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Purpose  The locally advanced unresectable intrahepatic cholangiocarcinoma (ICC) has detrimental oncological outcomes. In this 
study, we aimed to investigate the efficacy of radiotherapy in patients with locally advanced unresectable ICC.  
Materials and Methods  Between 2001 and 2021, 116 patients were identified through medical record who underwent radiotherapy 
for locally advanced unresectable ICC. The resectability of ICC is determined by the multidisciplinary team at each institution. Overall 
survival (OS) were analyzed using the Kaplan-Meier method, and prognostic factors were analyzed using the Cox proportional hazards 
model.   
Results  The median equivalent radiotherapy dose in 2 Gy fractions (EQD2) was 52 Gy (range, 30 to 110 Gy). Forty-seven patients 
(40.5%) received sequential gemcitabine-cisplatin based chemotherapy (GEM-CIS CTx). Multivariate analysis identified two risk fac-
tors, EQD2 of ≥ 60 Gy and application of sequential GEM-CIS CTx for OS. Patients were grouped by these two risk factors: group 1, 
EQD2 ≥ 60 Gy with sequential GEM-CIS CTx (n=25); group 2, EQD2 < 60 Gy with sequential GEM-CIS CTx or fluoropyrimidine-based 
concurrent chemoradiotherapy (n=70); and group 3, radiotherapy alone (n=21). Curative resection was more frequently undergone in 
group 1 than in groups 2 or 3 (28% vs. 8.6% vs. 0%, respectively). Consequently, OS was significantly better in group 1 than in groups 
2 and 3 (p < 0.05). 
Conclusion  Combined high-dose radiotherapy with sequential GEM-CIS CTx improved oncologic outcomes in patients with locally 
advanced unresectable ICC. Further prospective studies are required to validate these findings.
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Combined High-Dose Radiotherapy with Sequential Gemcitabine-Cisplatin 
Based Chemotherapy Increase the Resectability and Survival in Locally 
Advanced Unresectable Intrahepatic Cholangiocarcinoma: 
A Multi-institutional Cohort Study

Introduction

Oncologic outcome of advanced intrahepatic cholangio-
carcinoma (ICC) remains detrimental despite multiple clini-
cal trials. Systemic chemotherapy (CTx) is generally consid-
ered the standard of care for patients with locally advanced 
and metastatic biliary tract cancer. An earlier study showed 
that CTx improves survival compared to the best supportive 
care in patients with advanced biliary tract cancer [1]. The 
ABC-02 trial and BT22 study demonstrated that the combina-
tion of gemcitabine and cisplatin was associated with supe-
rior overall survival (OS) compared to gemcitabine alone in 
patients with locally advanced and metastatic biliary tract 

cancer [2,3]. These findings were consistent with a meta-ana- 
lysis of two studies [4]. As the median OS improvement with 
gemcitabine and cisplatin regimens is modest [2,3], pro-
spective randomized studies have sought to intensify CTx 
through triple-agent CTx regimens. In the TOPAZ-1 study, 
gemcitabine, cisplatin, and durvalumab CTx improved OS 
compared to gemcitabine and cisplatin in advanced biliary 
tract cancer [5]. In the KEYNOTE-966 study, gemcitabine, cis-
platin, and pembrolizumab CTx demonstrated an increased 
OS rate compared to gemcitabine and cisplatin in advanced 
biliary tract cancer [6] and the median OS still remains at 
less than 13 months [5,6]. Although patients with locally 
advanced ICC have a better OS than other biliary tract can-
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cers (median OS, 16.7 months vs. 11.7 months), according 
to a post-hoc analysis of the ABC-01, -02, and -03 studies [7], 
the overall prognosis of locally advanced unresectable ICC 
remains poor. 

The role of radiotherapy (RTx) in gastrointestinal cancers 
is based on assumption that it can achieve substantial local 
tumor control, which could be translated to inhibiting cancer 
progression and then enhancing survival [8]. Several stud-
ies have suggested that external beam RTx for unresectable 
ICC could improve local tumor control and prolong survival 
[9-12], and reported a 2-year local control (LC) of 93%-94% 
[10,12]. The American Society for Radiation Oncology guide-
lines recommend RTx for unresectable ICC [13]. Combined 
CTx and RTx may improve outcomes in patients with unre-
sectable ICC [11,14-17]; however, the optimal combination 
strategy for locally advanced unresectable ICC is yet to be 
defined.  

In this study, we investigated the efficacy of RTx in patients 
with locally advanced unresectable ICC using multi-institu-
tional retrospective cohort.

Materials and Methods

1. Patient selection
This multi-institutional cohort study was performed with 

the authorization and cooperation of the Korea Radiation 
Oncology Group (KROG 20-02). This study was approved 
by the Institutional Review Board of Severance Hospital and 
exempted from the requirement to obtain informed consent. 
Records of patients with locally advanced unresectable ICC 
between 2001 and 2021 were retrospectively analyzed. The 
inclusion criteria included patients aged ≥ 20 years with his-
tologically confirmed adenocarcinoma and RTx for locally 
advanced unresectable ICC. The exclusion criteria were as 
follows: (1) patients with other concurrent malignancies, (2)  
patients with distant metastases, and (3) patients treated 
with two-dimensional RTx. The disease stage was classified 
based on the American Joint Committee on Cancer staging 
system, 8th edition.

A multidisciplinary team at each institution discussed 
resectability of tumors. The following conditions are gen-
erally considered unresectable [18,19]: insufficient remnant 
liver volume, major vessel invasion, extensive bilobar inva-
sion, multiple satellite tumors, and extensive lymph node 
metastases.

2. Treatment
A multidisciplinary board at each institution decided treat-

ment strategies for cancer treatment. All patients underwent 
RTx for primary ICC tumors. Metastatic regional lymph 

nodes are generally included in RTx when lymph node meta- 
stases are observed radiographically. As various dose frac-
tionation schedules were utilized, equivalent doses in daily 
2 Gy fractionation (EQD2) were calculated for comparison, 
assuming an α/β ratio of 10 [20]. Patients received three-
dimensional conformal RTx with high-energy photons, int-
ensity-modulated RTx with high-energy photons, or proton 
therapy. The CTx regimens and the decision on their use con-
currently or sequentially were determined by gastroentero-
logists or medical oncologists at each institution. After RTx, 
the resectability of tumors in each patient was evaluated. If 
imaging showed a good response to the resectable status, 
patients with an adequate performance status underwent 
curative surgical resection.

3. Outcome analysis
Treatment response after RTx was evaluated using com-

puted tomography or magnetic resonance imaging 4-12 
weeks after treatment. The modified Response Evaluation 
Criteria in Solid Tumors were used to evaluate primary tum-
or response [21]. The objective response rate was defined as 
the combined number of patients who complete response 
and partial response. A patient showing complete response 
or partial response was defined as a ‘responder,’ and a pati- 
ent showing stable disease or progressive disease was defin-
ed as a ‘non-responder.’

In-field failure (local failure) was defined as disease recur-
rence within the RTx field, whereas out-field failure was 
defined as disease recurrence within the liver outside the RTx 
field. Regional recurrence was defined as disease recurrence 
in regional lymphatic areas. Distant metastasis was defined 
as disease recurrence in a systemic organ other than the liver, 
peritoneum, or distant lymph nodes.

Grade 3 or higher gastrointestinal toxicities were recorded. 
RTx-related toxicities were graded according to the Common 
Toxicity Criteria for Adverse Events, ver. 4.0. RTx-related 
toxicities observed within 90 days after RTx were considered 
acute, and toxicities reported after more than 90 days were 
considered late toxicities.

4. Statistical analysis
Categorical variables were compared using the chi-squared 

test or Fisher’s exact test, as appropriate. Recurrence-free sur-
vival (RFS) was calculated from the date of diagnosis to the 
date of first reported recurrence. OS was calculated from the 
date of diagnosis to the date of death or last follow-up. Sur-
vival rates were calculated using the Kaplan-Meier method 
and compared using the log-rank test. Multivariate analysis 
was performed using the Cox proportional hazards model, 
and the hazard ratio with a 95% confidence interval was used 
to determine the prognostic factors. Variables were included 
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in the multivariate analysis based on statistical significance 
in univariate analysis and their clinical relevance. A p-value 
of < 0.05 indicated statistical significance.

Results

1. Patient characteristics
This study enrolled 116 patients from six institutions. Pati-

ent characteristics and treatment profiles are shown in Table 
1. The size of the primary tumor was ≥ 10 cm in 26 patients 
(22.4%). The median dose of RTx was 50 Gy (range, 30 to 75 
Gy) delivered in a median of 25 fractions (range, 4 to 30), 
corresponding to a median equivalent dose in 2 Gy fractions 
(EQD210) of 52 Gy (range, 30 to 110 Gy). Thirty-three patients 
(28.4%) received EQD210 ≥ 60 Gy of RTx, while 83 patients 
(71.6%) received EQD210 < 60 Gy of RTx. There was no cor-
relation between the tumor size and EQD210 (p=0.766). We 
briefly described the sequence of RTx and CTx, as well as 
the CTx regimen, in S1 Table. Ninety-five patients (81.9%) 
received CTx. Forty-seven patients (40.5%) received sequen-
tial gemcitabine-cisplatin based chemotherapy (GEM-CIS 
CTx). A total of 69 patients underwent concurrent chemo-
radiotherapy, with 62 of them receiving fluoropyrimidine-
based CTx. Twenty-two patients underwent induction CTx. 
Fourteen patients received gemcitabine, cisplatin CTx, and 
eight patients received gemcitabine, cisplatin, nab-pacli-
taxel CTx. Induction CTx was administered for a median 
of 8 cycles (range, 2 to 15 cycles). After induction CTx, six 
patients had a partial response status, and 16 patients had 
a stable disease status. Sixty-five patients received upfront 
concurrent chemoradiotherapy; among them, 40 underwent 
additional CTx. Eight patients received upfront RTx alone 
followed by additional CTx. 

2. Radiotherapy response of the main tumor
With objective response rate 57.8%, the primary tumors 

showed complete response in two patients (1.7%), partial 

Table 1.  Patient characteristics and treatment profiles

Variable 	 Value

Age (yr)	 64 (29-83)
Sex	
    Male	 82 (70.7)
    Female	 34 (29.3)
T category	
    T1	 4 (3.4)
    T2	 59 (50.9)
    T3	 18 (15.5)
    T4	 35 (30.2)
N category	
    N0	 70 (60.3)
    N1	 46 (39.7)
Primary tumor size (cm)	 7 (4-16)
Satellite intrahepatic metastasis	
    Yes	 41 (35.3)
    No	 75 (64.7)
RTx modality	
    3DCRT	 71 (61.2)
    IMRT	 39 (33.6)
    Proton	 6 (5.2)
EQD210	 52 (30-110)
Values are presented as number (%) or median (range). 3DCRT, 
three-dimensional conformal radiotherapy; EQD210, equivalent 
doses in daily 2 Gy fractionation assuming an α/β ratio of 10; 
IMRT, intensity-modulated radiotherapy; RTx, radiotherapy.

Fig. 1.  Comparison of recurrence-free survival (A) and overall survival (B) curves according to treatment response.
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response in 65 (56%), stable disease in 36 (31%), and progres-
sive disease in 13 (11.2%). The number of responders was 
significantly higher in the EQD210 ≥ 60 Gy RTx group than 
in the EQD210 < 60 Gy RTx group (p < 0.05). The RFS and OS 

of responders were significantly higher than those of non-
responders (p < 0.05) (Fig. 1).

3. Survival and prognostic factors
The median follow-up duration was 31 months (range, 4 

to 158 months) among the surviving patients. The LC rates at 
1-, 2-, and 3-year were 74.7%, 59.6%, and 56.7%, respectively 
(Fig. 2). The median RFS was 12 months; the RFS rates at 1-, 
2-, and 3-year were 46%, 23.1%, and 16.8%, respectively (Fig. 
2). The median OS was 18 months; the OS rates at 1-, 2-, and 
3-year were 64.5%, 41.1%, and 26.6%, respectively (Fig. 2). 

The results of univariate and multivariate analyses for LC, 
RFS, and OS are summarized in Tables 2, 3, and 4, respec-
tively. The multivariate analysis identified two risk factors; 
EQD210 ≥ 60 Gy RTx for better LC, RFS, and OS (p < 0.05) and 
sequential GEM-CIS CTx for better RFS and OS (p < 0.05).

Patients were divided into three groups according to the 
risk factors for RFS and OS to determine the best prognos-
tic subgroup. Patients in group 1 received EQD210 ≥ 60 Gy 
RTx with sequential GEM-CIS CTx (n=25, 21.6%). Group 2 
was defined as those receiving EQD210 < 60 Gy RTx with 
sequential GEM-CIS CTx or fluoropyrimidine-based concur-
rent chemoradiotherapy (n=70, 60.3%). Group 3 included 

Fig. 2.  Local control, recurrence-free survival, and overall sur-
vival of all patients.
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Table 2.  Univariate and multivariate analyses of prognostic factors regarding LC

Variable
	 No. of 	 1-Year 	 Univariate	                     Multivariate

	 patients (%)	 LC (%)	 p-value	 HR (95% CI)	 p-value

Age (yr)			 
    < 65	 61 (52.6)	 74.4	 0.471	 -	 -
    ≥ 65	 55 (47.4)	 74.4			 
Sex			 
    Male	 82 (70.7)	 75.9	 0.677 	 -	 -	
    Female	 34 (29.3)	 72.8			 
T category			 
    T1-3	 87 (69.8)	 76.6 	 0.616	 -	 -
    T4	 35 (30.2)	 70.2			 
N category			 
    N0	 70 (60.3)	 75.4	 0.384	 -	 -
    N1	 46 (39.7)	 73.8			 
Satellite intrahepatic metastasis			 
    Yes	 41 (35.3)	 54.5	 0.013	 2.057 (1.067-3.969)	 0.031
    No	 75 (64.7)	 83.7			 
EQD210 (Gy)			 
    < 60 	 83 (71.6)	 64.7 	 0.001	 0.255 (0.093-0.704)	 0.008
    ≥ 60 	 33 (28.4)	 96.4 			 
Sequential GEM-CIS CTx			 
    Yes	 47 (40.5)	 85.0 	 0.115	 0.882 (0.429-1.812)	 0.732
    No	 69 (59.5)	 67.1	

CI, confidence interval; EQD210, equivalent doses in daily 2 Gy fractionation assuming an α/β ratio of 10; GEM-CIS CTx, gemcitabine-
cisplatin based chemotherapy; HR, hazard ratio; LC, local control.
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patients who underwent RTx alone (n=21, 18.1%). Group 1 
had a significantly better RFS and OS than groups 2 and 3 (p 
< 0.05) (Fig. 3). The median OS for groups 1, 2, and 3 were 73 
months, 17 months, and 11 months, respectively. The 1-year, 
2-year, and 3-year OS rates for groups 1, 2, and 3 were 100%, 
60.9%, and 38.1%; 81.8%, 35.9%, and 14.3%; and 75%, 17.1%, 
and 9.5%, respectively.

4. Curative surgical resection
Thirteen patients were converted to resectable status after 

RTx, which followed by curative radical hepatectomy. Table 
5 presents the predictive factors for the resectability of ICC. 
In all the 13 patients who underwent resection, the primary 
tumor size was less than 10 cm. The surgical resection rate in 
group 1 patients was significantly higher than that in groups 
2 and 3 (28% vs. 8.6% vs. 0%, respectively) (p < 0.05). 

5. Patterns of failure and radiotherapy toxicity
The patterns of the first failures were analyzed. During 

follow-up, 95 patients (81.9%) experienced disease recur-
rence. The sites of first recurrence were in-field in 39 patients 
(33.6%), out-field in 43 (37.1%), and distant metastases in 39 
(33.6%). In group 1 patients, the first recurrence occurred 

in-field in three patients (12%), out-field in five (20%), and 
as distant metastases in eight (32%). In group 2 patients, the 
first recurrence occurred in-field in 26 patients (37.1%), out-
field in 27 (38.6%), and as distant metastases in 23 (32.9%). In 
group 3 patients, the first recurrence occurred in-field in 10 
patients (47.6%), out-field in 11 (52.4%), and as distant metas-
tases in eight (38.1%). The peritoneal cavity was the most 
common site of distant recurrence of the disease (17 patients, 
14.7 %), followed by the lungs (13 patients, 11.2%). Of the 70 
patients without lymph node metastasis, three (4.3%) exhib-
ited regional disease recurrence, and of the 46 patients with 
lymph node metastasis, five (10.9%) exhibited regional dis-
ease recurrence.

Acute gastrointestinal toxicities of grade 3 or higher were 
not observed in patients. Chronic grade 3 gastrointestinal 
bleeding occurred in one group 1 patient, chronic grade 3 
duodenal obstruction was observed in one group 2 patient, 
and chronic grade 4 bile duct stenosis was noted in one group 
1 patient. These toxicities were managed conservatively. No 
chronic grade 5 toxicities were observed.

Table 3.  Univariate and multivariate analyses of prognostic factors regarding RFS

Variable
	 No. of 	 1-Year 	 Univariate	                     Multivariate

	 patients (%)	 RFS (%)	 p-value	 HR (95% CI)	 p-value

Age (yr)			 
    < 65	 61 (52.6)	 50.2	 0.993	 -	 -
    ≥ 65	 55 (47.4)	 48.8			 
Sex			 
    Male	 82 (70.7)	 49.3	 0.695 	 -	 -
    Female	 34 (29.3)	 50.8			 
T category			 
    T1-3	 87 (69.8)	 48.8 	 0.461	 1.432 (0.909-2.254)	 0.121
    T4	 35 (30.2)	 39.3			 
N category			 
    N0	 70 (60.3)	 45.9	 0.348	 1.241 (0.813-1.893)	 0.317
    N1	 46 (39.7)	 46.3			 
Satellite intrahepatic metastasis			 
    Yes	 41 (35.3)	 31.7	 0.002	 2.101 (1.367-3.228)	 0.001
    No	 75 (64.7)	 58.2			 
EQD210 (Gy)			 
    < 60 	 83 (71.6)	 31.6 	 < 0.001	 0.531 (0.299-0.943)	 0.031
    ≥ 60 	 33 (28.4)	 83.8 			 
Sequential GEM-CIS CTx			 
    Yes	 47 (40.5)	 70.2 	 < 0.001	 0.488 (0.294-0.810)	 0.005
    No	 69 (59.5)	 30.1	

CI, confidence interval; EQD210, equivalent doses in daily 2 Gy fractionation assuming an α/β ratio of 10; GEM-CIS CTx, gemcitabine-
cisplatin based chemotherapy; HR, hazard ratio; RFS, recurrence-free survival.

Cancer Res Treat. 2024;56(3):838-846
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Discussion 

In this Korean multi-institutional cohort study, we ret-
rospectively analyzed 116 patients with locally advanced 

unresectable ICC who underwent RTx for primary ICC 
tumors. The objective response rate of the primary tumors 
was 57.8%, and responders had better survival rates than 
non-responders. In multivariate analysis, EQD210 ≥ 60 Gy 

Table 4.  Univariate and multivariate analyses of prognostic factors regarding OS

Variable
	 No. of 	 1-Year 	 Univariate	                     Multivariate

	 patients (%)	 OS (%)	 p-value	 HR (95% CI)	 p-value

Age (yr)			 
    < 65	 61 (52.6)	 61.8	 0.162 	 -	 -
    ≥ 65	 55 (47.4)	 67.8 			 
Sex			 
    Male	 82 (70.7)	 62.7	 0.544	 -	 -
    Female	 34 (29.3)	 69.3			 
T category			 
    T1-3	 87 (69.8)	 66.5 	 0.223	 1.738 (1.083-2.790)	 0.022
    T4	 35 (30.2)	 59.7			 
N category			 
    N0	 70 (60.3)	 67.9	 0.841	 1.096 (0.704-1.705)	 0.685
    N1	 46 (39.7)	 56.9			 
Satellite intrahepatic metastasis			 
    Yes	 41 (35.3)	 41.5	 0.001	 2.139 (1.385-3.304)	 0.001
    No	 75 (64.7)	 77.6			 
EQD210 (Gy)			    
    < 60 	 83 (71.6)	 53.6 	 < 0.001	 0.426 (0.222-0.816)	 0.010
    ≥ 60 	 33 (28.4)	 93.5			 
Sequential GEM-CIS CTx			 
    Yes	 47 (40.5)	 52.0 	 < 0.001	 0.530 (0.309-0.909)	 0.021
    No	 69 (59.5)	 84.0 	

CI, confidence interval; EQD210, equivalent doses in daily 2 Gy fractionation assuming an α/β ratio of 10; GEM-CIS CTx, gemcitabine-
cisplatin based chemotherapy; HR, hazard ratio; OS, overall survival.

Fig. 3.  Recurrence-free survival (A) and overall survival (B), stratified by the treatment risk factor groups.
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RTx and sequential GEM-CIS CTx significantly positively 
impacted OS. Compared with that in the other groups, the 
OS rates improved significantly in the EQD210 ≥ 60 Gy RTx 
and sequential GEM-CIS CTx group. This finding suggests 
that EQD210 ≥ 60 Gy RTx and sequential GEM-CIS CTx may 
improve clinical outcomes for patients with locally advanced 
unresectable ICC.

Treatment of locally advanced unresectable ICC remains 
challenging. CTx alone is typically used to treat unresectable 
ICC, but the results are unsatisfactory, with response rates of 
less than 25% and a median OS of fewer than 17 months [2-7]. 
However, without local treatment, most patients develop 
local disease progression, which is associated with high mor-
bidity and mortality rates. Local progression can cause bil-
iary and vascular obstructions, cholangitis, and liver failure, 

destroying neighboring organs. Previous studies showed 
that RTx or surgical resection could reduce the risk of liver 
failure and potentially prolong survival in patients with ICC 
without [8] or with distant organ metastasis [22]. Some retro-
spective studies demonstrated that combined CTx and RTx 
increased OS compared to CTx alone [14-17]. Two studies of 
unresectable ICC reported that combined biologically effec-
tive dose (BED) of > 80.5 Gy RTx with CTx may be associated 
with longer survival [9,11], and 3-year OS rates for patients 
with BED of > 80.5 Gy RTx with CTx were 73% [9]. Multi-
modal treatment could potentially improve survival out-
comes for patients with locally advanced unresectable ICC. 
However, the analyses in previous studies were not reported 
by CTx regimen. In this study, the analyses were reported 
by sequential GEM-CIS CTx. The current study showed that 
the group that received EQD210 ≥ 60 Gy RTx with sequential 
GEM-CIS CTx showed the best survival outcomes (3-year 
OS, 75%). Therefore, this study suggests that high-dose RTx 
with sequential GEM-CIS CTx may improve clinical out-
comes in patients with locally advanced unresectable ICC.

Advances in RTx techniques, such as intensity-modu-
lated RTx, image-guided and adaptive RTx, and breathing 
motion management, have allowed higher RTx doses to be 
safely delivered to tumors. Several studies reported that 
dose-escalated RTx could achieve high LC rates in patients 
with unresectable ICC [9,10,23]. Tao et al. [9] demonstrated 
that BED of > 80.5 Gy RTx group had significantly better LC 
than the BED of ≤ 80.5 Gy RTx group, and a dose-response 
relationship regarding LC has also been shown. According 
to a phase II study in which proton beam therapy was per-
formed on patients with unresectable or locally recurrent 
ICC, patients who received ≥ 60 Gy equivalent proton beam 
therapy had less local disease recurrence than patients who 
received < 60 Gy [10]. A study used stereotactic body RTx to 
treat patients with unresectable intrahepatic and extrahepat-
ic cholangiocarcinoma and reported that patients with BED 
of ≥ 67.2 Gy RTx had a significantly higher LC than patients 
with BED of < 67.2 Gy RTx [23]. In this study, the objective 
response rate and LC of patients with EQD210 ≥ 60 Gy RTx 
were higher than those with EQD210 < 60 Gy RTx. Previous 
studies [9,10,23] and the present study found that patients 
treated with dose-escalated RTx exhibited a longer OS than 
those with lower doses of RTx. Therefore, dose-escalated RTx 
using advanced RTx technologies should be considered for 
patients with unresectable ICC.

To the best of our knowledge, no consensus has been 
reached regarding the use of elective nodal irradiation in 
patients with unresectable ICC. Moreover, the American 
Society for Radiation Oncology guideline has no recom-
mendation regarding the elective nodal irradiation [13]. One 
study analyzed the results and patterns of failure of stereo-

Table 5.  The predictive factors of resectability in locally advan-
ced unresectable intrahepatic cholangiocarcinoma

Variable
	                     Curative resection

	 Yes	 No	
p-value

Age (yr)		
    < 65	 7 (11.5)	 54 (88.5)	 0.923 
    ≥ 65	 6 (10.9)	 49 (89.1)	
Sex			 
    Male	 8 (9.8)	 74 (90.2)	 0.520 
    Female	 5 (14.7)	 29 (85.3)	
T category			 
    T1-3	 9 (11.1)	 72 (88.9)	 > 0.99
    T4	 4 (11.4)	 31(88.6)	
N category			 
    N0	 9 (12.9)	 61 (87.1)	 0.487
    N1	 4 (8.7)	 42 (91.3)	
Satellite intrahepatic 			    
  metastasis			 
    Yes	 9 (12.0)	 66 (88.0)	 > 0.99
    No	 4 (9.8)	 37 (90.2)	
Tumor size (cm)			 
    < 10	 13 (14.4)	 77 (85.6)	 0.039
    ≥ 10	 0 (	 26 (100)	
Prognostic subgroup	 		
    Group 1	 7 (28.0)	 18 (72.0)	 Group 1 vs. 2: 0.036
    Group 2	 6 (8.6)	 64 (91.4)	 Group 1 vs. 3: 0.011
    Group 3	 0 (	 21 (100)	 Group 2 vs. 3: 0.330
Values are presented as number (%). Group 1, patients who 
received EQD210 ≥ 60 Gy RTx with sequential gemcitabine and 
cisplatin-based CTx; Group 2, patients who received EQD210 
< 60 Gy RTx with sequential gemcitabine and cisplatin-based 
CTx or fluoropyrimidine-based concurrent chemoradiotherapy; 
Group 3, patients who underwent RTx alone. CTx, chemothera-
py; EQD210, equivalent doses in daily 2 Gy fractionation assum-
ing an α/β ratio of 10; RTx, radiotherapy.
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tactic body RTx in patients with ICC and reported that the 
1- and 2-year cumulative incidence of regional failure in 
patients with ICC was 8% [24]. Another study used proton 
beam therapy for 12 patients with unresectable ICC, and 
regional lymph node metastasis was reported in one patient 
(8.3%) [25]. In the current study, regional lymph node metas-
tasis occurred in less than 11% of patients; although available 
data are limited, it may be recommended for primary tumors 
and metastatic lymph nodes in the RTx volume, excluding 
elective regional lymph nodes.

The best outcome for locally advanced unresectable ICC 
might ultimately be achievable through R0 resection. In this 
study, while the number of patients who underwent curative 
resection was limited (11%), the outcomes of patients who 
underwent curative resection were promising, with a 3-year 
OS rate of 74%. In this study, tumor size of less than 10 cm 
and the administration of EQD210 ≥ 60 Gy RTx with sequen-
tial GEM-CIS CTx were identified as predictive factors that 
can increase the probability of curative resection. In recent 
prospective randomized phase 3 studies, the combination 
of gemcitabine, cisplatin, and durvalumab CTx or gemcit-
abine, cisplatin, and pembrolizumab CTx were superior to 
gemcitabine and cisplatin CTx [5,6]. Gemcitabine, cisplatin, 
and nab-paclitaxel CTx for patients with advanced biliary 
tract cancer failed to show improvement in OS compared to 
gemcitabine and cisplatin in the phase III SWOG 1815 trial. 
However, Gemcitabine, cisplatin, and nab-paclitaxel CTx 
improved OS in subgroup analyses of patients with locally 
advanced disease [26]. The combination of the dose-escalat-
ed RTx with sequential triplet CTx may be a promising treat-
ment strategy that can increase resectability.  

This study found that satellite intrahepatic metastasis is 
one of the important prognostic factors for determining the 
survival of patients with locally advanced unresectable ICC. 
Dose-escalated RTx for locally advanced unresectable ICC 
could increase LC and OS, so it is necessary to include satel-
lite intrahepatic nodules in the RTx target volume whenever 
possible. However, in cases where there are multiple satellite 
intrahepatic nodules or they are located in a different lobe, 
it may be challenging to administer high-dose RTx to both 
the main tumor and satellite intrahepatic nodules. In such 
cases, role of RTx may rather be limited as a tumor burden 
reducing purpose by including main and its vicinity tumor 

only in RTx field, by which combined sequential CTx may 
further work on.

The current study has limitations due to its retrospective 
nature over a long period. First, it was a non-randomized 
retrospective study with the probability of unrecognized 
bias. This study may have also been affected by a selection 
bias due to the slight variation in the criteria for resectability 
of ICC among institutions. This study may also have had a 
selection bias for patients tolerating aggressive multimodal 
treatment. The selection of treatment methods, RTx volume, 
and CTx regimens was determined according to institutional 
policies and physician preferences. Therefore, heterogeneous 
treatments may be a confounding factor.

Combining high-dose RTx of EQD210 ≥ 60 Gy with sequen-
tial GEM-CIS CTx seems to increase resectability and ulti-
mately improve clinical outcomes of patients with locally 
advanced unresectable ICC. The results of this study need to 
be confirmed in prospective randomized studies.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 
Treatment website (https://www.e-crt.org). 

Ethical Statement
This study was approved by the Institutional Review Board of 
Severance Hospital (IRB No. 4-2020-1050) and exempted from the 
requirement to obtain informed consent.

Author Contributions
Conceived and designed the analysis: Im JH, Seong J.
Collected the data: Im JH, Yu JI, Kim TH, Kim TG, Kim JW, Seong J.
Contributed data or analysis tools: Im JH, Seong J.
Performed the analysis: Im JH, Seong J.
Wrote the paper: Im JH, Seong J.

ORCID iDs
Jung Ho Im  : https://orcid.org/0000-0002-3217-6444
Jeong Il Yu  : https://orcid.org/0000-0002-2009-7263 
Jinsil Seong  : https://orcid.org/0000-0003-1794-5951

Conflicts of Interest
This study was supported by Dong-A research fund (Grant num-
ber; 2018-31-0904).

1. �Glimelius B, Hoffman K, Sjoden PO, Jacobsson G, Sellstrom 
H, Enander LK, et al. Chemotherapy improves survival and 
quality of life in advanced pancreatic and biliary cancer. Ann 
Oncol. 1996;7:593-600.

2. �Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, 
Maraveyas A, et al. Cisplatin plus gemcitabine versus gemcit-
abine for biliary tract cancer. N Engl J Med. 2010;362:1273-81.

3. �Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S, 

References

Jung Ho Im, RTx and CTx for Locally Advanced Unresectable ICC

https://orcid.org/0000-0003-1794-5951
https://orcid.org/0000-0002-2009-7263
https://orcid.org/0000-0002-3217-6444


846     CANCER  RESEARCH  AND  TREATMENT

Funakoshi A, et al. Gemcitabine alone or in combination with 
cisplatin in patients with biliary tract cancer: a comparative 
multicentre study in Japan. Br J Cancer. 2010;103:469-74.

4. �Valle JW, Furuse J, Jitlal M, Beare S, Mizuno N, Wasan H, et al. 
Cisplatin and gemcitabine for advanced biliary tract cancer: a 
meta-analysis of two randomised trials. Ann Oncol. 2014;25: 
391-8.

5. �Oh DY, He AR, Qin S, Chen LT, Okusaka T, Vogel A, et al. A 
phase 3 randomized, double-blind, placebo-controlled study 
of durvalumab in combination with gemcitabine plus cispl-
atin (GemCis) in patients (pts) with advanced biliary tract 
cancer (BTC): TOPAZ-1. J Clin Oncol. 2022;40(4 Suppl):378.

6. �Kelley RK, Ueno M, Yoo C, Finn RS, Furuse J, Ren Z, et al. 
Pembrolizumab in combination with gemcitabine and cis-
platin compared with gemcitabine and cisplatin alone for 
patients with advanced biliary tract cancer (KEYNOTE-966): 
a randomised, double-blind, placebo-controlled, phase 3 trial. 
Lancet. 2023;401:1853-65.

7.  �Lamarca A, Ross P, Wasan HS, Hubner RA, McNamara MG, 
Lopes A, et al. Advanced intrahepatic cholangiocarcinoma: 
post hoc analysis of the ABC-01, -02, and -03 clinical trials. J 
Natl Cancer Inst. 2020;112:200-10.

8. �Yamashita S, Koay EJ, Passot G, Shroff R, Raghav KP, Con-
rad C, et al. Local therapy reduces the risk of liver failure and 
improves survival in patients with intrahepatic cholangio- 
carcinoma: a comprehensive analysis of 362 consecutive pati-
ents. Cancer. 2017;123:1354-62.

9. �Tao R, Krishnan S, Bhosale PR, Javle MM, Aloia TA, Shroff RT, 
et al. Ablative radiotherapy doses lead to a substantial pro-
longation of survival in patients with inoperable intrahepatic 
cholangiocarcinoma: a retrospective dose response analysis. J 
Clin Oncol. 2016;34:219-26.

10. �Hong TS, Wo JY, Yeap BY, Ben-Josef E, McDonnell EI, Blasz-
kowsky LS, et al. Multi-institutional phase II study of high-
dose hypofractionated proton beam therapy in patients with 
localized, unresectable hepatocellular carcinoma and intra-
hepatic cholangiocarcinoma. J Clin Oncol. 2016;34:460-8.

11. �De B, Tran Cao HS, Vauthey JN, Manzar GS, Corrigan KL, 
Raghav KP, et al. Ablative liver radiotherapy for unresected 
intrahepatic cholangiocarcinoma: patterns of care and sur-
vival in the United States. Cancer. 2022;128:2529-39.

12. �Smart AC, Goyal L, Horick N, Petkovska N, Zhu AX, Ferrone 
CR, et al. Hypofractionated radiation therapy for unresect-
able/locally recurrent intrahepatic cholangiocarcinoma. Ann 
Surg Oncol. 2020;27:1122-9.

13. �Apisarnthanarax S, Barry A, Cao M, Czito B, DeMatteo R, Dri-
nane M, et al. External beam radiation therapy for primary 
liver cancers: an ASTRO clinical practice guideline. Pract 
Radiat Oncol. 2022;12:28-51.

14. �Chang WW, Hsiao PK, Qin L, Chang CL, Chow JM, Wu SY. 
Treatment outcomes for unresectable intrahepatic cholan-

giocarcinoma: nationwide, population-based, cohort study 
based on propensity score matching with the Mahalanobis 
metric. Radiother Oncol. 2018;129:284-92.

15. �Jackson MW, Amini A, Jones BL, Rusthoven CG, Schefter TE, 
Goodman KA. Treatment selection and survival outcomes 
with and without radiation for unresectable, localized intra-
hepatic cholangiocarcinoma. Cancer J. 2016;22:237-42.

16. �Kim YI, Park JW, Kim BH, Woo SM, Kim TH, Koh YH, et al. 
Outcomes of concurrent chemoradiotherapy versus chemo-
therapy alone for advanced-stage unresectable intrahepatic 
cholangiocarcinoma. Radiat Oncol. 2013;8:292.

17.  �Verma V, Kusi Appiah A, Lautenschlaeger T, Adeberg S, 
Simone CB 2nd, Lin C. Chemoradiotherapy versus chemo-
therapy alone for unresected intrahepatic cholangiocarcino-
ma: practice patterns and outcomes from the national cancer 
data base. J Gastrointest Oncol. 2018;9:527-35.

18. �Bridgewater J, Galle PR, Khan SA, Llovet JM, Park JW, Patel T, 
et al. Guidelines for the diagnosis and management of intra-
hepatic cholangiocarcinoma. J Hepatol. 2014;60:1268-89.

19. �Guro H, Kim JW, Choi Y, Cho JY, Yoon YS, Han HS. Multidis-
ciplinary management of intrahepatic cholangiocarcinoma: 
Current approaches. Surg Oncol. 2017;26:146-52.

20. �Joiner MC. A simple alpha/beta-independent method to 
derive fully isoeffective schedules following changes in dose 
per fraction. Int J Radiat Oncol Biol Phys. 2004;58:871-5.

21. �Lencioni R, Llovet JM. Modified RECIST (mRECIST) assess-
ment for hepatocellular carcinoma. Semin Liver Dis. 2010;30: 
52-60.

22. �Sebastian NT, Tan Y, Miller ED, Williams TM, Noonan AM, 
Hays JL, et al. Association of liver-directed local therapy with 
overall survival in adults with metastatic intrahepatic cholan-
giocarcinoma. JAMA Netw Open. 2019;2:e1911154.

23. �Brunner TB, Blanck O, Lewitzki V, Abbasi-Senger N, Momm 
F, Riesterer O, et al. Stereotactic body radiotherapy dose and 
its impact on local control and overall survival of patients for 
locally advanced intrahepatic and extrahepatic cholangiocar-
cinoma. Radiother Oncol. 2019;132:42-7.

24. �Kozak MM, Toesca DAS, von Eyben R, Pollom EL, Chang DT. 
Stereotactic body radiation therapy for cholangiocarcinoma: 
optimizing locoregional control with elective nodal irradia-
tion. Adv Radiat Oncol. 2020;5:77-84.

25. �Ohkawa A, Mizumoto M, Ishikawa H, Abei M, Fukuda K, 
Hashimoto T, et al. Proton beam therapy for unresectable 
intrahepatic cholangiocarcinoma. J Gastroenterol Hepatol. 
2015;30:957-63.

26. �Shroff RT, Guthrie KA, Scott AJ, Borad MJ, Goff LW, Matin K, 
et al. SWOG 1815: a phase III randomized trial of gemcitabine, 
cisplatin, and nab-paclitaxel versus gemcitabine and cisplatin 
in newly diagnosed, advanced biliary tract cancers. J Clin 
Oncol. 2023;41(4 Suppl):LBA490.

Cancer Res Treat. 2024;56(3):838-846




