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Abstract

Background: Lymph node metastasis (LNM) drastically reduces survival after resection of 

intrahepatic cholangiocarcinoma (IHC). Optimal treatment is ill-defined, and it is unclear if tumor 

mutational profiling can support treatment decisions.

Methods: Patients with liver-limited IHC with or without LNM treated with resection (N=237), 

hepatic arterial infusion chemotherapy (HAIC) (N=196), or systemic chemotherapy alone (SYS) 

(N=140) at our institution between 2000–2018 were included. Genomic sequencing was analyzed 

to determine if genetic alterations could stratify outcomes for patients with LNM.

Results: For node-negative patients, resection was associated with the longest median overall 

survival (OS) (59.9 months, 95% CI: 47.2–74.31), followed by HAIC (24.9 months, 95% CI: 

20.3–29.6), and SYS (13.7 months, 95% CI: 8.9–15.9) (P <0.001). There was no difference in 

survival for node-positive patients treated with resection (median OS 19.7 months, 95% CI: 12.1–

27.2) or HAIC (18.1 months, 95% CI: 14.1–26.6) (P=0.560), however, survival in both groups was 

Post-Acceptance Correspondence and Requests for Reprints: William R. Jarnagin, MD, FACS, 1275 York Avenue, C-891, New 
York, New York, 10065, jarnagiw@mskcc.org, Phone: (212) 639-7601, Fax: (917) 432-2387. 

Presentations: Data from this manuscript were presented virtually at the American College of Surgeons (ACS) Clinical Congress, 
October 4, 2020

Data Availability: Sequencing data from the cohorts analyzed in this manuscript are publicly available at cBioPortal (https://
www.cbioportal.org/study/summary?id=ihch_mskcc_2020).

HHS Public Access
Author manuscript
Clin Cancer Res. Author manuscript; available in PMC 2022 January 15.

Published in final edited form as:
Clin Cancer Res. 2021 July 15; 27(14): 4101–4108. doi:10.1158/1078-0432.CCR-21-0412.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cbioportal.org/study/summary?id=ihch_mskcc_2020
https://www.cbioportal.org/study/summary?id=ihch_mskcc_2020


greater than SYS (11.2 months, 95% CI: 14.1–26.6) (P=0.024). Node-positive patients with at 

least one high-risk genetic alteration (TP53 mutation, KRAS mutation, CDKN2A/B deletion) had 

worse survival compared to wild-type patients, (median OS 12.1 months, 95% CI: 5.7–21.5, 

P=0.002), regardless of treatment. Conversely, there was no difference in survival for node-

positive patients with IDH1/2 mutations compared to wild-type patients.

Conclusions and Relevance: There was no difference in OS for patients with node-positive 

IHC treated by resection vs. HAIC, and both treatments had better survival than SYS alone. The 

presence of high-risk genetic alterations provides valuable prognostic information that may help 

guide treatment.

Introduction

Intrahepatic cholangiocarcinoma (IHC) has seen a rising incidence over the last three 

decades1. Although resection provides the best potential for a long-term cure, disease-

specific factors, such as multifocality (satellite nodules or intrahepatic metastases), tumor 

size, lymphovascular invasion, tumor burden, and lymph node metastases (LNM) are 

associated with worse survival2–8. In particular, LNM at the time of resection is associated 

with a median survival of 15–18 months, less than half that of patients with node-negative 

disease3,4. Similar to other gastrointestinal malignancies, induction chemotherapy for 

initially unresectable IHC may allow for resection in a subset of appropriately selected 

patients; however, data on this approach are limited, and its role in clinical management 

remains unclear9–11. Moreover, systemic chemotherapy (SYS) alone has limited efficacy, 

with an overall survival (OS) of 15–19 -months for patients with liver-limited IHC in some 

series12,13. Although tumor mutational profiling has led to the use of targeted therapies for 

patients with IDH1 mutations (mut) and FGFR2 fusions (fus), the role and impact of these 

agents remains to be determined, and a survival benefit over SYS has not yet been 

demonstrated14–16.

Hepatic arterial infusion chemotherapy (HAIC) with floxuridine (FUDR) is an attractive 

locoregional treatment for IHC. A recent single arm phase 2 clinical trial at our institution 

demonstrated both the safety and efficacy of this modality in combination with systemic 

gemcitabine and oxaliplatin for unresectable disease17. In this trial, median OS was 25.0 

months, and 1-year survival was 89.5%. Of particular interest, there was no difference in 2-

year survival between node-negative and node-positive patients (node negative 60% (95% 

C.I. 40-%–91% vs. node positive, 50% (95% C.I., 30%–83%), P=0.66).

Based on these data, the objective of this study was to compare survival outcomes in node-

positive IHC patients treated with HAIC vs. resection. We hypothesized that there would be 

no difference in survival between the two cohorts. As a secondary objective, we analyzed 

targeted next-generation sequencing (NGS) data to determine if specific somatic genetic 

alterations could better stratify outcomes in node-positive patients and help guide treatment 

selection.
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Materials and Methods

Cohort Selection

This was a retrospective analysis of a prospectively maintained database of patients with 

IHC from a single institution and Institutional Review Board approval was obtained prior to 

data collection. For all patients enrolled in research, investigations were conducted in 

accordance with the Declaration of Helsinki, and written informed consent was obtained. 

For this retrospective research protocol (#16–698), informed consent was waived. We 

identified patients with biopsy-proven, liver-limited IHC with or without regional LNM, 

diagnosed and treated between 2000–2018 with either curative-intent resection, HAIC (with 

SYS), or SYS alone (See Supplementary Figure 1 for CONSORT diagram). Our operative 

approach and outcomes in patients with resectable disease have been previously 

described1,18. HAIC is delivered via hepatic arterial infusion pump (HAIP), and the 

technical details and outcomes from this therapy have also been previously 

described17,19–21. For the majority of patients undergoing both resection and HAIP 

placement, assessment of locoregional lymph nodes was performed either as a formal 

portocaval/hepatoduodenal and peripancreatic lymphadenectomy (stations 12 and 13 

according to the Japanese Society of Hepato-Biliary-Pancreatic Surgery classification22) or 

as a targeted excision-based lymphadenectomy. For patients without formal nodal basin 

sampling, no lymphadenectomy was performed based on the absence of suspicious imaging 

findings and/or intraoperative assessment. At Memorial Sloan Kettering Cancer Center 

(MSKCC), all patients are evaluated with contrast-enhanced, multi-phase computed 

tomography (CT) scans, often supplemented with contrast-enhanced magnetic resonance 

imaging (MRI) and/or positron emission tomography (PET) when clinically indicated. 

Additionally, all patients under consideration for HAIP placement undergo CT liver 

angiography. Patients who received HAIC and subsequently underwent resection due to 

favorable tumor response, as well as patients who never initiated HAIC after pump 

placement were analyzed within the HAIC cohort on an intention-to-treat basis. 

Lymphadenectomy of the regional nodal basin was performed and nodal staging was 

determined at the time of initial HAIP placement in patients who subsequently underwent 

resection after receiving liver-directed chemotherapy.

Definitions

For patients submitted to resection or HAIC, N1 disease was defined as ≥ 1 lymph node with 

metastatic disease in the pathological specimen, N0 was defined as no evidence of LNM, 

and NX was assigned to those individuals who did not have any lymph nodes recovered or 

sampled and were unable to be formally staged. Initial survival analysis demonstrated no 

statistically significant difference in survival between N0 and NX patients and they were 

combined into one cohort for remaining analyses and referred to collectively as N0 (see 

Supplementary Figure 2). In order to contextualize the findings, we also identified patients 

with a similar burden of disease treated with systemic chemotherapy alone (SYS). This 

cohort was stratified by the presence or absence of suspicious locoregional 

lymphadenopathy based on the aforementioned stations, as determined by cross-sectional 

imaging23. Multifocal disease was defined as the presence of intrahepatic metastases or 

satellite nodules, either radiographically, intraoperatively, or on final pathology. Tumor size 
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was defined as the largest diameter of the tumor in the pathological specimen for resected 

patients, or the largest diameter seen on imaging for patients who were treated with HAIC or 

SYS alone.

Genomic Analysis

We performed a secondary analysis to determine how known driver gene alterations impact 

the survival of patients with N1 disease. Tumor and matched normal tissue from patients 

were profiled to identify somatic genomic alterations with MSK-IMPACT™ (Memorial 

Sloan Kettering-Integrated Mutation Profiling of Actionable Cancer Targets) 

(NCT01775072)24–26. Sequencing was performed predominantly on tissue from primary 

tumors (N=195, 91.5%); however, tissue from local recurrence (N=6, 2.8%), extrahepatic 

recurrence (N=4, 1.9%), and LNM (N=14, 6.6%) were also analyzed. In brief, MSK-

IMPACT™ is a hybridization capture-based next-generation sequencing assay designed to 

sequence all exons and selected introns of oncogenes, tumor-suppressor genes, and other 

potentially actionable genes based on current therapies; the number of genes sequenced in 

the assay has increased from 341 to 468 since the initial publication of this method26. This 

assay reliably detects single nucleotide variations, insertion-deletion mutations (indels), 

copy number alterations, and fusions. We examined somatic mutations that were considered 

oncogenic drivers, based on OncoKB27. Genomic data from patients with N1 disease treated 

with HAIC and resection were analyzed together, given the similar survival observed. Of the 

subset of patients with genomic data available (N = 219), 64 (29.2%) were previously 

analyzed as part of a separate study28.

Statistical Analysis

Continuous variables were described with median and range and compared using Wilcoxon 

rank sum test. Categorical variables were described with count and percentage and compared 

using Fischer’s exact test. Overall survival (OS) was defined as time from initial treatment 

initiation (resection, HAIP placement, or initiation of SYS) to the date of death or censored 

at the last follow-up. OS was analyzed using Kaplan Meier methods, and the log-rank test 

was used to assess differences between treatment groups. Cox proportional hazards models 

were used to test the association of demographic, clinicopathologic, and genomic features, 

as well as the interaction between lymph node status and treatment on mortality. Because 

genomic testing was performed on an increasing number of genes over time, data for some 

genes were not available for all patients. Only genes that were altered in ≥5% of patients 

were included in genomic statistical analyses. Tissue derived from primary and non-primary 

tissue were analyzed together based on previous literature demonstrating no significant 

difference in alterations between primary and metastatic sites for IHC28. A P value of <0.05 

was considered statistically significant. Data were analyzed using SAS Version 9.4 (SAS 

institute, Cary, North Carolina), and R 4.0.2 (R Foundation for Statistical Computing, 

Vienna, Austria).

Results

During the study period, 573 patients with IHC were eligible for inclusion (Table 1). Two 

hundred and thirty-seven patients (41.4%) underwent curative intent resection, 196 patients 
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(34.2%) received HAIC, and 140 patients (24.4%) received SYS alone. Seventy-three of 237 

resected patients (30.8%) received adjuvant chemotherapy. Of the patients treated with SYS 

alone, 89/140 (63.6%) received gemcitabine plus oxaliplatin or cisplatin and 21/140 (15%) 

received other gemcitabine-based regimens. In the HAIC cohort, 14/196 patients (7.2%) 

later underwent a curative-intent hepatic resection, 194/196 (99.0%) received at least one 

cycle of liver-directed chemotherapy, and 72.4% (142/196) received SYS in addition to 

HAIC FUDR. In this latter group, 58/142 patients (40.8%) received gemcitabine plus 

oxaliplatin, 41/142 (28.9%) received irinotecan, and 27/142 (19.0%) gemcitabine alone. 

Among patients who received HAIC or underwent resection and later progressed or recurred 

in the liver, there was no difference in the proportion who received additional locoregional 

therapies (23.1% HAIC vs. 35.5% resection, P = 0.311).

Patients who received HAIC were younger than both resected patients and patients receiving 

SYS alone [HAIC 62.0 years (range 30.1–85.7) vs. SYS 66.1 years (range 32.2–92.3) and 

resected 67.6 years (range 19.0–88.6), P<0.001] (Table 1). Compared to patients submitted 

to resection, HAIC and SYS patients were more likely to have multifocal liver disease 

(HAIC 74.0% and SYS 75.0% vs. resected 22.4%; P<0.001), larger median tumor size 

[HAIC 8.6 cm (range 1.0–19.5) and SYS 8.0 cm (range 2.7–19.6) vs. resected, 5.6 cm 

(range 1.3–24.0); P<0.001], and poorly differentiated tumors (HAIC 41.7% and SYS 37.1% 

vs. resected, 26.2% P = 0.003). Among resected patients, 136/237 (57.4%) underwent a 

lymphadenectomy, compared to 137/196 (69.9%) of those who underwent HAIP placement 

(P=0.009). The median number of lymph nodes harvested was 2 for both cohorts (IQR 1–4 

for resection, 1–4 for HAIP placement), whereas the mean was 3.3 for resection and 3.01 for 

HAIC, however both ranged widely (1–16 for resection and 1–26 for HAIP) (P=0.401). 

HAIC patients were also more likely than resected patients to have N1 disease (28.6% HAIP 

vs. 16.0% resected, P=0.002). Of resected patients with N1 disease, 29/38 (76.3%) received 

adjuvant chemotherapy.

After combining N0 and NX patients, the new N0 cohort was compared to N1 patients, and 

there was no difference in age, gender, race, or tumor size. However, N1 patients were more 

likely than N0 patients to have multifocal disease (70.2% vs. 38.9%, P <0.001) and poorly 

differentiated tumors (51.1% vs. 27.7%, P <0.001) (Supplementary Table 1). Importantly, 

these findings were not different than the three-way comparison of the original N0 vs. NX 

vs. N1 cohorts.

N0 patients treated with resection had the longest survival median OS (59.9 months, 95% 

CI: 47.2–74.31), followed by HAIC (24.9 months, 95% CI: 20.3–29.6) (Figure 1a). Patients 

with liver-limited IHC without suspicious locoregional adenopathy on imaging treated with 

SYS alone (83/140 without adenopathy, 59.3%) had the shortest survival in this comparison, 

(median OS 13.7 months, 95% CI: 8.7–19.4; P<0.001). In contrast, for patients with N1 

disease, there was no difference in survival, regardless of whether they were treated with 

curative-intent resection (median OS 19.7 months, 95% CI: 12.1–27.2) or HAIC (18.1 

months, 95% C.I. 14.1–26.6) (P=0.560) (Figure 1b); however, median OS in patients with 

liver-limited IHC and locoregional adenopathy treated with SYS (N = 57/140, 40.7%) was 

the shortest (11.2 months, 95% CI: 8.9–15.9) (P=0.024). We performed a supplementary 

analysis looking at survival stratified by suspicious adenopathy on imaging alone and found 
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a nearly identical survival for the HAIC cohort, however an improved survival in resected 

patients (Supplementary Figure 3).

In a univariable Cox proportional hazards model including patients treated with resection 

and HAIC, ≥ 1 LNM (hazard ratio [HR] 2.4, 95% CI: 1.8–3.2; P<0.001), multifocal liver 

disease (HR 2.3, 95% CI: 1.9–3.0; P<0.001), and tumor size (HR 1.1, 95% CI: 1.06–1.12) 

were all associated with worse survival (Table 2). There was a differential impact of HAIC 

on the N0 and N1 cohorts, as assessed by a statistically significant interaction effect (P = 

0.009). Analogous to our survival models, the HAIC cohort was associated with worse 

survival compared to resection, only in the context of N0 disease (HR 2.9, 95% CI:.2.2–3.8); 

whereas, there was no association for patients with N1 disease (HR 1.2, 95% CI: 0.7–1.9). 

On multivariable analysis, multifocal liver disease (HR 1.6, 95% CI: 1.2–2.1; P <0.001), 

tumor size (HR 1.05, 95% CI: 1.01–1.1, P=0.009), and the interaction between treatment 

and lymph node status was independently associated with worse overall survival (P <0.001). 

As expected, treatment with HAIC compared to resection remained associated with worse 

survival for patients with N0 disease (HR 2.1, 95% C.I. 1.6–2.8), but not those with N1 

disease (HR 0.8, 95% C.I. 0.5–1.3). Thus, in patients with N1 disease, treatment (resection 

vs. HAIC) did not impact survival, even after accounting for multiple demographic and 

disease-specific variables.

Genomic Analysis

Of the 433 patients treated with either HAIC or resection, 219 (50.6%) had genomic 

profiling data available for analysis (N=139 resected, N=80 HAIC) (MSK-IMPACT 341 

gene panel [N=26], 410 gene panel [N=93], and 468 gene panel [N=100]). Fifty-two of 

these patients (23.7%) had LNM at the time of locoregional basin sampling (N=31 HAIC 

and N=20 resected). Eleven individual genes had somatic alterations in ≥ 5% of patients, 

with IDH1 (18.7% prevalence), ARID1A (15.5%), FGFR2 (15.5%), TP53 (14.6%), and 

BAP1 (13.2%) as the five most prevalent (Supplementary Table 2).

We created a univariable Cox proportional hazards model for patients with N1 disease, based 

previously described mutational profiles and somatic alterations, which included 

IDH1/2mutations (IDH1/2mut), FGFR2 fusions (FGFR2fus), CDKN2A/B deletions 

(CDKN2A/Bdel), and a high-risk cohort which was comprised of any TP53 mutation, 

KRAS mutation, or CDKN2A/B deletion17,29–33. Mutations in IDH1/2 had no impact on 

survival (IDH1/2mut HR 0.73, 95% CI: 0.3–1.6; P=0.429) nor did FGFR2fus (HR 0.64, 

95% CI: 0.15–2.7; P = 0.545). However, CDKN2Adel (HR 3.3, 95% CI 1.1–9.5, P = 0.030), 

CDKN2Bdel (HR 6.0, 95% CI 2.5–14.6, P <0.001), and combined CDKN2A/Bdel (HR 5.0, 

95% CI 2.1–11.6, P <0.001) were all associated with worse survival.

The median OS for N1 IDH1/2mut patients was not significantly different compared to 

IDH1/2wt patients (27.7 [95% CI 5.0–36.0] vs. 18.1 months [95% CI 12.1–30.9], P = 0.427) 

(Figure 2). Among all patients with IDH1/2mut, 10/49 patients (20.4%) received treatment 

with an IDH-inhibitor (either ivosidenib or vorasidenib) as part of a clinical trial (8 HAIC, 2 

resection). Similarly, there was no difference in survival for N1 FGFR2fus (N=4) compared 

to FGFR2wt patients (N=48) (median OS 31.4 months [95% CI 5.7–31.4] vs. 21.5 months 

[95% CI 13.1–27.7]; P=0.542).
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Patients with any high-risk alteration and N1 disease had a poor outcome, with a median OS 

of 12.1 months (95% CI: 5.7–21.5) which was significantly worse compared to their wild-

type counterparts (median OS 30.9 months [95% CI 18.1–47.0]) (P = 0.002) (Figure 3a). 

Similar findings were demonstrated for N1 patients with CDKN2Adel (median OS 9.4 

months, 95% CI: 1.7–22.4) compared to CDKN2Awt (median OS 23.0, 95% CI 13.5–30.4) 

(P = 0.0219) (Supplementary Figure 4a), CDKN2Bdel (6.1 months [95% CI: 1.7–9.] vs.25.8 

months [95% CI 15.2–30.9], P <0.001) (Supplementary Figure 4b), and combined 

CDKN2A/Bdel (7.1 months [95% CI 1.7–17.0] vs. 27.2 [95% CI 15.2–30.9], P <0.001) 

(Figure 3b).

Discussion

For patients with lymph node-positive IHC (N1), HAIC and resection were associated with 

similar survival in this retrospective series (18.1 months vs. 19.7 months, respectively). The 

results are even more striking given the greater disease burden in the HAIC cohort. Our 

results suggest that HAIC is a promising alternative treatment modality in the setting of 

LNM. Additionally, these data reaffirm the adverse impact of LNM on survival after 

curative-intent resection; patients with N1 disease had a median OS that was less than half 

that of patients without LNM (N0) (19.7 months vs. 50.5 months). Of note, while survival of 

N1 patients was similar in resected and HAIC-treated patients, survival in both subgroups 

was better than that seen in patients treated with SYS alone. Lastly, in hypothesis-generating 

subgroup comparisons based on genomic analysis, we found that both IDH1/2mut and 

FGFR2fus had little effect on prognosis in the presence of LNM. Notably, patients with N0 

disease and IDH1mut had overlapping confidence intervals with node-positive patients, 

despite a 9-month survival difference. Conversely, our data suggest that patients with node-

positive disease and high-risk alterations, such as KRASmut, TP53mut, and CDKN2A/Bdel 
may have a drastically worse prognosis compared to wild-type patients, with a median 

survival ≤1-year, regardless of treatment. These data demonstrate the importance of 

understanding the tumor mutational profile prior to making treatment decisions in patients 

with N1 disease, as the presence of high-risk alterations are associated with a uniformly poor 

prognosis.

Multiple reports have corroborated the adverse association of LNM on post-resection 

survival, including a multi-institutional retrospective series of 449 patients by de Jong et al., 

which reported a median OS of 22.9 months in resected patients with N1 disease7, similar to 

the findings reported after both resection and HAIC in our study. Martin et al. queried the 

National Cancer Database (NCDB) and identified patients with clinically node-positive IHC 

treated with either resection, SYS alone, or a combination of resection and SYS, and 

determined that resection and SYS is the optimal treatment strategy, with a median OS of 

22.5 months vs. 11.9 months for SYS alone and 12.4 months for resection alone34. 

Furthermore, the phase 2 clinical trial investigating the efficacy of HAIC FUDR and 

systemic gemcitabine and oxaliplatin in unresectable IHC from our institution found no 

difference in survival between patients with node-negative and node-positive disease17. 

Taken together, these data suggest that control of liver disease is an important determinant of 

OS, even in the presence of LNM. Along with our findings, these data further suggest that 

HAIC may provide adequate hepatic disease control compared to resection. Major 
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hepatectomy carries a morbidity rate that approaches 50% and includes both infectious 

complications and post-hepatectomy liver failure35,36. Moreover, the 90-day mortality may 

approach 5%37. HAIP placement can be performed with less morbidity and mortality than 

major liver resection, with a minimally invasive approach in some patients38. The utility of 

liver-directed chemotherapy for patients with LNM merits further prospective study39.

Lowery et al. profiled 152 IHCs and found a similar pattern of mutation prevalence as 

demonstrated herein, as well as an association between CDKN2A/B alterations and both 

reduced survival time and faster time to progression in the setting of advanced disease28. 

Although this report did not find any association between IDH1mut and survival, there was a 

tendency toward mutual exclusivity for IDH1:TP53 and IDH1:KRAS mutations found: both 

TP53 and KRAS were associated with worse survival in our series. IDH1/2 mutations have 

been associated with improved disease-free survival and OS previously, although the 

mechanism underlying this favorable prognosis is unkown29. Given the high prevalence of 

IDH mutations in IHC, targeted anti-IDH therapy is being tested in clinical trials40.

Conversely, in our series, loss of function in the CDKN2A/B genes in the context of N1 

disease conveyed an extremely poor prognosis despite resection or HAIC, with a median 

survival of 7 months. The INK4b-ARF-INK4α locus spans 35kb on region 9 of 

chromosome p21 and contains the genes CDKN2A and CDKN2B, which encode two cyclin 

dependent kinase inhibitors p16INK4a and p15INK4b, which are thought to serve as tumor 

suppressors41,42. Loss of p16INK4a and p15INK4b through CDKN2A/B mutation, specifically 

promoter hypermethylation or deletion, is postulated to lead to carcinogenesis in multiple 

tumor types32. Thus, routine use of genomic sequencing in IHC may help guide decision-

making prior to treatment initiation, while also unveiling new areas for targeted therapy.

Routine vs. selective lymphadenectomy at the time of resection of intrahepatic 

cholangiocarcinoma (IHC) remains controversial43. A multi-institutional study by Bagante 

et al., demonstrated intermediate survival for patients who did not have formal sampling of 

the regional nodal basin, with short term outcomes similar to N1 patients, and long-term 

outcomes comparable to N0 patients44. This variability likely reflects the heterogeneity in 

this cohort of patients, as routine lymphadenectomy has not been increasingly adopted over 

time45. Moreover, an analysis of the NCDB by Brauer et al. found no association between a 

discrete number of lymph nodes retrieved and survival46. In our study, there was no 

difference in OS between N0 and NX patients (39.2 vs. 37.1 months, respectively), 

suggesting that contemporary imaging combined with careful intraoperative assessment by 

experienced hepatopancreatobiliary surgeons can reliably predict lymph node status. This 

approach likely results in few, if any, misclassified patients and supports the use of selective 

lymphadenectomy.

This study has several limitations, including the retrospective nature of the analysis and 

heterogeneity in the data in regards to the proportion of patients receiving adjuvant therapy 

and the rate of routine lymph node sampling6,45,47. While analysis of the SYS cohort 

required using imaging findings as a proxy for N1 disease, our supplemental analysis 

stratified by radiographic lymphadenopathy suggests that imaging alone (without 

intraoperative assessment) likely over-estimates pathologic nodal metastasis. Survival in the 
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HAIC cohort was identical, and while speculative, may reflect the impact of multifocal 

disease and tumor-size, or the use of more sensitivite imaging (hepatic angiography) in these 

patients. It is also likely that a small number of N0 patients were included in the SYS cohort 

which may over-estimate their survival. Given this, the conclusions in this report are not 

altered. The heterogeneity in adjuvant therapy (30.8% of all resected patients, 76.3% of N1 

patients) is likely reflective of temporal trends due to the retrospective nature of the data. 

Both the PRODIGE 12-ACCORD 18 and BILCAP trials were published in 2019, and many 

patients did not receive adjuvant therapy prior the publication of these results6,47. Moreover, 

these trials were negative for their primary endpoints; while most patients nationally are now 

receiving adjuvant therapy, the role of adjuvant therapy is still not well understood.

Additionally, these data were not controlled or randomized and there were inherent 

differences in disease burden between patients who underwent resection or received HAIC 

patients receiving HAIC had a comparatively greater disease burden. Additionally, patients 

who were treated with either resection or HAIC were combined into one cohort for genomic 

analyses which limits the ability to parse the effect of mutational status by individual 

treatment choice, but would have been limited by small numbers in our series. In terms of 

the SYS cohort, a high proportion of these patients did not receive gemcitabine plus a 

platinum-based chemotherapy as their first-line regimen, which is associated with improved 

survival in the metastatic setting and may have contributed to their poor survival compared 

to resected and HAIC-treated patients12. Lastly, patients in this cohort were determined to 

have suspicious lymphadenopathy based on imaging, which has known limitations in 

predicting the presence of pathologic LNM, and likely provides an over-estimate48,49.

In this retrospective analysis, patients with node-positive IHC treated with HAIC had a 

survival outcome that was not different from that of patients who underwent resection. 

HAIC is an attractive method of locoregional disease control for patients with N1 disease 

and merits further prospective study. Our data also suggest profiling for high-risk genetic 

alterations, such as CDKN2A/B deletions, and TP53 or KRAS mutations, is a valuable 

adjunct in guiding decision-making for the treatment of IHC and may allow for better 

prognostication in the context of LNM. Further studies are warranted to evaluate the optimal 

treatment strategy in this specific cohort of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Translational Relevance

In this manuscript, we demonstrate that hepatic arterial infusion chemotherapy (HAIC) 

may provide comparable survival to resection for patients with liver-limited intrahepatic 

cholangiocarcinoma (IHC) and lymph node metastases (LNM). HAIC is an attractive 

form of liver-directed therapy and can be offered with lower morbidity and mortality risk 

than liver resection, while also providing adequate disease control for traditionally 

unresectable patients. Moreover, this manuscript bridges the translational connection 

between genomics and clinical care by analyzing the next generation sequencing (NGS) 

data for this cohort of patients, treated with both modalities. Patients with N1 disease and 

high-risk alterations, which included mutations in KRAS and TP53, and deletions in 

CDKN2A and CDKN2B, had significantly worse prognosis, regardless of treatment. 

Conversely, mutations in IDH1 and IDH2 as well as FGFR2 fusion events, had no 

association with survival. Our results support the routine use of NGS in all patients with 

IHC, which may provide valuable insights into which patients are unlikely to derive 

benefit from any form of liver-directed therapy
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Figure 1. 
Overall survival of N0 (a) and N1 patients (b) stratified by treatment.
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Figure 2. 
Survival stratified by IDH1/2mut status for N1 patients
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Figure 3. 
Survival stratified by high risk alteration (KRASmut, TP53mut, CDKN2A/Bdel) (a) and 

CDKN2A/Bdel for N1 patients.
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Table 1.

Demographic and Pathological Features of Patients Undergoing Resection or Receiving HAIC or SYS.

Variable Resection
(N=237)

HAIC
(N=196)

SYS
(N=140)

P Value

Age, years (median, range) 67.6 (19.0–88.6) 62.0 (30.1–85.7) 66.1 (32.2–92.3) <0.001*

Female Gender, N (%) 105 (44.3) 80 (40.8) 67 (47.9) 0.434

Race, N (%) 0.122

 White 202 (87.1) 172 (90.5) 111 (82.8)

 Non-white 30 (12.9) 18 (9.5) 23 (17.2)

 Missing 5 6 6

Multifocal liver disease, N (%) 53 (22.4) 145 (74.0) 105 (75.0) <0.001*

Tumor size, cm, (median, range) 5.6 (1.3–24.0) 8.6 (1.0–19.5) 8.0 (2.7–19.6) <0.001*

Grade 0.003*

 Well differentiated 2 (0.9) 5 (2.9) 3 (2.6)

 Moderately differentiated 167 (72.9) 97 (55.4) 70 (60.3)

 Poorly differentiated 60 (26.2) 73 (41.7) 43 (37.1)

 Missing 8 21 24

Lymphadenectomy, N (%) 136 (57.4) 137 (69.9) N/A 0.009*

Treatment Era, N (%) <0.001*

1999–2009
a 102 (43.0) 74 (37.8) 22 (15.7)

2010–2019 135 (57.0) 122 (62.2) 118 (84.3)

Lymph Nodes Resected 0.401

 Median (interquartile range) 2 (1–4) 2 (1–4)

 Mean (range) 3.30 (1–16) 3.02 (0–26)

Nodal status, N (%) 0.002*

 N1 38 (16.0) 56 (28.6)

 N0 98 (41.4) 81 (41.3)

 NX 101 (42.6) 59 (30.1)

Locoregional Lymphadenopathy, N (%) 45 (19.1) 48 (24.5) 57 (40.7) <0.001*

*
P<0.05

a
First HAIP was placed in 2001

HAIC = hepatic arterial infusion chemotherapy, HAIP = hepatic arterial infusion pump, SYS = systemic chemotherapy
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Table 2.

Cox proportional hazards and Wald test for univariable and multivariable survival models.

Variable
Univariable Model Multivariable Model

Hazard Ratio 95% C.I. P-Value Hazard Ratio 95% C.I. P-Value

Age 1.00 1.0–1.0 >0.95

Female Sex
(Ref. male)

0.91 0.72–1.14 0.407

Nonwhite race
(Ref. white)

0.95 0.7–1.4 0.792

Well differentiated
(Ref. poorly differentiated)

0.64 0.23–1.73 0.374

Moderately differentiated
(Ref. poorly differentiated)

0.71 0.55–0.90 0.005*

Tumor size 1.09 1.06–1.12 <0.001* 1.05 1.01–1.08 0.009*

≥ 1 lymph node with metastasis 2.41 1.8–3.2 <0.001*

Multifocal liver disease 2.35 1.9–3.0 <0.001* 1.61 1.2–2.1 <0.001*

Interaction Terms Univariable Multivariable

HAIC when N0
(Ref. resection)

2.88 2.2–3.8 <0.001* 2.09 1.6–2.8 <0.001*

HAIC when N1
(Ref. resection)

1.17 0.7–1.9 0.81 0.5–1.3

*
P<0.05

HAIC = hepatic arterial infusion chemotherapy, SYS = systemic chemotherapy
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