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Purpose: To evaluate the role of adjuvant radiotherapy after narrow-margin (<1.0 cm) resection 

in patients with intrahepatic cholangiocarcinoma (ICC) adherent to major vessels.

Patients and methods: This retrospective study included 70 ICC patients. Forty-nine patients 

received narrow-margin (<1.0 cm) hepatectomy and 21 patients underwent wide-margin (≥1.0 

cm) hepatectomy (Group C). Twenty-six of 49 were treated with postoperative radiotherapy 

(Group A), while the remaining 23 did not receive radiotherapy (Group B). Clinical outcomes 

were compared in the 3 groups. Toxicities of radiotherapy were evaluated.

Results: With a median follow-up time of 42 months, the 3-year overall survival (OS) and 

disease-free survival rates were 55% and 44% for Group A, 20% and 10% for Group B, and 

65% and 33% for Group C, respectively. The OS and disease-free survival in Groups A and C 

were comparable and improved compared to Group B (Group A vs B, P=0.011 and P=0.031; and 

Group C vs B, P=0.031 and P=0.105). Multivariate analysis showed that receiving narrow-margin 

resection only (adjusted hazard ratio: 3.73; 95%  CI: 1.36–10.25; P=0.001) was a significant poor 

prognostic risk factor of OS. Group B experienced more intrahepatic recurrence and extrahepatic 

recurrence than Groups A and C. For Groups A and B, the 3-year intrahepatic recurrence rates 

were 36% vs 67% (P=0.133) and extrahepatic recurrence rates were 43% vs 65% (P=0.007). 

Only 2 patients in Group A suffered from grade 3 toxicities. No patient developed classic or 

nonclassic radiation-induced liver disease.

Conclusion: Postoperative radiotherapy following narrow-margin hepatectomy seems to be 

efficacious and well-tolerated in patients with ICC adjacent to major vessels.

Keywords: intrahepatic cholangiocarcinoma, surgical margin, hepatectomy, surgery, postopera-

tive radiotherapy, prognosis

Plain language summary
The prognosis of intrahepatic cholangiocarcinoma patients is poor. Surgery is the only cura-

tive treatment for these patients. But survival after surgery is still not satisfying. Margin status 

significantly affected survival after surgery. Radiotherapy is a local treatment modality. It might 

improve survival in patients with inadequate margin. To investigate the role of radiotherapy in 

postoperative patients, we divided 70 patients who received surgery into 3 groups according 

to the width of the resection margin and whether the patient received radiotherapy or not. The 

results showed that the outcome of patients who received radiotherapy after narrow-margin 

resection were comparable to patients who received wide-margin resection. The toxicities of 

radiotherapy were acceptable. It means that postoperative radiotherapy seems to be efficacious 

and well-tolerated in patients with narrow-margin resection.
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Introduction
Cholangiocarcinoma (CCA) is the second most common 

primary liver tumor and accounts for approximately 3% of 

all gastrointestinal tumors.1,2 It is categorized into intrahepatic 

cholangiocarcinoma (ICC) and extrahepatic cholangiocarci-

noma (ECC), including hilar cholangiocarcinoma. ICC arises 

from the small bile ducts in the liver.3,4 The incidence of ICC 

continues to rise worldwide.5–7

Operative resection remains the only potentially curative 

option for patients with ICC.2,8 However, most patients pres-

ent with advanced disease and radical operation may not be 

a feasible treatment. In America, only 12% of patients with 

ICC received radical resection.9 Unfortunately, for the minor-

ity who received surgical resection, the results still need to 

be improved. In different series, the 3- and 5-year overall 

survival (OS) ranged from 36% to 53% and 25% to 40%, 

respectively, in patients who received resection. Among these 

operations, R0 resection rate varied from 69% to 88%.10–16 

Margin status significantly affected survival, where a positive 

margin (R1 resection) remained a negative prognostic factor 

for ICC patients.17,18 Moreover, several studies suggested a 

survival advantage for negative margins of 1.0 cm or more 

(wide margin) compared to negative margins of <1.0 cm 

(narrow margin).19–21

The degree of margin resection is restricted by the loca-

tion of the tumor. Centrally located liver tumors, which 

involve Couinaud’s segments IV, V, and VIII ± I, are usually 

adjacent to major vessels such as the inferior vena cava, 

hepatic vein, portal vein, and hepatic artery. Extended 

hemihepatectomy and mesohepatectomy are 2 conventional 

surgical procedures in the management of centrally located 

liver tumors.22,23 Surgeons sometimes have to carefully dissect 

and peel the tumor away from the vascular surface, which may 

result in a null-margin (no real resection margin)  resection.24 

Thus, obtaining a safe margin remains a challenge. Adjuvant 

therapies vary considerably, without a consensus in what 

postoperative treatments can improve survival in narrow-

margin (<1.0 cm) resections.2,25,26 Therefore, it is urgent to 

seek an effective adjuvant therapy for those who received 

narrow-margin resection.

In recent years, radiotherapy has proved to be a safe and 

efficacious treatment in patients with unresectable ICC.27,28 

However, the role of postoperative radiotherapy in patients 

who have undergone narrow-margin resection is still unclear. 

Thus, we retrospectively reviewed ICC patients who have 

undergone liver resection in our hospital and aim to investi-

gate whether postoperative radiotherapy can benefit survival 

in patients with narrow-margin resections.

Patients and methods
Patient selection
A retrospective cohort study was conducted using data from 

the National Cancer Center/National Clinical Research 

Center for Cancer/Cancer Hospital, Chinese Academy of 

Medical Sciences, and Peking Union Medical College. The 

eligibility criteria for the study were as follows: 1) patients 

with ICC who had undergone liver resection in our hospital 

from 2007 to 2016; 2) histological confirmation of ICC; 3) 

macroscopically removal of tumor and an absence of gross 

tumors confirmed by intraoperative ultrasonography; 4) 

absence of ICC-related treatments prior to surgery; 5) East-

ern Cooperative Oncology Group Performance Status ≤1; 6) 

Child–Pugh Class A. Written informed consent in accordance 

with the Declaration of Helsinki was acquired from every 

patient. The study was approved by the Independent Ethics 

Committee of Cancer Institute and Hospital, Chinese Acad-

emy of Medical Sciences.

From 2007 to 2016, 70 ICC patients who had undergone 

liver resection were recruited. Forty-nine patients underwent 

narrow-margin (<1.0 cm) hepatectomy, where the tumors 

were adjacent to major vessels. Among them, patients who 

underwent postoperative radiotherapy were categorized as 

Group A and patients who did not receive postoperative 

radiotherapy were Group B. Twenty-one patients with tumors 

distant from major vessels received wide-margin (≥1.0 cm) 

resections. Treatment for every patient was conducted by 

the same surgical team and radiotherapy team in order to 

standardize the quality of this study.

Surgery
The extent of tumor resection was determined according to 

tumor diameter, location, presence or absence of cirrhosis, 

and estimated volume of the liver remnant. Nonanatomical 

hepatectomy was performed in 37 patients. Anatomical 

hepatectomy based on Couinaud’s segments, sectors, and 

hemilivers, was performed in 33 patients. Regional lymph 

node dissection was performed in 47 patients who had 

suspicious lymph node metastasis based on preoperative 

imaging and/or intraoperative findings. Intraoperative ultra-

sonography was used to evaluate the size of the tumor and 

its relationship with the major vascular structures. Patients 

in Groups A and B, which had a resection margin (RM) of 

<1.0 cm, underwent selective and dynamic region-specific 

vascular occlusion. Patients with tumors adjacent to major 

vessels received null-margin resections, where surgeons 

carefully peeled the tumor away from the vascular surface 

with a Cavitron Ultrasonic Surgical Aspirator to protect the 
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vessels. After removal of the tumor, 4–6 silver markers were 

stitched into the tumor bed for more accurate postoperative 

radiotherapy. Group C consisted of patients whose lesions 

were away from major vascular structure and in whom an at 

least 1.0 cm RM could be obtained.

Postoperative radiotherapy
Patients with narrow-margin hepatectomy were recom-

mended to receive postoperative radiotherapy by the 

Multidisciplinary Liver Cancer Team in our institute. The rec-

ommendations were based on physicians’ judgment of margin 

status according to operative and pathological reports and 

the judgment of patients’ tolerance for further radiotherapy. 

Meanwhile, we objectively explained the potential benefits, 

risks, and the lack of evidence of adjuvant radiotherapy for 

ICC to these patients. The enrollment was based on both the 

patients’ willingness and the physicians’ judgment.

Radiotherapy was delivered 4–6 weeks after surgical 

resection via intensity-modulated radiotherapy (IMRT) 

technique. There was 1 case where a VIII segment lesion 

was treated by volumetric modulated arc therapy (VMAT) 

for its superior dose distribution and normal tissue protection.

All patients underwent computed tomography (CT) scan 

(Brilliance 16, Philips Medical Systems, Cleveland, OH, 

USA) in supine position with thermoplastic mask immo-

bilization to restrain liver motion and reduce setup error. 

Preoperative magnetic resonance image (MRI) scans were 

used to optimize target and normal structure delineation 

using the Pinnacle3 9.0 treatment planning systems (Philips 

Healthcare, Andover, MA, USA).

The location of tumor beds was based on review of 

preoperative scans, postoperative scans, markers placed by 

the surgeon, and surgery summary notes. The clinical target 

volume (CTV) was defined as the tumor bed plus a 1.0 cm 

margin, or 1.5 cm margin in regions where the tumor adhered 

to major vascular structures. When regional lymph nodes 

were involved, CTV also included the adjacent lymph node 

drainage stations in the porta hepatis, celiac axis, and pancre-

aticoduodenal ligament. To compensate for respiratory liver 

motion and setup variations in 4-dimensional CT, we defined 

the planning target volume by expanding the CTV by 0.5 cm 

in the anterior–posterior and left–right directions and by 1.0 

cm in the cranial–caudal direction. IMRT or VMAT planning 

was designed to ensure that the PTV was covered by the 95% 

isodose envelope while minimizing normal tissue injuries.

Normal tissue dose-volume constraints were as follows: 

1) dose to normal liver (total liver volume minus tumor bed 

volume) was limited to ≤30 Gy; 2) maximum allowable point 

dose to the stomach and duodenum was set to ≤54 Gy; 3) 

Maximum point dose of cord was set to ≤45 Gy; 4)<50% 

of kidney volume received a dose over 20 Gy (V20 <50%).

The prescription dose ranged from 50 to 60 Gy in 25–30 

fractions of 2 Gy according to individual conditions. Pre-

treatment online repositioning was accomplished by Cone 

beam CT.

Follow-up and definition
Patients were assessed every 3 months during the first 2 years 

and every 6 months thereafter (or more frequently if clinically 

indicated). Follow-up included liver function tests, routine 

blood and coagulation tests, chest radiography, and CT and/

or MRI of the abdomen.

Location of recurrence was categorized as 1) marginal, if 

the tumor reappeared <2 cm from the tumor bed; 2) nodular, if 

a single lesion was located >2 cm from the transection plane; 

and 3) diffuse, if the recurrence consisted of >1 nodule scat-

tered throughout the remaining liver.

Toxicity was graded using the National Cancer Institute 

Common Toxicity Criteria for Adverse Events version 3.0. 

Acute toxicity was evaluated weekly during treatment and 

the first month after radiotherapy. Morbidity occurring >1 

month after the completion of radiotherapy was defined as 

late toxicity.

Radiation-induced liver disease (RILD) was evaluated 

4 months after radiotherapy for all the patients in Group A. 

RILD was defined as either anicteric elevation of alkaline 

phosphatase level of ≥ 2-fold and nonmalignant ascites (clas-

sic RILD), or elevated transaminases of ≥ 5-fold the upper 

limit of normal or of pretreatment level (nonclassic RILD), 

in the setting of disease nonprogress.29,30

Statistical analysis
OS was defined as the time between surgical resection and 

death of any cause. Disease-free survival (DFS) was calcu-

lated as the time from surgical resection to intrahepatic or 

extrahepatic recurrence of ICC. Kaplan–Meier analysis was 

performed to report survival outcomes. Univariate and mul-

tivariate Cox regression analyses were performed to explore 

associations of factors with OS. Hazard ratios (HRs) and 95% 

confidence intervals (CI) were calculated. In the multivariate 

analysis, HRs were adjusted for age, sex, group, American 

Journal of Critical Care pathologic stage, and preoperative 

carcinoembryonic antigen level. The χ2 test was used for 

categorical variables. The Wilcoxon rank sum test was used 

for continuous variable of skewness distribution. All statisti-

cal analyses were performed using SPSS software, version 
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24 (IBM Corporation, Armonk, NY, USA). GraphPad Prism 

Version 6.0 .c software (GraphPad Software, Inc., La Jolla, 

CA, USA) was used for graph making.

Results
Patient characteristics
The 3 groups in this study shared similar demographic 

and clinicopathologic features (Table 1). The median age 

was 57 years (range, 45–76 years), 55 years (range, 36–72 

years), and 51 years (range, 33–75 years) for Groups A, B, 

and C, respectively. About 34.6% of patients in Group A 

were over 60 years old. Patients in Group A tend to have 

received more nonanatomical resection compared to Group 

B (61.5%vs 34.8% P=0.062), with 15% more null-margin 

resections (P=0.303). There were more cases of intraoperative 

blood transfusion in Groups A and B compared to Group C 

(P=0.089), likely due to the difficulty of a null-margin resec-

tion. One patient in Group B was receiving radiotherapy in 

Table 1 Patient and treatment characteristics

Clinical characteristic Group A,  
(n=26), N (%)

Group B,  
(n=23), N (%)

Group C,  
(n=21), N (%)

P-value

Age (years)
Median (range) 57.23 (45–76) 55.56 (36–72) 51.43 (33–75) 0.141
≤60 17 (65.4) 17 (73.9) 19 (90.5)

>60 9 (34.6) 6 (26.1) 2 (9.5)
gender

Male 16 (61.5) 15 (65.2) 14 (66.7) 0.930
Female 10 (38.5) 8 (34.8) 7 (33.3)

CEA (ng/mL)
≤5.0 20 (76.9) 15 (65.2) 17 (81.0) 0.465

>5.0 3 (11.5) 5 (21.7) 4 (19.0)
Tumor distribution

Solitary 22 (84.6) 18 (78.3) 18 (85.7) 0.787
Multifocal 4 (15.4) 5 (21.7) 3 (14.3)

Tumor size
≤5 cm 12 (46.2) 9 (39.1) 9 (42.9) 0.884

>5 cm 14 (53.8) 14 (60.9) 12 (57.1)
Mean margin distance (mm) (SD) 1.37 mm (2.75) 1.52 mm (1.84) – 0.271
Null-margin resection 14 (53.8) 9 (39.1) – 0.303
Positive lymph node 4 (15.4) 6 (26.1) 3 (14.3) 0.449
Stage (AJCC, seventh edition)

stage i 5 (19.2) 4 (17.4) 9 (42.9) 0.276
stage ii 9 (34.6) 7 (30.4) 4 (19.0)
stage iii 8 (30.8) 6 (26.1) 5 (23.8)
stage iVa 4 (15.4) 6 (26.1) 3 (14.3)

Histological grading (WHO)
Well 2 (7.7) 0 (0.0) 1 (4.8) 0.320
Moderate 13 (50.0) 12 (52.2) 5 (23.8)
Poor 10 (38.5) 10 (43.5) 11 (52.4)
Unclear 1 (3.8) 1 (4.3) 4 (19.0)

Resection type
Anatomical resection 10 (38.5) 15 (65.2) 8 (38.1) 0.106
Nonanatomical resection 16 (61.5) 8 (34.8) 13 (61.9)

Liver capsule invasion 17 (65.4) 17 (73.9) 17 (81) 0.499
Intraoperative blood transfusion 4 (15.4) 7 (30.4) 1 (4.8) 0.089
Treatment modalities after recurrence

Chemotherapy 2 (7.7) 2 (8.7) 2 (9.5) 0.484
Radiofrequency ablation or transarterial interventional therapy 3 (11.5) 3 (13.0) 5 (23.8)
Surgery 0 (0) 0 (0) 1 (4.8)
Radiotherapy 0 (0) 1 (4.3) 0 (0)
Othersa 9 (34.6) 8 (34.8) 3 (14.3)

Notes: aIncluding patients received supportive care or traditional Chinese medicine as palliative treatment. Group A, narrow-margin hepatectomy plus postoperative 
radiotherapy; Group B, narrow-margin hepatectomy alone; Group C, wide-margin hepatectomy alone.
Abbreviations: CEA, carcinoembryonic antigen; SD, standard deviation; AJCC, American Joint Committee on Cancer; WHO, World Health Organization.
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our hospital because of recurrence at the end of follow-up. 

Overall, there were no statistically significant differences 

between the 3 groups with regards to tumor stage, tumor 

distribution, or treatment modalities after recurrence. Radio-

therapy was given to Group A with a total dose of 50 to 60 

Gy in 2 Gy/fx (median, 56 Gy in 28 fx).

Survival
The median follow-up time for all patients was 42 months 

(range, 5–96 months), and the 3-year OS and DFS rates were 

46.6% and 33%, respectively. Thirty-three patients (47%) 

died at the end of follow-up, predominantly due to tumor 

recurrence. One patient died of hematemesis in the setting 

of hepatocirrhosis.

The 3-year OS and DFS rates for Group A, Group B, and 

Group C were 55% and 44%, 20% and 10%, and 65% and 

33%, respectively. Kaplan–Meier analysis showed superior 

OS (P=0.011) and DFS (P=0.031) in Group A compared to 

Group B, and improved OS (P=0.031) and DFS (P=0.105) 

in Group C compared to Group B. There was no statistical 

difference in OS (P=0.685) and DFS (P=0.583) between 

Group A and Group C (Figure 1A and B). Univariate Cox 

regression analysis indicated that preoperative carcinoem-

bryonic antigen >5.0 ng/mL and receiving narrow-margin 

resection without adjuvant radiotherapy were significantly 

poor prognostic factors of OS (Table 2). After multivariate 

analysis, receiving narrow-margin resection only (adjusted 

HR: 3.73; 95% CI: 1.36–10.25; P=0.001) was a significant 

poor prognostic risk factor of OS (Table 2).

Patterns of recurrence
Recurrence was recorded in 39 patients (55.7%) at the end 

of follow-up. Incidence and pattern of ICC recurrence are 

detailed in Table 3. Group B experienced a greater number 

of intrahepatic and extrahepatic recurrences than Groups A 

and C. Most recurrences (34.8%) in Group B were diffuse 

(≥2 lesions) type while Group A and C consisted of less dif-

fuse recurrence type. There was 1 case of marginal failure in 

a Group B patient. As for cumulative incidence of intrahe-

patic recurrence and extrahepatic recurrence, the difference 

between Groups B and C was minute. For Groups A and B, 

the 3 years intrahepatic recurrence rates were 36%vs 67% 

(P=0.133) and extrahepatic recurrence rates were 43%vs 

65% (P=0.007) (Figure 2A and B).

Toxicity
The toxicities caused by postoperative radiotherapy were 

moderate (Table 4). Six patients (23.1%) experienced grade 

Figure 1 Kaplan–Meier curves of OS and DFS in 3 groups.
Notes: Os (A) and DFs (B) of patients in 3 groups. Group A, narrow-margin 
hepatectomy plus postoperative radiotherapy; Group B, narrow-margin 
hepatectomy alone; Group C, wide-margin hepatectomy alone.
Abbreviations: OS, overall survival; DFS, disease-free survival.
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2 toxicities. Two patients (7.7%) suffered from grade 3 toxici-

ties, 1 patient with myeloid suppression and the other with 

liver dysfunction. There was no toxicity over grade 4 observed 

in our series and no incidence of classic or nonclassic RILD. 

All patients recovered from acute toxicities within 3 weeks 

after treatment.

Discussion
In the scope of the information we have, this is the largest 

retrospective study to evaluate the role of postoperative 

radiotherapy after narrow-margin (<1.0 cm) resection in 

patients with ICC that adhere to the major vessels. The pres-

ent study includes 70 patients with a median follow-up time 

of 42 months. We compared narrow-margin resection plus 

radiotherapy with narrow-margin resection alone and wide-

margin resection in this study. In our cohort, radiotherapy 

following narrow-margin resection produced similar survival 

outcomes as wide-margin resections and was associated with 

longer OS and DFS than narrow-margin resection alone. 

Given the highly conformal and precise technique of IMRT 
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and VMAT, only 2 patients (7.6%) developed grade 3 myeloid 

suppression or liver dysfunction, with no incidence of RILD.

While surgery remains the first-line treatment and pres-

ents the best chance of cure for ICC patients, survival remains 

poor in the absence of adjuvant treatments, especially in cases 

of positive or narrow margin.2,8,10–21,31 In a retrospective study 

carried out by Cho et al,32 patients were analyzed based on the 

width of the margin after surgical resection. Median survival 

time was 23 months for patients (n=23) with a RM of ≥10 

mm (n=23) compared to 18 months for patients (n=40) with 

a RM <10 mm (P=0.049). The decreased survival with a 

narrower margin was attributed to postresection high recur-

rence rate of ICC. Recurrence rates after surgery have been 

reported to range between 60%–75%.33–36 Shimada et al37 

Table 3 Incidence and pattern of ICC recurrence in the 3 groups

Pattern of recurrence Number of patients (%)

Group A  
(n=26)

Group B  
(n=23)

Group C  
(n=21)

Total recurrencea 14 (53.8) 14 (60.9) 11 (52.4)
Intrahepatic recurrence 9 (34.6) 10 (43.5) 9 (42.9)
Marginal 0 (0.0) 1 (4.3) 0 (0.0)
Nodular 2 (7.7) 0 (0.0) 5 (23.8)
Diffuse 7 (26.9) 8 (34.8) 4 (19.0)
Unclear 0 (0.0) 1 (4.3) 0 (0.0)
Extrahepatic recurrence 10 (38.5) 10 (43.5) 9 (42.9)

Notes: aIf patients were found to have both intrahepatic recurrence and extrahepatic 
recurrence simultaneously at follow-up, they were counted into both groups. Group 
A, narrow-margin hepatectomy plus postoperative radiotherapy; Group B, narrow-
margin hepatectomy alone; Group C, wide-margin hepatectomy alone.
Abbreviation: ICC, intrahepatic cholangiocarcinoma.

Table 2 Cox regression analysis of mortality risk for all patients

Variable Univariate analysis (n=70) Multivariate analysis (n=70)

HR P-value 95% CI aHR P-value 95% CI

Group
Group A (Ref.) 1.00 – – 1.00 – –
Group B 2.94 0.009 (1.32–6.57) 3.73 0.011 (1.36–10.25)
Group C 1.17 0.737 (0.47–2.91) 1.67 0.356 (0.57–4.86)

sex
Male (Ref.) 1.00 – – 1.00 – –
Female 0.86 0.685 (0.42–1.76) 0.64 0.299 (0.27–1.50)

Age (years)
≤60 (Ref.) 1.00 – – 1.00 – –

>60 1.00 0.997 (0.45–2.23) 1.09 0.866 (0.40–2.95)
stage

Stage I (Ref.) 1.00 – – 1.00 – –
stage ii 1.28 0.657 (0.43–3.82) 1.56 0.510 (0.42–5.84)
stage iii 1.67 0.334 (0.59–4.70) 1.91 0.272 (0.60–6.06)
stage iVa 5.56 0.001 (2.01–15.40) 7.73 0.002 (2.17–27.51)

CEA (ng/mL)
≤5.0 (Ref.) 1.00 – – 1.00 – –

>5.0 3.08 0.016 (1.23–7.71) 1.874 0.252 (0.64–5.49)

Notes: All variables were used in multivariate analysis. Group A, narrow-margin hepatectomy plus postoperative radiotherapy; Group B, narrow-margin hepatectomy alone; 
Group C, wide-margin hepatectomy alone.
Abbreviations: aHR, adjusted hazard ratio; HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; Ref, reference group.

Figure 2 Cumulative incidence of intrahepatic recurrence and extrahepatic 
recurrence of Groups A and B.
Notes: Intrahepatic recurrence and extrahepatic recurrence of patients in Groups 
A and B. Group A, narrow-margin hepatectomy plus postoperative radiotherapy; 
Group B, narrow-margin hepatectomy alone.

0

20

40

60

In
tra

he
pa

tic
 re

cu
rre

nc
e 

(%
)

80

100 Group A
P=0.133

Group B

0 12 24 36
Time (months)

0

20

40

60

Ex
tra

he
pa

tic
 re

cu
rre

nc
e 

(%
)

80

100 Group A P=0.007
Group B

0 12 24 36
Time (months)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3979

Benefit of adjuvant radiotherapy for postoperative ICC

found that, while not statistically significant, patients with 

narrow-margin resection tended to experience more intrahe-

patic recurrence. However, there remains a lack of established 

adjuvant treatments in patients with resected ICC.

Data supporting radiotherapy as a treatment option for 

ICC patients are sparse. The largest study to date is a retro-

spective report by Shinohara et al38 that analyzed 3,839 ICC 

patients from 1973 to 2003 based on the Surveillance, Epi-

demiology, and End Results  database. Those who received 

adjuvant radiotherapy following surgery had a median OS of 

11 months, while those receiving surgery alone only had 6 

months (P=0.014). However, more details in terms of radia-

tion dose, target definition, radiation technique, or toxicities 

were not mentioned. More recently, Jiang et al39 reviewed 90 

patients with resected ICC and concurrent regional lymph 

node metastases. Twenty-four patients received radiotherapy 

with a median total dose of 50 Gy (range 34–60 Gy) in frac-

tions of 2 Gy. Among them, traditional 2D radiotherapy was 

applied in 11 patients, while 3D conformal radiation therapy 

was applied in the other 13 patients. Radiotherapy was found 

to shrink metastatic lymph nodes (CR in 9 patients and PR in 9 

patients) and prolong median survival time (19.1 months in the 

radiotherapy group vs 9.5 months in the nonradiotherapy group 

[P=0.011]). While reported toxicities were mild, traditional 2D 

radiotherapy (total dose <50 Gy) was discontinued in 3 patients 

for intolerable gastrointestinal side effects or increased levels 

of liver enzymes. Due to limited studies, the latest National 

Table 4 Incidence of acute radiotherapy-related toxicities in 
patients receiving postoperative radiotherapy

Toxicity Number of patients (%)

Grade 0 Grade 1 Grade 2 Grade 3

Nausea 20 (76.9) 6 (23.1) 0 (0.0) 0 (0.0)
Vomiting 26 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Anorexia 20 (76.9) 6 (23.1) 0 (0.0) 0 (0.0)
Abdominal pain 24 (92.3) 2 (7.7) 0 (0.0) 0 (0.0)
Fatigue 22 (84.6) 4 (15.4) 0 (0.0) 0 (0.0)
Dermatitis 22 (84.6) 3 (11.5) 1 (3.8) 0 (0.0)
Myeloid suppression 9 (34.6) 11 (42.3) 5 (19.2) 1 (3.8)
Leukocytes 11 (42.3) 9 (34.6) 5 (19.2) 1 (3.8)
Platelets 19 (73.1) 7 (26.9) 0 (0.0) 0 (0.0)
Hemoglobin 23 (88.5) 2 (7.7) 1 (3.8) 0 (0.0)
Liver dysfunction 7 (26.9) 14 (53.8) 4 (15.4) 1 (3.8)
Alanine aminotransferase 19 (73.1) 7 (7.7) 0 (0.0) 0 (0.0)
Aspartate aminotransferase 19 (73.1) 5 (19.2) 1 (3.8) 1 (3.8)
Alkaline phosphatase 20 (76.9) 6 (23.1) 0 (0.0) 0 (0.0)
γ-Glutamyl transpeptidase 14 (53.8) 7 (26.9) 4 (15.4) 1 (3.8)
Total bilirubin 19 (73.1) 7 (26.9) 0 (0.0) 0 (0.0)
Albumin 26 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Creatinine 25 (96.2) 1 (3.8) 0 (0.0) 0 (0.0)

Comprehensive Cancer Network (NCCN) guidelines recom-

mend postoperative radiotherapy only in R1 resection case. 

Our study demonstrates that a subgroup with narrow margins 

after surgery might also benefit from adjuvant radiotherapy.

Chemoradiation is another option in the treatment of 

cholangiocarcinoma. Several retrospective studies have 

shown the benefit of chemoradiation in ICC. Kim et al27 

retrospectively reviewed 92 patients with unresectable 

advanced-stage ICC, where 25 patients received concurrent 

chemoradiotherapy and 67 patients received chemotherapy 

only. Concurrent radiotherapy was delivered in single frac-

tions of 2.0–3.0 Gy once a day and 5 times a week, with a 

mean total radiotherapy dose of 44.7 Gy (range 25.0–60.0 

Gy). At a median follow-up of 5.3 months, concurrent 

radiotherapy had better PFS (4.3 vs 1.9 months, P=0.001) 

and OS (9.3 vs 6.2 months, P=0.048). Lin et al40 studied 599 

patients with resectable ICC who received surgery without 

distant metastasis. Of them, 174 received adjuvant concur-

rent chemoradiotherapy, 146 received adjuvant sequential 

chemotherapy and radiotherapy, and 279 received adjuvant 

chemotherapy alone. IMRT was delivered with a total dose 

≥45 Gy. Fluoropyrimidine- or gemcitabine-based CT regi-

men was given to all patients. A stratified Cox proportional 

hazard model was built to assess the risk of death and the 

associated adjuvant treatment modalities by considering both 

pathologic stage and margin status. This showed that adju-

vant concurrent chemoradiotherapy was found to improve 

OS for patients at early stages with a positive margin and 

those at advanced stages with either a positive or negative 

margin. Although it was analyzed using a larger patient 

cohort, the purpose and conclusion were quite different 

from our study. Our study aimed to evaluate the role of 

adjuvant radiotherapy after narrow-margin (<1.0 cm) resec-

tion in patients with ICC adherent to major vessels. So, our 

result may provide reference for the decision of adjuvant 

radiotherapy after narrow-margin resection. In our series, 

concurrent or sequential chemotherapy was not included. 

However, as more and more evidences support the efficacy 

of chemoradiation, it is reasonable to investigate its role in 

ICC with further studies.

The results of this study demonstrate a survival benefit 

associated with adjuvant radiotherapy in patients with nar-

row or positive margins after surgery. However, as this was a 

retrospective study, patients were not randomized to the type 

of treatment. For instance, patients’ physical performance 

after surgery might influence the physician’s suggestion 

to the patients, which might favor the patients who receive 

radiation to some extent. The low incidence of ICC resulted 
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in a small sample size. Thus, these results need to be further 

validated in a larger and prospective study.

Conclusion
Our result showed that postoperative radiotherapy following 

narrow-margin hepatectomy seems to be efficacious and well 

tolerated in patients with ICC adjacent to major vessels. 

Moreover, the OS and DFS were comparable to those who 

received wide-margin resection. This result provides support 

for us to carry out larger prospective study to further validate 

the role of postoperative radiotherapy in patients with ICC 

abutting the major vascular structures.
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