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Abstract

Biliary tract cancer is a heterogenous group of malignancy which comprises of carcinoma gall bladder, intrahepatic and extra
hepatic cholangiocarcinoma. Management of BTC is challenging and there are very limited treatment options. Surgical treatment
is the only curative treatment option but most of the patients present with advanced disease which are not amenable to surgery. For
decades the combination of gemcitabine plus cisplatin has been the only treatment option in locally advanced or metastatic BTCs,
with limited efficacy. Extensive research and development have happened in field of immunotherapy (IO) in last decade, especially
for solid tumours. Immunotherapy alone has limited role in BTC but in combination with standard of care chemotherapy it has
provided overall survival benefit. Recently molecular profiling of tumor resulted in identification of new targets like IDH 1, MAP,
HER-2, FGFR. Various trials are exploring the role of targeted therapies to improve survival. Antiangiogenics, cancer vaccines,
10 in combination with radiotherapy are the other options under exploration. This article provides an overview of literature on the

above recent advances.
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Introduction

Brief Overview of Biliary Tract Cancers (BTCs) and Their
Global Incidence

Biliary tract cancers (BTCs) include malignancies arising from
the biliary epithelium and encompass intrahepatic, perihilar, distal
cholangiocarcinoma, and gallbladder cancers [1].These cancers are
relatively rare but are particularly aggressive, with the incidence
varying significantly worldwide [2, 3]. For example, regions such
as Southeast Asia exhibit higher rates due to endemic factors like
liver fluke infections, water pollution, obesity, consumption of
chilly, and adulterated oil [4-12].

Challenges in Treating BTCs

The treatment of BTCs remains challenging due to factors such as
late diagnosis, as early-stage BTCs often lack specific symptoms.
Furthermore, BTCs are characterized by complex molecular

heterogeneity, including diverse genetic and epigenetic alterations
that contribute to drug resistance and a generally poor prognosis
[13]. Surgery is the only potentially curative treatment modality;
however, only a minority of patients are eligible, leaving most
patients to rely on systemic therapies, which have shown limited
efficacy [14]. At present standard of care chemotherapeutic option
is gemcitabine plus cisplatin with a progression free survival of 8
months [15]. To improve survival newer therapeutic options are
being explored. A phase III study evaluated the role of addition
of nab paclitaxel to standard of care gemcitabine plus cisplatin
[16]. It showed non-statistically significant numerical benefit in
progression free survival with higher toxicity.

Introduction to Immunotherapy and Its Emerging Role in
Oncology

Immunotherapy, an innovative treatment approach that leverages
the self-immune system to target and kill cancer cells and it
has transformed the oncology landscape over recent years. By
targeting immune checkpoints or enhancing T-cell responses,
immunotherapy has demonstrated success in many solid tumors,
including melanoma and lung malignancy, and is now being
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investigated for its potential in BTCs [17]. Recently TOPAZ-1 study
confirmed the benefit of addition of durvalumab to gemcitabine
plus cisplatin in the first-line management of advanced BTCs
[18]. Given BTCs’ resistance to conventional treatments, there
is a rising interest in applying immunotherapeutic strategies to
improve patient outcomes.

Aim of the Review

Thisreview aims to explore recent advancements in immunotherapy
for BTCs, examine current perspectives on available and emerging
therapies, and discuss the future directions for optimizing
immunotherapeutic approaches in these cancers. By assessing the
progress and identifying challenges, this review provides insights
into how immunotherapy could reshape BTC treatment paradigms,
potentially improving the prognosis for affected patients.

Pathophysiology of Biliary Tract Cancers and Immunogenicity
Molecular and Genetic Landscape Relevant to Immunotherapy

The genetic and molecular landscape of BTCs is complex and
includes a variety of mutations and expression patterns that
influence disease progression and response to therapies. Gene
mutations such as IDH1/2, FGFR2, and KRAS are frequently
found in BTCs, and while some may influence targeted therapies,
they also affect tumor immune dynamics [13]. The tumor mutation
burden (TMB) in BTCs is generally low, suggesting limited
neoantigen production. However, PD-L1 expression, a critical
immune checkpoint marker, varies across BTC subtypes and can
be present in up to 10-20% of cases, potentially enabling BTCs
to evade immune detection and creating a target for checkpoint
inhibitors [19].

Immune Evasion Mechanisms in BTCs

BTCs exhibit several immune evasion mechanisms, making them
challenging to treat with immunotherapies. One well-known
method is the production of immune checkpoint proteins like
PD-L1, which attaches to T-cell PD-1 to prevent T-cell activity
and enable cancer cells to avoid immune surveillance [17].
Additionally, BTCs often create an immunosuppressive tumor
microenvironment (TME), populated with myeloid-derived
suppressor cells (MDSCs), regulatory T cells (Tregs) and tumor-
associated macrophages (TAMs), which collectively dampen the
immune activity. More than 70% of BTC tissues are enriched
in immune cells, as per Cancer Genome Atlas (TCGA), the
prognosis of cancer patients is strongly correlated with the extent
of particular immune cell infiltration [20]. One study suggests,

for instance, that the OS of BTC patients has been considerably
extended by the enhanced infiltration of CD4+ and CD8+ T cells.
Conversely, the more tumor-associated neutrophils and regulatory
T cells (Tregs) infiltrate ECC, the worst will be prognosis [21].
This immunosuppressive milieu presents a significant barrier to
effective immunotherapy.

The Potential for Immunogenicity in BTCs: Challenges and
Opportunities

While BTCs typically have low immunogenicity due to their
low TMB and immunosuppressive TME, certain characteristics
suggest potential immunotherapy targets. For instance, studies
have shown that BTCs with higher PD-L1 expression and specific
genetic mutations may respond better to checkpoint inhibitors [22].
Immune checkpoint inhibitors are the class of drugs that blocks
inhibitory pathways on immune cells, allowing T-lymphocytes
to mount a stronger response against tumor cells. The two main
checkpoints targeted in BTC immunotherapy are PD-1/PD-L1 and
CTLA-4. The PD-1 is areceptor on T-cells that, when bound by PD-
L1 present on cancer cells, suppresses the host immune response
[17]. Binding of PD-1 inhibits T-cell proliferation, production of
interleukin-2, interferon-alpha (INF-a), TNF-a, and decrease T-cell
survival. The binding of CTLA-4 to its ligands B7-1 and B7-2
results in apoptosis and T-cell anergy, simultaneously preventing
CD28 co-stimulation [23]. So blockade of PD-L1 and CTLA-4 can
enhance immune responses against tumors [24].

Moreover, ongoing research is exploring combination strategies,
suchas pairing checkpointinhibitors with other agents that modulate
the immune environment, to increase BTCs’ immunogenicity and
enhance treatment efficacy. However, achieving durable responses
remains a challenge, necessitating further studies to refine
therapeutic strategies and identify predictive biomarkers [25].

Current Immunotherapeutic Approaches in BTCs
Checkpoint Inhibitors Monotherapy

Several trials (table 01) have assessed the effectiveness of PD-1
and PD-L1 inhibitors in biliary tract cancers (BTCs). In the
Keynote-028 trial, only patients with PD-L1 positivity (defined
as membranous PD-L1 expression in at least 1% of tumor and
associated inflammatory cells or positive staining in the stroma)
were enrolled. This study included 24 patients, and after a median
follow-up of 6.5 months, the objective response rate (ORR) was
13%. The median overall survival (OS) was 6.2 months (range
3.8-10.3), with a 12-month OS rate 0of 27.6%. Grade 3 to 5 adverse
events (AEs) occurred in 16.7% of participants [26].
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NCT number Trail name Treatment given [I::;inmt End ORR OS (mo) PFS (mo)

NCT02054806 KEYNOTE-028 | Pembrolizumab ORR 13.00% 5.7 1.8

NCT02628067 KEYNOTE-158 | Pembrolizumab ORR 5.80% 7.4 2

NCT02829918 - Nivolumab ORR 10.9 14.2 3.7

NCT02923934 CA209-538 Ipilimumab/nivolumab DCR 23.10% 5.7 29
IMMUNO-BIL/ (0N

NCT03704480 Durvalumab/tremelimumab 9.70% 8 2.5
PRODIGE 57 (6 mo)

ORR- objective response rate, OS- overall survival, PFS- progression free survival, mo- months, DCR- disease control rate, DLT-dose limiting

toxicity.

Table 1: Immune check point inhibitors in BTC.

In the Keynote-158 trial, 104 patients with advanced BTC whose
disease had progressed after any line of systemic treatment were
treated with pembrolizumab. PD-L1 positivity was not a required
inclusion criterion in this study; 61 patients had PD-L1 combined
positive scores (CPS) of = 1, while 34 were PD-L1 non-expressers.
The overall response rate was 5.8% (range 2.1-12.1), with six
patients demonstrating partial responses. Among PD-L1 positive
patients, the ORR was 6.6% (range 1.8-15.9), compared to 2.9%
(range 0.1-15.3) in PD-L1 non-expressers. When comparing
median OS for patients with PD-L1 CPS =1 versus < 1, the results
were 7.2 months (range 5.3—11.0) versus 9.6 months (range 5.4—
12.8), respectively. Overall, 13% of patients experienced grade =
3 AEs [26].

Nivolumab a PD-1 inhibitor has been evaluated in several studies.
It has been used as monotherapy in patients with advanced
biliary tract cancers who had progressive disease on prior lines
of chemotherapy [27]. The evaluated objective response rate
(ORR) to nivolumab for unresectable or metastatic BTC who had
progressed on more than first line but no more than three lines of
systemic therapy was 22% (10/46) and disease control rate (DCR)
was 59%. On central independent review response rate dropped to
11% and DCR to 50% (n = 23). The median follow-up was 12.4
months, the median progression free survival was 3.68 months
(95% CI, ranges 2.30-5.69 months) and median overall survival
was 14.24 months (95% CI, 5.98 months to not reached). Grade
3/4 adverse events (AE) occurred in 17% patients but there was
no grade 5 toxicity. Immune mediated AEs occurred in almost
half of the patients (n = 28, 52%) most common being elevated
AST (n = 11, 20%), increased ALT (n =9, 17%), loose stools (n
=6, 11%), rashes (n=5, 9%), infusion-related reaction (n=4, 7%]),
and pruritus (n=4, 7%]. The toxicity was manageable, similar to
previous studies with immunotherapies, and did not include any
unexpected toxicity. However other studies evaluating role of

durvalumab and nivolumab as monotherapy had different results.
Objective response rate (ORR) was 4.8% with durvalumab and
3.3% with nivolumab monotherapy [28, 29].

Checkpoint Inhibitors Combinations

A promising approach to improve tumor response is combining
anti-PD-1/PD-L1 therapies with CTLA-4 inhibitors, a strategy
that has demonstrated clinical benefits in other cancer types [30-
32]. In the CA209-538 trial, a phase 2, nonrandomized study,
patients with advanced biliary tract cancers received four doses of
nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) every three weeks
[33]. This was followed by a maintenance dose of nivolumab
(3 mg/kg) administered every two weeks for up to 96 weeks or
until disease progression or unacceptable toxicity occurred. The
overall response rate (ORR) was 23% (n = 9), with a disease
control rate (DCR) of 44% (n = 17). Median progression-free
survival (PFS) was 2.9 months (95% CI, 2.2-4.6), and overall
survival (OS) was 5.7 months (95% CI, 2.7-11.9). Immune-related
adverse events occurred in 49% of patients (n = 19), with 15% (n
= 6) experiencing grade 3 or 4 events. Another study evaluated
combination of durvalumab plus tremelimumab (durvalumab 20
mg/kg every four weeks [Q4W] plus tremelimumab 1 mg/kg Q4W
for four doses, followed by durvalumab 20 mg/kg Q4W). ORR
was 10.8% in patients of BTC with median DOR of 8.4 months.
The median progression free survival was only 1.6 months (95%
CI, 1.4-2.8) with a median overall survival of 10.1 months (95%
CI, 6.5-11.6). Toxicities were consistent with prior studies, though
treatment-related serious AEs were reported in nine (13.8%)
patients with BTC. Treatment related grade 3 or more toxicity
were reported in 23.1% of patients. The combination therapy of
durvalumab plus tremelimumab has acceptable safety profiles
consistent with published literature, and also demonstrated clinical
benefits [34]. Another study The IMMUNOBIL GERCOR D18-
1 PRODIGE-57 evaluated combination of durvalumab (1500
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mg Q4 weeks) and tremelimumab (75 mg Q4 weeks X4 cycles)
with or without paclitaxel for recurrent and advanced platinum
failed BTCs [35]. Due to dose limiting toxicity paclitaxel arm was
closed early. The interim analysis shows ORR of 9.7% (including
2 complete responses) and a disease control rate of 40.8% and
the median progression free survival was 2.5 months and median
overall survival was 8.0 months. These combinations did not yield
a profound benefit and needed further exploration.

Adoptive Cell Therapy (ACT)

Types of ACT (TILs, CAR-T Cells) Adoptive cell therapy
involves collecting and re-engineering a patient’s immune cells
to recognize and attack cancer cells. Two main types are Tumor-
Infiltrating Lymphocytes (TILs) and Chimeric Antigen Receptor
T-cell (CAR-T) therapies. TILs are harvested from tumor samples,
expanded ex vivo, and reinfused into patients, while CAR-T cells
are genetically engineered T-cells that express a receptor specific
to cancer antigens [36].

Challenges and Recent Developments in ACT for BTCs ACT faces
significant challenges in BTCs, including the low immunogenicity
of tumors and difficulties in targeting specific tumor antigens.
Recent advances have focused on engineering CAR-T cells to
target specific BTC markers, such as mesothelin and HER2, which
have shown preclinical efficacy but limited clinical success thus far
due to toxicity and limited efficacy [36]. Research into combining
ACT with immune checkpoint inhibitors is ongoing to potentially
overcome these barriers.

Cancer Vaccines

Cancer vaccines aim to stimulate the immune system to recognize
and target tumor antigens. Peptide-based vaccines use short protein
fragments from the tumor to trigger an immune response. Whole-
cell vaccines contain inactivated tumor cells, while dendritic cell
vaccines involve loading dendritic cells with tumor antigens to
boost T-cell responses [37].

Clinical trials investigating cancer vaccines in BTCs are in the
carly stages. For example, a peptide-based vaccine targeting the
WTI1 protein, a tumor-associated antigen expressed in BTCs,
demonstrated safety and preliminary immune responses in a phase
I'trial [38]. However, response rates remain low, and further studies
are exploring combination strategies with checkpoint inhibitors to
improve efficacy.

Oncolytic Viruses

Oncolytic viruses are genetically engineered or naturally occurring
viruses that selectively infect and kill cancer cells while sparing
normal cells. These viruses can also trigger an immune response
against tumor cells by releasing tumor-associated antigens as
the infected cells lyse [39]. In BTCs, oncolytic viruses such

as engineered adenoviruses and herpes simplex virus (HSV)
derivatives have been explored. Early-phase studies have shown
that oncolytic viruses can induce immune responses and improve
tumor control in some patients with BTCs [40]. However,
challenges remain in ensuring selective infection of BTC cells and
avoiding off-target effects. Furthermore, the immunosuppressive
tumor microenvironment in BTCs can limit the effectiveness of
oncolytic viruses, and combining these therapies with checkpoint
inhibitors or ACT may help overcome these challenges.

Combination Therapies in BTCs
Checkpoint Inhibitors with Chemotherapy

Combining checkpoint inhibitors with chemotherapy is a promising
strategy in BTCs, as chemotherapy can promote immunogenic
cell death, releasing tumor antigens that activate immune
responses. Additionally, chemotherapy may modulate the tumor
microenvironment, potentially increasing tumor cell susceptibility
to immune attack [30]. Several preclinical studies have shown
synergy between cytotoxic chemotherapy and immunotherapy
[41,42].

BilT-01, A phase II study randomised Patients in Arm A with
nivolumab along with gemcitabine and cisplatin for 6 months
followed by nivolumab and in Arm B patients received nivolumab
and ipilimumab. The addition of nivolumab and ipilimumab did
not improved PFS compared to conventional chemotherapy while
immunotherapy only arm was inferior but there was OS benefit
at 2 years in chemoimmunotherapy arm [43]. Another phase
IT study enrolled 128 patients in three different configurations.
In first group 32 patients received chemotherapy followed by
chemotherapy plus durvalumab and tremelimumab. In second
group 49 patients recieved chemotherapy plus durvalumab and in
third group 47 patients received chemotherapy plus durvalumab
and tremelimumab. Primary end point of the study was objective
response rate. The objective response rates were 50%, 72% and
70% in group 1, 2, and 3 respectively. There was no statistical
comparison between the groups. The most common grade 3 and
4 toxicity were neutropenia (53%), decrease haemoglobin (40%)
and thrombocytopenia (19%), with no unexpected safety events.
No discontinuation of treatment or death occurred due to adverse
events. Immunotherapy in combination with Gemcitabine and
cisplatin showed promising efficacy with acceptable toxicity in
patients with advanced BTC [22]. These excellent results from
this study thus laid the foundation for the phase IIl TOPAZ-1 trial,
which adopted the combination of chemotherapy with durvalumab
regimen from this trial.

TOPAZ-1 is a phase 3 study (table 02) conducted in unresectable,
locally advanced, or metastatic biliary tract cancer. Patients were
randomly assigned to 8 cycles of durvalumab plus gemcitabine—
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cisplatin combination or placebo plus gemcitabine—cisplatin
combination [22]. Patients received gemcitabine-cisplatin plus
durvalumab or gemcitabine- cisplatin eight cycles followed
by durvalumab or placebo until disease progression or other
discontinuation criteria were met. Overall survival was primary
end point. Secondary end points were progression-free survival,
objective response rate, duration of response, and disease control
rate and efficacy by PD-L1 expression. With median follow-up of
16.8 months in the durvalumab group and 15.9 months in placebo
group the median OS was 12.8 months (95% CI, 11.1 to 14.0)
in the durvalumab arm and 11.5 months (95% CI, 10.1 to 12.5)
in the placebo treatment arm (subsequently updated to 12.9 and
11.3 months, (hazard ratio, 0.80; 95% CI, 0.66 to 0.97; P=0.021)
respectively. Though the difference is not numerically and
clinically significant its usage have been widely recommended in
major oncology guidelines. The cost benefit ratio poses a challenge
specially in low- and middle-income countries which highlights
the need for further optimization of treatment paradigms for BTC.
The overall survival hazard ratio was 0.91 (95% CI, 0.66 to 1.26)
up to 6 months and 0.74 (95% CI, 0.58 to 0.94) after 6 months. This
showed that there was no separation of OS and PFS curves until

the 6-month mark, while the subsequent advantage of gemcitabine
-cisplatin plus durvalumab persisted thereafter. Median duration
of PFS was 7.2 months (95% CI, 6.7 to 7.4) with durvalumab
and 5.7 months (95% CI, 5.6 to 6.7) with placebo. The ORR was
26.7% (n=341) and 18.7% (n=343) in the durvalumab and placebo
group respectively which is similar to ABCO02 trial of gemcitabine-
cisplatin arm but lower than phase II studies discussed above.
The grade 3 or 4 adverse events were similar in both arm, 75.7%
in durvalumab group versus 77.8% in placebo group. anemia,
nausea, and neutropenia were the most frequent AE, and they were
comparable across treatment groups. In the durvalumab group, the
rate of immune-related adverse events was 12.7%, while in the
placebo group, it was 4.7%. Similar advantages were observed in
both populations when patients with a PD-L1 tumor area positivity
of =1% (PD-L1-positive) or <1% (PD-L1-negative) were sub
grouped. This indicates that baseline PD-L1 status may not be a
reliable biomarker for predicting how well immunotherapy will
work. Although adding durvalumab increased OS and PFS, it’s
unclear if using durvalumab for the first six months of treatment
has any therapeutic benefits.

NCT number TRIAL name Treatment given [I)’;inmt End ORR OS (mo) | PFS(mo)

Gem/cis + nivolumab 229 10.6 6.6
NCT03101566 BilT-01 Ipilimumab/nivolumab PFS 3 8.2 3.9

Gem/cis + durvalumab 26.7 12.8 7.2
NCT03875235 TOPAZ-1

Gem/cis (0N 18.7 11.5 5.7

Gem/cis + pembrolizumab 28.7 12.7 6.5
NCT04003636 KEYNOTE-966

Gem/cis (O 28.5 10.9 5.6
ORR- objective response rate, OS- overall survival, PFS- progression free survival, mo- months, DCR- disease control rate, DLT-
dose limiting toxicity

Table 2: Combination of immunotherapy with chemotherapy.

5
J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Volume 10; Issue 02


https://clinicaltrials.gov/ct2/show/NCT03101566
https://clinicaltrials.gov/ct2/show/NCT03875235
https://clinicaltrials.gov/ct2/show/NCT04003636

Citation: Ansari A, Agrawal S (2025) Advancements in Immunotherapy for Biliary Tract Cancers: Current Perspectives and Future Directions. J Oncol

Res Ther 10: 10282. DOI: 10.29011/2574-710X.10282.

In patients with treatment-naive metastatic or unresectable BTC,
KEYNOTE-966, a randomised, double-blind phase III trial,
examined the safety and effectiveness of gemcitabine and cisplatin
with or without pembrolizumab, a PD-1 inhibitor [44]. With a
median OS of 12.7 months with chemoimmunotherapy compared
to 10.9 months in the standard-of-care arm, KEYNOTE-966
achieved its primary end point; the effect was comparable for PD-
L1-negative and -positive cases, which were defined as having a
CPS of less than 1% or greater than 1%, respectively. Regardless of
PD-L1 status, TOPAZ-1 and KEYNOTE-966 together established
the importance of immune checkpoint inhibition in conjunction
with chemotherapy as a first-line treatment approach for advanced
BTCs.

In conclusion, the addition of immunotherapy (durvalumab or
pembrolizumab) to conventional first-line chemotherapy has
been proven to be beneficial in two phase III trials, encouraging
this strategy as the new standard of care. Currently there
is no study which directly compared pembrolizumab and
durvalumab. Last but not least, more investigation is required
on the function of immunotherapy after progression on first-line
chemoimmunotherapy.

Checkpoint Inhibitors with Targeted Therapy

Checkpoint inhibitors have also been studied in combination with
targeted therapies that inhibit specific oncogenic pathways in BTCs.
For instance, fibroblast growth factor receptor (FGFR) inhibitors
and isocitrate dehydrogenase (IDH) inhibitors have shown activity
in subsets of BTCs with FGFR2 fusions or IDH1 mutations,
respectively [45]. The rationale for combining these inhibitors
with checkpoint blockade lies in potentially overcoming immune
resistance linked to tumor-specific mutations. Trials, such as those
investigating pembrolizumab with FGFR inhibitors, are ongoing
to evaluate efficacy in patients with specific BTC subtypes [25].
A phase 3 study evaluated patients with advanced, IDH1-mutant
cholangiocarcinoma who had progressed on previous therapy and
had received at least two regimens [46]. Patients were randomised
to receive either ivosidenib (IDH1 inhibitor) or placebo. PFS was
2.7 month with ivosidenib versus 1.4 months in placebo arm.
Grade 3/4 toxicity were reported in 30% of patients receiving
ivosidenib and 22% of patients receiving placebo. A single arm
prospective study evaluated role of triplet therapy [47]. It included
patients with local advanced or metastatic BTCs and evaluated
standard GemOX plus sintilimab and Lenvatinib (no targetable
gene alterations present) or targeted therapy based on next
generation sequencing (Olaparib for BRCA 1/2 mutation, dasatinib
for IDH1/2 mutation, afatinib for EGFR amplification, Lenvatinib
for PDGFR and KIT mutation, or FGFR/KIT mutation. ORR was
45.5%, and the disease control rate was 86.4%. treatment related
grade 3 or 4 AE were 9.09%. The combination of GemOX plus

sintilimab and Lenvatinib or NGS-guided targeted therapy showed
promising ORR and DCR. Another study evaluated Apatinib plus
Camrelizumab in patients with Previously treated advanced biliary
tract cancer [48]. Patients in this study received apatinib orally at
250 mg per a day and camrelizumab intravenously at 200 mg Q3W
until disease progression or intolerable adverse events occurred.
The DCR was 71.4%, the OS was 13.1 months and the median
progression-free survival was 4.4 months. The grade 3 or 4 AEs
occurred in 63.6% of patients.

Immunotherapy with Radiation Therapy

Radiation therapy can induce immunogenic cell death, releasing
tumor-associated antigens and promoting an anti-tumor immune
response. This “abscopal effect,” where localized radiation
enhances systemic anti-tumor immunity, has been observed
in several cancer types and may be beneficial in BTCs when
combined with immunotherapy [49]. Clinical trials are evaluating
combinations of immune checkpoint inhibitors with radiation
therapy to leverage this immune modulation, especially in patients
with limited systemic disease who may benefit from localized
treatments. The combination of immunotherapy with radiation
therapy was evaluated by Chen et al [50]. They prospectively
observed 117 participants with unresectable BTC either at initial
diagnosis or at first recurrence. Patients were given either RT +
IO or standard of care chemotherapy (gemcitabine plus Cisplatin).
Primary end points were OS and DFS. The OS was 17 months in
RT/IO vs 11.5 months in chemotherapy arm. DFS was 12.5 vs 7.9
months in RT/IO and chemotherapy group respectively. Adverse
events (grade =3 AEs) were higher in the CT group (79.4% vs
7.7%, P < .001). RT combined with anti-PD-1 10 may be well
tolerated and associated with an improved response rate, DFS, and
OS compared with CT alone in patients with unresectable BTC but
further research is needed in this field.

Immunotherapy with Anti-VEGF Agents

Rationale and Current Research Outcomes Anti-VEGF agents,
such as bevacizumab, inhibit vascular endothelial growth factor
(VEGF), which is involved in tumor angiogenesis and immune
suppression within the tumor microenvironment. VEGF inhibition
may normalize the vasculature, improve immune cell infiltration,
and enhance the efficacy of immunotherapies [51]. Combining
anti-VEGF agents with checkpoint inhibitors has shown efficacy in
several cancers, and research in BTCs, such as the combination of
atezolizumab (PD-L1 inhibitor) with bevacizumab, is ongoing to
determine whether these therapies can improve clinical outcomes
in BTC patients. Lenvatinib plus pembrolizumab combination
has been evaluated in patients with previously treated biliary tract
cancers [52]. Patients received lenvatinib 20 mg once daily along
with pembrolizumab 200 mg every 21 days for up to 35 cycles
(approximately 2 years) or until confirmed disease progression,
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unacceptable adverse effect. ORR was the primary endpoint. Secondary endpoints was disease control rate. The primary endpoint of
objective response rate was 10%, including all partial responses, while the disease control rate was 68%. JVDF phase I study (table 03)
evaluated ramucirumab plus pembrolizumab in patients with previously treated advanced or metastatic BTC [53]. Safety and tolerability
were primary end point while secondary end points were ORR, PFS, OS. ORR was 4%, median PFS and OS were 1.6 months and 6.4
months, respectively. Most common side effect was hypertension. REGOMUNE is a phase II trial evaluated regorafenib-avelumab
combination in patients with biliary tract cancer [54]. The primary end-point was confirmed ORR and the secondary end-points were
1-year non-progression rate; progression-free survival (PFS) and overall survival. ORR was 13.8% and the DCR was 51.7%, median
PFS was 2.5 months and median OS was 11.9 months. The most common grade 3 or 4 clinical AEs observed were hypertension (17.6%),
fatigue (14.7%) and maculopapular rash (11.8%). The authors concluded that regorafenib combined with avelumab has antitumour

activity in a subset of heavily pretreated biliary tract cancer population.

NCT number TRIAL name Treatment given | Prim. End point | ORR OS (mo) PFS (mo)

NCT04642664. | - Apatinib plus ORR 19% 13.1 44
camrelizumab

NCTO02989857. ClarIDHy Ivosidenib PFS 2% 10.8 2.7

ib +

NCT03475953 Regume Regorafenib ORR 13.80% 11.9 2.5
avelumab

NCT02443324 | IVFD Ramucirumab + | 1) 3.80% 6.4 1.6
pembrolizumab

ORR- objective response rate, OS- overall survival, PFS- progression free survival, mo- months, DCR- disease control rate, DLT-dose limiting

toxicity

Table 3: Immunotherapy with targeted and antiangiogenic therapy.

Future Potential for Multi-Modal Combinations

The futureof BTCtreatmentmay involve multi-modal combinations,
including checkpoint inhibitors, targeted therapies, chemotherapy,
radiation, and anti-angiogenic agents. Such combinations aim to
address the heterogeneous and often immunosuppressive nature
of BTCs more comprehensively. Multi-modal strategies can
potentially enhance the immunogenicity of BTCs and offer tailored
approaches for patients based on tumor biology and genetic
profiles. Ongoing trials are exploring innovative combinations to
refine and expand the therapeutic landscape for BTCs [3].

Biomarkers and Predictive Indicators in Immunotherapy for
BTCs

PD-L1 Expression:

Programmed death-ligand 1 (PD-L1) expression on tumor cells or
immune cells has been associated with response to PD-1/PD-L1
checkpoint inhibitors across several cancer types, including BTCs.
While PD-L1 expression is detected in a subset of BTC cases, its
predictive value for immunotherapy response remains variable, as
not all PD-L1 positive BTCs respond to checkpoint inhibition [55].
Studies suggest that PD-L1 expression could serve as a preliminary

screening tool for potential responders in BTC immunotherapy,
although its utility as a standalone marker is limited.

Microsatellite Instability (MSI):

MSI-high status is characterized by defects in the DNA mismatch
repair system, leading to high mutational loads and potential
neoantigen formation that can stimulate immune responses. In
BTCs, MSI-highstatus is relatively rare but has been associated with
improved responses to PD-1 inhibitors, such as pembrolizumab, in
select cases [56]. Consequently, MSI testing is often considered
for BTC patients when evaluating eligibility for immunotherapy,
as it can indicate likely benefit from PD-1 blockade.

Tumor Mutation Burden (TMB):

High TMB, which correlates with neoantigen burden, has shown
predictive value in various cancers for response to checkpoint
inhibitors. In BTCs, however, TMB is typically low, which may
partially account for the modest response rates to immunotherapy
[19]. Still, emerging studies suggest that BTC cases with higher
TMB may be more responsive to immunotherapy, and TMB
testing could help identify such cases.
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Emerging Biomarkers and Their Implications
Tumor-Infiltrating Lymphocytes (TILs):

The presence and density of TILs in the tumor microenvironment
has been linked with immunotherapy response, as they may indicate
an active immune response against the tumor. Studies show that
higher TIL levels in BTCs are associated with improved survival
and potential responsiveness to checkpoint inhibitors. Further
research is needed to validate TILs as a predictive biomarker, but
they represent a promising indicator of BTC immunogenicity.

FGFR2 Fusions and IDH1 Mutations:

Specific genetic alterations, such as FGFR2 fusions and IDH1
mutations, common in subsets of BTCs, have potential implications
for immunotherapy. For instance, FGFR2 fusions may contribute to
an immunosuppressive tumour environment, and ongoing studies
are examining whether targeting these mutations in combination
with immunotherapy could enhance treatment outcomes [57].
IDH1 mutations may similarly impact immune pathways and are
the subject of current research to evaluate their predictive value.

Inflammatory Markers and Cytokine Profiles:

Circulating inflammatory markers, such as interleukin-6 (IL-6) and
C-reactive protein (CRP), are being explored for their potential
to predict immunotherapy response. In BTCs, elevated levels of
certain cytokines have been associated with poor prognosis but
may provide insights into immunotherapy responsiveness [58].
As research progresses, integrating cytokine profiles with other
biomarkers could improve patient stratification.

Challenges in Identifying Reliable Predictive Markers for
BTC Patients

Identifying reliable predictive biomarkers for BTC immunotherapy
remains challenging due to the cancer’s molecular heterogeneity
and generally low immunogenicity. While current markers like
PD-L1, MSI, and TMB offer some predictive insights, they often
lack specificity and sensitivity in BTCs, leading to variability in
treatment responses. Additionally, emerging biomarkers require
rigorous validation across larger BTC cohorts to confirm their
utility.

Another challenge is the limited availability of tissue samples
in BTCs, which complicates comprehensive biomarker analysis.
Liquid biopsy approaches, which analyze circulating tumor DNA
or immune cells in the blood, offer a minimally invasive alternative
but are still under development and need further standardization
[44]. Finally, the dynamic nature of the immune response and tumor
evolution in BTCs necessitates serial biomarker assessments to

optimize predictive accuracy over time, a complex and resource-
intensive requirement in clinical practice.

Challenges and Limitations of Immunotherapy in BTCs
Intrinsic Resistance and Low Immunogenicity of BTCs

Biliary tract cancers (BTCs) are characterized by low
immunogenicity, partly due to their generally low tumor mutation
burden (TMB), which limits neoantigen presentation and reduces
immune system recognition [19]. This intrinsic resistance presents
a significant barrier to effective immunotherapy. Additionally, the
immunosuppressive tumor microenvironment (TME) in BTCs,
often enriched with regulatory T cells (Tregs), myeloid-derived
suppressor cells (MDSCs), and tumor-associated macrophages
(TAMs), further hinders immune response activation [59]. The
combination of low TMB and an immunosuppressive TME leads
to limited efficacy of checkpoint inhibitors in many BTC patients,
prompting ongoing research to find methods to enhance the
immunogenicity of BTCs.

Heterogeneity within BTC Subtypes Impacting Therapy
Response

BTCs comprise a heterogeneous group of cancers, including
intrahepatic, perihilar, distal cholangiocarcinoma, and gallbladder
cancer, each with distinct molecular and genetic profiles [2].
This heterogeneity influences treatment response, as mutations,
such as FGFR2 fusions and IDH1/2 mutations, are present in
specific subtypes and may affect the efficacy of immunotherapy.
Consequently, response rates to immunotherapy vary across
BTC subtypes, complicating the ability to generalize treatment
approaches [44]. Tailoring immunotherapy based on molecular
subtypes and predictive biomarkers is essential, yet these differences
within BTCs make it challenging to develop a universally effective
treatment strategy.

Financial Burden and Accessibility in Different Healthcare
Settings

Immunotherapy is often expensive, creating a substantial financial
burden for patients and healthcare systems. Many BTC patients
require long-term treatment, further increasing costs. In low-
and middle-income countries, where BTC incidence is often
higher, financial barriers limit access to these therapies, making
it difficult for patients to benefit from the latest advancements [3].
Furthermore, the cost of biomarker testing, essential for identifying
suitable candidates for immunotherapy, adds to the financial
strain. Ensuring wider access to affordable immunotherapy and
companion diagnostics remains a significant challenge in global
healthcare, particularly in resource-limited settings.
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Future Directions in Immunotherapy for BTCs

Exploration of New Immunotherapy Agents and Combination
Strategies

As BTCs exhibit intrinsic resistance to monotherapy with immune
checkpoint inhibitors, future efforts are focused on developing
novel agents and combination strategies to improve efficacy.
Combining immunotherapies, such as PD-1/PD-L1 inhibitors
with new checkpoint targets (e.g., LAG-3, TIGIT), or integrating
with traditional modalities like chemotherapy, targeted therapy,
or radiation, is being explored to enhance anti-tumor immune
responses [60]. Ongoing trials are also investigating the efficacy of
agents like bispecific antibodies and immune-stimulating cytokines
in BTC, aiming to bypass immune resistance mechanisms and
increase treatment responses.

Development of Personalized Immunotherapy Approaches
Based on Genetic and Molecular Profiling

Personalized medicine has the potential to transform BTC
treatment by tailoring therapies to the unique genetic and
molecular profiles of each patient’s tumor. Advances in genomic
sequencing and biomarker identification allow for the selection
of patients likely to respond to specific immunotherapies based
on mutations, such as FGFR2 fusions or IDH1 mutations [44].
Future strategies may incorporate multi-omic profiling to
understand the complex interaction between tumor genomics,
immune responses, and therapeutic responses, allowing clinicians
to optimize immunotherapy combinations and predict outcomes
more accurately [3].

Potential for Microbiome Modulation in Enhancing Immune
Response

Emerging research suggests that the gut microbiome can influence
the efficacy of immunotherapies, including checkpoint inhibitors,
by modulating systemic immune responses. Alterations in gut
microbiota composition have been linked to response variability
in cancer immunotherapy, and studies are now exploring the
potential of microbiome modulation through diet, prebiotics, or
probiotics to enhance immune responses in BTC patients [60].
While these approaches are still in the experimental phase, the
microbiome represents a promising avenue to potentially improve
immunotherapy outcomes by enhancing immune activation and
reducing immunosuppression.

Leveraging Artificial Intelligence
Response to Immunotherapy

in Predicting Patient

Artificial intelligence (Al) is increasingly utilized in oncology to
analyse complex data and predict treatment responses. In BTCs,
Al algorithms could help integrate diverse data sources such as
genomic profiles, biomarker levels, imaging findings, and clinical

histories to predict which patients are most likely to respond to
specific immunotherapies [60]. Machine learning models can
assist in biomarker discovery, outcome prediction, and treatment
optimization, paving the way for more precise and effective use of
immunotherapies in BTCs. This approach could improve patient
stratification, minimize unnecessary side effects, and reduce
healthcare costs by identifying the most effective therapies for
each individual.

Conclusions

Immunotherapy for biliary tract cancers (BTCs) has seen
significant advancements, particularly with the introduction of
checkpoint inhibitors like PD-1/PD-L1 inhibitors, which have
demonstrated promising responses in some BTC patients. While
these therapies alone have shown limited efficacy due to the low
immunogenicity and intrinsic resistance of BTCs, combination
strategies-integrating checkpoint inhibitors with chemotherapy,
targeted therapy, radiation, and anti-angiogenic agents-are offering
new avenues to enhance treatment responses. Current research is
also identifying potential biomarkers, such as PD-L1, MSI status,
and TMB, to better select patients who are likely to respond to
immunotherapy, while emerging insights into tumor genetics and
the microbiome may further refine these approaches.

Looking ahead, the future of BTC immunotherapy lies in the
development of personalized treatment strategies. Advances
in genetic and molecular profiling, combined with artificial
intelligence, hold promise for tailoring immunotherapy based on
individual tumor characteristics, improving both response rates
and patient outcomes. Additionally, the potential for microbiome
modulation and innovative multi-modal approaches highlights the
expanding landscape of immunotherapy in BTC treatment.

Despite these advances, there remains an urgent need for further
research to optimize immunotherapy approaches and to address
the unique challenges of BTC, including tumor heterogeneity,
immunosuppressive microenvironments, and adverse effects.
Continued clinical trials and translational research will be essential
to overcome these obstacles and to provide BTC patients with
more effective, accessible, and durable treatment options. Through
these efforts, the goal is to ultimately improve survival rates and
quality of life for individuals affected by this challenging disease.

References

1. Razumilava N, Gores GJ (2014) Cholangiocarcinoma. Lancet
383:2168-79.

2. SharmaA, Sharma KL, Gupta A, Yadav A, Kumar A (2017) Gallbladder
cancer epidemiology, pathogenesis and molecular genetics: Recent
update. World J Gastroenterol 23:3978-3998.

3. Waller GC, Sarpel U (2024) Gallbladder Cancer. Surg Clin North Am
104:1263-1280.

9
J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Volume 10; Issue 02


https://pubmed.ncbi.nlm.nih.gov/24581682/
https://pubmed.ncbi.nlm.nih.gov/24581682/
https://pubmed.ncbi.nlm.nih.gov/28652652/
https://pubmed.ncbi.nlm.nih.gov/28652652/
https://pubmed.ncbi.nlm.nih.gov/28652652/
https://pubmed.ncbi.nlm.nih.gov/39448127/
https://pubmed.ncbi.nlm.nih.gov/39448127/

Citation: Ansari A, Agrawal S (2025) Advancements in Immunotherapy for Biliary Tract Cancers: Current Perspectives and Future Directions. J Oncol
Res Ther 10: 10282. DOI: 10.29011/2574-710X.10282.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

SivanandA, Talati D, Kalariya Y, Patel P, Gandhi SK (2023) Associations
of Liver Fluke Infection and Cholangiocarcinoma: A Scoping Review.
Cureus 15:€46400.

Mishra V, Mishra M, Ansari KM, Chaudhari BP, Khanna R, et al. (2012)
Edible oil adulterants, argemone oil and butter yellow, as aetiological
factors for gall bladder cancer. Eur J Cancer 48:2075-85.

Dixit R, Srivastava P, Basu S, Srivastava P, Mishra PK, et al. (2013)
Association of mustard oil as cooking media with carcinoma of the
gallbladder. J Gastrointest Cancer 44:177-81.

Mishra V, Ansari KM, Khanna R, Das M (2012) Role of ErbB2 mediated
AKT and MAPK pathway in gall bladder cell proliferation induced
by argemone oil and butter yellow. Argemone oil and butter yellow
induced gall bladder cell proliferation. Cell Biol Toxicol 28:149-59.

Shridhar K, Krishnatreya M, Sarkar S, Kumar R, Kondal D, et al.
(2023) Chronic Exposure to Drinking Water Arsenic and Gallbladder
Cancer Risk: Preliminary Evidence from Endemic Regions of India.
Cancer Epidemiol Biomarkers Prev 32:406-414.

Garcia-Pérez J, Lépez-Cima MF, Pérez-Gomez B, Aragonés N, Pollan
M, et al. (2010) Mortality due to tumours of the digestive system
in towns lying in the vicinity of metal production and processing
installations. Sci Total Environ 408:3102-12.

Zhao J, Han W, Guo XB, Zhang LW, Xue F, et al. (2024) Spatial
Association of Surface Water Quality and Cancer in the Huaihe River
Basin. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 46:849-861.

Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen JB, et al.
(2016) Expert consensus document: Cholangiocarcinoma: current
knowledge and future perspectives consensus statement from the
European Network for the Study of Cholangiocarcinoma (ENS-CCA).
Nat Rev Gastroenterol Hepatol 13:261-80.

Valle JW, Lamarca A, Goyal L, Barriuso J, Zhu AX (2017) New
Horizons for Precision Medicine in Biliary Tract Cancers. Cancer
Discov 7:943-962.

Shroff RT, Kennedy EB, Bachini M, Bekaii-Saab T, Crane C, et al.
(2019) Adjuvant Therapy for Resected Biliary Tract Cancer: ASCO
Clinical Practice Guideline. J Clin Oncol 37:1015-1027.

Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, et al.
(2010) Cisplatin plus gemcitabine versus gemcitabine for biliary tract
cancer. N Engl J Med 362:1273-81.

Shroff RT, King G, Colby S, Scott AJ, Borad MJ, et al. (2025) SWOG
S1815: A Phase Ill Randomized Trial of Gemcitabine, Cisplatin, and
Nab-Paclitaxel Versus Gemcitabine and Cisplatin in Newly Diagnosed,
Advanced Biliary Tract Cancers. J Clin Oncol 43:536-544.

Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, et al. (2015)
Cancer immunology. Mutational landscape determines sensitivity to
PD-1 blockade in non-small cell lung cancer. Science 348:124-8.

Oh DY, He AR, Qin S, Chen LT, Okusaka T, et al. (2022) Durvalumab
plus Gemcitabine and Cisplatin in Advanced Biliary Tract Cancer.
NEJM Evid 1:EVID0a2200015.

Chen X, Wang D, Liu J, Qiu J, Zhou J, et al. (2021) Genomic alterations
in biliary tract cancer predict prognosis and immunotherapy outcomes.
J Immunother Cancer.9:e003214.

Kang S, El-Rayes BF, Akce M (2022) Evolving Role of Immunotherapy
in Advanced Biliary Tract Cancers. Cancers 14:1748.

kitano et al. (2018) Tumour-infiltrating inflammatory and immune
cells in patients with extrahepatic cholangiocarcinoma. Br J Cancer
118:171-180.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

Oh DY, Lee KH, Lee DW, Yoon J, Kim TY, et al. (2022) Gemcitabine
and cisplatin plus durvalumab with or without tremelimumab in
chemotherapy-naive patients with advanced biliary tract cancer:
an open-label, single-centre, phase 2 study. Lancet Gastroenterol
Hepatol 7:522-32.

Buchbinder El, Desai A (2015) CTLA-4 and PD-1 Pathways:
Similarities, Differences, and Implications of Their Inhibition.

Postow MA, Callahan MK, Wolchok JD (2015) Immune Checkpoint
Blockade in Cancer Therapy. J Clin Oncol 33:1974-82.

Goyal L, Saha SK, Liu LY, Siravegna G, Leshchiner |, et al. (2017)
Polyclonal Secondary FGFR2 Mutations Drive Acquired Resistance
to FGFR Inhibition in Patients with FGFR2 Fusion-Positive
Cholangiocarcinoma. Cancer Discov 7:252-63.

Piha-Paul SA, Oh DY, Ueno M, Malka D, Chung HC, et al. (2020)
Efficacy and safety of pembrolizumab for the treatment of advanced
biliary cancer: Results from the KEYNOTE-158 and KEYNOTE-028
studies. Int J Cancer 147:2190-8.

Kim RD, Chung V, Alese OB, El-Rayes BF, Li D, Al-Toubah TE, et al.
(2020) A Phase 2 Multi-institutional Study of Nivolumab for Patients
With Advanced Refractory Biliary Tract Cancer. JAMA Oncol 6:888-94.

Doki Y, Ueno M, Hsu CH, Oh DY, Park K, et al. (2022) Tolerability
and efficacy of durvalumab, either as monotherapy or in combination
with tremelimumab, in patients from Asia with advanced biliary tract,
esophageal, or head-and-neck cancer. Cancer Med 11:2550-60.

Ueno M, Ikeda M, Morizane C, Kobayashi S, Ohno |, et al. (2019)
Nivolumab alone or in combination with cisplatin plus gemcitabine in
Japanese patients with unresectable or recurrent biliary tract cancer:
a non-randomised, multicentre, open-label, phase 1 study. Lancet
Gastroenterol Hepatol 4:611-21.

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, et al.
(2019) Five-Year Survival with Combined Nivolumab and Ipilimumab
in Advanced Melanoma. N Engl J Med 381:1535-46.

Hellmann MD, Paz-Ares L, Caro RB, Zurawski B, Kim SW, et al. (2019)
Nivolumab plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer.
N Engl J Med 381:2020-31.

Albiges L, Tannir NM, Burotto M, McDermott D, Plimack ER, et al.
(2020) Nivolumab plus ipilimumab versus sunitinib for first-line
treatment of advanced renal cell carcinoma: extended 4-year follow-up
of the phase Ill CheckMate 214 trial. ESMO Open 5:e001079.

Klein O, Kee D, Nagrial A, Markman B, Underhill C, et al. (2020)
Evaluation of Combination Nivolumab and Ipilimumab Immunotherapy
in Patients With Advanced Biliary Tract Cancers: Subgroup Analysis of
a Phase 2 Nonrandomized Clinical Trial. JAMA Oncol 6:1405-9.

Delaye M, Assenat E, Dahan L, Blanc JF, Tougeron D, et al. (2022)
Durvalumab (D) plus tremelimumab (T) immunotherapy in patients
(Pts) with advanced biliary tract carcinoma (BTC) after failure
of platinum-based chemotherapy (CTx): Interim results of the
IMMUNOBIL GERCOR D18-1 PRODIGE-57 study. J Clin Oncol 40.

Rosenberg SA, Restifo NP (2015) Adoptive cell transfer as personalized
immunotherapy for human cancer. Science 348:62-8.

Nishida S, Sugiyama H (2016) Immunotherapy Targeting WT1:
Designing a Protocol for WT1 Peptide-Based Cancer Vaccine.
Methods in Molecular Biology 1467:221-32.

Butterfield LH (2015) Cancer vaccines. BMJ 350:h988.

Harrington K, Freeman DJ, Kelly B, Harper J, Soria JC (2019)
Optimizing oncolytic virotherapy in cancer treatment. Nat Rev Drug
Discov 18:689-706.

10

J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Volume 10; Issue 02


https://pubmed.ncbi.nlm.nih.gov/37927641/
https://pubmed.ncbi.nlm.nih.gov/37927641/
https://pubmed.ncbi.nlm.nih.gov/37927641/
https://pubmed.ncbi.nlm.nih.gov/22071130/
https://pubmed.ncbi.nlm.nih.gov/22071130/
https://pubmed.ncbi.nlm.nih.gov/22071130/
https://pubmed.ncbi.nlm.nih.gov/23180022/
https://pubmed.ncbi.nlm.nih.gov/23180022/
https://pubmed.ncbi.nlm.nih.gov/23180022/
https://pubmed.ncbi.nlm.nih.gov/22411700/
https://pubmed.ncbi.nlm.nih.gov/22411700/
https://pubmed.ncbi.nlm.nih.gov/22411700/
https://pubmed.ncbi.nlm.nih.gov/22411700/
https://pubmed.ncbi.nlm.nih.gov/36622765/
https://pubmed.ncbi.nlm.nih.gov/36622765/
https://pubmed.ncbi.nlm.nih.gov/36622765/
https://pubmed.ncbi.nlm.nih.gov/36622765/
https://pubmed.ncbi.nlm.nih.gov/20427078/
https://pubmed.ncbi.nlm.nih.gov/20427078/
https://pubmed.ncbi.nlm.nih.gov/20427078/
https://pubmed.ncbi.nlm.nih.gov/20427078/
https://pubmed.ncbi.nlm.nih.gov/39773504/
https://pubmed.ncbi.nlm.nih.gov/39773504/
https://pubmed.ncbi.nlm.nih.gov/39773504/
https://pubmed.ncbi.nlm.nih.gov/27095655/
https://pubmed.ncbi.nlm.nih.gov/27095655/
https://pubmed.ncbi.nlm.nih.gov/27095655/
https://pubmed.ncbi.nlm.nih.gov/27095655/
https://pubmed.ncbi.nlm.nih.gov/27095655/
https://pubmed.ncbi.nlm.nih.gov/28818953/
https://pubmed.ncbi.nlm.nih.gov/28818953/
https://pubmed.ncbi.nlm.nih.gov/28818953/
https://pubmed.ncbi.nlm.nih.gov/30856044/
https://pubmed.ncbi.nlm.nih.gov/30856044/
https://pubmed.ncbi.nlm.nih.gov/30856044/
https://pubmed.ncbi.nlm.nih.gov/20375404/
https://pubmed.ncbi.nlm.nih.gov/20375404/
https://pubmed.ncbi.nlm.nih.gov/20375404/
https://pubmed.ncbi.nlm.nih.gov/39671534/
https://pubmed.ncbi.nlm.nih.gov/39671534/
https://pubmed.ncbi.nlm.nih.gov/39671534/
https://pubmed.ncbi.nlm.nih.gov/39671534/
https://pubmed.ncbi.nlm.nih.gov/25765070/
https://pubmed.ncbi.nlm.nih.gov/25765070/
https://pubmed.ncbi.nlm.nih.gov/25765070/
https://pubmed.ncbi.nlm.nih.gov/38319896/
https://pubmed.ncbi.nlm.nih.gov/38319896/
https://pubmed.ncbi.nlm.nih.gov/38319896/
https://pubmed.ncbi.nlm.nih.gov/34795005/
https://pubmed.ncbi.nlm.nih.gov/34795005/
https://pubmed.ncbi.nlm.nih.gov/34795005/
https://pubmed.ncbi.nlm.nih.gov/35406520/
https://pubmed.ncbi.nlm.nih.gov/35406520/
mailto:https://pubmed.ncbi.nlm.nih.gov/29123259/
mailto:https://pubmed.ncbi.nlm.nih.gov/29123259/
mailto:https://pubmed.ncbi.nlm.nih.gov/29123259/
https://pubmed.ncbi.nlm.nih.gov/35278356/
https://pubmed.ncbi.nlm.nih.gov/35278356/
https://pubmed.ncbi.nlm.nih.gov/35278356/
https://pubmed.ncbi.nlm.nih.gov/35278356/
https://pubmed.ncbi.nlm.nih.gov/35278356/
mailto:https://www.researchgate.net/publication/283729539_CTLA-4_and_PD-1_Pathways_Similarities_Differences_and_Implications_of_Their_Inhibition
mailto:https://www.researchgate.net/publication/283729539_CTLA-4_and_PD-1_Pathways_Similarities_Differences_and_Implications_of_Their_Inhibition
https://pubmed.ncbi.nlm.nih.gov/25605845/
https://pubmed.ncbi.nlm.nih.gov/25605845/
https://pubmed.ncbi.nlm.nih.gov/28034880/
https://pubmed.ncbi.nlm.nih.gov/28034880/
https://pubmed.ncbi.nlm.nih.gov/28034880/
https://pubmed.ncbi.nlm.nih.gov/28034880/
https://pubmed.ncbi.nlm.nih.gov/32359091/
https://pubmed.ncbi.nlm.nih.gov/32359091/
https://pubmed.ncbi.nlm.nih.gov/32359091/
https://pubmed.ncbi.nlm.nih.gov/32359091/
https://pubmed.ncbi.nlm.nih.gov/32352498/
https://pubmed.ncbi.nlm.nih.gov/32352498/
https://pubmed.ncbi.nlm.nih.gov/32352498/
https://pubmed.ncbi.nlm.nih.gov/35611499/
https://pubmed.ncbi.nlm.nih.gov/35611499/
https://pubmed.ncbi.nlm.nih.gov/35611499/
https://pubmed.ncbi.nlm.nih.gov/35611499/
https://pubmed.ncbi.nlm.nih.gov/31109808/
https://pubmed.ncbi.nlm.nih.gov/31109808/
https://pubmed.ncbi.nlm.nih.gov/31109808/
https://pubmed.ncbi.nlm.nih.gov/31109808/
https://pubmed.ncbi.nlm.nih.gov/31109808/
https://pubmed.ncbi.nlm.nih.gov/31562797/
https://pubmed.ncbi.nlm.nih.gov/31562797/
https://pubmed.ncbi.nlm.nih.gov/31562797/
https://pubmed.ncbi.nlm.nih.gov/31562796/
https://pubmed.ncbi.nlm.nih.gov/31562796/
https://pubmed.ncbi.nlm.nih.gov/31562796/
https://pubmed.ncbi.nlm.nih.gov/33246931/
https://pubmed.ncbi.nlm.nih.gov/33246931/
https://pubmed.ncbi.nlm.nih.gov/33246931/
https://pubmed.ncbi.nlm.nih.gov/33246931/
https://pubmed.ncbi.nlm.nih.gov/32729929/
https://pubmed.ncbi.nlm.nih.gov/32729929/
https://pubmed.ncbi.nlm.nih.gov/32729929/
https://pubmed.ncbi.nlm.nih.gov/32729929/
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.4108
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.4108
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.4108
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.4108
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.4108
https://pubmed.ncbi.nlm.nih.gov/25838374/
https://pubmed.ncbi.nlm.nih.gov/25838374/
https://link.springer.com/protocol/10.1007/978-1-4939-4023-3_19
https://link.springer.com/protocol/10.1007/978-1-4939-4023-3_19
https://link.springer.com/protocol/10.1007/978-1-4939-4023-3_19
https://pubmed.ncbi.nlm.nih.gov/25904595/
https://pubmed.ncbi.nlm.nih.gov/31292532/
https://pubmed.ncbi.nlm.nih.gov/31292532/
https://pubmed.ncbi.nlm.nih.gov/31292532/

Citation: Ansari A, Agrawal S (2025) Advancements in Immunotherapy for Biliary Tract Cancers: Current Perspectives and Future Directions. J Oncol
Res Ther 10: 10282. DOI: 10.29011/2574-710X.10282.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Heo J, Reid T, Ruo L, Breitbach CJ, Rose S, et al. (2013) Randomized
dose-finding clinical trial of oncolytic immunotherapeutic vaccinia JX-
594 in liver cancer. Nat Med 19:329-36.

Galluzzi L, Buqué A, Kepp O, Zitvogel L, Kroemer G (2015)
Immunological Effects of Conventional Chemotherapy and Targeted
Anticancer Agents. Cancer Cell 28:690-714.

Apetoh L, Ladoire S, Coukos G, Ghiringhelli F (2015) Combining
immunotherapy and anticancer agents: the right path to achieve
cancer cure? Ann Oncol 26:1813-23.

Sahai V, Griffith KA, Beg MS, Shaib WL, Mahalingam D, et al. (2022)
A randomized phase 2 trial of nivolumab, gemcitabine, and cisplatin
or nivolumab and ipilimumab in previously untreated advanced biliary
cancer: BilT-01. Cancer 128:3523-30.

Kelley RK, Ueno M, Yoo C, Finn RS, Furuse J, et al. (2023)
Pembrolizumab in combination with gemcitabine and cisplatin
compared with gemcitabine and cisplatin alone for patients with
advanced biliary tract cancer (KEYNOTE-966): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet 401:1853-65.

Javle M, Lowery M, Shroff RT, Weiss KH, Springfeld C, et al. (2017)
Phase Il Study of BGJ398 in Patients With FGFR-Altered Advanced
Cholangiocarcinoma. J Clin Oncol 36:276-282.

Abou-Alfa GK, Lau G, Kudo M, Chan SL, Kelley RK, et al. (2022)
Tremelimumab plus Durvalumab in Unresectable Hepatocellular
Carcinoma. NEJM Evid 1:EVID0oa2100070.

Dong X, Zhang Z, Zhang Q, Chen L, Cao G, et al. (2023) Triple therapy
in biliary tract cancers: GemOX plus immune checkpoint inhibitor in
combination with lenvatinib or NGS-guided targeted therapy. J Cancer
Res Clin Oncol 149:1917-27.

Wang D, Yang X, Long J, Lin J, Mao J, et al. (2021) The Efficacy
and Safety of Apatinib Plus Camrelizumab in Patients With Previously
Treated Advanced Biliary Tract Cancer: A Prospective Clinical Study.
Front Oncol 11:646979.

Demaria S, Ng B, Devitt ML, Babb JS, Kawashima N, et al. (2004)
lonizing radiation inhibition of distant untreated tumors (abscopal
effect) is immune mediated. Int J Radiat Oncol Biol Phys 58:862—70.

ChenY, Wei M, Shen S, Chen S, Li D, et al. (2022) The Combination of
Radiation Therapy and Immunotherapy Is Effective and Well-Tolerated
for Unresectable Biliary Tract Cancer. Int J Radiat Oncol Biol Phys
113:816-24.

Hegde PS, Wallin JJ, Mancao C (2018) Predictive markers of anti-VEGF
and emerging role of angiogenesis inhibitors as immunotherapeutics.
Semin Cancer Biol 52:117-24.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Villanueva L, Lwin Z, Chung HC, Gomez-Roca C, Longo F, et al.
(2021) Lenvatinib plus pembrolizumab for patients with previously
treated biliary tract cancers in the multicohort phase Il LEAP-005
study. J Clin Oncol 39:321.

Arkenau HT, Martin-Liberal J, Calvo E, Penel N, Krebs MG, et al.
(2018) Ramucirumab Plus Pembrolizumab in Patients with Previously
Treated Advanced or Metastatic Biliary Tract Cancer: Nonrandomized,
Open-Label, Phase | Trial (JVDF). The Oncologist 23:1407-e136.

Cousin S, Cantarel C, Guegan JP, Mazard T, Gomez-Roca C, et al.
(2022) Regorafenib-avelumab combination in patients with biliary tract
cancer (REGOMUNE): a single-arm, open-label, phase Il trial. Eur J
Cancer 162:161-9.

Oh DY, Ruth He A, Qin S, Chen LT, Okusaka T, et al. (2022)
Durvalumab plus Gemcitabine and Cisplatin in Advanced Biliary Tract
Cancer. NEJM Evid 1:EVID0a2200015.

Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A,
et al. (2020) Efficacy of Pembrolizumab in Patients With Noncolorectal
High Microsatellite Instability/Mismatch Repair-Deficient Cancer:
Results From the Phase Il KEYNOTE-158 Study. J Clin Oncol 38:1—
10.

lyer P, Chen MH, Goyal L, Denlinger CS (2020) Targets for Therapy
in Biliary Tract Cancers: The New Horizon of Personalized Medicine.
Chin Clin Oncol 9:7.

Lim YJ, Koh J, Kim K, Chie EK, Kim B, et al. (2015) High ratio of
programmed cell death protein 1 (PD-1)+/CD8+ tumor-infiltrating
lymphocytes identifies a poor prognostic subset of extrahepatic bile
duct cancer undergoing surgery plus adjuvant chemoradiotherapy.
Radiother Oncol 117:165-70.

Loeuillard E, Conboy CB, Gores GJ, llyas Sl (2019) Immunobiology of
cholangiocarcinoma. JHEP Rep 1:297-311.

Goyal L, Chong DQ, Duda DG, Zhu AX (2015) Chemotherapy and
antiangiogenics in biliary tract cancer. Lancet Oncol 16:882-3.

Vivarelli S, Salemi R, Candido S, Falzone L, Santagati M, et al. (2019)
Gut Microbiota and Cancer: From Pathogenesis to Therapy. Cancers
11:38.

Kather JN, Pearson AT, Halama N, Jager D, Krause J, et al. (2019)
Deep learning can predict microsatellite instability directly from
histology in gastrointestinal cancer. Nat Med 25:1054-6.

11

J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Volume 10; Issue 02


https://pubmed.ncbi.nlm.nih.gov/23396206/
https://pubmed.ncbi.nlm.nih.gov/23396206/
https://pubmed.ncbi.nlm.nih.gov/23396206/
https://pubmed.ncbi.nlm.nih.gov/26678337/
https://pubmed.ncbi.nlm.nih.gov/26678337/
https://pubmed.ncbi.nlm.nih.gov/26678337/
mailto:https://pubmed.ncbi.nlm.nih.gov/25922066/
mailto:https://pubmed.ncbi.nlm.nih.gov/25922066/
mailto:https://pubmed.ncbi.nlm.nih.gov/25922066/
mailto:https://pubmed.ncbi.nlm.nih.gov/35895381/
mailto:https://pubmed.ncbi.nlm.nih.gov/35895381/
mailto:https://pubmed.ncbi.nlm.nih.gov/35895381/
mailto:https://pubmed.ncbi.nlm.nih.gov/35895381/
mailto:https://pubmed.ncbi.nlm.nih.gov/37075781/
mailto:https://pubmed.ncbi.nlm.nih.gov/37075781/
mailto:https://pubmed.ncbi.nlm.nih.gov/37075781/
mailto:https://pubmed.ncbi.nlm.nih.gov/37075781/
mailto:https://pubmed.ncbi.nlm.nih.gov/37075781/
mailto:https://pubmed.ncbi.nlm.nih.gov/29182496/
mailto:https://pubmed.ncbi.nlm.nih.gov/29182496/
mailto:https://pubmed.ncbi.nlm.nih.gov/29182496/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319892/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319892/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319892/
mailto:https://pubmed.ncbi.nlm.nih.gov/35802197/
mailto:https://pubmed.ncbi.nlm.nih.gov/35802197/
mailto:https://pubmed.ncbi.nlm.nih.gov/35802197/
mailto:https://pubmed.ncbi.nlm.nih.gov/35802197/
mailto:https://pubmed.ncbi.nlm.nih.gov/33912461/
mailto:https://pubmed.ncbi.nlm.nih.gov/33912461/
mailto:https://pubmed.ncbi.nlm.nih.gov/33912461/
mailto:https://pubmed.ncbi.nlm.nih.gov/33912461/
mailto:https://pubmed.ncbi.nlm.nih.gov/14967443/
mailto:https://pubmed.ncbi.nlm.nih.gov/14967443/
mailto:https://pubmed.ncbi.nlm.nih.gov/14967443/
mailto:https://pubmed.ncbi.nlm.nih.gov/35318952/
mailto:https://pubmed.ncbi.nlm.nih.gov/35318952/
mailto:https://pubmed.ncbi.nlm.nih.gov/35318952/
mailto:https://pubmed.ncbi.nlm.nih.gov/35318952/
mailto:https://pubmed.ncbi.nlm.nih.gov/29229461/
mailto:https://pubmed.ncbi.nlm.nih.gov/29229461/
mailto:https://pubmed.ncbi.nlm.nih.gov/29229461/
mailto:https://ascopubs.org/doi/10.1200/JCO.2021.39.3_suppl.321
mailto:https://ascopubs.org/doi/10.1200/JCO.2021.39.3_suppl.321
mailto:https://ascopubs.org/doi/10.1200/JCO.2021.39.3_suppl.321
mailto:https://ascopubs.org/doi/10.1200/JCO.2021.39.3_suppl.321
mailto:https://pubmed.ncbi.nlm.nih.gov/29853658/
mailto:https://pubmed.ncbi.nlm.nih.gov/29853658/
mailto:https://pubmed.ncbi.nlm.nih.gov/29853658/
mailto:https://pubmed.ncbi.nlm.nih.gov/29853658/
mailto:https://pubmed.ncbi.nlm.nih.gov/34998048/
mailto:https://pubmed.ncbi.nlm.nih.gov/34998048/
mailto:https://pubmed.ncbi.nlm.nih.gov/34998048/
mailto:https://pubmed.ncbi.nlm.nih.gov/34998048/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319896/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319896/
mailto:https://pubmed.ncbi.nlm.nih.gov/38319896/
mailto:https://pubmed.ncbi.nlm.nih.gov/31682550/
mailto:https://pubmed.ncbi.nlm.nih.gov/31682550/
mailto:https://pubmed.ncbi.nlm.nih.gov/31682550/
mailto:https://pubmed.ncbi.nlm.nih.gov/31682550/
mailto:https://pubmed.ncbi.nlm.nih.gov/31682550/
mailto:https://pmc.ncbi.nlm.nih.gov/articles/PMC8650725/
mailto:https://pmc.ncbi.nlm.nih.gov/articles/PMC8650725/
mailto:https://pmc.ncbi.nlm.nih.gov/articles/PMC8650725/
mailto:https://pubmed.ncbi.nlm.nih.gov/26235847/
mailto:https://pubmed.ncbi.nlm.nih.gov/26235847/
mailto:https://pubmed.ncbi.nlm.nih.gov/26235847/
mailto:https://pubmed.ncbi.nlm.nih.gov/26235847/
mailto:https://pubmed.ncbi.nlm.nih.gov/26235847/
mailto:https://pmc.ncbi.nlm.nih.gov/articles/PMC7001542/
mailto:https://pmc.ncbi.nlm.nih.gov/articles/PMC7001542/
mailto:https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(15)00093-5/fulltext
mailto:https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(15)00093-5/fulltext
mailto:https://pubmed.ncbi.nlm.nih.gov/30609850/
mailto:https://pubmed.ncbi.nlm.nih.gov/30609850/
mailto:https://pubmed.ncbi.nlm.nih.gov/30609850/
mailto:https://pubmed.ncbi.nlm.nih.gov/31160815/
mailto:https://pubmed.ncbi.nlm.nih.gov/31160815/
mailto:https://pubmed.ncbi.nlm.nih.gov/31160815/

