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Background: Though gemcitabine plus platinum chemotherapy is the established first line 

regimen for advanced biliary tract cancer (ABC), there is no standard second line therapy. We 

evaluated current practice and outcomes for second line chemotherapy in patients with ABC 

across three US academic medical centers.

Methods: Institutional registries were reviewed to identify patients who had received second line 

chemotherapy for ABC from 4/2010 to 3/2015, along with demographics, diagnosis and staging, 

treatment history, and clinical outcomes. Overall survival from initiation of second line 

chemotherapy (OS2) was estimated using Kaplan-Meier methods.

Results: We identified 198 patients with cholangiocarcinoma (intrahepatic, 61.1% and 

extrahepatic, 14.1%) and gallbladder carcinoma (24.8%); 52% received at least 3 lines of systemic 

chemotherapy. The median OS2 11 months (95% CI 8.8-13.1). Median OS2 for intrahepatic 

cholangiocarcinoma was 13.4 months (95% CI: 10.7-17.8), longer than extrahepatic or gallbladder 

with mOS2 of 6.8 months (95% CI: 5-10.5) and 9.4 months (95% CI: 7.2-12.3), respectively 

(p=0.018). The median time to second line treatment failure was 2.2 (95% CI: 1.8-2.7) months, 

similar across tumor locations (p=0.60).

Conclusions: In this large cohort of ABC patients treated across three academic medical centers 

after failure of first line chemotherapy, the time to treatment failure on standard therapies was 

short, though median OS2 was longer than has been reported previously, and over half of patients 

received additional lines of treatment. This multicenter collaboration represents the largest cohort 

studied to date of second line chemotherapy in ABC and provides a contemporary benchmark for 

future clinical trials.

Summary/precis:

In this large cohort of ABC patients treated across three academic medical centers after failure of 

first line chemotherapy, the overall survival after second line chemotherapy was higher than has 

been reported previously, and over half of patients received additional lines of treatment. This 

multicenter collaboration represents the largest cohort studied to date of second line chemotherapy 

in ABC and provides a contemporary benchmark for future clinical trials.
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Introduction

Biliary cancers are a complex family of epithelial neoplasms, including cholangiocarcinoma 

that arises from the intrahepatic or extrahepatic bile ducts, and gallbladder carcinoma. 

Cholangiocarcinoma represents the most common primary biliary tract malignancy and the 

second most common primary cancer of the liver after hepatocellular carcinoma, and though 

it remains a rare cancer overall, the incidence of intrahepatic cholangiocarcinoma has risen 

significantly in recent years, while the incidence of extrahepatic cholangiocarcinoma 

appears static.1, 2 Gallbladder cancers also are a rare tumor type in the United States but 
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account for an annual worldwide incidence of approximately 180,000 cases and almost 

140,000 deaths based upon estimates from 2012.3

Most patients with biliary cancers are diagnosed with or progress to advanced stages of 

disease. In patients with advanced biliary cancers (ABC) not amenable to curative therapies, 

the ABC-02 trial established the regimen of gemcitabine plus cisplatin as a global standard 

of care in 2010, reporting significantly improved median overall survival of 11.7 months on 

the combination regimen compared to 8.1 months for gemcitabine alone (hazard ratio, 0.64; 

P<0.001).4 The median progression-free survival was 8.0 months for the combination of 

gemcitabine plus cisplatin, compared to 5.0 months for gemcitabine (P<0.001) in the first 

line setting.

After failure of first line therapy, there remains no standard second line regimen for ABC. 

Fluoropyrimidine-based regimens are commonly employed on the grounds of modest 

response rates reported in multiple retrospective analyses and single-arm prospective studies, 

though results are mixed and interpretation is limited without randomization to a control 

arm.5-9

To date, the largest retrospective analysis of second line chemotherapy in ABC examined 

outcomes from 603 patients treated with first line gemcitabine plus platinum chemotherapy 

across 17 centers in France between 2002-2013.10 Of these, 196 (32%) received second line 

chemotherapy after failure of a first line regimen, with a median second line progression-

free survival (PFS2) of 3.2 months and median OS2 of 6.7 months. There was no difference 

in OS2 between chemotherapy regimens employed. Poor performance status, elevated 

bilirubin, and CA 19-9 tumor marker >400 IU/mL were associated with worse outcomes. In 

another retrospective analysis, 174 patients with ABC treated with second line 

chemotherapy after progression on first line gemcitabine plus platinum chemotherapy were 

identified across 10 Italian institutions between 2004 and 2013. In this cohort, 

fluoropyrimidine-based monotherapy or combinations were employed as the second line 

regimen in over 80% of cases. The overall response rate was only 3.4%, with median PFS2 

of 3.0 months and median OS2 of 6.6 months.11 After second line chemotherapy, 43% of 

patients received a third line. We designed this retrospective, multicenter analysis to define 

contemporary practice patterns and treatment outcomes in second line ABC after the 

establishment of gemcitabine plus cisplatin as the standard first line regimen in ABC-02, 

with planned subanalyses including tumor location and treating institution to address the 

inherent heterogeneity of this family of cancers. The goal of this study is to inform the 

hypotheses and design of future second line systemic therapy trials in ABC, an area of 

significant and growing unmet need in oncology.

Materials and Methods

Study Overview

This multicenter, investigator-initiated, retrospective analysis was conducted across three 

study sites: Memorial Sloan Kettering Cancer Center (MSKCC), University of California, 

San Francisco (UCSF), and Vanderbilt-Ingram Cancer Center (VICC). IRB approval or 
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exemption was obtained at each study site. This project was supported by a 

Cholangiocarcinoma Foundation grant awarded through a competitive review process.

Patient Selection

Patients were identified by review of consecutive Cancer Center registry records at each of 

the three study sites. Patients were included if they had the following characteristics: age 18 

years or older; diagnosis of intrahepatic or extrahepatic (including distal and hilar/perihilar) 

cholangiocarcinoma or gallbladder cancer); locally-advanced or metastatic stage (American 

Joint Committee on Cancer (AJCC) stage III or IV, and/or assessed as incurable by treating 

providers); oncology care (consultation and/or any treatment) received at one of the study 

sites; treatment with first line systemic chemotherapy (including intra-arterial therapy) for 

advanced disease and/or treatment with adjuvant systemic therapy with recurrence of tumor 

≤ 6 months from last dose; and receipt of second line chemotherapy after first line 

discontinuation. Patients with diagnoses of primary tumor of ampulla, duodenum, or 

pancreas were excluded. Additionally, overall survival and history of first and second line 

treatments had to be available per review of each patient’s medical records, local cancer 

registry abstract, or state cancer registry database.

Clinical Data Abstraction

De-identified clinical and pathologic data of patients with ABC were extracted from 

institutional medical records, and from case abstracts created under standards set for North 

American institutional and state-wide cancer registries and shared with institutional cancer 

registries. Data were compiled under a study identification number at each site and stored in 

HIPAA-compliant, password-protected, encrypted databases.

Statistical Analysis

The primary endpoint of the analysis was OS from start of second line systemic 

chemotherapy (OS2) after failure of first line chemotherapy. Subjects alive or with unknown 

vital status were censored at date last known alive. Secondary endpoints included: 

proportion of patients who received third-line chemotherapy after failure of first line 

gemcitabine plus any platinum regimen; incidence of specific chemotherapy regimens; OS 

for first line chemotherapy (OS1), and time to treatment failure from second line therapy 

(TTF2). OS1 was calculated from start date of first line chemotherapy to death. TTF2 was 

calculated from the start of second line chemotherapy to the date of discontinuation or death, 

whichever occurred first. Patients with ongoing treatment or unknown date of 

discontinuation and alive (n=5) were censored at date of last follow-up or at the cutoff date 

of August 2015. Exploratory endpoints included associations between OS, TTF2, and 

treatment regimen according to tumor location and other clinical and pathologic features.

Kaplan-Meier methods were used to summarize the OS2, OS1, and TTF2 endpoints with 

95% confidence intervals (CI) and compared between patient subgroups using the log-rank 

test. Clinical and pathologic features of study population are reported using descriptive 

statistics (mean, median, standard deviations, and 95% CI when appropriate).
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All statistical analyses were performed using SAS Version 9.3 (SAS Institute, Inc., Cary, 

NC, USA) or R Version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria). All 

P-values were two-sided. P-values of <0.05 were considered to indicate statistical 

significance

Results

Patient Characteristics

In total, 198 patients who had initiated first line systemic chemotherapy for ABC between 

4/2010 and 3/2015 and were subsequently treated with second line chemotherapy were 

identified across the three institutions (MSKCC:123, UCSF:45, VICC: 30). Patient clinical 

and pathologic characteristics are described in Table 1. The majority of patients (61.1%) had 

tumors originating in an intrahepatic location. The American Joint Committee on Cancer 

(AJCC) stage at diagnosis was III/IV in over 80% of cases. Tumor mutation profiling for 

cholangiocarcinoma was not established as a standard practice during the timeframe of this 

retrospective analysis, thus the tumor genotypes of the study population are not known.

Chemotherapy Regimens

Most patients (73%) received a gemcitabine plus platinum combination chemotherapy 

regimen as first line treatment (Table 1). In the second line setting, 5-fluorouracil was 

employed in over 60% of patients, either as single agent or in combination regimens (e.g. 5-

fluorouracil plus irinotecan (FOLFIRI) or oxaliplatin (FOLFOX)), while 18% received 

gemcitabine in the second line setting (Table 2). None of the patients were known to have 

received second line targeted therapies directed against specific mutations; 12 patients were 

treated with unspecified regimens on clinical trial protocols (10) or another unknown 

regimen (2). Approximately half of the patients across the three institutions (103 patients, 

52%) received a third line chemotherapy following disease progression on second line 

therapy.

Overall Survival

Median follow up from the start of second line therapy among survivors was 5 [range 1-36] 

months. At the time of study analysis, we observed a total of 106 deaths, and median OS2 

was 11 months (95% CI: 8.8-13.1) (Figure 1a). For the subsets of patients with intrahepatic 

cholangiocarcinoma, gallbladder cancer, and extrahepatic cholangiocarcinoma, the median 

OS2 were 13.4 months (95% CI: 10.9-17.9), 9.4 months (95% CI: 7.2-12.3), and 6.8 months 

(95% CI: 7.5-21.8), respectively (p=0.018 for comparison between the three types of 

tumors) (Figure 1b). No significant difference in median OS2 was observed in the small 

number of patients (n=6) who received first line intrahepatic arterial chemotherapy with 

FUDR compared to those who received first line systemic chemotherapy.

The median OS1 from the start of first line chemotherapy (n=198) was 19.2 months (95%CI: 

16.8-23.2) (Figure 2a) in this population selected for receipt of subsequent second line 

chemotherapy, which is expected to be a positive prognostic factor. Intrahepatic 

cholangiocarcinoma was associated with longer OS1 at one year (81%) (95% CI: 72%-88%) 

compared to gallbladder and extrahepatic cholangiocarcinoma, 77% (95% CI: 61%-86%) 
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and 73% (95% CI 51%-86%) respectively, p=0.038) using the log-rank test comparing the 

survival distributions between the three tumor sites (Figure 2b).

Time to Treatment Failure

Among patients who failed any first line chemotherapy, the median TTF2 on second line 

chemotherapy was 2.2 (95% CI: 1.8-2.7) months. At the time of analysis, we observed 193 

had discontinued second line therapy or died with cumulative incidence of second line 

treatment failure at 6 months of 79.3% (95% CI: 73%-84%). There was no significant 

association between TTF2 and tumor location (Figure 3), age at diagnosis at least 60 or less 

than 60 years (p=0.65), or histology of adenocarcinoma versus other (p=0.274). TTF2 was 

longer in patients diagnosed with AJCC stage I/II tumors by comparison to stage III/IV 

tumors, with median 2.79 (95%CI: 1.87-6.71) months versus 2.07 (95%CI: 1.61-2.69) 

months, respectively (p=0.022).

Discussion

This multicenter, retrospective analysis of 198 patients with advanced biliary cancers 

represents the largest study to date of contemporary second line outcomes in the post-

ABC-02 era. The relatively large size of this cohort, coupled with geographic and 

demographic diversity and subanalyses by tumor anatomic location and treating institution, 

support the robustness of the data.

The most important finding in this study is the extremely short duration of therapy received 

in the second line setting, with median TTF2 of only 2.2 (95% CI: 1.8 to 2.7) months 

suggesting limited efficacy of standard second line regimens and underscoring the urgent 

need for new, active therapies for this growing population. This TTF2 is somewhat shorter 

than the second line PFS reported in prior studies, which generally ranged from 2.7-3.2 

months.9, 11, 12 The abbreviated TTF2 may reflect a tendency toward prompt treatment 

discontinuation at first evidence of progression in this population treated at tertiary centers 

with access to clinical trials and other later line treatments. TTF2 may also underestimate 

PFS by capturing treatment failures due to toxicity or complications of comorbid biliary 

obstruction, which are prevalent in this population. Though such events are often harbingers 

of underlying tumor progression, they are not captured consistently by the endpoint of PFS. 

For this retrospective analysis of registry-derived cases, TTF2 was selected as a “real world” 

secondary endpoint instead of PFS because dates of treatment were consistently available 

and because formal radiographic response assessment using RECIST 1.113 had not been 

performed for the majority of patients.

The primary endpoint of median OS2 was longer than expected in our study, measuring 11 

months overall and as high as 13.4 months for patients with tumors arising from an 

intrahepatic location. This likely reflects a more favorable tumor biology among patients 

who were able to receive second line therapy following progression of disease on first line 

chemotherapy. Along with the substantial proportion (over 50%) receiving third line or later 

therapies, the prolonged median OS2, particularly for the intrahepatic cholangiocarcinoma 

subgroup, is an important index of the potential to conduct clinical trials of novel therapies 

after failure of first line regimens. The proportion of patients who received second line 
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therapy after first line was unable to be estimated reliably under this retrospective design, 

owing to referral bias with a substantial proportion of patients referred to the three study 

sites after initiation of first line therapy.

Other important findings of this study include a numerically higher proportion of subjects 

with intrahepatic cholangiocarcinoma by comparison to extrahepatic or gall bladder 

locations, which may reflect the rising incidence of this subgroup,2 an increased likelihood 

for intrahepatic primary cholangiocarcinomas to maintain adequate liver function without 

obstruction, or a selection bias across the three centers.

There are inherent limitations to these findings, however, owing to the retrospective design 

without a control arm and selection of patients for receipt of second line therapy, likely to 

have more favorable biology, less comorbidity, and/or chemotherapy-responsive disease. The 

efficacy, or lack thereof, of second line chemotherapy cannot be inferred from a 

nonrandomized design, though the short TTF2 observed in this study, with similarly short 

PFS in other cohorts, suggests only modest activity in the overall population, without any 

differential benefit identified in anatomic subgroups. The inclusion of patients identified 

from the registries of three large academic centers may also introduce a selection bias 

towards patients with more favorable prognosis able to seek care at a referral center. The 

randomized, phase III ABC-06 trial recently reported a median overall survival of 6.2 

months for ABC patients treated with FOLFOX as second line therapy at 20 centers across 

the U.K., achieving a small but significant improvement over active symptom control 

(hazard ratio 0.69, 95% CI: 0.50-0.97, p=0.031).14 Though the absolute survival outcomes 

were shorter than in our retrospective analysis and perhaps reflective of the selection bias 

inherent to tertiary referral center populations as discussed above, the progression free 

survival was similarly modest, measuring 4.0 months for FOLFOX (95% CI: 3.2-5.0) and 

reinforcing the need for more efficacious therapies for ABC after first line therapy.

Another important challenge is the inherent heterogeneity of biliary cancers, which may 

impact prognosis and clinical outcomes. This heterogeneity arises from clinical factors, 

including the variability in prior liver-directed therapies and degrees of hepatic dysfunction, 

anatomic location (which impacts risk for complications such as biliary obstruction), and the 

underlying tumor biology, with emerging evidence suggesting the existence of multiple 

molecular subtypes influenced by the etiology as well as anatomic location of biliary tract 

tumors.15-17 Some of these molecular subtypes, including tumors harboring FGFR2 fusions, 

IDH1 mutation, HER2 amplification, or mismatch repair deficiency, may be amenable to 

molecularly targeted therapies or immunotherapy, based upon promising evidence in case 

series and early phase clinical trials.18-26 Of note, however, this retrospective analysis 

preceded the activation of clinical trials of targeted inhibitors of FGFR2, mutant IDH1, or 

mismatch repair deficiency for cholangiocarcinoma at the study sites, thus the efficacy of 

targeted inhibitors in these contexts is not likely to have contributed to the more favorable 

outcomes for the intrahepatic subgroup of this study. Extrahepatic cholangiocarcinomas are 

associated with increased risk of biliary obstruction which can limit treatment options and 

lead to competing comorbidities such as cholangitis and sepsis, factors which are likely to 

have contributed to the poorer outcomes observed in the extrahepatic subgroup of this study 

and which underscore the importance of multidisciplinary supportive care in this population.
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While randomization and stratification are the fundamental tools to study therapeutic 

efficacy and account for prognostic differences in a heterogeneous population such as ABC, 

the rarity of the population as a whole and of its individual subgroups require signal finding 

in single-arm studies, placed into the context of historical controls. Multiple single-arm 

studies of novel therapies including molecularly targeted agents are now ongoing in ABC, 

requiring context-dependent analysis of uncontrolled results and comparisons to historical 

controls such as this large retrospective cohort, to guide the decision to proceed to 

randomized phase III trials.

Conclusions

This study demonstrated that time to treatment failure on standard second line chemotherapy 

regimens for ABC was relatively short though a substantial proportion of patients treated 

across the three academic centers were fit to receive additional lines of therapy, reinforcing 

the urgent need for new, efficacious treatments. These outcomes overall and according to 

anatomic subgroups can inform the hypotheses and design for ongoing and future clinical 

trials in advanced biliary cancers.
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Figure 1a. 
Overall survival from the start of second line therapy (OS2)
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Figure 1b. 
OS2 according to primary tumor site
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Figure 2a. 
Overall survival following initiation of first line chemotherapy (OS1) for the overall cohort

Lowery et al. Page 12

Cancer. Author manuscript; available in PMC 2021 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2b. 
OS1 according to primary tumor site
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Figure 3. 
Time to treatment failure according to primary tumor site
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Table 1.

Patient characteristics

MSKCC
(n=123)

UCSF (n=45) VICC (n=30) Total (n=198)

Age at diagnosis, median (range) 63 (21-84) 60 (36-91) 59 (36-85) 62 (21-91)

Male 57 (46.3%) 19 (42.2%) 10 (33.3%) 86 (43.4%)

Primary tumor location

Extrahepatic bile duct 14 (11.4%) 7 (15.6%) 7 (23.3%) 28 (14.1%)

Gallbladder 34 (27.6%) 7 (15.6%) 8 (26.7%) 49 (24.8%)

Intrahepatic bile duct 75 (61.0%) 31 (68.8%) 15 (50.0%) 121 (61.1%)

Adenocarcinoma

Yes 113 (91.8%) 43 (95.5%) 29 (96.7%) 185 (93.4%)

AJCC stage at diagnosis

I/II 17 (13.8%) 8 (17.8%) 10 (33.3%) 35 (17.7%)

III/IV 103 (83.7%) 37 (82.2%) 20 (55.7%) 160 (80.8%)

Unknown 3 (2.4%) 0 0 3 (1.5%)

First line regimen

GEMICS/GEMOX 94 (76.4%) 29 (60.4%) 21 (70.0%) 144 (72.7%)

Intrahepatic FUDR* 6 (4.9%) 0 0 6 (3.0%)

Adjuvant <6 mos. prior 0 10 (22.2%) 4 (13.3%) 14 (7.1%)

Others 23 (18.7%) 6 (13.3%) 5 (16.7%) 34 (17.2%)

Key: AJCC=American Joint Committee on Cancer; GEMCIS=combination of gemcitabine plus cisplatin; GEMOX=combination of gemcitabine 
plus oxaliplatin; FUDR=fluorodeoxyuridine

*
4 additional patients received FUDR plus systemic chemotherapy in first line and are included under first line regimens used
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Table 2.

Second line chemotherapy received by patients with advanced biliary cancer

Regimen N (%)

5-fluorouracil-based 124 (62.6%)

Gemcitabine-based 36 (18.1%)

Intrahepatic FUDR 11 (5.5%)

Other 27 (13.6%)
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