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A b s t r a c t

Introduction: This population-based study aimed to evaluate the sur-
vival benefits of radiotherapy, chemotherapy, chemoradiotherapy, and 
non-chemoradiotherapy in patients with unresectable intrahepatic cholan-
giocarcinoma (ICC).
Material and methods: We used the Surveillance, Epidemiology, and End 
Results (SEER) database’s SEER*stat software (version 8.3.5) to gather data 
of patients diagnosed with unresectable ICC from 2000 to 2018. Survival 
curves were plotted using the Kaplan-Meier method, comparing the overall 
survival (OS) and cancer-specific survival (CSS) among patients who under-
went radiotherapy, chemotherapy, chemoradiotherapy, or no therapy at all. 
Univariate and multivariate Cox regression models were employed to ana-
lyze the prognostic factors affecting these unresectable ICC patients.
Results: From 2000 to 2018, we identified 11,753 cases of unresectable ICC 
from the SEER database. Of these, 4,531 (38.5%) patients underwent che-
motherapy alone, 482 (4.1%) patients underwent radiotherapy alone, and 
996 (8.5%) patients received a combination of both. A total of 5,744 (48.9%) 
patients did not receive chemoradiotherapy. The median OS was 8 months 
(95% CI: 8–-9 months) for patients receiving chemotherapy alone, 7 months 
(95% CI: 6–8 months) for radiotherapy alone, 12 months (95% CI: 11–13 
months) for chemoradiotherapy, and 3 months (95% CI: 3–3 months) for 
those not receiving chemoradiotherapy. The CSS findings were consistent 
with the OS results. The Cox regression models indicated that patient age, 
sex, grade classification, tumor diameter, and treatment modality were inde-
pendent prognostic factors for unresectable ICC patients (p < 0.05).
Conclusions: Chemoradiotherapy can enhance the OS and CSS of patients 
with unresectable ICC, compared to the use of chemotherapy or radiother-
apy alone.

Key words: unresectable intrahepatic cholangiocarcinoma, chemotherapy, 
radiotherapy, chemoradiotherapy, SEER.

Introduction

Intrahepatic cholangiocarcinoma (ICC), the second most common pri-
mary malignant tumor of the liver, originates from the intrahepatic bile 
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duct’s epithelium [1]. Over the last four decades, 
both the incidence and mortality rates of ICC have 
witnessed a  steady rise [2]. Currently, curative 
surgical resection is largely perceived as the sole 
method for curing ICC [3]. Yet, owing to the con-
cealed clinical symptoms of ICC coupled with the 
absence of effective early screening techniques, 
only a  limited 20–30% of ICC patients are eligi-
ble for curative surgical resection [4]. For patients 
with unresectable ICC, palliative treatment options 
available in clinical practice include chemotherapy 
(CT), radiotherapy (RT), and chemoradiotherapy 
[5–8]. Nevertheless, the relatively small number 
of ICC patients and the consequent lack of exten-
sive research data pose a  significant challenge. 
Many studies conducted to date have been small 
scale, retrospective, and with non-randomized de-
sign, and some have even included mixed studies 
featuring gallbladder and other bile duct tumors, 
thereby complicating the evaluation of the thera-
peutic value of palliative treatment for ICC [9].

The SEER database, covering cancer incidence, 
treatment methods, survival rates, etc., for about 
30% of the U.S. population, can serve as a valuable 
resource for research on rare diseases like ICC that 
lack randomized controlled data [10, 11]. Recogniz-
ing the dearth of extensive comparative studies 
on palliative treatment methods for ICC, this study 
leveraged the SEER database to evaluate the sur-
vival benefits of different clinical management 
methods (such as chemotherapy, radiotherapy, 
chemoradiotherapy, and scenarios with no che-
motherapy or radiotherapy) for patients with un-
resectable ICC.

Material and methods

Ethics statement

This study leveraged the publicly available SEER 
database, for which we obtained permission from 
the National Cancer Institute for research purpos-
es. As the study did not involve human interaction 
or the use of personal identifying information, in-
formed consent was not required. Given that the 
patient data from the database had already been 
de-identified and made available for research, the 
Ethics Committee of Jiangyin People’s Hospital 
granted an exemption for ethical approval for this 
study.

Search strategy and patient cohort

The Surveillance, Epidemiology and End Re-
sults (SEER) program’s official software, SEER*Stat 
(version 8.3.5), was used to select patient informa-
tion related to confirmed diagnoses of ICC from 
the SEER database for the years 2000 to 2018. Ul-
timately, data from 11,753 ICC patients who met 
the criteria were obtained. The third edition of the 

International Classification of Diseases for Oncol-
ogy (ICD-O-3) was used to identify ICC patients. 
ICC patients were selected based on ICD-O-3 site 
codes C22.1 (intrahepatic bile duct) or C22.0 (liv-
er). ICD-O-3 histology codes 8010, 8020, 8040, 
8070, 8041, 8140, 8144, 8160, 8161, 8162, 8163, 
8260, 8310, 8480, 8490, and 8560 were used to 
identify ICC patients. Klatskin tumors, classified 
as extrahepatic tumors, were excluded from this 
study. Other exclusions were patients diagnosed 
through autopsy or death certificate, those with 
missing or unclear causes of death, patients di-
agnosed within 1 month prior to death, patients 
who underwent surgical treatment, patients with 
concurrent primary tumors, and those lacking de-
tailed survival data. The specific selection process 
and criteria are detailed in Figure 1. The data ex-
tracted included information on patients’ year of 
diagnosis, age at diagnosis, gender, race, marital 
status, grade classification, tumor diameter, treat-
ment modality (radiotherapy, chemotherapy, ra-
diotherapy + chemotherapy, etc.), cause of death, 
survival time, and survival status. The study de-

Figure 1. Flowchart for selection of the study popu-
lation from SEER database

ICC – intrahepatic cholangiocarcinoma, SEER – Surv­
eillance, Epidemiology, and End Results.

Diagnosed by death certificate or 
autopsy (n = 1037)

Surgery performed (n = 3665)
Unknown if surgery performed  

(n = 113)

Presence of other primary cancer 
(n = 2863)

Missing/unknown cause of death 
(n = 148)

Lack of survival months (n = 13)
Death in month of diagnosis  

(n = 3249)

ICC in the SEER Data 2000–2018  
(n = 22841)

Patients for further selection  
(n = 21804)

Patients for further selection  
(n = 18026)

Patients for further selection  
(n = 11901)

Final study population  
(n = 11753)

Patients for further selection  
(n = 15163)
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fined overall survival (OS) as the time from initial 
treatment to death for any reason or the end of 
follow-up, and cancer-specific survival (CSS) as 
the time from initial treatment to death due to ICC 
or the end of follow-up. The follow-up end date 
was December 2018.

Statistical analysis

OS and CSS were regarded as the primary out-
come measures for this study. Categorical vari-
ables were represented by frequencies (percent-
ages) and compared using the χ2 test. Survival 
curves were plotted using the Kaplan-Meier meth-
od, and survival differences were compared using 
the log-rank test. To identify potential prognostic 
factors, Cox univariate analysis was initially em-
ployed, followed by the inclusion of variables with 

a p-value < 0.05 in the Cox multivariate analysis. 
The results were presented as hazard ratios (HR) 
with their corresponding 95% confidence inter-
vals (CI). The significance level (α) for testing was 
set at 0.05. All analyses were conducted using R 
software, version 4.3.0.

Results

Demographic characteristics

The criteria detailed in the methods section 
led to the identification of 11,753 cases of ad-
vanced unresectable ICC from the SEER database, 
spanning the years 2000 to 2018. A  majority of 
these patients, 60.2%, were diagnosed between 
2010 and 2018, compared to 39.8% diagnosed 
from 2000 to 2009. Concerning age distribution, 

Table I. Baseline characteristics according to treatment regimen

Characteristic Overall 
(N = 11753)

CT Alone 
(N = 4531)

CT + RT 
(N = 996)

NCT + NRT 
(N = 5744)

RT Alone 
(N = 482)

P-value

Year of diagnosis < 0.001

2000–2009 4678 (39.8%) 1330 (29.4%) 342 (34.3%) 2839 (49.4%) 167 (34.6%)

2010–2018 7075 (60.2%) 3201 (70.6%) 654 (65.7%) 2905 (50.6%) 315 (65.4%)

Age group < 0.001

< 65 years 4610 (39.2%) 2281 (50.3%) 488 (49.0%) 1691 (29.4%) 150 (31.1%)

≥ 65 years 7143 (60.8%) 2250 (49.7%) 508 (51.0%) 4053 (70.6%) 332 (68.9%)

Sex 0.3924

Female 5682 (48.3%) 2165 (47.8%) 482 (48.4%) 2815 (49.0%) 220 (45.6%)

Male 6071 (51.7%) 2366 (52.2%) 514 (51.6%) 2929 (51.0%) 262 (54.4%)

Race 0.0003

Black 1096 (9.3%) 390 (8.6%) 66 (6.6%) 590 (10.3%) 50 (10.4%)

White 9080 (77.3%) 3568 (78.7%) 798 (80.1%) 4343 (75.6%) 371 (77.0%)

Others 1577 (13.4%) 573 (12.6%) 132 (13.3%) 811 (14.1%) 61 (12.7%)

Marital status < 0.001

Married 6378 (54.3%) 2837 (62.6%) 660 (66.3%) 2615 (45.5%) 266 (55.2%)

Unmarried 4904 (41.7%) 1561 (34.5%) 312 (31.3%) 2837 (49.4%) 194 (40.2%)

Unknown 471 (4.0%) 133 (2.9%) 24 (2.4%) 292 (5.1%) 22 (4.6%)

Grade < 0.001

I–II 1622 (13.8%) 712 (15.7%) 161 (16.2%) 672 (11.7%) 77 (16.0%)

III–IV 1828 (15.6%) 790 (17.4%) 157 (15.8%) 816 (14.2%) 65 (13.5%)

Unknown 8303 (70.6%) 3029 (66.9%) 678 (68.1%) 4256 (74.1%) 340 (70.5%)

Size group < 0.001

> 5 cm 5910 (50.3%) 2310 (51.0%) 447 (44.9%) 2946 (51.3%) 207 (42.9%)

≤ 5 cm 1236 (10.5%) 425 (9.4%) 152 (15.3%) 583 (10.1%) 76 (15.8%)

Unknown 4607 (39.2%) 1796 (39.6%) 397 (39.9%) 2215 (38.6%) 199 (41.3%)

Cause of death < 0.001

Alive/dead not 
from cancer

646 (5.5%) 165 (3.6%) 45 (4.5%) 404 (7.0%) 32 (6.6%)

Dead from 
cancer

11107 (94.5%) 4366 (96.4%) 951 (95.5%) 5340 (93.0%) 450 (93.4%)

P-values computed from Pearson’s c2 test. CT – chemotherapy, RT – radiotherapy, NCT – non- chemotherapy, NRT – non-radiotherapy.
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60.8% of patients were over 65, while the remain-
ing 39.2% were under 65. The gender split was 
relatively even, with males accounting for 51.7% 
and females 48.3%. In terms of ethnicity, 77.3% 
were Caucasian and 22.7% were non-Caucasian. 
When examining marital status, we found that 
54.3% of patients were married, whereas 41.7% 
were either unmarried or divorced. A substantial 
proportion of cases, 94.5% (11,109 of 11,753), 
resulted in the patient’s death. Regarding treat-
ment strategies for advanced unresectable ICC, 
38.5% (4531 cases) received chemotherapy alone 
(CT Alone), 4.1% (482 cases) received radiothera-
py alone (RT Alone), 8.5% (996 cases) underwent 
combined chemotherapy and radiotherapy (CT + 
RT), and 48.9% (5744 cases) did not receive either 
treatment (NCT + NRT). Table I provides a detailed 
breakdown of these baseline characteristics.

Survival analysis

The survival analysis revealed that patients 
receiving combined chemotherapy and radio-
therapy had a  median OS of 12.00 months  
(95% CI: 11–13), superior to patients receiving 
either chemotherapy alone with a median OS of 
8.00 months (95% CI: 8–9), or radiotherapy alone 
with a median OS of 7.00 months (95% CI: 6–8). 
The shortest OS of 3.00 months (95% CI: 3–3) was 
observed among patients who did not receive ei-
ther treatment. The OS difference between the 
combined treatment group and the other three 
groups was statistically significant (p < 0.0001), 
whereas no significant difference was found be-
tween the chemotherapy alone and radiotherapy 
alone groups (p > 0.05). These OS trends are cap-
tured in the Kaplan-Meier curves in Figure 2.

The CSS analysis echoed the OS analysis re-
sults. The median CSS for combined chemotherapy 
and radiotherapy was 12.00 months (95% CI: 11–
13), for chemotherapy alone it was 8.00 months  
(95% CI: 8–9), for radiotherapy alone it was 7.00 
months (95% CI: 6–8), and for those not receiving 
either treatment, it was 3.00 months (95% CI: 3–3). 
The CSS of the combined treatment group was sig-
nificantly superior to the other groups (p < 0.0001), 
and the comparison between the chemotherapy 
alone and radiotherapy alone groups showed no 
statistically significant difference (p > 0.05). Figure 3  
depicts the Kaplan-Meier curves for CSS.

Univariate and multivariate Cox regression 
analysis of OS

The univariate Cox proportional hazards re-
gression model for OS highlighted the year of 
diagnosis, patient age, gender, marital status, 
grade classification, tumor diameter, and treat-
ment modality as significant prognostic factors 
for unresectable advanced ICC patients (p < 0.05, 
Table II, Supplementary Figure S1). The multivar-
iate model corroborated these results, further 
emphasizing patient age, gender, grade classifi-
cation, tumor diameter, and treatment modality 
as independent prognostic factors (p < 0.05, Ta-
ble II, Supplementary Figure S1). The multivariate 
analysis revealed the following associations: an 
increased risk of death with increasing age (HR = 
1.204; 95% CI: 1.157–1.254, p < 0.001); a higher 
risk of death for male patients compared to fe-
male patients (HR = 1.117; 95% CI: 1.075–1.162, 
p < 0.001); an elevated risk of death for patients 
with Grade classification III–IV compared to those 
with Grade classification I–II (HR = 1.364; 95% CI: 

Figure 2. Kaplan-Meier analysis for overall survival 
of ICC patients according to treatment regimen

Figure 3. Kaplan-Meier analysis for cancer-specif-
ic survival of ICC patients according to treatment 
regimen
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1.273–1.462, p < 0.001). Moreover, patients with 
a tumor diameter ≤ 5 cm experienced significantly 
higher survival rates compared to those with a di-
ameter > 5 cm (HR = 0.869; 95% CI: 0.816–0.925, 
p < 0.001). Finally, patients in the combined che-
motherapy and radiotherapy group had a signifi-
cantly lower risk of death compared to the che-
motherapy alone group (used as reference) (HR = 
0.779; 95% CI: 0.723–0.840, p < 0.001). Compared 
to the chemotherapy alone group, the radiothera-
py alone group did not show a significantly higher 
risk of death (HR = 1.061; 95% CI: 0.960–1.174,  

p = 0.247), whereas patients who did not undergo 
either chemotherapy or radiotherapy had a  sig-
nificantly higher risk of death (HR = 1.785; 95% 
CI: 1.708–1.865, p < 0.001).

Univariate and multivariate Cox regression 
analysis of CSS

The univariate and multivariate Cox proportion-
al hazards regression models for CSS produced 
results similar to those for OS. Both models iden-
tified the year of diagnosis, patient age, gender, 

Table II. Predictors for overall survival of unresectable ICC patients

Characteristics Univariate analysis P-value Multivariate analysis P-value

HR (95% CI) HR (95% CI)

Year of diagnosis

 2000–2009 Reference Reference

 2010–2018 0.870 (0.837–0.904) < 0.001 0.998 (0.959–1.039) 0.919

Age group

 < 65 years Reference Reference

 ≥ 65 years 1.296 (1.247–1.348) < 0.001 1.204 (1.157–1.254) < 0.001

Sex

 Female Reference Reference

 Male 1.098 (1.057–1.141) < 0.001 1.117 (1.075–1.162) < 0.001

Race

 Black Reference

 White 0.960 (0.899–1.025) 0.223

 Others 0.930 (0.857–1.009) 0.081

Marital status

 Married Reference Reference

 Unmarried 1.115 (1.072–1.159) < 0.001 1.035 (0.994–1.078) 0.093

 Unknown 0.928 (0.841–1.026) < 0.001 0.808 (0.730–0.893) < 0.001

Grade

 I–II Reference Reference

 III–IV 1.356 (1.265–1.453) < 0.001 1.364 (1.273–1.462) < 0.001

 Unknown 1.213 (1.147–1.282) < 0.001 1.121 (1.060–1.185) < 0.001

Size group

 > 5 cm Reference Reference

 ≤ 5 cm 0.869 (0.817–0.925) < 0.001 0.869 (0.816–0.925) < 0.001

 Unknown 0.940 (0.902–0.980) < 0.001 0.917 (0.880–0.956) < 0.001

Treatment

 CT Alone Reference Reference

 CT + RT 0.774 (0.718–0.834) < 0.001 0.779 (0.723–0.840) < 0.001

 RT Alone 1.068 (0.967–1.181) 0.193 1.061 (0.960–1.174) 0.247

 NCT + NRT 1.792 (1.719–1.868) < 0.001 1.785 (1.708–1.865) < 0.001

Cause of death

 Alive/dead not from cancer Reference Reference

 Dead from cancer 1.116 (1.030–1.209) < 0.001 1.320 (1.217–1.431) < 0.001

CT – chemotherapy, HR – hazard ratio, ICC – intrahepatic cholangiocarcinoma, RT – radiotherapy, NCT – non- chemotherapy, NRT – non-
radiotherapy.
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marital status, grade classification, tumor diame-
ter, and treatment modality as significant prognos-
tic factors for unresectable advanced ICC patients 
(p < 0.05; Table III, Supplementary Figure S2).  
The multivariate model also depicted patient age, 
gender, marital status, grade classification, tumor 
diameter, and treatment modality as independent 
prognostic factors (p < 0.05, Table III, Supplemen-
tary Figure S2). The CSS multivariate Cox regres-
sion analysis identified several associations: an 
increased risk of death with increasing age (HR = 
1.203; 95% CI: 1.154–1.254, p < 0.001); a higher 
risk of death for male patients, compared to fe-
male patients (HR = 1.112; 95% CI: 1.068–1.158, 
p < 0.001); a  higher risk of death for patients 
with grade classification III–IV, compared to those 

with grade classification I–II (HR = 1.356; 95% CI: 
1.263–1.456, p < 0.001). Unmarried or divorced 
patients also showed a higher risk of death com-
pared to their married counterparts (HR = 1.044; 
95% CI: 1.001–1.089, p = 0.044). Furthermore, 
patients with a tumor diameter ≤ 5 cm had a sig-
nificantly higher survival rate compared to those 
with a  diameter > 5  cm (HR = 0.861; 95% CI: 
0.807–0.919, p < 0.001). Lastly, compared to the 
chemotherapy alone group (used as reference), 
patients in the combined chemotherapy and ra-
diotherapy group exhibited a  significantly lower 
risk of death (HR = 0.775; 95% CI: 0.718–0.837, 
p < 0.001). Compared to the chemotherapy alone 
group, the radiotherapy alone group did not show 
a  significantly higher risk of death (HR = 1.070; 

Table III. Predictors for cancer-specific survival of unresectable ICC patients

Characteristic Univariate analysis P-value Multivariate analysis P-value

HR (95% CI) HR (95% CI)

Year of diagnosis

 2000–2009 Reference Reference

 2010–2018 0.834 (0.801–0.867) < 0.001 0.967 (0.928–1.008) 0.110

Age group

 < 65 years Reference Reference

 ≥ 65 years 1.309 (1.257–1.363) < 0.001 1.203 (1.154–1.254) < 0.001

Sex

 Female Reference Reference

 Male 1.097 (1.055–1.141) < 0.001 1.112 (1.068–1.158) < 0.001

Race

 Black Reference

 White 0.967 (0.903–1.036) 0.339

 Others 0.932 (0.857–1.015) 0.105

Marital status

 Married Reference Reference

 Unmarried 1.137 (1.092–1.184) < 0.001 1.044 (1.001–1.089) 0.044

 Unknown 0.945 (0.853–1.048) 0.285 0.818 (0.737–0.907) < 0.001

Grade

 I–II Reference Reference

 III–IV 1.344 (1.252–1.443) < 0.001 1.356 (1.263–1.456) < 0.001

 Unknown 1.219 (1.151–1.291) < 0.001 1.124 (1.061–1.191) < 0.001

Size group

 > 5 cm Reference Reference

 ≤ 5 cm 0.856 (0.802–0.914) < 0.001 0.861 (0.807–0.919) < 0.001

 Unknown 0.929 (0.890–0.970) < 0.001 0.908 (0.870–0.948) < 0.001

Treatment

 CT Alone Reference Reference

 CT + RT 0.773 (0.716–0.835) < 0.001 0.775 (0.718–0.837) < 0.001

 RT Alone 1.090 (0.982–1.209) 0.105 1.070 (0.963–1.188) 0.207

 NCT + NRT 1.880 (1.801–1.961) < 0.001 1.824 (1.744–1.908) < 0.001

CT – chemotherapy, HR – hazard ratio, ICC – intrahepatic cholangiocarcinoma, RT – radiotherapy, NCT – non- chemotherapy, NRT – non-
radiotherapy.
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95% CI: 0.963–1.188, p = 0.207), while patients 
who did not receive either chemotherapy or ra-
diotherapy had a significantly higher risk of death 
(HR = 1.824; 95% CI: 1.744–1.908, p < 0.001).

Discussion

Liver cancer ranks as one of the most prevalent 
tumors globally, with the incidence of new cases 
and associated deaths placing it sixth and third, 
respectively, among all malignant tumors [12, 13]. 
ICC is a rare but highly invasive primary liver ma-
lignancy, responsible for 10–15% of all primary 
liver cancers and approximately 10–20% of chol-
angiocarcinomas [14, 15]. Its prognosis is often 
poor, with an overall 5-year survival rate of about 
8% [15]. Recent years have witnessed an upward 
trend in both the incidence and mortality of ICC 
[16]. However, its rarity has limited large-scale 
studies, resulting in a lack of concrete treatment 
conclusions for ICC patients [17]. Commonly em-
ployed clinical interventions encompass chemo-
therapy, radiotherapy, and combination therapy, 
but the comparative efficacy of these treatments 
lacks a unified study. To fill this gap, we used the 
SEER database to analyze the effectiveness of 
several treatment methods for unresectable ICC 
patients.

Our study encompasses 11,753 advanced un-
resectable ICC cases. The patients were treated 
with either CT alone, RT alone, CT + RT, or NCT + 
NRT. Median OS time was 12.00 months (95% CI: 
11–13) for CT + RT patients, 8.00 months (95% CI: 
8–9) for CT alone, 7.00 months (95% CI: 6–8) for RT 
alone, and 3 months (95% CI: 3–3) for NCT + NRT. 
The OS for the CT + RT group was notably higher 
than the other groups (p < 0.0001). No statistically 
significant difference was observed between the 
OS of the CT alone and RT alone groups (p > 0.05). 
The lowest OS was among those who did not re-
ceive either chemotherapy or radiotherapy (p < 
0.0001). The results from the CSS survival analysis 
mirrored those from the OS survival analysis.

Univariate and multivariate Cox regression 
analyses indicated that age, gender, grade classi-
fication, tumor diameter, and treatment method 
were independent prognostic factors for advanced 
unresectable ICC patients (p < 0.05, Table II,  
Supplementary Figure S1). An increase in age 
correlated with a  higher risk of mortality (HR = 
1.204; 95% CI: 1.157–1.254, p < 0.001), which 
aligns with previous studies on the SEER database 
(18–34 years, 5-year mortality rate was 69.90%; 
35–49 years, 5-year mortality rate was 77.86%; 
50–64 years, 5-year mortality rate was 83.02%; 
≥ 65 years, 5-year mortality rate was 91.41%;  
p < 0.0001) [18]. We speculate that this could be 
due to a  higher incidence of comorbidities and 
poorer PS scores among the elderly. Male patients 

exhibited a greater risk of mortality (HR = 1.117; 
95% CI: 1.075–1.162, p < 0.001). A study on the 
National Center for Health Statistics (NCHS) data-
base [19] suggests that a higher mortality rate in 
male cholangiocarcinoma patients could be due to 
a higher incidence of concurrent cirrhosis and pri-
mary sclerosing cholangitis (PSC). Epidemiological 
data indicate a 27-fold increase in the risk of de-
veloping cholangiocarcinoma in cirrhosis patients 
and a  1560-fold increase in PSC patients. Addi-
tionally, men were found to have a higher risk of 
chronic liver disease and PSC compared to women 
[20–22]. 

Patients with a Grade III–IV classification, com-
pared to those with Grade I–II, had a higher risk 
of death (HR = 1.364; 95% CI: 1.273–1.462, p < 
0.001), possibly due to the increased malignancy, 
stronger invasion, metastasis ability, and poorer 
tissue differentiation associated with Grade III–IV 
tumors.

While the 7th edition of the AJCC TNM staging 
system for ICC considers factors such as the num-
ber of tumors, vascular invasion, intrahepatic me-
tastasis, and invasion of adjacent organs, it does 
not include tumor size. The 8th edition, however, 
introduces a  5  cm threshold to differentiate be-
tween stages T1a and T1b [23]. Studies by Hwang 
et al. [24] and Spolverato et al. [25] revealed that 
a  tumor diameter greater than 5  cm was an in-
dependent risk factor for tumor recurrence and 
patient survival, and was significantly associated 
with microvascular invasion and poorer tumor dif-
ferentiation. Our study found that patients with 
a  tumor diameter of ≤ 5  cm had a  significantly 
improved survival period compared to those with 
a diameter > 5 cm (HR = 0.861; 95% CI: 0.807–
0.919, p < 0.001), underscoring the prognostic val-
ue of tumor long diameter.

Though ICC has a relatively low incidence, most 
previous studies have focused on biliary tract 
cancer (BTC), with ICC being a subtype where no 
specialized treatment or chemotherapy regimen 
currently exists. Research has suggested that 
combined chemotherapy regimens are the main 
first-line treatment for advanced BTC. The phase 
III randomized controlled study ABC-02 [5] com-
pared the efficacy of using gemcitabine alone 
versus the combination of gemcitabine and cis-
platin for unresectable BTC. The median surviv-
al time (MST) in the combination therapy group  
(n = 204) was significantly better than that in the 
gemcitabine monotherapy group (n = 206) (MST: 
11.7 months vs. 8.1 months; HR = 0.64; 95% CI: 
0.52–0.80, p < 0.001). This study included 410 pa-
tients, including 80 (19.5%) ICC patients. Another 
controlled study on BTC conducted by Okusaka 
et al. [26] in Japan reported similar results, with 
ICC patients accounting for approximately 33.3% 
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(28/84). The results showed that the combination 
therapy group was superior to the gemcitabine 
monotherapy group (MST: 11.2 months vs. 7.7 
months, HR = 0.69; 95% CI: 0.42–1.13, p = 0.139). 
Another phase III randomized controlled trial in-
volving BTC demonstrated that gemcitabine and 
cisplatin combined with S-1 (GCS) for unresect-
able BTC was superior to gemcitabine combined 
with cisplatin (GC) (median OS 13.5 months vs. 
12.6 months; HR = 0.79; 90% CI: 0.628–0.996,  
p = 0.046) [27]. In this study, ICC patients account-
ed for approximately 31.7% (78/246). For unresect-
able ICC patients, although chemotherapy is recom-
mended as a first-line treatment option, its efficacy 
is not ideal, and therefore more effective treatment 
methods are still needed. For ICC patients with 
symptoms related to local lesions and no distant 
metastasis, radiotherapy serves as a  local treat-
ment option. This study included various radio-
therapy methods such as external beam radiother-
apy, brachytherapy, combined external beam and 
brachytherapy, and radioactive isotope therapy. 
The advent of advanced external beam radiation 
therapy techniques has brought about potential 
benefits in treating biliary tract cancer [28–30]. 

Stereotactic body radiation therapy (SBRT) [6], 
a new form of radiation therapy, uses CT imaging 
and synchronized respiratory tracking technology 
to reduce errors caused by respiratory motion. 
This method ensures an adequate dose to the tu-
mor while minimizing the radiation dose to nor-
mal liver tissue, thereby maximizing anti-tumor 
effects and reducing adverse events. Zhang et al. 
[6] studied 43 patients with unresectable ICC who 
received SBRT. The median treatment dose was 
24–50 Gy (with a median dose of 40 Gy), and the 
median survival time was 12 months. The 1-year, 
2-year, and 3-year overall survival rates were 
51.2%, 32.6%, and 23.3%, respectively. Progres-
sion-free survival rates were 37.2%, 11.6%, and 
4.7%, respectively, highlighting the potential ben-
efit of this treatment modality. 

Brachytherapy (BT) [7], a form of radiation ther-
apy administered at close range, is able to deliver 
higher doses of radiation to a  local tumor while 
sparing surrounding tissues, thus minimizing ra-
diation-induced liver damage. Additionally, a me-
ta-analysis [31] showed that transcatheter arterial 
yttrium-90 radioembolization (TRAE) facilitated 
downstaging for potential surgical resection in 
11% of unresectable ICC cases. Furthermore, sur-
vival rate analysis revealed a  combined median 
overall survival of 12.7 months, demonstrating 
the potential of these therapies.

In recent years, there has been an exploratory 
shift towards the combined use of radiotherapy 
and chemotherapy in treating ICC. Retrospective 
studies [32, 33] have suggested that this com-

bined approach significantly outperforms either 
radiotherapy or chemotherapy alone in terms of 
tolerance, side effects, local control rate, progres-
sion-free survival (PFS), and OS. A study based on 
the SEER database [34] showed that the surviv-
al benefits of the group receiving combined ra-
diotherapy and chemotherapy were higher than 
those of the group receiving radiotherapy alone. 
Furthermore, clinical phase II trial results for  
41 cases of locally advanced ICC treated with radi-
oembolization (SIRT) plus chemotherapy demon-
strated an objective response rate of 39% at  
3 months, a  median progression-free survival of  
14 months (95% CI: 8–17 months), and a  medi-
an overall survival of 22 months (95% CI: 14–52 
months). Nine (22%) patients could be down-
staged for surgical intervention, and 8 (20%) pa-
tients ultimately achieved R0 (microscopically neg-
ative margins) resection. The study concluded that 
for unresectable ICC patients, SIRT combined with 
chemotherapy has an anti-tumor effect, and a sig-
nificant proportion of patients can be downstaged 
for surgical intervention [8]. Another phase II study 
[35] indicated that combined local fluorouracil and 
high-dose conformal radiotherapy (median dose: 
60.75 Gy) for inoperable intrahepatic malignant 
tumors (with ICC accounting for approximately 
35.9%, 46/128) resulted in a  median survival of 
15.8 months. All of these studies highlight the po-
tential value of combining radiotherapy and che-
motherapy in the treatment of unresectable ICC.

A  population-based cohort study, based on 
the Cancer Registry database of Taiwan [36], in-
cluded 844 cases of inoperable, non-metastatic 
ICC patients. They were divided into four groups: 
synchronous radiotherapy and chemotherapy, 
sequential chemoradiotherapy, chemotherapy 
alone, and palliative symptomatic treatment. The 
results of multivariate analysis indicated that syn-
chronous radiotherapy and chemotherapy could 
reduce the risk of death by 35% compared to palli-
ative treatment, and it was superior to sequential 
chemoradiotherapy and chemotherapy alone. Our 
study enrolled 11,753 patients with advanced un-
resectable ICC, and yielded similar findings. Com-
pared to the chemotherapy alone group, patients 
in the combined chemotherapy and radiotherapy 
group had a significantly reduced risk of death (HR 
= 0.775; 95% CI: 0.718–0.837, p < 0.001). The ra-
diotherapy alone group did not have a significant-
ly increased risk of death (HR = 1.070; 95% CI:  
0.963–1.188, p = 0.207), while the groups that 
did not receive chemotherapy or radiotherapy 
showed a significantly increased risk of death (HR 
= 1.824; 95% CI: 1.744–1.908, p < 0.001). There-
fore, combined chemotherapy and radiotherapy 
can improve the survival benefits for unresectable 
ICC patients.
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As shown in Tables II and III, the differenc-
es in overall survival and cancer-specific survival 
between unresectable ICC patients during 2000–
2009 and 2010–2018 were not statistically sig-
nificant. This finding is based on a  multivariate 
analysis that included patients undergoing various 
treatment modalities, such as chemotherapy alone 
(CT), radiotherapy alone (RT), chemoradiotherapy 
(CT + RT), and no chemotherapy or radiotherapy 
(NCT + NRT). Previous studies, including ABC-02 
and BT22, have demonstrated that gemcitabine 
combined with cisplatin significantly improves 
survival outcomes in patients with advanced chol-
angiocarcinoma compared to gemcitabine mono-
therapy, establishing it as the standard treatment. 
While combined chemotherapy (e.g., gemcitabine 
+ cisplatin) during 2010–2018 may have provided 
potential survival benefits compared to monother-
apy in 2000–2009, other treatment modalities re-
ceived by patients in this study (e.g., radiotherapy 
alone, chemoradiotherapy, or no treatment) likely 
introduced additional complex factors or potential 
confounders that could have mitigated the survival 
benefits of combined chemotherapy. This complex-
ity may explain the absence of statistically signifi-
cant survival differences between the two periods 
(2000–2009 vs. 2010–2018) among unresectable 
ICC patients. Moreover, due to the lack of detailed 
treatment information in the SEER database (e.g., 
specific drug types and treatment regimens), this 
study was unable to further compare the effects 
of monotherapy and combined chemotherapy on 
survival rates for unresectable ICC patients across 
the two time periods. This limitation should be 
acknowledged, and future research should aim to 
incorporate more granular treatment data to bet-
ter evaluate the specific impacts of different treat-
ment regimens on survival outcomes.

Our study cohort, comparable to the SEER da-
tabase results, included 27 patients who received 
standalone chemotherapy (average age 58.59 
±10.02, tumor size 7.77 ±3.29 cm) and 9 pa-
tients who underwent chemotherapy combined 
with radiation therapy (average age 58.0 ±5.66, 
tumor size 6.36 ±2.66 cm). The median survival 
times were 9 (range: 2–24) months and 11 (range: 
5–20) months, respectively (Supplementary Table 
SI). While the combined treatment cohort showed 
longer median survival, the difference was not 
statistically significant (p = 0.232). This might be 
attributable to the small sample size, indicating 
a need for further investigation with larger sam-
ple sizes.

The main novel contributions of this study in-
clude the following: First, based on large-scale 
data from the SEER database, we analyzed the 
impact of different treatment strategies (such 
as monotherapy, chemoradiotherapy, radiother-

apy, and no treatment) on the survival rate of 
unresectable ICC patients, providing important 
insights for personalized treatment. Second, this 
is the largest comparative study to date on treat-
ment strategies for unresectable ICC patients, en-
suring the broad applicability and high statistical 
power of the results. Finally, the study highlights 
the limitations of the data, particularly the lack of 
treatment details, and emphasizes the need for 
future evaluations of treatment regimens through 
more precise clinical data and multi-center trials.

However, the study also has some limitations: 
Firstly, it lacks specific radiation therapy data. The 
SEER database does not provide details such as 
the dose, fractionation, field size, prescription 
point/volume, and other parameters of radiation 
therapy. It also lacks information on brachyther-
apy, including particle type, activity, prescription 
dose, and radiation-related toxicities. These fac-
tors could significantly affect treatment decisions 
and outcomes. Secondly, specific chemotherapy 
information is unavailable. The database does not 
record the types of chemotherapy drugs, combi-
nation regimens, and chemotherapy-related toxic-
ities. For instance, the default first-line treatment 
for advanced biliary tract cancer is gemcitabine 
combined with cisplatin, a  finding based on the 
ABC-02 study [5] published in NEJM in 2010. Pa-
tients diagnosed with ICC before 2010 might have 
received less effective or outdated chemotherapy 
regimens, potentially compromising treatment ef-
ficacy. Thirdly, patient-specific factors were omit-
ted: Patients’ overall health, liver function, and 
comorbidities – crucial factors affecting survival 
– are not available in the SEER database. Fourthly, 
it was a non-randomized study, a design which in-
herently leads to selection bias and the influence 
of unregistered variables in the database. Fifthly, 
there was potential imbalance between treatment 
groups: Differences in patient characteristics or 
other unexplained variables between treatment 
groups may have resulted in biased outcomes.

In conclusion, our study suggests that patient 
age, gender, grade classification, tumor diameter, 
and treatment modality act as independent prog-
nostic factors for unresectable advanced ICC pa-
tients. For these patients, combined chemoradio-
therapy significantly improves the overall survival 
compared to either chemotherapy or radiotherapy 
alone. However, further confirmation of the role 
of combined chemoradiotherapy in the treatment 
of unresectable ICC patients necessitates prospec-
tive, large-sample, randomized controlled trials.
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