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Abstract: Biliary tract cancer (BTC) is a rare malignancy with overall poor prognosis. There are limited
options regarding systemic therapy for this disease and historically only multi-agent chemotherapy regimens
achieve meaningful responses that are often short lived. In the past several years immune checkpoint
inhibitor (ICI) therapy has been established as an effective systemic therapy option in many solid tumors.
The BTC tumor microenvironment (TME) including immune cells (T cells, macrophages, dendritic cells
and natural killer cells) and immune checkpoint expression has been characterized. Findings have clinical
implications that suggest that this entity is potentially amenable to immunomodulation, including via
checkpoint inhibition. Single agent ICI studies have only been reported in the past few years and have mostly
targeted the checkpoints PD-1 and PD-L1. As in other tumor subtypes patients with rare mismatch repair
deficiency or microsatellite instability appear to have exquisite sensitivity to checkpoint inhibition. Abstracts
and published studies suggest modest but real responses in all subtypes including objective response rates
(ORRs) in the 5-20% range and meaningful disease control. They have paved the way for novel combination
trials featuring a variety of treatment strategies and agents that look to enhance ICI efficacy and create long-

term responders.
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Overview for this entity is surgical resection in early disease; for
unresectable or metastatic BTC, historic 5-year survival
rates are daunting at only 10-20% (5-8). Standard first-

line treatment for advanced BTC involves gemcitabine

Biliary tract cancer (BTC) arises from epithelial cells
lining the liver internal bile ducts, external bile ducts and

gallbladder. BTCs include intrahepatic cholangiocarcinomas based regimens usually combined with a platinum agent.

In the ABC-02 trial that established gemcitabine plus
cisplatin as the standard of care, the objective response rate

(ICC), extrahepatic cholangiocarcinomas (ECC) and
gallbladder carcinomas (GBC) each with distinct molecular

and clinical phenotypes but a common origin from biliary
epithelium. BTC has an incidence approximated to be
18,000 cases per year in the United States including 6,000
ICC cases and 12,000 gallbladder and other extra hepatic
biliary cancer cases (1-4). The only curative modality

© Chinese Clinical Oncology. All rights reserved.

(ORR) of the combination was 26% compared to 15% for
gemcitabine alone. The median progression free survival
(mPFS) and overall survival (mOS) in the gemcitabine plus
cisplatin arm was 8.0 and 11.7 months, respectively, the
present benchmark for survival in advanced disease (mPFS
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5.0 months and mOS 8.1 months in gemcitabine alone
arm) (9). There is no established second line treatment for
advanced BTC, but a recent randomized phase III trial
(ABC-06) showed a mOS for 5-fluorouracil and oxaliplatin
(FOLFOX) of 6.2 months in patients with disease
progression after gemcitabine plus cisplatin (10). These
outcomes will form the basis of comparison to the trials
described in this review.

With limited treatment options and dismal overall
prognosis, new therapies and approaches are an urgent
unmet need in BTC (11). Clinical trials using targeted
agents have historically shown only modest responses
in BTC patients, though there has been recent success
in treating cholangiocarcinomas with isocitrate
dehydrogenase-1 (IDH1) and FGFR genetic alterations
with novel targeted agents (12-15). Even in these settings,
responses have variable durability and more effective,
durable therapies are needed. Immunotherapy has had
tremendous success in treating patients with cancers such
as melanoma and non-small cell lung cancer, dramatically
altering the natural history of these diseases. In BTC,
immunotherapy strategies have included autologous cell
transfer, vaccinations and immunomodulatory approaches
with immune checkpoint inhibitors (ICIs), the latter of
which is the largest area of ongoing research. In this review,
we describe the rationale for ICI therapy by summarizing
the clinically relevant tumor immunology in BTC including
the innate and adaptive immune response and immune
checkpoint molecule expression in BT'C. Subsequently we

discuss completed and ongoing clinical trials involving ICI
in BTC.

Innate and adaptive immune cells in BTC tumors
and their clinical significance

The immune system plays an important role in the etiology
of BTC, and most BT'Cs are thought to arise from chronic
inflammatory states in the biliary tract (16,17). The
frequency of tumor infiltration by specific immune cells
in ICC, ECC and GBC and their effect on outcomes has
been described and summarized (18). Natural killer cells
infiltrate ICC, ECC and GBC in the range of 16-21% of
cases but have not been correlated with outcomes. CD4+
and CD8+ positive T cells have been shown to infiltrate
ICC, ECC and GBC tumors in the 30-51% range and
are associated with reduced probability of metastases and
improved survival in ECC. Several studies have shown that
increased tumor infiltrating lymphocytes (TILs) (CD4+
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helper T-lymphocytes and CD8+ cytotoxic T-lymphocytes)
and dendpritic cells portend improved outcomes (19-22).
Macrophages appear to strongly infiltrate all three subtypes
(70-87% infiltration) and the degree of infiltration is
associated with more advanced disease (18).

With clinical disease progression from biliary
intraepithelial neoplasia to primary carcinoma to metastasis,
there is an increase in innate immune cells including
tumor infiltrating macrophages and a decrease in adaptive
immune cells. These activated macrophages are believed
to promote tumor growth by releasing pro-inflammatory
and proangiogenic cytokines (19). A study evaluating 114
ECC tumors showed both depletion of adaptive immune
response (CD4+, CD8+, and Foxp3+ T lymphocytes)
and enrichment of components in the innate immune
response (CD66b+ tumor associated neutrophils, TANS;
and CD163+ M2 tumor-associated macrophages, TAMs)
is correlated with poor prognosis, with reduced recurrence
free survival (RFS) and chemotherapy resistance (23). The
neutrophil-to-lymphocyte ratio (NLR) has shown to be
prognostic in cholangiocarcinoma with a higher ratio giving
poorer prognosis (24). In a related analysis, another study
found that an elevated NLR was associated with decreased
percentage of TILs within surgical samples of 102 ICC
patients (25).

Immune checkpoint molecules and their clinical
implications in BTC

It has been demonstrated that PD-L1 expression is present
in a majority of BTC patient samples at baseline (49-94%),
and is associated with poor survival (26-30). In a study by
Gani et al. the expression of PD-L1 within the tumor front
was associated with an almost 60% worse survival (30).
Checkpoint expression has been investigated in the BTC
subtypes. In a study by Lim ez 4/, a higher ratio of PD-1
positive to CD8+ TILs were associated with poorer OS,
recurrence-free survival (RFS), and distant metastasis-
free survival in patients with ECC (31). PD-L1 and PD-1
expression has been shown to be upregulated in ICC samples.
This upregulation was again associated with worse outcomes
and this was possibly due to less CD8+ T cell expression in
the PD-L1 positive tumors (28). The soluble form of PD-
L1 measured in the serum from 158 advanced BTC patients
before initiation of palliative chemotherapy showed high
serum PD-L1 was associated with worse OS (32).

Regarding other immune checkpoints studied in BTC,
tumors with high B7-H4 and FOXP3 expression in
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Figure 1 Biliary tract cancer tumor microenvironment. The cells and checkpoints in this schematic have all been described in BTC TME.

As per the key—green cells (CD4+ helper T cells, CD8+ cytotoxic T cells, Dendritic cells) have been associated with good outcomes. Yellow
cells and checkpoints (Natural Killer cells and CTLA-4) have unclear effect on outcomes. Red cells and checkpoints (Macrophages, FOXP3,

B7-H4, PD-L1) have been associated with poor outcomes.

ECC patients have a significantly poorer prognosis (33).
Interestingly in one study high CTLA-4 expression had
correlation with both improved disease free interval and
OS in hilar BTC (34). Multivariate analysis in another
study reported that CD4+ TILs, PD-L1 expression and
N-cadherin expression were independent prognostic
factors for overall survival [hazard ratio (HR) =0.61; 95%
confidence interval (CI), 0.38-1.00; HR =4.27; 95% CI,
1.82-9.39; HIR =2.20; 95% CI, 1.18-3.92, respectively) (35).

Gene expression of checkpoints has also been studied
in BTC. In a study of over 260 molecularly characterized
tumors the worst prognosis was in BTC patients with
hypermutated tumors and elevated gene expression of
checkpoint molecules including CTLA-4 and PDL-1.
Almost half of cases (45%) showed increased expression of
immune checkpoint molecules [CTLA4, IDO1, HAVCR?2,
TNFRSF9, BTLA, CD274 (PD-L1), PDCDI1, LAG3,
and TNFRSF4] (36). Overall, these studies suggest that
checkpoints may be actively suppressing the host immune
response in patients with BT'C and can be a potential target
for future therapies, providing a rationale for clinical trials
to assess the efficacy and safety of anti-PD-1 or PD-L1
therapies. Figure 1 is a schematic summarizing the immune
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tumor microenvironment (TME) in BTC including
immune cells and checkpoints that have been described in
the literature.

Mismatch repair, microsatellite status and TMB
in BTC

Two well-known molecular subsets of cancers that have
excellent response to ICIs include tumors with increased
tumor mutation burden (TMB) and deficiency in mismatch
repair (AMMR) proteins or high-level microsatellite
instability (MSI-H). In a comprehensive genomic report
that molecularly characterized 260 BTC tumors, 5.9% were
considered hypermutated (36). A recent study molecularly
profiled 1,502 BTC samples of which 352 had TMB
profiled. A total of 14/352 or 4% were considered TMB
high based on a cutoff of 17 somatic missense mutations
per megabase of targeted sequence (7/198 or 3.5% for ICC,
1/50 or 2% for ECC, 6/104 or 5.8% for GBC) (37). These
studies suggest BTC usually has low TMB but there have
been reports of ICC cases with higher mutational load
responding well to ICI (38,39).

Several studies have sought to establish the overall
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Table 1 Single agent ICI studies with reported outcomes in BTC
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Stut.:iy ) Treatment arms Checkpoint Number of patients Outcomes Refs

design/setting target(s)

Phase Ib Pembrolizumab  PD-1 24 (all PD-L1 21%) 13% PR, 17% SD, mPFS 1.8 mos, mOS (45)
6.2 mos, long time responders >40 weeks
reported

Phase Il Pembrolizumab  PD-1 104 (61 PD-L1 CPS =1) 5.8% PR (6.6% PDL1+, 2.9% PDL1-), (45)
mPFS 2.0 mos, mOS 7.4 mos

Phase ll/Japanese Nivolumab PD-1 30 (37% ICC, 23% ECC, 33% 3% PR, mPFS 1.4 mos, mOS 5.2 mos (46)

cohort GBC, 7% ampullary)

Phase Il Nivolumab PD-1 54 (63% ICC, 11% ECC, 26% 22% PR, 60% DCR, mPFS 4 mos, mOS 47)

GBCQC) 14.2 mos
Phase Il/Asian Durvalumab PD-L1 42 (31% ICC, 19% ECC, 45% 4.8% PR, mPFS 1.5 mos, mOS 8.1 mos (48)
cohort GBCQC); (59% PD-L1+ =1% 14%,

PD-L1+ =25%)

Phase I/Asian M7824 PD-L1 30 (25% ECC, 33% ICC, 40% 20% ORR, mOS 12.7 mos (49,50)

cohort (MSB0011359C) GBC); (63% PDL1 >1%)

These trials enrolled patients after failure of at least one standard treatment regimen for advanced BTC or inability to receive standard
treatment. PR, partial response; SD, stable disease; CPS, combined positive score; mos, months; mPFS, median progression-free
survival; mOS, median overall survival; DCR, disease control rate; ORR, objective response rate.

incidence of dMMR or MSI in BTC. In one study, 5%
of GBC, 5-13% of ECC, 10% of ICC and ampullary
carcinomas were dMMR or MSI-H (40). In another study
91 cholangiocarcinoma samples were analyzed (24 ICC,
67 ECC) by immunohistochemistry and dMMR status
was found in 20 tumors (22%) (41). In another study, 102
specimens were examined [35 ICC, 67 ECC (42 extrahepatic
and 25 distal)] for dJMMR via immunohistochemistry and
for MSI status by PCR. Only 1% had dMMR but the
study did not include aggressive samples (42). Finally, the
Weinberg ez al. study reported 7/352 or 2% of samples had
MSI-H status (5/198 ICC, 1/50 ECC, 1/104 GBC) (37).

In the dMMR or MSI-H subsets of BTC, ICI therapy has
shown success. In a seminal study of pembrolizumab across
12 tumor types with dMMR, 4 BTC cases were included.
For these patients a 100% disease control rate (DCR) was
reported including one patient achieving a complete response
(CR) and three achieving stable disease (SD) (43). A case
study of a previously treated ECC patient with MSI high
status achieved a partial response (PR) and then SD for 13
months following the start of pembrolizumab (44). Overall a
minority of BTC patients have dMMR or MSI-H status, but
in those that do, benefit from single agent ICI therapy can be
substantial and we recommend all BTC patients be assessed
for MMR deficiency—a recommendation consistent with
current NCCN guidelines.

© Chinese Clinical Oncology. All rights reserved.

Single agent ICI trials

Multiple small studies have assessed the potential benefit of
single agent ICI therapy in BTC. Abstracts and published
articles with reported outcomes with single agent ICI are
listed in 7able 1. These trials enrolled patients after failure
of at least one standard treatment regimen for advanced
BTC or inability to receive standard treatment. Most, if not
all patients, had proficient MMR status and microsatellite
stable status in these trials unless mentioned. A phase 1B
trial with pembrolizumab (Keynote 028), enrolling only
patients with positive PD-L1 tumor expression (PD-
L1 >1%), reported a 13% ORR among 24 BTC patients
and suggested preliminary activity of ICI in BTC (45).
This trial had a mix of BTC subtypes including ICC
and ECC. Unfortunately, the larger confirmatory study
of pembrolizumab (Keynote 158) in 104 patients with
advanced BTC (both PD-L1 positive and negative patients
were included) reported an ORR of 5.8% with 16% of
patients experiencing SD. It should be noted that 2 patients
in this study had a duration of response (DOR) greater than
15 months. PD-L1 status did not correlate with outcomes
in the study (45).

The results of a non-randomized phase I study of
nivolumab alone or in combination with cisplatin plus
gemcitabine in a Japanese cohort has been published. In the
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Table 2 ICI combination studies with reported outcomes in BTC

Study design/setting Treatment arms Checkpoint target(s) Number of patients Outcomes Refs

Phase I/Asian cohort Durvalumab + PD-L1, CTLA-4 65 (48% ICC, 23% ECC, 11% PR, mDOR 8.5 mos, (48)
tremelimumab 25% GBC) mPFS 1.6 mos, mOS 10.1 mos

Phase Il Pembrolizumab + PD-1 27 (ICC 70%, ECC 26%, 21% PR (52)
GM-CSF mixed 4%)

Phase |/Japanese cohort Nivolumab + PD-1 34 (50% ICC, 17% ECC, 37% PR, mPFS 4.2 mos, (46)

(chemotherapy naive cisplatin + 33% GBC) mOS 15.4 mos

cohort) gemcitabine

Phase | Tremelimumab + CTLA-4 16 12.5% PR, mPFS 3.4 mos, (53)
RFA mOS 6.0 mos

Phase Ib Pembrolizumab + PD-1 26 (ECC 25%, ICC 42%) 4% PR, mPFS 1.6 mos, (54)
ramucirumab mOS 6.4 mos

Phase Il Pembrolizumab + PD-1 14 1CC; 4/7 sequenced 21% ORR, 93% DCR, mPFS (55)

lenvatinib

patients had TMB
>12 mutations/Mb

5.9 mos; all with high TMB
responded

These trials enrolled patients after failure of at least one standard treatment regimen for advanced BTC unless noted. PR, partial response;
SD, stable disease; CPS, combined positive score; mos, months; mPFS, median progression-free survival; mOS, median overall survival;
DCR, disease control rate; ORR, objective response rate; mDOR, median duration of response; TMB, tumor mutation burden.

monotherapy cohort there were no CR and there was one
PR in 30 patients. The partial responder was noted to have
hereditary nonpolyposis colorectal cancer (IMMR status)
and had a PFS of 14.1 months and OS of 19.2 months.
Median OS was longer in the patients with PD-L1
positive tumor cells (n=5, mOS 11.6 months) than PD-L1
negative patients (n=23, mOS 5.2 months) in this trial (46).
Another phase II study of nivolumab in advanced BTC
patients (n=54) who progressed after at least one line
reported a 22% PR rate and 38% SD rate with a combined
DCR of 60%. For evaluable patients mOS was 14.22
months and durable responses over 1 year were seen (47).
This phase II study with relatively promising results had
63% ICC patients and was in an American population.
A phase I study of durvalumab, an anti-PD-L1 therapy,
alone or in combination with tremelimumab was reported
in an Asian cohort. In both the single and combination
cohorts the median number of prior chemotherapy
regimens was 2. The monotherapy arm with durvalumab
was tolerated well and reported a PR in 2/42 patients (5%),
DCR of 16.7% at 12 weeks and mOS of 8.1 months (48).
Treatment-related adverse events (TRAEs) with single ICI
were tolerable in the studies mentioned above. Grade 3-4
events were reported in 13.5% and 16.7% of patients in
the two pembrolizumab studies, 20% and 13% in the two
nivolumab studies and 19% in the durvalumab study.

© Chinese Clinical Oncology. All rights reserved.

Novel ICI therapy is being explored. M7824
(MSB0011359C) is an innovative first-in-class bifunctional
fusion protein composed of 2 extracellular domains of
TGF-beta receptor II (a TGF- “trap”) fused to a human
IgG1 monoclonal antibody specific PD-L1. Based on
preclinical data that tumors with poor anti-PD-L1 or
anti-PD-1 response have increased TGF- signaling, this
bifunctional protein has dual function to both block PD-
L1 and sequester TGF-p molecules (51). A phase II study
in an Asian population reported durable responses in 8/30
patients (27%). TRAEs occurred in 60% of patients; the
most common TRAEs were maculopapular rash and pyrexia
(13.3% each). Ten patients (33.3%) experienced grade 3 or
higher TRAESs, including 3 deaths (2 from interstitial lung
disease) (49).

ICI combination trials

Combining ICIs with other therapies including additional
immunotherapies, chemotherapy, local therapies and
targeted therapies have all been strategies to increase
response rates and improve outcomes. Abstracts and
published articles with reported outcomes of combination
studies are listed in Table 2.

The combination of durvalumab and tremelimumab,
a fully human monoclonal antibody that binds to CTLA-
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Table 3 Ongoing or new trials with ICI in BTC
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Therapeutic regimen Checkpoint target Identifier Status
Ipilimumab + nivolumab PD-1, CTLA-4 NCT02834013, Recruiting
NCT02923934
Guadecitabine + durvalumab PD-L1 NCT03257761 Recruiting
Pembrolizumab PD-1 NCT02628067 Recruiting
Entinostat + nivolumab PD-1 NCT03250273 Recruiting
Pembrolizumab + capecitabine + oxaliplatin PD-1 NCT03111732 Recruiting
Durvalumab + tremelimumab + gemcitabine/cisplatin PD-L1, CTLA-4 NCT03046862, Recruiting
NCT03473574
Study of PD-1 inhibitor (nivolumab or SHR-1210) + gemcitabine/cisplatin PD-1 NCT03311789 Recruiting
Durvalumab + tremelimumab + TACE or RFA or Cryotherapy PD-L1, CTLA-4 NCT02821754 Recruiting
Nivolumab + radiotherapy +/- ipilimumab (randomized trial) PD-1 NCT02866383 Recruiting
JS001 + lenvatinib + gemcitabine + oxaliplatin PD-1 NCT03951597 Recruiting
Rucaparib + nivolumab as maintenance following platinum PD-1 NCT03639935 Recruiting
Nivolumab + nal-irinotecan, 5-fluorouracil, and leucovorin PD-1 NCT03785873 Recruiting
PEGPH20 + gemcitabine/cisplatin + atezolizumab PD-LA1 NCT03267940 Recruiting
Pembrolizumab in second-line after failing cytotoxic chemotherapy PD-1 NCT03110328 Not yet recruiting
Atezolizumab + DKN-01 PD-L1 NCT03818997 Not yet recruiting
Camrelizumab + radiotherapy PD-1 NCT03898895 Not yet recruiting
Pembrolizumab + SMT-NK PD-1 NCT03937895 Not yet recruiting
Atezolizumab + cobimetinib PD-L1 NCT03201458 Completed accrual
Nivolumab + gemcitabine/cisplatin or ipilimumab (randomized trial) PD-1, CTLA-4 NCT03101566 Completed accrual

4 resulting in inhibition of B7-CTLA-4-mediated
downregulation of T-cell activity, was tolerated well with
23% of patients experiencing grade 3 or 4 AEs. Reported
outcomes included a PR in 11% of patients (7/65), DCR
of 32.2% at 12 weeks and mOS of 10.1 months (48). GM-
CSF is a cytokine growth factor which may promote CD8+
T cell infiltration into tumors and tumor antigen-specific T
cell expansion (56). Kelley et al. reported compelling early
results of a 27-patient trial of pembrolizumab combined
with GM-CSF in BTC patients that progressed following
standard therapy. It included 19 ICC, 7 ECC and 1 patient
with mixed subtype. Preliminary data reported a PR in 5/24
patients (21%) and minor regression and Cal9-9 decline in
two additional patients. Final PFS and OS analyses for the
expanded cohort are expected soon. Reported Grade 3 or 4
AE was tolerable at 15% (52).

Preclinical studies have suggested that chemotherapy
(including gemcitabine and 5-FU) can upregulate
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checkpoint expression and change immune cell
infiltrate (57,58). Ueno et al. reported a 37% PR rate
in a chemotherapy-naive Japanese cohort that received
nivolumab plus gemcitabine and cisplatin. This is an
improvement in comparison to the historical response rate
reported in the ABC-02 trial of 26% with gemcitabine and
cisplatin alone, with the significant caveat that it was a non-
randomized study in a different ethnic population. Median
OS was 15.4 months and mPFS was 4.2 months in this study
which can be compared to 11.3 months mOS and 8 months
mPFS with combination chemotherapy alone in the ABC-
02 trial (9,46). NCT03101566 is a similar phase II study
combining nivolumab with gemcitabine and cisplatin in an
American population that has completed accrual but has not
reported outcomes of yet. Multiple studies combining ICI
and chemotherapy are ongoing and are listed in Table 3.
Another combination strategy includes combining local
therapies with ICIL. Tremelimumab with local interventions
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including transcatheter arterial chemoembolization (TACE),
radiofrequency (RFA), or cryoablation (CA) in patients with
hepatocellular carcinoma or ICC is the focus of two trials
(NCTO01853618, NCT02821754). The rationale behind
this trial came from pre-clinical studies in hepatocellular
carcinoma and BTC which showed that tremelimumab
induces a peripheral immune and T cell response which may
enhance the effect of the combined therapy approach locally
and systemically (59,60). Results of the NCT01853618 trial
have been reported including that the combination appears
safe and leads to the accumulation of intratumoral CD8+
T cells as well as activation of T cells in the peripheral
blood of responding patients (53,61). Clinical activity of
tremelimumab in combination with microwave ablation in
BTC patients who had progressed after at least one line of
chemotherapy has been reported. Of 16 patients evaluable
2 had a PR, 5 achieved SD and mPFS and mOS was 3.4 and
6.0 months, respectively (53). NCT01853618 is no longer
recruiting patients but NCT02821754 is actively recruiting.

The combination of the monoclonal antibody
ramucirumab which targets vascular endothelial growth
factor (VEGF) receptor 2 plus pembrolizumab was explored
in a phase I trial in patients with previously treated advanced
or metastatic BT'C based on preclinical data suggesting
VEGF molecules may regulate checkpoint expression on
dendritic cells (62). Unfortunately, reported mPFS and
mOS with this combination was 1.6 and 6.4 months (54).
Another study combined the multitargeted tyrosine kinase
inhibitor of VEGF receptors lenvatinib with PD-1 blockade
(pembrolizumab or nivolumab) in 14 ICC patients who had
received at least 2 prior anticancer therapies. It has reported
promising preliminary results including a 21% ORR and
93% DCR (55).

Epigenetic modulating drugs (EMD) are capable of
altering the immunogenicity of the TME. Entinostat, a
histone deacetylase inhibitor (HDACI), has been shown
to have immune modulatory effects including increasing
tumor cell expression of MHC II and decreasing regulatory
T cell and myeloid-derived suppressor cell function in
mouse models (63). DNMT (DNA methyltransferase)
inhibitors, another EMD, have been shown to increase
tumor associated antigens, co-stimulatory molecule
expression and immune checkpoint expression in cancer cell
lines (64,65). EMD and anti-PD-1 combination therapy in
animal models have shown synergy (66). Currently there
is a phase II trial investigating entinostat with nivolumab
(NCT03250273) as well as a study combining the DNMT
inhibitor guadecitabine with durvalumab (NCT03257761)
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with results expected in 2020 (67).

Up to 25% of BTC patients have molecular alterations
in DNA repair genes, and ongoing and future trials
of DNA repair modulators with ICIs in BTC are an
important area of investigation (68). A phase II study
is using the PARP inhibitor rucaparib in combination
with nivolumab as a maintenance strategy in BTC
patients who have received first line platinum based
chemotherapy and have not had progression after
4-6 months (69). Additional studies combining ICI and
targeted therapies in BT'C are listed in Table 3.

Conclusions

The BTC TME including tumor specific adaptive and
innate immune cells and checkpoint expression has been
correlated with clinical outcomes and prognosis. The
incidence of dAMMR or MSI status in BTC appears to be
rare but given robust activity of ICI in these subtypes, all
BTC should be tested for MMR or MSI status. Single agent
PD-1 or PD-L1 inhibition is well tolerated and efficacy
data varied between studies with reported ORR between
3-22% and mOS range of 5.2-14.2 months. These studies
contained patients that had progressed after at least one line
of chemotherapy for advanced disease. In one study PD-
L1 positive patients had improved outcomes (Ueno ez al.)
and in another study an American based cohort (Kim ez a/.)
appeared to have higher response rates and longer survival
compared to Japanese and Asian cohorts (Ueno et /. and
Toka et al.). Activity in certain patient populations and
tolerable side effect profiles warrants the exploration of
potential patient biomarkers to stratify patients into who
is likely and unlikely to respond. Pooled subanalyses of
responses and outcomes by anatomic subsite (ICC vs.
ECC vs. GBC) could also be studied. Overall these results
suggest that more studies are warranted to possibly establish
single agent anti-PD1 or PD-L1 therapy as a second line
option in BTC. As far as combination studies, the addition
of nivolumab to gemcitabine and cisplatin in the first line
appeared to increase response rates and OS in an Asian
population (Ueno er 4/.). Results from a similar study
will be presented soon but this chemoimmunotherapy
strategy should be considered for evaluation in a phase
IIT randomized study to further discern the impact of
adding ICI to chemotherapy. Additional combinations
have promising preliminary activity data including
pembrolizumab plus GM-CSF and pembrolizumab plus
lenvatinib. Overall the benefit from immunotherapy and
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ICI in BTC is still unclear and additional results from
multiple studies are expected soon.
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