Patients were followed up with imaging every three 
months per the National Comprehensive Cancer Net-
work (NCCN) guidelines [17]. This consisted most 
commonly of dynamic contrast-enhanced MRI, con-
trast-enhanced computed tomography (CT), or posi-
tron emission tomography (PET). All scans were read 
by specialized gastrointestinal radiologists to deter-
mine the pattern of first recurrence. Local progression 
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was defined as the progression of the tumor in the 
irradiated field. Follow-up time was calculated from 
the end of the RT course. Patterns of failure were 
assessed, and causes of death were identified through 
medical record review. Patients without recurrence or 
death were censored at the last follow-up.

Statistical analysis
Variables were compared using a two-tailed Student’s 
T-test for continuous variables and a Chi-square for 
categorical variables. A univariate and multivari-
ate Cox proportional hazard analysis was conducted 
to identify parameters associated with OS following 
RT with variables related to patient demographics, 
clinical characteristics, and treatment variables. Local 
recurrence-free survival, distant metastasis-free sur-
vival, and OS were calculated using the Kaplan-Meier 
method. Survival outcome differences were evaluated 
using the log-rank test [18]. Statistical analysis was 
performed using SPSS version 28 (SPSS, Inc., Chicago, 
Illinois, USA). For all calculations, P values < 0.05 were 
considered statistically significant.

Results
Patient characteristics and demographics
The analytic cohort included seventy-eight patients 
(Table  1). Most were white males with good perfor-
mance status (91.8% ECOG 0–1), without known risk 
factors for BTC. The majority of patients did not have 
cirrhosis, ascites, or encephalopathy at presentation; 
most had an ALBI grade of 2. The median CA19-9 
blood level at diagnosis (before initiating any onco-
logic treatment and after biliary decompression in 
cases of biliary obstruction) was 63 U/ml. The most 
common type of BTC was intrahepatic, followed by 
hilar and extrahepatic. Four patients were diagnosed 
with gallbladder cancer, and a similar number with 
intrahepatic and hepatocellular carcinoma  (HCC). 
Over a third of the tumors presented with regional 
nodal disease, most commonly portocaval. Nearly half 
presented with a locally advanced stage, and a quarter 
of the patients had vascular involvement when they 
were diagnosed.

Treatment details for the entire cohort
Table  2 details the oncologic treatment of the entire 
cohort. Most patients received a hypofractionated RT 
regimen (2.01–5 Gy per fraction) and concurrent 5FU-
based chemotherapy (either 5FU or capecitabine). 
The median BED10 was 73.1  Gy. A similar number of 
patients received proton therapy compared to photon-
based RT. Approximately half of the patients received 
chemotherapy either before or after RT. Among the 
37 patients who did not receive systemic therapy, over 

half were unable to do so due to poor performance 
status and comorbidities (Supplementary Table 1). 
In 18.9% of these cases, the medical oncologist rec-
ommended systemic chemotherapy, but the patients 
declined. Of the 41 patients who did receive systemic 
treatment, most underwent chemotherapy prior to 
starting RT (Supplementary Table 2). The most com-
mon regimen was a combination of GemCis (Supple-
mentary Table 3). Only a small minority of patients 
received second and third-line systemic therapies.

Clinical outcomes and patterns of failure
Of the 78 patients in the study, five patients (6.4%) had 
documented grade (G)3 and above gastrointestinal 
toxicity (three patients with G3, one G4, and one died 
from RT-induced enteritis), four patients (5.1%) expe-
rienced G3 fatigue, two patients (2.6%) had G3 abdom-
inal pain and non-had G3 and above skin toxicity.

Fifty-nine (77.6%) died during the follow-up period, 
with a median OS of 12.3 months after RT (Supple-
mentary Fig.  1); twenty (27.0%) had a local recur-
rence in the irradiated field as the first site of failure, 
and thirty-seven (47.4%) developed distant metastasis 
(Table 3). The most common sites of metastatic spread 
following RT were the peritoneum and liver, while the 
most common cause of death was liver failure followed 
by biliary sepsis. In patients with a local recurrence, 
the median time to recurrence was 30.1 months (Sup-
plementary Fig.  2), while the median metastasis-free 
survival was 11.0 months (Supplementary Fig.  3). In 
patients who developed distant metastasis, the median 
time to death after metastatic disease was 4.9 months, 
while in patients with a local recurrence, the median 
time to death after diagnosis of progression at the RT 
site was 5.1 months.

Univariate and multivariate Cox regression analysis for 
predictors of OS after RT
Table  4 shows the results of a univariate Cox pro-
portional hazard analysis for OS after RT using the 
patient’s age (above vs. under 70 years), gender, ECOG 
performance status, ALBI grade, type of biliary can-
cer (intrahepatic vs. hilar vs. extrahepatic vs. gallblad-
der) vascular involvement, clinical stage, GTV volume 
(above vs. under median value of 64.3 cm³), CEA blood 
levels at diagnosis (above vs. under median value of 
2.4 ng/ml), CA19-9 blood levels at diagnosis (above 
vs. under median value of 63 U/ml), RT modality (pro-
tons vs. photons vs. mixed), BED10 (above vs. under 
median 73.1  Gy), concurrent chemotherapy during 
RT and systemic chemotherapy other than concurrent 
(before or after RT). Parameters that reached a P < 0.1 
level of statistical significance in the univariate anal-
ysis were selected for inclusion in a multivariate Cox 
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All patients N = 78 (%)
Age (mean ± SD, years) 71.15 ± 10.46
Gender male 41 (52.6)
Ethnicity White 70 (89.7)

Non-white 8 (10.3)
BMI 27.5 ± 5.7
Type of pathology Cytology 8 (10.4)

Biopsy 69 (89.6)
Microscopy pathology Adenocarcinoma 62 (79.5)

Non adenocarcinoma 8 (10.3)
Unknown 8 (10.3)

ECOG 0 26 (35.6)
1 41 (56.2)
2 4 (5.5)
3 2 (2.7)

Risk factors Hepatitis B 1 (1.3)
Hepatitis C 9 (11.8)
Primary sclerosing cholangitis 3 (3.9)
Cirrhosis 7 (9.2)
Anatomic anomaly 1 (1.3)
Alcohol 4 (5.3)
Unknown 53 (67.9)

Ascites at presentation Absent 63 (87.2)
Mild 6 (7.7)
Moderate 3 (3.8)

Encephalopathy grade at presentation None 75 (96.2)
Minimal (grade 1, 2) 2 (2.6)
Advanced (grade 3, 4) 0 (0)

Cirrhosis at presentation Yes 20 (25.6)
Type of biliary cancer Intrahepatic 41 (52.6)

Hillar 15 (19.2)
Extrahepatic 13 (16.7)
Gallbladder 4 (5.1)
Intrahepatic and HCC 4 (5.1)
Unknown 1 (1.3)

Type of diagnosis Primary 74 (96.1)
Recurrence 3 (3.9)

Tumor maximum diameter (median ± SD, cm) 3.4 ± 3.21
T stage T0 1 (1.3)

T1 29 (37.2)
T2 24 (30.8)
T3 13 (16.7)
T4 8 (10.3)
Tx 2 (2.6)
Recurrence 1 (1.3)

N stage 0 47 (60.3)
1 30 (38.5)
2 1 (1.3)

Overall stage I 24 (30.8)
II 12 (15.4)
III 36 (46.2)
IV 5 (6.4)
Recurrence 1 (1.3)

Location of involved lymph nodes Portocaval 29 (37.2)

Table 1  Patient characteristics of the entire cohort
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proportional hazard analysis. In addition, given pre-
vious studies demonstrating an association between 
clinical stage and treatment outcomes in BTC patients, 
we included clinical stage in the multivariate analysis 
[17, 19]. In the multivariate Cox regression, CA19-9 
above the median value was a significant predictor 
of OS with a hazard ratio (HR) of 2.621 (P = 0.003). 
In addition, a higher ALBI grade was also associated 
with a statistically significant decreased OS after RT 
(HR = 1.952, P = 0.021).

Impact of CA19-9 blood levels at the presentation on 
clinical outcomes after RT
Supplementary Table 4 compares the characteristics of 
patients with CA19-9 blood levels at presentation over 
and under the median value of ≤ 63 U/ml. Patients with 
high CA19-9 blood levels had comparable mean age, 
ethnicity, ECOG performance status, and prevalence 
of encephalopathy, ascites, and cirrhosis at diagnosis. 
In addition, there was no difference in the prevalence 
of vascular involvement as assessed by imaging scans 
or tumor diameter. However, compared to patients 
with low CA19-9 blood levels, patients with a high 
biomarker level had a higher clinical stage, with 60.0% 
diagnosed with a stage III disease compared to 28.6%, 
and had significantly worse ALBI grade. There was no 
clinically significant difference in the RT regimens, i.e., 

Table 2  Radiation treatment details of the entire cohort
All patients 
N = 78 (%)

Dose per fraction Conventional (180–200 
cGY/Fx)

33 (42.3)

Hypofractionated 
(201–500 cGY/Fx)

42 (53.8)

Ultrafractionated (≥ 501 
cGY/Fx)

3 (3.8)

Number of fractions 1–5 4 (5.1)
6–20 26 (33.3)
≥ 21 48 (61.5)

BED10 (median, Q1, Q3, Gy) 73.1, 67.6, 
81.2

Treatment gap Yes 11 (14.1)
RT treatment modality Proton 32 (41.0)

Photons 37 (47.4)
Proton and photons 8 (10.3)

Chemotherapy concurrent Yes 48 (61.5)
Type concurrent 
chemotherapy

Capecitabine 36 (75.0)

5FU 11 (22.9)
Other 1 (2.9)

Chemotherapy other than 
concurrent

None 37 (47.4)
Before and/or after RT 41 (52.6)

GTV volume (median, Q1, Q3 
cm³)

64.3, 33.3, 
150.4

Table 3  Clinical outcomes and patterns of failure
All 
patients 
N = 78 (%)

Distant metastasis 37 (47.4)
Peritoneal carcinomatosis 10 (27.0)
Liver metastasis 10 (27.0)
Lung and liver metastasis 4 (10.8)
Distant lymph node metastasis 2 (5.4)
Lung metastasis 2 (5.4)
Other 9 (24.3)

Local recurrence 20 (27.0)
Death 59 (77.6)

Liver failure 18 (30.5)
Biliary sepsis 17 (28.8)
Distant disease 8 (13.5)
Gastrointestinal bleeding 4 (6.7)
Other 5 (8.4)
Unknown 7 (11.8)

Follow-up time (months) 12.03

All patients N = 78 (%)
Cystic 0 (0)
Retroduedenal 1 (1.3)
Paraaortic 4 (5.1)
Superior mesenteric artery 1 (1.3)
Celiac trunk 2 (2.6)
Gastrohepatic 3 (3.8)
Other 5 (6.4)

Vascular involvement 20 (25.6)
CA19-9 at diagnosis (median, Q1, Q3 U/ml) 63.0, 33.0, 215.6
CEA at diagnosis (median, Q1, Q3 ng/ml) 2.4, 1.8, 3.7
Albumin (median, Q1, Q3 g/dL) 3.7, 3.4, 4.1
Bilirubin (median, Q1, Q3 mg/dL) 0.9, 0.7, 1.3
ALBI grade 1 26 (33.3)

2 45 (57.7)
3 4 (5.1)

Table 1  (continued) 
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BED10, number of fractions or dose per fraction, con-
current chemotherapy, and systemic therapy (Supple-
mentary Table 5). However, the outcome of patients 
with high CA19-9 at presentation treated with RT 
was dismal, with a median survival of 7.6 months after 
RT compared with 19.7 months in patients with low 
CA19-9 levels (P < 0.001, Fig.  1). There was no differ-
ence in local recurrence-free survival between patients 
with high and low CA19-9 blood levels at presentation 
(P = 0.833, Fig. 2); however, patients with high CA19-9 
had shorter metastasis-free survival (P = 0.009, Fig. 3).

Combining CA19-9 blood levels at presentation and ALBI 
grade to predict survival after RT in unresectable BTC 
patients
CA19-9 blood levels at presentation and ALBI grade 
at baseline were significant predictors of poor survival 
after RT in our multivariate Cox proportional haz-
ard model in patients with unresectable BTC. To fur-
ther identify a subgroup of patients who may benefit 
from RT as opposed to patients where RT should be 
avoided, we created a new variable combining CA19-9 
and ALBI grade (Fig.  4). Patients with CA19-9 blood 
levels at presentation under (or equal) the median 
value of 63 U/ml and ALBI grade 1 at baseline had a 
median survival of 24.0 months after RT. Patients with 
CA19-9 blood levels at presentation over the median 

value of 63 U/ml and ALBI grade 2 or 3 at baseline had 
a median survival of 6.3 months after RT. All other 
patients (i.e., patients with CA19-9 blood levels at pre-
sentation under (or equal) the median value of 63 U/
ml or ALBI grade 1 at baseline) had a median survival 
of 14.4 months after RT.

Discussion
This study provides a comprehensive analysis of 
patient characteristics, treatment modalities, clini-
cal outcomes, and failure patterns in a relatively large 
cohort of unresectable BTC patients treated with RT 
with definitive intent at the University of Pennsylva-
nia. It demonstrates that CA-19-9 and ALBI grade at 
diagnosis are statistically and clinically significant 
predictors of survival after RT and that the biomarker 
model we have developed can define subgroups of 
patients with very contrasting outcomes. We sub-
mit that this risk stratification can help guide clinical 
decision-making.

The cohort in this study predominantly comprised 
white patients with good performance status and 
lacked known risk factors for BTC. This distribu-
tion aligns with the general demographics observed 
in cholangiocarcinoma populations, often showing a 
preference for males and a higher incidence in Cau-
casians [20–23]. The majority of patients presented 

Table 4  Univariate and multivariate Cox regression analysis for OS after RT
Num-
ber at 
risk

Cumula-
tive prob-
ability of 
death %

Univariate analysis Multivariate analysis
HR 95.0% CI P value HR 95.0% CI P value

Lower Upper Lower Upper

Age > 70 years old vs. < 70 
years old

31 72.1 0.751 0.449 1.257 0.277

Gender male vs. female 32 82.1 1.135 0.678 1.900 0.631
ECOG 55 77.5 1.369 0.993 1.886 0.055 1.030 0.683 1.554 0.887
Type of biliary cancer Intrahepatic with/without 

HCC
43 67.4 Reference Reference

Hillar 15 86.7 1.131 0.585 2.187 0.713 0.735 0.331 1.630 0.448
Extrahepatic 13 100 1.939 1.001 3.757 0.050 0.796 0.339 1.866 0.600
Gall bladder 4 75 2.218 0.666 7.384 0.194 6.904 0.619 77.057 0.116

Vascular involvement 24 91.7 1.272 0.741 2.184 0.383
Overall stage 76 77.6 1.171 0.903 1.518 0.235 1.058 0.772 1.450 0.725
CA19-9 at diagnosis > 63 U/ml vs. ≤ 63 U/ml 35 88.6 3.054 1.733 5.382 0.001> 2.621 1.390 4.944 0.003
CEA at diagnosis > 2.4 ng/ml vs. ≤ 2.4 ng/

ml
23 82.6 1.262 0.666 2.395 0.476

ALBI grade 73 79.5 2.077 1.259 3.427 0.004 1.952 1.106 3.443 0.021
GTV volume > 64.3 cm³ vs. ≤ 64.3 cm³ 28 67.9 0.874 0.482 1.586 0.658
BED10 > 73.1 Gy vs. ≤ 73.1 Gy 38 73.7 0.694 0.414 1.163 0.166
RT treatment modality Proton vs. photon vs. 

proton and photons
75 77.3 0.808 0.480 1.362 0.424

Chemotherapy 
concurrent

Yes 46 84.8 1.155 0.673 1.982 0.602

Chemotherapy other 
than concurrent

Yes 41 85.0 0.961 0.566 1.632 0.884
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without cirrhosis, ascites, or encephalopathy, reflect-
ing the cohort’s relatively favorable baseline health.

In this study, we opted to use the ALBI grade to 
assess patients’ baseline liver function. Recent stud-
ies have shown that the ALBI grade performs better 
than the Child-Pugh grade in evaluating liver function, 
complications, and prognosis in HCC [24–28], intra-
hepatic cholangiocarcinoma [29, 30] and extrahepatic 
cholangiocarcinoma [31]. We found that ALBI grade 
was a strong predictor of OS, second only to CA19-
9. Interestingly, both ALBI grade and CA19-9 (each 
on their own) outperformed the more conventional 
predictors such as T stage and N stage. This suggests 
that each is a surrogate of tumor burden, likely more 
accurate than the TNM stage for BTC cancer patients 
undergoing RT. In addition to being a surrogate of 
tumor volume, ALBI grade also reflects baseline liver 
function related to any preexisting liver disease as well 
as the physiological impact of the newly diagnosed 
BTC. These, undoubtedly, have a significant impact on 
a patient’s ability to tolerate treatment.

Our treatment approach primarily involved a hypo-
fractionated RT regimen and concurrent 5FU-based 
chemotherapy. This treatment modality aligns with 
current standards for unresectable BTC [32–35]. 
Approximately half of the patients received chemo-
therapy before or after RT, indicating variability in 
treatment sequences. Additionally, an equal propor-
tion of patients received proton therapy compared to 
photon-based RT, showcasing the evolving landscape 
of RT modalities in cancer care.

The clinical outcomes observed in this study reveal 
challenges in managing unresectable BTC. A substan-
tial proportion of patients developed distant metas-
tasis, and the mortality rate was high. The median 
overall survival after RT of 12.3 months underscores 
the aggressive nature of this disease. The patterns of 
metastatic spread, with the peritoneum and liver being 
common sites, align with the typical behavior of BTC 
[31, 36]. Liver failure emerged as the primary cause of 
death, emphasizing the critical role of hepatic function 
in patient survival.

Fig. 1  Overall survival of unresectable BTC patients who received RT were stratified based on their plasma CA19-9 levels at presentation, above and 
below the median of 63 U/ml
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It is noteworthy that in our study, the addition of 
systemic therapy was not associated with prolonged 
survival in patients undergoing RT. A significant 
limitation is that none of the patients received dur-
valumab, which has recently demonstrated improved 
survival outcomes in patients with unresectable, 
recurrent, or metastatic BTC combined with GemCis 
[5]. One possible explanation for our findings is that 
in unresectable BTC, death is often due to liver failure, 
as demonstrated in our study, highlighting the cru-
cial importance of RT in achieving local control. The 
potential benefits of chemotherapy beyond those pro-
vided by local therapy alone remain uncertain.

Notably, the univariate and multivariate Cox regres-
sion analyses identified blood CA19-9 levels above 
the median of 63 U/ml and a higher ALBI grade at 

presentation as significant predictors of poor survival 
after RT. Combining CA19-9 and ALBI grades at pre-
sentation further refined survival prediction. Patients 
with CA19-9 blood levels at the time of presentation 
that were equal to or below the median value of 63 U/
ml and ALBI grade 1 at baseline survived for a median 
time of 24.0 months after undergoing RT. On the other 
hand, patients who had CA19-9 blood levels at presen-
tation greater than the median value of 63 U/ml and 
ALBI grade 2 or 3 at baseline had a median survival 
time of 6.3 months after undergoing RT.

Recognizing these stark differences in survival offers 
an opportunity for a more tailored approach in unre-
sectable BTC patients. For instance, one could con-
sider a more aggressive staging workup that includes 
routine use of a PET/CT in patients at high risk or a 

Fig. 2  Local recurrence-free survival of unresectable BTC patients who received RT were stratified based on their plasma CA19-9 levels at presentation, 
above and below the median of 63 U/ml
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more protracted period of chemotherapy before RT (or 
chemoRT) in these patients. In the worst prognostic 
subgroup we have identified, those with both a high 
CA19-9 and a high ALBI grade, one could consider 
a more palliative approach. Future research should 
explore the potential impact of incorporating these 
biomarkers into treatment algorithms and investigate 

strategies to improve outcomes for high-risk patient 
subgroups. These findings could potentially be help-
ful in designing future clinical trials by using them as 
stratification factors. This approach could improve the 
quality of the trials and increase their chances of suc-
cess. All of this could contribute to better patient out-
comes in a rare disease where quality data is scarce.

Fig. 3  Metastasis-free survival of unresectable BTC patients who received RT were stratified based on their plasma CA19-9 levels at presentation, above 
and below the median of 63 U/ml
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Conclusions
This study provides valuable insights into the het-
erogeneity of outcomes in unresectable BTC patients 
undergoing RT. The findings underscore the impor-
tance of individualized risk assessment and highlight 
the potential of integrating readily available biomark-
ers, CA19-9 blood levels and ALBI grade, into treat-
ment decision-making in this challenging patient 
population.
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