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Abstract

Background: Hepatectomy is the cornerstone of curative-intent treatment for intrahepatic 

cholangiocarcinoma (ICC). However, in patients unable to be resected, data comparing efficacy 

of alternatives including thermal ablation and radiation therapy (RT) remain limited. Herein, we 

compared survival between resection and other liver-directed therapies for small ICC within a 

national cancer registry.

Methods: Patients with clinical stage I-III ICC <3 cm diagnosed 2010 - 2018 who underwent 

resection, ablation, or RT were identified in the National Cancer Database (NCDB). Overall 

survival (OS) was compared using Kaplan-Meier and multivariable Cox proportional hazards 

methods.

Results: Of 545 patients, 297 (54.5%) underwent resection, 114 (20.9%) ablation, and 134 

(24.6%) RT. Median OS was similar between resection and ablation (50.5 months, 95% CI 37.5 - 

73.9; 39.5 months, 95% CI 28.7 - 58.4, p=0.14), both exceeding that of RT (20.9 months, 95% CI 

14.1 - 28.3). RT patients had high rates of stage III disease (10.4% RT vs. 1.8% ablation vs. 11.8% 

resection, p<0.001), but the lowest rates of chemotherapy utilization (9.0% RT vs. 15.8% ablation 

vs. 38.7% resection, p<0.001). In multivariable analysis, resection and ablation were associated 

with reduced mortality compared to RT (HR 0.44, 95% CI 0.33 - 0.58; HR 0.53, 95% CI 0.38 - 

0.75, p<0.001; respectively).

Conclusion: Resection and ablation were associated with improved survival in patients with ICC 

<3 cm compared to RT. Acknowledging confounders, anatomic constraints of ablation, limitations 
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of available data, and need for prospective study, these results favor ablation in small ICC where 

resection is not feasible.

Introduction:

Intrahepatic cholangiocarcinoma (ICC) is an aggressive malignancy arising from the biliary 

epithelium within the liver, and has risen in incidence by more than 2.3% annually since 

the 1970s.1 Despite advances in surgical technique and systemic therapies, outcomes remain 

poor with a 5-year overall survival of 18%.2,3 Hepatectomy is the only curative treatment 

for ICC, though is feasible in less than a third of patients due to local extension, extensive 

biliary ductal and portal venous involvement, metastatic disease, or poor functional status.4,5

For patients with unresectable ICC, National Comprehensive Cancer Network (NCCN) 

guidelines suggest considering systemic therapy, external beam radiation therapy (EBRT), 

arterially directed therapy, or ablation. However, randomized data comparing these 

modalities do not exist.6,7 Indeed, the majority of recommendations for locoregional 

therapies in ICC are extrapolated from studies in other malignancies such as hepatocellular 

carcinoma (HCC).6,8 Ablation has been proposed for small tumors <5 cm with appropriate 

anatomy, though retrospective analyses suggest it may be inferior to resection for all but the 

smallest tumors (<3 cm).9–11 Work from our own group suggests that overall, resection is 

associated with superior outcomes compared to ablation, but that outcomes for the two 

modalities converge for primary tumors <3 cm (E. Kanu, unpublished data). Ablative 

radiotherapy has emerged as an alternative strategy with fewer anatomic limitations and 

improved survival compared to no treatment in stage I and III disease.9,10,12–16

While primary use of liver-directed therapies has been studied in HCC, there is a paucity 

of literature comparing liver-directed therapies such as ablation and RT for ICC, and how 

these may compare with resection in select populations.8 We therefore aimed to compare 

survival following resection, ablation, and radiotherapy (RT) in patients with small (<3 cm) 

ICC within a national cancer registry.

Methods:

Data Source

Analyses were conducted using the National Cancer Database (NCDB). The NCDB 

is a large, clinical oncology dataset maintained by the American College of Surgeons 

Commission on Cancer, capturing patient demographics, tumor characteristics, first course 

treatments, perioperative outcomes, and overall survival for over 70% of incident cancer 

cases, across 1,500 accredited centers in the United States.17,18 The NCDB contains de-

identified data and therefore this study was deemed exempt by the Duke University Health 

System Institutional Review Board (Pro00111050).

Patient Selection

The 2019 NCDB Intraductal Biliary Participant User File was queried for patients with 

clinical stage I-III ICC <3 cm diagnosed from 2010 - 2018 who underwent surgical 

resection, ablation, or RT. The primary site code for intrahepatic biliary (C22.1) and 
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histology for cholangiocarcinoma (ICD-0-3 8160) were used to identify cases. Patients 

younger than 18 years old, those with metastatic disease, or missing survival were excluded. 

Patients undergoing liver transplant were also excluded. Ablation was defined by the 

NCDB site-specific surgery code for Heat-Radio-frequency ablation (code 16), which 

captures both microwave and radio-frequency techniques. Demographic variables were 

extracted, including age, sex, race, insurance status, treatment in a Medicaid expansion 

state, population density, distance traveled to treating hospital, education level, and income. 

Clinical variables included Charlson Deyo (CD) comorbidity score, year of diagnosis, 

clinical stage prior to treatment initiation, tumor size and grade, and receipt of neoadjuvant 

and/or adjuvant chemotherapy.

Statistical analysis

Patients were stratified by management with resection, ablation, or RT. Descriptive statistics 

were obtained for baseline demographics and tumor characteristics, and compared using 

the Pearson’s chi-squared and Kruskal-Wallis tests for categorical and continuous variables, 

respectively. Fischer’s exact test was utilized for categorical variables with small proportions 

where the assumptions for Pearson’s chi-squared analysis were not satisfied.

The primary outcome was overall survival (OS), which was defined as the interval from 

the date of the intervention until death or most recent follow-up. Kaplan-Meier methods 

were used to evaluate OS and survival curves were compared using the log-rank test. 

Multivariable Cox proportional hazards methods were used to ascertain the association 

between treatment modality and mortality, while adjusting for patient (age, sex, race, 

insurance coverage, CD score, and year of diagnosis), tumor (clinical stage, receipt of 

chemotherapy), and facility (academic vs. nonacademic) characteristics. Adjusted models 

incorporated known covariates designated a priori. Missing data was handled with complete 

case analysis. All statistical tests were two-tailed and considered to be significant at p<0.05. 

Analyses were performed using R Version 4.1.1 for Mac (Vienna, Austria).

Results:

Demographics

Altogether, 545 patients with stage I-III ICC measuring under 3 cm met inclusion criteria 

(Figure 1). Of these, 297 (54.5%) underwent resection, 114 (20.9%) ablation, and 134 

(24.6%) RT. Baseline demographics and tumor characteristics are shown in Table 1. By 

patient race, the analytic cohort was composed of 463 (85.0%) white, 39 (7.2%) black, and 

43 (7.9%) other patients. Between modalities, there were no significant differences with 

respect to age, sex, patient insurance status, education or income quartile, treatment in an 

academic hospital, rural versus metropolitan area, relative distance to treating center, or 

location in a Medicaid expansion state. Resected patients were more likely to report white 

(86.5% resection vs. 81.6% ablation vs. 84.3% RT) or “other” race (9.1% resection vs. 

8.8% ablation vs. 4.5% RT) (p=0.04), and least likely to identify as black (4.4% resection 

vs. 9.6% ablation vs. 11.2% RT, p=0.04). Slight differences in median year of diagnosis 

between treatment modalities were observed (resection: 2015 vs. ablation: 2016 vs. RT: 

2016, p<0.001).
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With respect to tumor characteristics, patients undergoing resection had smaller tumors 

compared with those undergoing ablation or RT (2.1 cm resection vs. 2.3 cm ablation vs. 

2.2 cm RT, p=0.006), while also exhibiting higher rates of clinical stage III disease (11.8% 

resection vs. 1.8% ablation vs. 10.4% RT, p<0.001) (Table 1). Patients in the resection 

group reported fewer comorbidities pre-treatment (Charlson Deyo scores ≥3: 4.4% resection 

vs. 21.9% ablation vs. 10.4% RT, p<0.001), and accordingly were more likely to receive 

chemotherapy (38.7% resection vs. 15.8% ablation vs. 9.0% RT, p<0.001). Comparatively 

low rates of chemotherapy administration in RT patients were observed both before (1.5% 

RT vs. 7.0% ablation vs. 5.4% resection) and after primary therapy (6.7% RT vs. 8.8% 

ablation vs. 30.6% resection, p<0.001).

Primary Outcome: Overall Survival

In the overall cohort, median OS was 34.1 months (95% CI 30 - 40.6 months), with a 5-year 

OS of 36.8% (95% CI 32.2 - 42.0%). When stratified by treatment group, median OS was 

50.5 months for resection (95% CI 37.5 - 73.9 months), 39.5 months for ablation (95% 

CI 28.7 - 58.4 months), and 20.9 months for RT (95% CI 14.1 - 28.3 months); 5-year OS 

was 46% for resection (95% CI 39.8 - 53.1%), 36.4% for ablation (95% CI 27.2 - 48.7%), 

and 13.1% for RT (95% CI 7.0 - 24.5%) (Figure 2). On pairwise comparison, there was no 

significant difference in median OS for surgical resection and ablation (log-rank p=0.14), 

though both had superior survival compared to RT (both log-rank p<0.0001).

In multivariable analysis, resection and ablation were both independently associated with 

reduced mortality compared to RT (HR 0.44, 95% CI 0.33 - 0.58; HR 0.53, 95% CI 0.38 - 

0.75, all p<0.001) (Table 2). Increasing age (HR 1.02, 95% CI 1.01 - 1.04, p<0.01), clinical 

stage II (HR 1.76, 95% CI 1.35 - 2.31, p<0.001) and stage III disease (HR 1.96, 95% CI 1.31 

- 2.92, p<0.001) were associated with greater hazard of mortality (Table 2). Both female sex 

(HR 0.70, 95% CI 0.55 - 0.89, p<0.01) and more recent year of diagnosis (HR 0.94, 95% CI 

0.89 - 0.99, p=0.01) were associated with reduced hazard of mortality.

Discussion:

In this analysis of a national cancer registry, outcomes for patients with ICC <3 cm were 

compared following management with resection, ablation, or radiation therapy. Among 

this cohort, median and 5-year overall survival were comparable following resection and 

ablation, while both were superior to RT in multivariable analysis. Our findings suggest 

that for appropriately selected patients where resection is not considered, ablation may be 

prioritized as the preferred alternative over RT.

In a similar analysis of the Surveillance, Epidemiology, and End Results (SEER) database, 

Xiang et al compared surgical resection with radiofrequency ablation (RFA) in T1 ICC <5 

cm.11 Therein, both OS and cholangiocarcinoma-specific survival were superior in resected 

patients, findings which persisted in a multivariate Cox model, and were recapitulated in 

subgroups of patients with tumors <4.5 and <4.0 cm.11 For the subgroup of 70 patients 

with tumors <3 cm, the authors reported 5-year OS was 66.2% and 58.3% for resection and 

RFA, and median survival was 38 and 39 months, respectively, though neither demonstrated 

significant between-group differences.11 Our study included a larger cohort of 411 resected 
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and ablated patients with tumors <3 cm, and continued to show no significant survival 

difference. Though not significant, it is worth noting an 11-month disparity in median 

survival (50.5 months for resection vs. 39.5 months for ablation). Ablation and resection also 

exhibited a similar survival benefit in multivariable analysis, but it is possible that continued 

statistical power limitations and a selection bias arising from higher stage I disease in 

ablated patients mask an otherwise significant difference.

Whereas ablation and resection demonstrated comparable survival in ICC <3 cm, irradiated 

patients exhibited the poorest prognosis. A recent systematic review comprising 93 studies 

of liver-directed therapies in ICC parallel our findings, with pooled median survival 

estimates of 30.2 and 18.9 months after ablation and RT, respectively.22 Of note, RT group 

patients in this study had higher rates of stage III disease and the lowest rates of adjuvant 

chemotherapy. It is possible that observed survival differences between modalities may 

be increasingly influenced by candidacy for and receipt of systemic therapy. Indeed, the 

BILCAP trial demonstrated improved overall survival in a per-protocol analysis for adjuvant 

capecitabine in a mixed cohort of biliary tract cancers.23 Use of adjuvant chemotherapy for 

ICC has concomitantly increased from 18% to 52% between 2010 and 2018.24 Advanced 

disease, overall poorer performance status, and differential systemic therapy may therefore 

play a role in dictating both the use of RT and decreased prognosis, agnostic of its 

therapeutic efficacy.

Race may play an additional factor in selection of therapy. Black patients accounted for 

only 4.4% of patients undergoing resection. This is concordant with findings by Ransome 

et al, who reported 5.1% of resected patients identifying as black, with half the hazard 

of white patients for undergoing resection, lower even than Hispanic and Asian/Pacific 

Islander populations.20 While specific race-based biological mediators of ICC have not been 

elucidated, differential comorbidity, Medicaid or under-insurance, and lack of access to 

teaching hospitals may partly explain these findings.20 In addition, hospitals serving higher 

proportions of Hispanic and black patients demonstrate lower rates of NCCN guideline-

concordant care.21 Amelioration of any such socioeconomic differences between patient 

populations is crucial to appraising liver-directed therapies, and ensuring best outcomes for 

ICC.19,21

Despite potential clinical and social confounders, multivariable analysis controlling for 

comorbidities, stage, and systemic therapy continued to demonstrate that both resection and 

ablation were independently associated with improved survival when compared to radiation. 

While prospective assessment of RT efficacy in unresectable ICC is the subject of an 

ongoing phase 3 clinical trial (NCT0220004), literature to date suggests a continued role 

for RT in select patients. Kolarich stratified outcomes by stage for ICC treated with RT 

and RFA, and while the latter carried a wider survival advantage over no therapy in stage 

I disease, RT alone continued to demonstrate superiority over no therapy for higher stage 

III disease.10 These findings are concordant with earlier studies which demonstrate limited 

effectiveness of ablation for tumors exceeding 5 cm in diameter, while also suggesting 

improved local control and survival rates for larger tumors treated with RT.9,14 Moreover, 

anatomic selection factors not captured by NCDB may render tumors less amenable to 
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ablation; these include proximity to major portal triads, which may place patients at risk of 

biliary leak, biliary stricture, and reduced efficacy secondary to a heat-sink effect.25

This analysis is not without limitations. Within the NCDB, sources of potential bias include 

imperfect capture of descriptive data, unmeasured confounders, institutional factors dictating 

treatment assignment, patient preference, and even the data collection and coding process 

itself. Observed differences between treatment groups, such as resected patients receiving 

chemotherapy at substantially higher rates than either ablation or RT patients, may be 

attributable to these patients having the superior functional status to tolerate chemotherapy. 

These same patients would more likely be pathologically upstaged after surgical excision 

and lymphadenectomy, whereas in ablated and irradiated patients, stage III disease was more 

likely detected by imaging alone.23 There was also limited clinical granularity with respect 

to ICC. This includes the lack of information regarding anatomic location of tumor within 

the liver parenchyma, which may distinguish small but higher T3 or T4 stage lesions in 

the study. Similarly, tumor location with respect to the biliary tree may inform the use of 

RT over ablation.25 Evaluation of multifocality and extent of tumor was also unavailable 

for the majority of the cohort. Within the ablation group, we were unable to distinguish 

whether patients received RFA or MWA; the latter modality may benefit from greater 

efficacy near hepatic vasculature from a reduced heat-sink effect.26,27 Likewise, the absence 

of specific variables or agents for transcatheter arterial chemoembolization (TACE) and 

only five patients who specifically underwent Y90 radioembolization (TARE) ultimately 

precluded our evaluation of these therapies, which have demonstrated efficacy in small 

non-randomized studies.25,28,29 Critically, we were unable to assess recurrence and local 

disease control within the NCDB, especially salient when ICC mortality more often results 

from local biliary complications, vascular compromise, or hepatic failure.30 Finally, despite 

including only patients who received RT as primary therapy for ICC, significant missingness 

of dosing data meant we are unable to completely discern goals of treatment. Palliative 

intent for older, more comorbid patients, for instance, may have informed use of less 

invasive modalities such as RT and the obviation of systemic therapy altogether.

Acknowledging these limitations, within a retrospective cohort of patients with ICC <3 

cm from the National Cancer Database, ablation therapy demonstrated similar 5-year 

and median overall survival to surgical resection, while both were superior to radiation 

therapy. These findings persisted in a multivariable analysis. Multidisciplinary evaluation 

remains important, particularly in cases where standard-of-care resection is not feasible. 

We advocate considering ablation therapy in unresectable lesions with favorable anatomy, 

while recognizing the need for direct comparison with radiotherapy. Further prospective 

investigation of liver-directed therapies would bolster the findings of this study, quantify 

efficacy with respect to local control endpoints, and guide appropriate patient selection.
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Synopsis:

In a national analysis of patients with intrahepatic cholangiocarcinoma <3cm, ablation 

was associated with comparable survival to surgical resection, and superior survival to 

radiotherapy. In select patients unable to undergo resection, with appropriate anatomy, 

ablation may be considered over radiotherapy.
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Figure 1. 
Study CONSORT diagram.
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Figure 2. 
Kaplan-Meier survival curves for ICC <3 cm stratified by management by radiotherapy 

(RT), ablation, or resection. Survival curves were compared using the log-rank test.
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Table 1.

Baseline demographics and tumor characteristics of patients with clinical stage I-III intrahepatic 

cholangiocarcinoma <3 cm in size, receiving radiation (RT), ablation, or surgical resection.

Overall
N=545

RT
N=134

Ablation
N=114

Surgical Resection
N=297

p-value

Age (median [IQR]) 67 [60, 74] 69 [61, 77] 66 [59, 74] 67 [60, 73] 0.134

Female Sex (%) 250 (45.9) 59 (44.0) 48 (42.1) 143 (48.1) 0.483

Race (%) 0.038

White 463 (85.0) 113 (84.3) 93 (81.6) 257 (86.5)

Black 39 (7.2) 15 (11.2) 11 (9.6) 13 (4.4)

Other 43 (7.9) 6 (4.5) 10 (8.8) 27 (9.1)

Year of Diagnosis (median [IQR]) 2015 [2013, 2017] 2016 [2014, 2017] 2016 [2013, 2017] 2015 [2012, 2017] 0.004

Charlson Deyo
Comorbidity Score (%)

<0.001

0 348 (63.9) 82 (61.2) 48 (42.1) 218 (73.4)

1 100 (18.3) 21 (15.7) 30 (26.3) 49 (16.5)

2 45 (8.3) 17 (12.7) 11 (9.6) 17 (5.7)

≥3 52 (9.5) 14 (10.4) 25 (21.9) 13 (4.4)

Insurance Status (%) 0.10

None 16 (3.0) 3 (2.2) 4 (3.5) 9 (3.1)

Private 176 (32.8) 43 (32.1) 26 (23.0) 107 (37.0)

Government 344 (64.2) 88 (65.7) 83 (73.5) 173 (59.9)

Medicaid Expansion State (%) 338 (62.8) 87 (65.4) 72 (63.7) 179 (61.3) 0.701

Population Density (%) 0.324

Rural 6 (1.2) 1 (0.8) 1 (0.9) 4 (1.5)

Urban 63 (12.5) 13 (10.6) 9 (8.2) 41 (15.2)

Metropolitan 433 (86.3) 109 (88.6) 100 (90.9) 224 (83.3)

Distance Traveled (median [IQR]) 20.9 [8.1, 56.3] 17.6 [8.1, 42.0] 18.3 [8.3, 50.3] 22.1 [8.1, 67.6] 0.676

Academic Center (%) 359 (65.9) 89 (66.4) 73 (64.0) 197 (66.3) 0.897

Education Quartile (% not graduating high 
school)

0.470

Q1 89 (19.1) 17 (14.4) 21 (24.1) 51 (19.5)

Q2 104 (22.3) 31 (26.3) 18 (20.7) 55 (21.0)

Q3 136 (29.1) 33 (28.0) 28 (32.2) 75 (28.6)

Q4 138 (29.6) 37 (31.4) 20 (23.0) 81 (30.9)

Income Quartile (%) 0.827

Q1 83 (17.8) 19 (16.1) 19 (21.8) 45 (17.2)

Q2 92 (19.7) 24 (20.3) 13 (14.9) 55 (21.0)

Q3 111 (23.8) 26 (22.0) 21 (24.1) 64 (24.4)

Q4 181 (38.8) 49 (41.5) 34 (39.1) 98 (37.4)

Clinical Stage (%) <0.001
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Overall
N=545

RT
N=134

Ablation
N=114

Surgical Resection
N=297

p-value

I 349 (64.0) 68 (50.7) 85 (74.6) 196 (66.0)

II 145 (26.6) 52 (38.8) 27 (23.7) 66 (22.2)

III 51 (9.4) 14 (10.4) 2 (1.8) 35 (11.8)

Clinical T Stage (%) <0.001

T1 350 (65.2) 69 (51.5) 85 (74.6) 196 (67.8)

T2 144 (26.8) 53 (39.6) 27 (23.7) 64 (22.1)

T3 38 (7.1) 10 (7.5) 1 (0.9) 27 (9.3)

T4 5 (0.9) 2 (1.5) 1 (0.9) 2 (0.7)

Clinical N1 (%) 11 (2.1) 2 (1.5) 0 (0.0) 9 (3.2) 0.113

Tumor Size cm (median [IQR]) 2.2 [1.7, 2.5] 2.2 [1.8, 2.5] 2.3 [2.0, 2.7] 2.1 [1.5, 2.5] 0.006

Grade (%) 0.976

Well Differentiated 78 (23.9) 10 (22.7) 15 (26.8) 53 (23.3)

Moderately Differentiated 160 (48.9) 21 (47.7) 26 (46.4) 113 (49.8)

Poorly/Undifferentiated 89 (27.2) 13 (29.5) 15 (26.8) 61 (26.9)

Chemotherapy (%) <0.001

None 400 (73.4) 122 (91.0) 96 (84.2) 182 (61.3)

Neoadjuvant 26 (4.8) 2 (1.5) 8 (7.0) 16 (5.4)

Adjuvant 110 (20.2) 9 (6.7) 10 (8.8) 91 (30.6)

Neoadjuvant and Adjuvant 9 (1.7) 1 (0.7) 0 (0.0) 8 (2.7)
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Table 2.

Multivariable Cox proportional hazards model for independent factors associated with mortality among 

patients undergoing radiation (RT), ablation, or surgical resection for clinical stage I-III intrahepatic 

cholangiocarcinoma <3 cm in size.

Variable Adjusted HR 95% CI p-value

Age (per year) 1.02 1.01-1.04 <0.01

Female Sex (ref: male) 0.70 0.55-0.89 <0.01

Race (ref: white)

Black 0.69 0.40-1.18 0.17

Other 0.77 0.48-1.23 0.27

Insurance Status (ref: none)

Private 1.17 0.58-2.36 0.66

Government 1.14 0.57-2.28 0.71

Charlson Deyo Comorbidity Score (ref: 0)

1 1.35 0.99-1.84 0.06

2 1.00 0.60-1.64 0.99

≥3 1.37 0.93-2.01 0.11

Year of Diagnosis (per year) 0.94 0.89-0.99 0.01

Academic Center (ref: nonacademic) 0.90 0.70-1.15 0.39

Clinical Stage (ref: stage I)

Stage II 1.76 1.35-2.31 <0.001

Stage III 1.96 1.31-2.92 <0.001

Chemotherapy (ref: none) 1.11 0.84-1.45 0.46

Management (ref: RT)

Ablation 0.53 0.38-0.75 <0.001

Surgical Resection 0.44 0.33-0.58 <0.001
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