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Abstract

Intrahepatic cholangiocarcinoma represents the second most common primary liver cancer and is increasing in incidence. Most
patients are diagnosed at an advanced, nonsurgical stage and only about | in 5 cases are surgically resectable. Despite surgery, the
5-year survival is low at only 30%. Multifocal, node- or margin-positive disease is at a higher risk of recurrence after resection.
There is no level | evidence in support of postoperative adjuvant therapy. A recent adjuvant therapy phase Il trial from the
Partenariat de Recherche en Oncologie Digestive-Actions Concertées dans les Cancers Colo-Rectaux et Digestifs (PRODIGE)
group reported no survival advantage with adjuvant gemcitabine and oxaliplatin therapy. Locally advanced or metastatic cho-
langiocarcinoma is treated with gemcitabine-based systemic chemotherapy with suboptimal response and survival. Integration of
local therapy such as focal radiation along with induction chemotherapy is now being investigated in multicenter clinical trials.
Recent molecular profiling studies have indicated that about 30% to 40% of intrahepatic cholangiocarcinoma cases have actionable
mutations. These include fibroblast growth factor receptor (FGFR), isocitrate dehyrogenase | (IDHI), epidermal growth factor
receptor (EGFR), and BRAF genetic aberrations. Clinical trials targeting these mutations as well as immune therapy using pro-
grammed cell death | (PDI) inhibitors indicated a promising early signal showing clinical efficacy.
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Introduction following surgery is 60% to 70%. Therefore, postoperative

. . . . . adjuvant therapy is often considered and is discussed below.
In the United States, an estimated 3000 intrahepatic cholangio-

carcinomas are diagnosed annually.' Overall, the incidence of
this disease is increasing worldwide. Part of the reason for this Adjuvant Therapy
increase is that adenocarcinomas of unknown primary are now
being reclassified as intrahepatic cholangiocarcinoma. How-
ever, this cannot be the only explanation as Klatskin tumors,
previously classified as intrahepatic, are now being classified
as extrahepatic cholangiocarcinoma.? The increased incidence
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Surgical resection is the only potentially curative treatment
for intrahepatic cholangiocarcinoma and is associated with
5-year overall survival rates between 15% and 40%.’
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However, up to two-thirds of patients have postoperative dis-
ease recurrence, most commonly in the remnant liver.® Other
common sites of recurrence include the peritoneum and
abdominal lymph nodes.” Prognostic factors associated with
disease recurrence are vascular invasion, multiple tumors, and
lymph node metastases. There is a paucity of data on adjuvant
therapy due to the small numbers of patients undergoing
resection of intrahepatic cholangiocarcinoma and lack of
response to traditional systemic chemotherapy. Moreover,
several studies are difficult to interpret due to the inclusion
of patients with extrahepatic bile duct and gallbladder cancer
and, in some cases, ampullary cancer.

Studies Focused on Intrahepatic Cholangiocarcinoma

To date, all the published studies focused on adjuvant treatment
of intrahepatic cholangiocarcinoma are retrospective (Table 1).
Jiang et al® examined the role of adjuvant external beam radia-
tion therapy for patients with residual lymph node metastases.
Arguably, the presence of gross residual disease after resection
implies that radiation was delivered as primary or palliative
treatment and not adjuvant. The radiotherapy (n = 24) and
nonradiotherapy (n = 66) groups had statistically similar rates
of multicentric disease and tumor size >5 cm. The decision to
treat with radiation was at the discretion of the treating physi-
cians. The median overall survival of the radiotherapy group
was 19.1 months (95% confidence interval [CI]: 11.5-26.7
months) compared to 9.5 months (95% CI: 4.4-14.7 months)
in the nonradiotherapy group (P = .011). In the radiotherapy
group, the most common causes of death were intrahepatic
recurrence in 31% of patients and distant metastases in 31%
of patients. In the nonradiotherapy group, intrahepatic recur-
rence accounted for 59% of deaths. Lymph node metastases
were identified as the cause of death in a minority of patients.
In view of the high incidence of disease failure outside the
radiation field and small numbers of patients, the results of this
study do not support the use of radiation alone as adjuvant
treatment.

Two studies from China examined the efficacy of adjuvant
transarterial chemoembolization (TACE) after resection of
intrahepatic cholangiocarcinoma. In both studies, TACE was
performed by injecting iodized oil with 5-fluorouracil, epiru-
bicin, and hydroxycamptothecin. In a series from Fudan Uni-
versity, patients undergoing RO resection were analyzed
separately from those undergoing R1/2 resections and pallia-
tive procedures.” Among those undergoing RO resection, 68
patients received postoperative TACE and 143 patients no
TACE. On multivariate analysis of factors related to overall
survival, absence of adjuvant TACE was associated with sig-
nificantly worse overall survival (hazard ratio [HR]: 1.77; 95%
CIL: 1.15-2.73; P = .010). Paradoxically, absence of adjuvant
TACE was associated with lower risk of disease recurrence
(HR: 0.59; 95% CI: 0.38-0.92; P = .020). When stratified by
stage, approximately half the patients undergoing RO resection
had stage I disease, for which adjuvant TACE was associated
with higher disease recurrence: 51% with TACE versus 24% no

TACE (P = .006). The authors hypothesize that TACE-
induced hypoxia can induce local angiogenic factors that pro-
mote tumor metastasis, particularly among stage I patients.

Another series from Eastern Hepatobiliary Surgery Hospital
in Shanghai analyzed 122 patients who received adjuvant
TACE and 431 patients who underwent RO resection alone.”
Five-year recurrence rates were significantly lower with adju-
vant TACE: 73% and 78% with and without adjuvant TACE,
respectively (P = .039). Similarly, adjuvant TACE was asso-
ciated with improved overall survival, with 5-year overall sur-
vival rates of 38% and 30% with and without TACE (P = .007),
respectively. However, after 1:1 propensity score matching,
adjuvant TACE was not associated with higher overall or
recurrence-free survival. The entire patient cohort was strati-
fied into tertiles by an intrahepatic cholangiocarcinoma nomo-
gram based on factors such as tumor size, number, and vascular
invasion. Patients in the lowest tertile with the worst prognostic
features had 5-year overall survival rates of 21.3% and 6.2%
with and without TACE (P = .001), respectively. Based on this
study and the series from Fudan, adjuvant TACE may be con-
sidered for patients with poor prognostic factors, particularly in
the context of a clinical trial.

In a report by Ercolani et al,'" adjuvant gemcitabine-based
chemotherapy was administered to 25 (35%) of 72 patients
undergoing resection of intrahepatic cholangiocarcinoma. Iso-
lated intrahepatic recurrence accounted for 64% of disease
recurrences. Five-year overall survival rates with and without
chemotherapy were 65% and 40%, respectively (P < .05), but
the favorable prognostic effect of adjuvant chemotherapy was
lost on multivariate analysis.

Database Studies

Two studies from the United States evaluated the results of
adjuvant therapy for intrahepatic cholangiocarcinoma using the
National Cancer Data Base (NCDB). Both studies are limited
by missing data, including important clinicopathologic vari-
ables such as vascular invasion and number of tumors. Sur
et al searched the NCDB from 1998 to 2006 and identified
75 patients treated with adjuvant chemotherapy, 147 with che-
moradiation, and 416 with no adjuvant therapy.'? Patients
receiving adjuvant therapy were more likely to have lymph
node metastases (31% adjuvant therapy vs 14% no adjuvant
therapy; P < .001) and positive resection margins (46% adju-
vant therapy vs 18% no adjuvant therapy; P <.001). On multi-
variate analysis, there was a statistically significant survival
benefit with both chemotherapy (HR: 0.73; 95% CI: 0.54-
0.98) and chemoradiation (HR: 0.77; 95% CI: 0.61-0.99). After
adjusting for other prognostic factors, the improvement in sur-
vival with adjuvant therapy was restricted to patients with pos-
itive lymph nodes and/or resection margins.

Miura et al'® searched the NCDB between 1998 and 2011
and compared 985 patients who received chemotherapy to a
propensity-matched cohort of patients who did not receive che-
motherapy. Chemotherapy was administered as adjuvant treat-
ment in 55% of patients, neoadjuvant in 10%, and unknown
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sequence in 35% of patients. In the chemotherapy group, only
53% of patients underwent RO resection. Similar to the study by
Sur et al, a benefit with adjuvant chemotherapy was observed
among patients with nodal metastases and positive margins.
For both NCDB studies, the high rate of positive resection
margins calls into question the indications and therapeutic ben-
efit of surgery in these patients.

The Surveillance, Epidemiology, and End Results (SEER)
registry was analyzed for the impact of adjuvant radiation on
the overall survival after resection of intrahepatic cholangio-
carcinoma.'* Among 3839 patients, 948 (25%) underwent sur-
gery alone and 286 (7%) received adjuvant radiation. Most
patients in the database received no treatment. Median overall
survival with adjuvant radiation was 11 months compared to
6 months with surgery alone (P = .014). The authors performed
propensity score—adjusted analysis, controlling for age, race,
stage of the disease, and year of diagnosis, and confirmed an
improvement in the overall survival with adjuvant radiation
over surgery alone (HR: 0.82; 95% CI: 0.70-0.96). However,
data on important prognostic factors, including the extent of
surgery and margin status, were missing. Furthermore, cancer
stage was classified as distant, localized, or regional. There-
fore, a benefit with adjuvant radiation cannot be determined
from this SEER analysis.

Studies Including Other Biliary Tract Cancers

Two randomized controlled trials have been conducted on
adjuvant chemotherapy after resection of biliary tract cancers.
Takada et al randomized a total of 436 evaluable patients,
including 118 with bile duct cancer, to postoperative che-
motherapy with 5-fluorouracil and mitomycin C or surgery
alone.'® Only patients with gallbladder cancer (n = 112) were
found to have a significant improvement in the overall survival
with adjuvant chemotherapy. The second randomized trial, the
European Study Group for Pancreatic Cancer (ESPAC)-3,
included 96 patients with bile duct cancer who were rando-
mized to adjuvant chemotherapy with 5-fluorouracil (n = 31)
or gemcitabine (n = 34), or observation (n = 31).'® After
adjusting for independent prognostic factors, adjuvant che-
motherapy was associated with significantly higher survival
(HR: 0.75; 95% CI: 0.57-0.98; P = .03) among all patients
analyzed in ESPAC-3, including 69% who had ampullary can-
cers. Neither the study by Takada nor ESPAC-3 specifies the
location of the bile duct cancer, and therefore, conclusions
about the efficacy of adjuvant chemotherapy in intrahepatic
cholangiocarcinoma cannot be drawn.

Horgan et al performed a systemic review and meta-analysis
on adjuvant therapy for biliary tract cancers, evaluating 6712
patients from 20 studies published between 1960 and 2010."”
The authors found a nonsignificant improvement with adjuvant
therapy compared with surgery alone (odds ratio [OR]: 0.74;
P = .06). After exclusion of 2 SEER analyses, there was a
significant benefit with adjuvant therapy, particularly with
chemotherapy (OR: 0.39) or chemoradiation (OR: 0.61)
over radiation alone (OR: 0.98). Patients with lymph node

metastases (OR: 0.49) and R1 disease (OR: 0.36) derived the
greatest benefit from adjuvant therapy. However, only 1 study
included patients with intrahepatic cholangiocarcinoma (n =
11). Thus, the results of this meta-analysis cannot be applied to
patients with intrahepatic cholangiocarcinoma.

Ongoing Trials

Given the rising incidence and mortality from intrahepatic cho-
langiocarcinoma, disease-specific prospective studies are
needed. ACTICCA-1 is a randomized phase III trial accruing
patients in Europe and Australia to adjuvant gemcitabine and
cisplatin compared to observation after resection of cholangio-
carcinoma and gallbladder cancer (NCT02170090).'® Patients
are stratified by lymph node status and location of cholangio-
carcinoma. In Shanghai Zhongshan Hospital, patients with
intrahepatic cholangiocarcinoma are being accrued to a phase
III study of adjuvant gemcitabine and oxaliplatin versus cape-
citabine (NCT02548195). Two phase 3 studies of bile duct
cancer, including intrahepatic cholangiocarcinoma, have com-
pleted accrual. The BILCAP study from the United Kingdom
randomized patients to adjuvant capecitabine or observation
(NCT00363584). Results from this trial are eagerly awaited.
PRODIGE-12 from France randomized patients to adjuvant
gemcitabine and oxaliplatin or observation (NCT01313377).
This study was presented at the Gastrointestinal Cancers Sym-
posium of the American Society of Clinical Oncology in 2017.
This study randomized 190 patients to gemcitabine and oxali-
platin chemotherapy versus surveillance alone and reported no
significant improvement in survival with adjuvant therapy.
Eighty-six intrahepatic cholangiocarcinoma cases were rando-
mized in this trial. Unfortunately, there was no preselection for
high-risk cases in this study. About 50% of those enrolled had
multifocal tumor, and one-third had node-positive disease.
Inclusion of cases with a lower risk of recurrence may have
obfuscated the results. At the present time, unless the BILCAP
trial suggests otherwise, there is no rationale for the routine use
of adjuvant therapy in resected intrahepatic cholangiocarci-
noma. Patients at high risk should be offered enrollment in
prospective clinical trials. For the vast majority of intrahepatic
cholangiocarcinomas though, resection or local ablation is not
feasible, and systemic therapy remains the only option.

Systemic Therapy

Systemic chemotherapy for biliary tract cancers has tradition-
ally followed the regimens used for advanced pancreatic can-
cers including single-agent gemcitabine, gemcitabine with
capecitabine, and gemcitabine with platinum analogues,
including cisplatin, oxaliplatin, and carboplatin. It has been
almost 10 years since the publication of Advanced Biliary
Tract (ABC)-02 phase III trial of gemcitabine and cisplatin
versus gemcitabine as a single agent.'® This study followed a
randomized phase II trial that suggested superiority of the
doublet as compared with gemcitabine alone. This phase III
trial randomized 410 patients from the United Kingdom and
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Table 2. Most Frequently Seen Mutations in Intrahepatic Cholangiocarcinoma.

Reference ICGC 20153% Zouetal3* Javleetal3® Jiaoeta®® Simbolo et al®* TCGA IHCCA Total
Country Japan China United States United States Italy United States /Canada

N 135 102 412 64 70 32 815
TP53 22% 38% 27% 6% 9% 6% 21%
KRAS/NRAS 27% 18% 22% 1% 23% 3% 20%
IDH1/12 10% 5% 20% 20% 20% 19% 14%
ARIDIA 17% 7% 12% 14% 1% 16% 14%
BAPI 10% 1% 15% 20% 14% 38% 12%
PBRMI 9% 1% 7% 13% 14% 25% 9%
FGFR2 fusion 4% ND 1% ND ND 16% 6%
PIK3CA 9% 3% 5% 3% 6% 6% 6%
PTEN 0% 7% 5% 3% 1% 3% 3%
BRAF hotspot 0% 1% 5% 0% 4% 3% 2%
ARAF hotspot 0% 1% ND 3% ND 6% 1%
RBI 1% 5% 0% 0% 0% 0% 1%

Abbreviation: ND, not determined.

reported a significant improvement in overall survival with
gemcitabine and cisplatin as compared with gemcitabine alone
(11.7 months vs 8.1 months; HR: 0.64; P < .001). In all, 80
patients with intrahepatic cholangiocarcinoma were included in
the study and they experienced a significant improvement in
survival with the doublet (HR: 0.57). However, patients with
Eastern Cooperative Oncology Group performance status of 2
experienced no improvement in survival with the gemcitabine
+ cisplatin, and in clinical practice, these patients should be
offered monotherapy.

Unlike the improvement in survival achieved in colorectal
and gastric cancers with a combination of cytotoxic chemother-
apy with biologic agents, higher survival in intrahepatic cho-
langiocarcinoma has not been demonstrated with the addition
of a biologic agent to the gemcitabine—platinum backbone. The
ABC-03 trial was a multicenter, double-blind, placebo-
controlled phase 2 trial that randomly assigned 124 patients
to cediranib, an oral vascular endothelial growth factor inhibi-
tor, or placebo, in combination with gemcitabine and cispla-
tin.?% Progression-free survival was 8.0 and 7.4 months, with
and without cediranib (P = .72). Anti-EGFR therapy also did
not impact survival in the phase 2 randomized BINGO trial,
gemcitabine and oxaliplatin with or without cetuximab.?' In
this multicenter trial of 150 patients from France and Germany,
the addition of cetuximab to gemcitabine and oxaliplatin did
not lead to improved progression-free or overall survival (with
and without cetuximab: progression-free survival, 6.1 vs 5.5
months; overall survival, 11.0 vs 12.4 months).

Intrahepatic cholangiocarcinoma, in particular T2 tumors
that are not surgically resectable, maybe considered for local
ablation with radiotherapy.>** The appropriate sequencing of
chemotherapy with radiation in this situation has not yet been
established. The NRG-GI001 trial is evaluating induction che-
motherapy with gemcitabine and cisplatin followed by radio-
therapy or observation. This is also the scheme for the ongoing
ABC-08 trial that randomizes patients to chemotherapy alone
or followed by stereotactic body radiotherapy.

Second-line chemotherapy options for cholangiocarcinoma
have included gemcitabine or fluoropyrimidine-based
regimens and include gemcitabine with capecitabine,
5-fluorouracil with oxaliplatin (FOLFOX), and 5-fluorouracil
with irinotecan (FOLFIRI). The progression-free survival with
these regimens averages at 3 months.?* It is not clear whether
these regimens are superior to best supportive care, and this is
being investigated currently in the ABC-06 trial that rando-
mizes patients with biliary cancer to second-line FOLFOX
versus best supportive care.

Targeted Therapy for Cholangiocarcinoma

Recently, there has been a surge of interest in targeted thera-
pies for intrahepatic cholangiocarcinoma. Next-generation
and exome sequencing studies have revealed that 30% to
40% of patients with intrahepatic cholangiocarcinoma have
actionable mutations. These include FGFR fusions, IDH,
BRAF , and EGFR mutations.?>*® Targeted therapy directed
against actionable mutations and identification of molecular
subsets with distinct prognostic significance are now feasible
in clinical practice. Mutation profiling has highlighted the
genomic differences between intrahepatic and extrahepatic
cholangiocarcinomas and gallbladder cancer (Table 2). The
mutational spectrum of intrahepatic cholangiocarcinoma dif-
fers according to geographic location and ethnicity.
Chromatin-modulating genes are more commonly mutated
in Western patients as compared with Asian patients with
liver-fluke-associated cholangiocarcinoma.?”*® Some of
these mutations have prognostic significance. Both KRAS and
TP53 mutations are associated with an aggressive disease
prognosis, while FGFR mutations may signify a relatively
indolent disease course of intrahepatic cholangiocarcinoma.
During this time, FGFR and IDH mutations have promising
agents in clinical trials.*® An estimated 10% to 15% of cho-
langiocarcinomas have DNA repair mutations and may be
candidates for immune therapies with checkpoint
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inhibitors.*® Precision medicine clinical trials for intrahepatic
cholangiocarcinoma are now a reality and may change the
trajectory of this disease. Incorporation of the genomic data
into surgical management and multimodality protocols is
expected in the near future.

Immune Therapy Approaches

Immune therapy with checkpoint inhibitors has made signifi-
cant inroads in several human malignancies, particularly those
with a high tumor mutational burden, including melanoma,
lung cancer, and head and neck malignancies. In gastrointest-
inal malignancies, tumors with microsatellite instability carry a
heavy burden of neoantigens, and immunotherapy is very suc-
cessful in this setting. Tran et al used a whole-exomic-
sequencing-based approach to demonstrate that tumor-
infiltrating lymphocytes (TILs) from a patient with metastatic
cholangiocarcinoma contained CD4+ T-helper 1 (THI1) cells
that recognize a mutation in ERBB2-interacting protein. After
adoptive transfer of TILs containing mutation-specific poly-
functional TH1 cells, the patient achieved prolonged partial
response. Upon disease progression, the patient was retreated
with mutation-reactive TH1 cells and again experienced tumor
regression.’’ These results provide evidence that a CD4+ T-
cell response against a mutated antigen can lead to tumor
regression. Identification of immunogenic epitopes in the
mutations seen in cholangiocarcinoma will be key to success
with checkpoint inhibitors. Schumacher et al demonstrated that
IDHI (R132 H), seen in 20% of intrahepatic cholangiocarci-
noma cases, contains an immunogenic epitope suitable for
mutation-specific vaccination.>? Peptides from the mutated
region induce a CD4+ immune response that can potentially
be exploited by mutation-specific anti-IDH1 (R132 H) vac-
cines. Programmed cell death receptor 1 (PDL1) expression
has been reported in about 40% of cholangiocarcinoma cases,
but mutational tumor burden is generally low. Further immu-
nologic profiling of cholangiocarcinoma is required to identify
susceptible cases for immune interventions. Recent results with
pembrolizumab in pretreated biliary tract cancers having PDL1
expression indicated that 17% of patients have a meaningful
response to checkpoint blockade. These results have reinforced
the potential role of immune therapy in this disease.

Conclusions

Intrahepatic cholangiocarcinoma is an aggressive primary can-
cer of the liver with an adverse prognosis. Upcoming results of
multicenter adjuvant therapy trials will provide more conclu-
sive data regarding postoperative therapy after surgical resec-
tion, particularly in those at a high risk of recurrence. Advanced
stage disease represents a challenge with standard chemother-
apy regimens, such as gemcitabine and cisplatin. However,
recent genomic data have the potential of altering the disease
trajectory with targeted approaches.
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