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Biliary tract cancer (BTC) is one of 
the most aggressive malignancies. 

Although various promising regimens 
of chemotherapeutic and/or molecular 
targeted agents have been developed, 
further treatment modalities, includ-
ing immunotherapies, still remain to be 
established for refractory patients who 
are unresponsive to or relapse after cur-
rently available therapeutic options for 
BTC. Recently, several clinical trials of 
immunotherapies, including peptide-
based vaccines and dendritic cell (DC)-
based vaccines, have been reported with 
promising results. Here we summarize 
the data from phase I or phase II clini-
cal trials of immunotherapies for BTC. 
In particular, we introduce our novel 
immunotherapeutic approach called 
personalized peptide vaccine (PPV), 
in which HLA-matched peptides were 
selected and administered based on the 
pre-existing host immunity before vac-
cination, for the treatment of advanced 
BTC. Further clinical trials would be 
recommended to prove clinical ben-
efits of these novel immunotherapeu-
tic approaches. Recently concomitant 
treatments, such as chemotherapies 
and immune checkpoint blockade, have 
been reported to enhance the therapeu-
tic effects of cancer immunotherapies 
through multiple coordinated immune 
mechanisms. Additional therapies in 
combination with immunotherapies 
could produce synergistic effects in the 
treatment of advanced BTC.
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Introduction

Biliary tract cancer (BTC) is one of the 
most aggressive malignancies.1,2 Only 
10% of newly diagnosed patients pres-
ent with early-stage disease and can be 
treated by a potentially radical excision of 
tumors. However, the remaining patients 
with unresectable, locally advanced and/
or metastatic tumors show a poor progno-
sis, with a median survival of less than one 
year.1,2 For advanced or recurrent BTC that 
are ineligible for surgery, various promis-
ing regimens of chemotherapeutic and/
or molecular targeted agents have been 
studied.1-4 For example, a combination 
of chemotherapeutic agents, gemcitabine 
(GEM) and cisplatin, has recently demon-
strated a promising result in a randomized 
phase III trial in advanced BTC patients.3 
However, further treatment modalities 
still remain to be established for refractory 
patients who are unresponsive to or relapse 
after currently available therapeutic regi-
mens for BTC.

Infiltration of different subsets of 
immune cells, including lymphocytes, 
macrophages, DCs and granulocytes, as 
well as immune-related microenvironments 
have been demonstrated to foster or inhibit 
tumor progression and/or metastatic 
potential in various types of cancers.5,6 In 
BTC, higher frequencies of tumor-infiltrat-
ing CD8+ cytotoxic T cells and/or CD4+ 
T cells have been shown to be closely asso-
ciated with favorable patient prognosis.7,8 
These findings have provided the rationale 
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this trial, 6 doses of GEM and 4 doses 
of WT1 peptide (1 or 3 mg) emulsi-
fied in incomplete Freund’s adjuvant 
(Montanide ISA51) were administered. 
The adverse events were comparable to 
those with GEM alone, confirming the 
safety of this combination therapy. WT1-
specific T cells in peptide-stimulated 
culture were detected by tetramer assay 
in 56% (9 of 16) of BTC patients. The 
clinical responses at 2 mo after vaccina-
tion showed 8 stable diseases (SD) and 8 
progressive diseases (PD), and the median 
overall survival (OS) time for BTC was 
288 d. Based on these promising data, the 
same group has started a phase I and ran-
domized phase II study with WT1 pep-
tide vaccine in combination with GEM 
and cisplatin for chemo-naive patients 
with unresectable or recurrent BTC.23

Shimizu et al. reported a phase I 
trial of autologous tumor lysate-pulsed 
DCs in combination with ex vivo CD3-
activated T-cell transfer in an adjuvant 
setting for 36 postoperative patients with 
intrahepatic cholangiocarcinomas.24 The 
median progression-free survival (PFS) 
and OS time of the patients receiving 
this adjuvant immunotherapy were 18.3 
and 31.9 mo, respectively, which were 
significantly better than those of the con-
trol group receiving surgery alone [7.7 
mo (p = 0.005) and 17.4 mo (0.022), 

of MUC1 and incomplete Freund’s adju-
vant (Montanide ISA51) in patients with 
advanced pancreatic cancer (n = 6) or BTC 
(n = 3).20 This study showed the safety of 
this vaccine formulation, but produced 
no substantial effects on antigen-specific 
immunological parameters or clinical 
outcomes in the vaccinated BTC patients. 
Lepisto et al. performed a Phase I/II clini-
cal trial of vaccination with autologous 
DCs loaded with the 100-mer MUC1 
peptide as an adjuvant therapy against 
pancreatic cancer (n = 10) or BTC (n = 
2) patients following resection of their pri-
mary tumors.21 The vaccine was well tol-
erated and no toxicity was observed. One 
of two patients with stage II intrahepatic 
cholangiocarcinoma had a long survival 
time without recurrence, although this 
patient showed no induction or boosting 
of MUC1 specific immune responses after 
vaccination.

Kaida et al. conducted an open-
labeled, dose-escalation phase I trial of 
WT1 peptide vaccine combined with 
GEM to evaluate the safety and optimal 
immunological dose of this vaccine in 
HLA-A*0201, -A*0206, and/or -A*2402 
positive patients with advanced pancre-
atic cancer (n = 9) or BTC (gallbladder 
carcinomas, n = 8; intrahepatic chol-
angiocarcinomas; n = 4; and extrahe-
patic cholangiocarcinomas, n = 4).22 In 

for further development of immunothera-
pies as a novel treatment modality against 
BTC. Here we summarize the current sta-
tus of immunotherapies against BTC.

Recent Developments 
of Immunotherapeutic  

Approaches Against BTC

The field of cancer immunotherapy has 
drastically moved forward during these 
two decades since the first discovery of 
a tumor-associated antigen (TAA) rec-
ognized by cytotoxic T lymphocytes in 
1991.9-12 Advancement of molecular bio-
logical and immunological techniques 
has helped identify a large number of 
TAAs and peptide epitopes applicable as 
cancer immunotherapies.13 For example, 
BTC has been reported to express a vari-
ety of TAAs, such as Wilms tumor gene 
1 (WT1),14 mucin 1 (MUC1)15-17 and 
mutated K-RAS,18,19 as potential targets 
for immunotherapies. Several clinical tri-
als of immunotherapies targeting these 
molecules have recently been reported 
with promising results (Table 1).

Two groups employed a 100-mer pep-
tide derived from MUC1 for the vaccina-
tion to BTC patients.20,21 Yamamoto et al. 
reported a phase I clinical trial of vacci-
nation with a 100-mer peptide consisting 
of the extracellular tandem repeat domain 

Table 1. List of clinical trials of immunotherapies for biliary tract cancer

Type of vaccine
Disease 

condition
Phase 
of trial

Combined 
treatment

No. of 
patient

Clinical 
response

Median 
OS

Grade 3/4  
toxicities 

(%)

Humoral 
response 

(%)

Cellular 
response 

(%)
Reference

MUC1 peptide Advanced I (-) 3 PD 100% NA 0 0 0 20

MUC1 peptide-
loaded DCs

Adjuvant I (-) 2
No  

recurrence, 
50%

NA 0 NA NA 21

WT1 peptide Advanced I GEM 16
SD 50%, PD 

50%
288 d 0 NA 56 22

Tumor lysate-
pulsed DCs plus 
activated T cell 

transfer

Adjuvant I (-) 36
PFS; 18.3M 

(vs 7.7M)
31.9M (vs 

17.4M)
NA NA NA 24

Personalized 
peptide vaccine 

(PPV)

Advanced–
(chemo-
resistant)

II chemotherapy 25
SD 80%, PD 

20%
207 d 0 35 47 32

DCs, dendritic cells; GEM, Gemcitabine; OS, overall survival; PFS, progression-free survival; SD, stable disease; PD, progressive disease; M, months; NA, 
not available. 
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immune mechanisms, including activa-
tion of antigen-presenting cells or cyto-
toxic T cells and removal of suppressor 
cells.35,36 Additional therapies in combi-
nation with immunotherapies could pro-
duce synergistic effects in the treatment of 
advanced BTC.
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