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Abstract

Intrahepatic cholangiocarcinoma (iCCA) is a highly lethal and heterogeneous primary
liver malignancy with a dismal prognosis. Approximately 70% of patients are diagnosed
at locally advanced or metastatic stages, therefore missing the opportunity for curative
surgery, and conventional chemotherapy offers limited survival benefits. Immunotherapy,
especially immune checkpoint blockade, represents a promising strategy, yet its efficacy as
monotherapy in iCCA remains modest primarily due to the profoundly immunosuppres-
sive and desmoplastic tumor microenvironment. This review examines the immune cell
infiltration landscape of iCCA, focusing on the distinct roles of lymphoid cells and myeloid
cells in shaping immune evasion. We then analyze key factors affecting immune responses,
such as tumor-intrinsic driver mutations, immune regulatory mechanisms, and acquired
resistance. Furthermore, we summarize current clinical advances in iCCA immunotherapy,
including immune checkpoint inhibitor monotherapy, bispecific antibodies, combination
strategies with chemotherapy or targeted therapy, cancer vaccines, and adoptive cell ther-
apy. Despite some progress, the overall response to immunotherapy remains suboptimal,
and future strategies need to focus on deciphering context-specific resistance mechanisms
and enhancing the tumor-specific immune response.

Keywords: intrahepatic cholangiocarcinoma; tumor immune microenvironment;
immunotherapy; combination therapy

1. Introduction
Intrahepatic cholangiocarcinoma is a malignant tumor originating from intrahepatic

biliary epithelial cells lining the small and large bile ducts. It is the second most prevalent
primary liver cancer following hepatocellular carcinoma and is associated with a poor
prognosis. Histologically, conventional iCCA can be further divided into small-duct and
large-duct types [1–3]. Small-duct iCCA usually arises in the peripheral liver, often pre-
senting as a mass-forming tumor [4]. In contrast, large-duct iCCA usually originates in
large intrahepatic bile ducts or the perihilar region, and often shows mucin-producing
glandular structures, periductal-infiltrating growth, perineural or lymphovascular invasion,
and prominent desmoplastic stroma [1]. This desmoplastic stroma is mainly composed
of cancer-associated fibroblasts, extracellular matrix components, endothelial cells, and
infiltrating immune cells, and it represents an important structural and functional feature
of iCCA. Rather than serving only as a passive scaffold, the dense stromal compartment
can restrict cytotoxic T-cell infiltration, promote immune exclusion, and contribute to
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TGF-β-related immunosuppression [5,6]. In addition to histological heterogeneity, iCCA
also exhibits substantial molecular heterogeneity. Most iCCAs are considered to have a
relatively low baseline tumor mutational burden; however, a small molecularly defined
subset shows high tumor mutational burden or microsatellite instability-high/mismatch
repair-deficient status. Recent data suggest that MSI-high and TMB-high iCCA are un-
common, accounting for approximately 1.3–1.8% and 3.7% of cases, respectively [7,8]. In a
recent retrospective cohort of 180 patients with biliary tract cancer, DDR mutations were
detected in 28.3% of the overall cohort and in 30.0% of iCCA cases, based on 24 DDR-
positive cases among 80 patients with iCCA [9]. These uncommon molecular features may
have implications for platinum sensitivity, DNA damage response-targeted strategies, and
immune checkpoint blockade.

The epidemiology of iCCA varies significantly across different regions worldwide,
but its overall incidence has been increasing annually, with the highest rates observed in
East Asia and Southeast Asia [10,11]. Moreover, the mortality rate of iCCA worldwide is
also showing an upward trend [11]. Notably, iCCA has an insidious onset with no specific
early symptoms or reliable screening biomarkers. Most patients are already at a locally
advanced stage or have developed distant metastasis at the time of diagnosis, losing the
chance for curative surgery. Even after radical resection, the 5-year recurrence rate remains
as high as 60–70%, and the 5-year overall survival is only 20–30% [12,13]. For advanced
iCCA, gemcitabine plus cisplatin has long been the first-line standard treatment, but its
efficacy is limited, with a median overall survival of less than one year, accompanied by
significant toxic side effects [14]. In recent years, immunotherapy has achieved break-
through progress in various solid tumors [15]. Treatment strategies represented by immune
checkpoint inhibitors reactivate anti-tumor immune responses and bring new hope for
iCCA patients. As shown in Figure 1, the treatment standards for iCCA have undergone
profound changes over the past decade, evolving from simple chemotherapy to precision
therapy and immunotherapy, providing new treatment options. This review starts with the
immune infiltration characteristics of iCCA, systematically analyzes the key factors affect-
ing immune responses, further reviews the current clinical progress of immunotherapy for
iCCA, and critically discusses existing challenges and future research directions.

Figure 1. Timeline of systemic therapy landmarks in intrahepatic cholangiocarcinoma. This figure il-
lustrates the evolution of treatment standards from 2010 to 2024, marking the transition from cytotoxic
chemotherapy to targeted agents and immunotherapy. Key milestones include the establishment of
gemcitabine plus cisplatin as the historical backbone, the subsequent approval of biomarker-directed
therapies for FGFR2, IDH1, and BRAF V600E alterations, and the recent integration of immune check-
point inhibitors into first-line regimens. The timeline highlights the shift toward a biomarker-driven
treatment paradigm in iCCA management. Abbreviations: GEMCIS, gemcitabine and cisplatin;
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PD-L1, programmed death-ligand 1; FGFR2, fibroblast growth factor receptor 2; FOLFOX, folinic acid
(Leucovorin), 5-Fluorouracil and oxaliplatin; IDH1: isocitrate dehydrogenase 1; BRAF V600E: B-Raf
proto-oncogene, serine/threonine kinase (Valine-to-Glutamic acid substitution at codon 600); HER2:
human epidermal growth factor receptor 2.

2. Literature Search Strategy and Study Selection
This narrative review was based on a structured literature search and was not intended

to be a systematic review or scoping review. No meta-analysis was performed. The relevant
literature was searched in PubMed, Web of Science, and Embase from database inception
to June 2026. Additional information on ongoing or completed clinical trials was obtained
from ClinicalTrials.gov, and relevant guideline or regulatory information was cross-checked
when appropriate.

The search strategy combined disease-related terms, including “intrahepatic cholangio-
carcinoma,” “iCCA,” “cholangiocarcinoma,” and “biliary tract cancer,” with immunotherapy-
and tumor microenvironment-related terms, including “immunotherapy,” “tumor immune
microenvironment,” “immune checkpoint inhibitor,” “PD-1,” “PD-L1,” “CTLA-4,” “T cell,” “B
cell,” “Treg,” “NK cell,” “macrophage,” “myeloid-derived suppressor cell,” “dendritic cell,”
“cancer vaccine,” “bispecific antibody,” “adoptive cell therapy,” and “clinical trial.”

Studies were considered relevant if they focused on iCCA or provided clinically mean-
ingful iCCA subgroup data related to the tumor immune microenvironment, immune regu-
latory mechanisms, immunotherapy strategies, or clinical trial outcomes. Peer-reviewed
original studies, clinical trials, translational studies, authoritative guidelines, and highly
relevant recent reviews were prioritized. Studies focusing exclusively on non-iCCA biliary
tract cancers were included only when iCCA-specific evidence was limited and the find-
ings were relevant to iCCA. Non-English articles, duplicate reports, conference abstracts
without sufficient details, and studies with limited relevance to iCCA immunotherapy
were excluded.

Because this review is narrative in nature, a formal risk-of-bias assessment or evidence
grading system was not applied. Nevertheless, the relevance and strength of evidence were
considered during manuscript preparation, with greater emphasis placed on iCCA-specific
studies, prospective clinical trials, large genomic or immunohistochemical cohorts, and
mechanistically informative translational studies.

3. Immune Cell Infiltration Characteristics of
Intrahepatic Cholangiocarcinoma

The tumor microenvironment of intrahepatic cholangiocarcinoma is characterized by
extreme inter- and intra-tumoral heterogeneity and profound immunosuppressive features.
The overall infiltration level of immune cells is relatively low, with most immune cells
retained in the tumor stroma or at the invasive margin, while sparse infiltration is observed
within the tumor parenchyma. According to cell lineage, the infiltrating immune cells can
be mainly divided into lymphoid cells and myeloid cells (Figure 2).
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Figure 2. Immune Cell Infiltration in intrahepatic cholangiocarcinoma. This figure illustrates the
major immune cell populations within the tumor microenvironment of iCCA and their roles in
antitumor immunity and immunosuppression. The blue lines indicate different effects or influences
on tumor cells or immune cells, whereas the orange lines indicate the induction of cell death through
mechanisms such as apoptosis and ferroptosis. Cytotoxic T cells and NK cells contribute to tumor cell
killing, DCs mediate antigen presentation, Tregs and MDSCs promote immunosuppression, TAMs
exhibit both pro- and anti-tumor functions depending on their subtype, and B cells and MAIT cells
can influence prognosis. Collectively, this schematic highlights the coexistence of immune activation
and immunosuppressive mechanisms in the iCCA tumor microenvironment. Abbreviations: iCCA,
intrahepatic cholangiocarcinoma; Tregs, regulatory T cells; MAIT cells, mucosal-associated invariant
T cells; TLS, tertiary lymphoid structures; NK cells, natural killer cells; NKG2D, natural killer
group 2 member D; MICA/B, MHC class I chain-related proteins A and B; TAMs, tumor-associated
macrophages; MDSCs, myeloid-derived suppressor cells; DCs, dendritic cells; CD163, cluster of
differentiation 163; CD206, cluster of differentiation 206; Fas/FasL, Fas receptor/Fas ligand; TGF-β,
transforming growth factor-beta; IL-10, interleukin-10; IL-6, interleukin-6; VEGF, vascular endothelial
growth factor; CCL2, C-C motif chemokine ligand 2; CXCL12, C-X-C motif chemokine ligand 12;
lactate, lactic acid; IDO-kynurenine, indoleamine 2,3-dioxygenase-kynurenine pathway.

3.1. Lymphoid Cells

T cells are the most abundant lymphocyte population in iCCA. CD8+ cytotoxic T
lymphocytes (CTLs) are the core effectors of anti-tumor immunity. They recognize and
directly kill tumor cells by releasing perforin and granzyme B, as well as through the
Fas/FasL-mediated cell death pathway. Unfortunately, as the key anti-tumor effector cells,
CD8+ cytotoxic T cells show sparse infiltration in most iCCA cases. A previous study by
Sylvie Job showed that only about 11% of patient tumor samples exhibited an inflammatory
subtype with T-cell infiltration within the tumor parenchyma [16]. Even worse, regulatory T
cells (Tregs), a lymphocyte population associated with immunosuppressive status and poor
response to immunotherapy, are often enriched in the tumor microenvironment of iCCA
and confer iCCA tumors with stronger immunosuppressive characteristics [17]. Single-cell
transcriptome sequencing further revealed that Tregs infiltrating iCCA display a highly
activated state and specifically express the transcription factor MEOX1, whose expression
level is closely associated with poor patient prognosis. Mucosal-associated invariant T
(MAIT) cells are a subset of innate-like T cell that are predominantly found in the liver. In
iCCA, the number of MAIT cells in tumor tissue is significantly reduced compared with
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adjacent non-tumor liver tissue. Christine L. et al. used Vα7.2 as a marker for MAIT cells
and performed IHC staining on 48 nontumor tissues and 44 tumor tissues, showing that
MAIT cell levels in tumor tissues were significantly lower than those in nontumor tissues.
In this study, representative flow cytometry analysis revealed that MAIT cells accounted
for 21.8% in the surrounding non-tumor liver tissue and 5.3% in the tumor. High levels of
MAIT cell infiltration are independently associated with long-term patient survival [18].

B-cell infiltration in iCCA is relatively rare. Tumor-infiltrating B cells often exhibit an
immature phenotype, with reduced effector function and enhanced immunosuppressive
features [19]. In a small number of cases, mature tertiary lymphoid structures (TLSs)
composed of CD20+ B cells, plasma cells, and follicular dendritic cells can form, and their
presence is associated with a better prognosis [20]. Furthermore, infiltration of IgG4+

plasma cells is independently associated with poor prognosis, and their ratio to CD8+ T
cells can serve as a prognostic stratification indicator. The IgG4−/CD8+ group has the best
prognosis, while the IgG4+/CD8− group has the worst outcome [21].

Natural killer cells are also relatively few in number within iCCA tumors. Infiltrating
NK cells often show downregulation of activating receptors, such as NKG2D, NKp30, and
NKp46 [22,23]. High expression of the chemokine CXCL9 promotes NK cell recruitment
into the tumor and is associated with prolonged postoperative survival of patients [24].
In iCCA, increased shedding of MICA/B generates soluble MICA/B, which attenuates
NKG2D-mediated recognition and impairs NK cell function [23]. Additionally, in iCCA
with perineural invasion, norepinephrine can induce NK cell ferroptosis via the ADRB2
signaling pathway [25]. These findings suggest that targeting MICA/B shedding or block-
ing the ADRB2-mediated ferroptosis pathway may restore the anti-tumor function of NK
cells and provide new combination strategies for iCCA immunotherapy.

3.2. Myeloid Cells

Myeloid cells are the most abundant and functionally complex immune population in
the iCCA tumor microenvironment. They mainly include tumor-associated macrophages
(TAMs), myeloid-derived suppressor cells (MDSCs), dendritic cells (DCs), and other granu-
locytes. These cells play critical roles in tumor progression and immune evasion.

Tumor-associated macrophages play important regulatory roles in the immune mi-
croenvironment of intrahepatic cholangiocarcinoma. Immunohistochemistry and mass
cytometry analyses have shown that CD68+ macrophages are the most abundant myeloid
population in the iCCA microenvironment. Most of them co-express CD163 and CD206,
displaying a typical M2-like polarized state and tending to suppress anti-tumor immune
responses [22,26]. These cells are widely distributed in the tumor parenchyma, stroma, and
necrotic areas, with the highest density in hypoxic regions and at the invasive front. In
contrast, M1-like macrophages are generally characterized by pro-inflammatory and poten-
tially anti-tumor functions, including the production of nitric oxide, reactive oxygen species,
and inflammatory cytokines, as well as the promotion of cytotoxic immune responses [27].
However, compared with M2-like TAMs, the distribution, functional state, and clinical
significance of M1-like macrophages in iCCA remain relatively understudied and warrant
further investigation. The infiltration pattern of macrophages differs among histological
subtypes of iCCA: the large-duct type tends to have more abundant macrophage aggre-
gation, whereas the small-duct type has relatively less [28]. Laurence et al. showed in a
mouse model of iCCA that stimulating immune cells such as macrophages and dendritic
cells through the CD40 receptor can enhance the efficacy of anti-PD-1 immunotherapy [29].
Chen et al. demonstrated that TAMs are reprogrammed under the influence of tunnel
nanotube (TNT)-mediated tumor-derived arachidonic acid, exhibiting immunosuppressive
characteristics [30]. In addition, the protein trefoil factor 3 can also induce M2 polariza-
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tion of TAMs, thereby promoting tumor progression [31]. A recent study showed that
TAMs in iCCA can induce immunosuppression by expressing MARCO, thereby promoting
iCCA progression [32]. Edward et al. used multiple mouse models and patient samples to
show that DKK1 promotes immune evasion in iCCA by recruiting M2 immunosuppres-
sive macrophages [33]. These studies provide new ideas and targets for immunotherapy
of iCCA.

Myeloid-derived suppressor cells are a group of immature cells derived from the
myeloid lineage that functionally suppress cytotoxic T cells and promote tumor growth,
invasion, and metastasis [34]. The compensatory response of MDSCs is an important
mechanism of immunotherapy resistance. Studies have shown that targeting TAMs alone
in iCCA leads to compensatory accumulation of granulocytic MDSCs (G-MDSCs), resulting
in treatment resistance. This suggests that combination immunotherapy targeting both
TAMs and G-MDSCs may be a promising strategy [35].

Dendritic cells are the key antigen-presenting cells in the tumor immune microenvi-
ronment. They capture tumor antigens and present them to T cells, resulting in activation
of T-cell-mediated anti-tumor immune responses. The abundance of DCs is closely related
to patient prognosis. High density of DCs is generally associated with greater CD8+ T-cell
infiltration and better long-term survival, whereas low DCs abundance is associated with
lymph node metastasis (LNM) and poor prognosis in iCCA. Conducting scRNA-seq and
bulk RNA-seq analyses on 14 iCCA samples (five with LNM, nine without LNM), Sun et al.
demonstrated that patients with LNM exhibit significantly reduced DC infiltration into
primary tumor sites compared to those without LNM [36]. Conventional dendritic cells are
divided into conventional type 1 DCs (cDC1s) and conventional type 2 DCs (cDC2), which
have different functions. cDC1 is mainly responsible for antigen presentation. It presents
antigens to CD8+ T cells via MHC class I molecules, thereby activating cytotoxic T cells and
playing an important role in anti-tumor immunity. cDC2 mainly presents antigens to CD4+

T cells via MHC class II molecules [37]. Pei et al. showed in a mouse model of iCCA that
the infiltration rate of cDC1 is significantly lower in advanced iCCAs compared with early-
stage iCCAs. Expanding and activating CD103+ cDC1 via combination of Flt3L and poly
I:C (FL-pIC therapy) significantly suppressed tumorigenesis in AKT/YAP-driven mouse
iCCA and made the tumors more sensitive to anti-PD-1 therapy [38]. The infiltration level
and functional status of dendritic cells directly affect antigen presentation, effector T-cell
activation, and immunotherapy response, making them potential targets for optimizing
immunotherapy in the future.

In summary, myeloid cells play complex immunomodulatory roles in the immune
microenvironment of iCCA. They not only influence tumor immune evasion but also
provide potential targets for immunotherapy. A deeper understanding of the mechanisms
of myeloid cells may offer new insights for immunotherapeutic strategies against iCCA.

3.3. Immune-Cell Interactions and Immune Phenotypes in iCCA

Collectively, immune cells in iCCA do not function as isolated populations. Instead,
they interact with each other and form spatially organized immune networks. MDSCs can
suppress T-cell responses by expressing PD-L1 and depleting essential amino acids, such as
L-arginine and tryptophan, thereby impairing T-cell activation, proliferation, and effector
function [39–41]. Tregs further reinforce this immunosuppressive state by suppressing effec-
tor T-cell proliferation and function through CTLA-4-mediated inhibition of costimulatory
signaling, IL-10 and TGF-β secretion, and IL-2 consumption [17,34,42,43]. Furthermore,
Tregs downregulate NKG2D expression on NK cells via membrane-bound TGF-β and
directly suppress NK cell effector functions [44]; they also inhibit IL-2-dependent NK cell
activation through high expression of the IL-2α receptor (CD25) [45]. In contrast, mature
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DCs promote antitumor immunity by capturing and presenting tumor antigens through
MHC molecules and providing costimulatory signals to prime tumor-specific T cells [46]. B
cells, follicular helper T cells, DCs, and other lymphoid populations can organize into TLSs,
thereby supporting a more coordinated antitumor immune response [47]. The balance
between these immune-activating and immunosuppressive interactions ultimately deter-
mines whether the iCCA immune microenvironment shifts toward antitumor activation or
immune suppression.

Based on the composition, abundance, and localization of these cellular components,
distinct immune phenotypes have been proposed to explain the immune heterogeneity and
potential therapeutic vulnerabilities of iCCA. Lin et al. divided 255 iCCA cases into three
immune subgroups: an immune-suppressive subgroup enriched in neutrophils and im-
mature dendritic cells; an immune-exclusion subgroup associated with high tumor purity,
HLA loss of heterozygosity, and antigen-presentation defects; and an immune-activated
subgroup enriched in adaptive immune cells, NK cells, activated dendritic cells, tumor-
infiltrating lymphocytes, and tertiary lymphoid structures (TLSs) [48]. Ding et al. showed
that the spatial distribution and density of TLSs in 962 iCCA cases were closely associated
with prognosis, with intratumoral TLSs linked to favorable survival and peritumoral TLS
enrichment associated with poorer outcomes [47]. Job et al. classified iCCA into four
TME-based immune subtypes: immune-desert (48%), immunogenic (9%), myeloid-rich
(13%), and mesenchymal (28%) [16]. The immune-desert subtype showed globally re-
duced immune and stromal signatures, minimal lymphoid or myeloid infiltration, and
almost no immune cells within tumor nests, suggesting the need for immune-priming
strategies to convert cold tumors into inflamed tumors. The immunogenic subtype was
characterized by abundant peritumoral and intratumoral CD4+, CD8+, and memory T-cell
infiltration, B-cell clusters, macrophages, MHC class I/II expression, TLS-related features,
and immune-checkpoint activation, supporting potential sensitivity to immune checkpoint
blockade. The myeloid-rich subtype was enriched in monocyte/macrophage and M2
macrophage signatures with limited effective adaptive immunity, suggesting potential
benefit from macrophage-depleting or macrophage-reprogramming strategies. The mes-
enchymal subtype was dominated by activated fibroblast and hepatic stellate cell signatures,
extracellular matrix remodeling, angiogenesis, and limited intratumoral immune infiltra-
tion, suggesting that stromal- or antifibrotic-targeting approaches may help overcome
immune exclusion. These studies indicate that different immune phenotypes are associated
with distinct mechanisms of immune dysfunction. Therefore, a better understanding of the
immune-cell composition and heterogeneity of the iCCA immune microenvironment pro-
vides an important basis for elucidating immune escape and developing phenotype-guided
immunotherapeutic strategies.

4. Factors Affecting Immune Response in
Intrahepatic Cholangiocarcinoma
4.1. Tumor-Intrinsic Drivers

The genetic characteristics of tumor cells can influence the phenotype of the tumor
immune microenvironment, thereby affecting their sensitivity to immunotherapy [49]. Al-
though immune checkpoint inhibitors have achieved breakthroughs in many tumor types,
their efficacy as monotherapy in iCCA is limited. This has prompted researchers to in-
vestigate the role of tumor-intrinsic factors in regulating immune responses. Driver gene
mutations are among the core determinants of immune microenvironment heterogeneity in
intrahepatic cholangiocarcinoma [43]. Common driver mutations in iCCA include FGFR2,
IDH1/2, KRAS, BAP1, ARID1A, etc. [50]. FGFR2 fusions are present in approximately 7–15%
of iCCA cases. FGFR2 fusions/mutations have been linked to the immune contexture of
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iCCA. FGFR2 fusions/mutations have been linked to the immune contexture of iCCA, but
existing studies do not consistently indicate a uniform immune-suppressive or immune-
activated state, and direct mechanistic evidence remains limited. In the cohort analyzed by
Lin et al., FGFR2 fusions and mutations were associated with reduced immune-cell infiltra-
tion, including lower levels of total TILs, CD4+ T cells, and macrophages [51]. A CODEX
multiplexed imaging study at the single-cell level in 24 iCCA cases revealed that FGFR2+

tumors display an immune desert phenotype, with significantly reduced CD8+ T cells. More-
over, CD4+ T cells were located farther from tumor cells, while CD11b+/CD15+ granulocytes
were closer to tumor cells, suggesting that FGFR signaling may impede T-cell infiltration
through a spatial exclusion mechanism [52]. However, another iCCA cohort has reported
that FGFR2 fusion/rearrangement is associated with reduced Treg and N2-neutrophil
infiltration, increased N1-neutrophil infiltration, favorable prognosis, and a potentially
immune-activated state [53]. Although FGFR inhibitors remain the most evidence-based
molecularly guided treatment option for FGFR2 fusion/rearrangement-positive iCCA, the
heterogeneous immune features observed in FGFR2-altered tumors suggest that FGFR
inhibition may have potential immune-modulating effects beyond direct tumor-cell target-
ing [54]. FGFR2 fusion/rearrangement has not yet been validated as a predictive biomarker
for ICI benefit. This limitation may be explained by the heterogeneous immune pheno-
types reported across different cohorts, the limited number of iCCA-specific studies, and
the lack of prospective trials stratifying ICI efficacy by FGFR2 status [51–53]. Clinically,
FGFR2-targeted therapy plus immunotherapy is being explored, including pemigatinib
plus durvalumab in FGFR2 fusion/rearrangement-positive advanced iCCA (NCT06728410).
Therefore, whether FGFR2-altered patients can derive additional benefit from FGFR-targeted
therapy combined with ICIs remains investigational. IDH1/2 mutations occur in 10–20% of
iCCA cases. The mutant IDH enzyme converts α-ketoglutarate (α-KG) to the oncometabolite
D-2-hydroxyglutarate (D-2-HG). D-2-HG inhibits lactate dehydrogenase (LDHA) activity,
thereby impairing glycolysis in CD8+ T cells, leading to functional impairment and sup-
pressed proliferation [55]. Furthermore, D-2-HG acts as a competitive inhibitor that blocks
the activity of TET2 DNA demethylase, which is essential for tumor cells to respond to
IFNγ signaling [56]. Depletion of CD8+ T cells or conditional knockout of TET2 in tumors
results in resistance to immunotherapy [57,58]. In addition, IDH1-mutant tumor cells were
shown to upregulate CCL2, leading to increased recruitment and polarization of M2-like
TAMs, reduced CD8+ T-cell infiltration, and an immunosuppressive microenvironment [59].
Large-scale genomic profiling confirmed that IDH1/2-mutant iCCA has significantly lower
tumor mutational burden (TMB), microsatellite instability-high (MSI-H) proportion, and
PD-L1 expression compared with wild-type tumors. In addition, resting NK cells are re-
duced and the immunosuppressive molecule B7-H4 is elevated [52]. Therefore, IDH-mutant
iCCA is considered a typical immunosuppressive tumor type. For IDH1-mutant iCCA, IDH-
mutant iCCA typically shows immune-cold features, which may limit the efficacy of ICIs.
Whether IDH1/2 mutations can help select patients for IDH-targeted therapy combined
with immunotherapy remains uncertain, because prospective clinical evidence in iCCA is
still lacking. Preclinical evidence suggests that IDH1 inhibition can restore IFNγ signaling
and enhance CD8+ T-cell recruitment, thereby providing a rationale for combination with
ICI or other immune-enhancing strategies. Although clinical validation is still needed, this
approach represents a promising direction for genotype-guided immunotherapy in iCCA.
KRAS mutations are also common in iCCA, with a mutation frequency of approximately
19%, and are often associated with genomic instability and an inflammatory microenvi-
ronment [50]. A study by Zhang et al. found that KRAS mutation is closely linked to
alternative splicing of IL1RN in iCCA. Mechanistically, KRAS mutation activates ERK1/2
signaling, which upregulates the inflammatory cytokine CXCL3 and drives neutrophil
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recruitment. At the same time, the mutation promotes the expression and secretion of
specific IL1RN splice variants, particularly IL1RN-201/203. In KRAS-mutant iCCA mice,
IL1RN-201/203 suppresses neutrophil infiltration and reprograms them toward an anti-
tumor phenotype, while also promoting GZMB+ CD8+ T-cell infiltration, thus inhibiting
tumor progression [60]. An integrative multi-omics analysis of 255 iCCA patients stratified
the patients into high-inflammation and low-inflammation subgroups. KRAS mutations
were significantly enriched in the high-inflammation subgroup, which was characterized
by excessive infiltration of neutrophils and immature dendritic cells, presenting a myeloid-
inflammation-driven immunosuppressive state [48]. Mechanistically, KRAS mutation can
activate CXCL5 expression through the NF-κB pathway, recruiting CXCR2+ PMN-MDSCs.
At the same time, it drives the production of prostaglandin E2, forming a positive feed-
back loop between tumor cells and PMN-MDSCs, which potently suppresses CD8+ T-cell
anti-tumor activity via the EP4 receptor [61].

Different driver gene mutations shape distinct immune microenvironment phenotypes
through their unique epigenetic, metabolic, and signaling pathway mechanisms. Combin-
ing molecular subtyping with immune subtyping not only helps to more precisely identify
patient subgroups that may benefit from different immunotherapy combination strategies,
but also provides a theoretical basis for the development of novel therapeutic targets based
on specific driver genes.

4.2. Immune Regulatory Mechanisms and Acquired Resistance

Immune regulatory mechanisms refer to the various molecular pathways and cellular
interactions in the tumor microenvironment that directly or indirectly affect the functional
status of immune cells. Understanding these mechanisms is crucial for improving the
efficacy of immunotherapy in iCCA, because they determine how the tumor escapes host
immune attack and why most patients respond poorly to immune checkpoint inhibitor
(ICI) monotherapy. Section 4.2 will describe T-cell suppression, impaired antigen pre-
sentation, immunosuppression mediated by soluble factors and metabolites in the iCCA
microenvironment, and the acquired resistance that emerges under therapeutic pressure.

Aberrant expression of immune checkpoint molecules is a core mechanism of immune
evasion in iCCA. High PD-L1 expression is observed in about 12% of iCCA cases, and is
often associated with poor prognosis [62,63]. Binding of PD-1 to PD-L1 delivers inhibitory
signals to T cells, inducing T-cell anergy or apoptosis. In addition to the PD-1/PD-L1
pathway, CTLA-4 also plays an important immunosuppressive role in iCCA. CTLA-4 is
a second receptor for the T-cell costimulatory ligands B7-1 (CD80) and B7-2 (CD86), and
functions as a negative regulator of T-cell activation, proliferation, and effector function [64].
It is mainly expressed in T-cell compartments, particularly FoxP3+ regulatory T cells (Tregs)
and activated conventional T cells [65]. A study of 290 iCCA patients found that the density
of CTLA-4-positive tumor-infiltrating lymphocytes (TILs) was significantly higher in iCCA
tumors than in adjacent liver tissue. High density of CTLA-4+ TILs was significantly
associated with reduced overall survival and increased cumulative recurrence. CTLA-
4+ TIL density correlated positively with FOXP3+ regulatory T-cell density, suggesting
a synergistic effect between CTLA-4 and regulatory immune cells. Beyond Tregs and
activated conventional T cells, immunohistochemical staining in the same study also
revealed CTLA-4 expression on tumor cells and stromal cells in iCCA; however, CTLA-4
expression on tumor cells was not associated with prognosis. Notably, the number of CTLA-
4+ TILs exceeded that of FOXP3+ Tregs, suggesting that non-Treg CTLA-4+ TILs may also be
involved in the immunosuppressive microenvironment of iCCA. [66]. T-cell exhaustion is a
direct consequence of upregulated immune checkpoint molecules. Mass cytometry analysis
of the iCCA tumor immune microenvironment revealed that, compared with the adjacent
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normal liver tissues, tumor tissues contain a substantial population of exhausted CD8+

T cells co-expressing CD39 and PD-1, as well as immunosuppressive regulatory T cells
with high CD39 expression [26]. Moreover, the immune checkpoint regulatory network is
not limited to PD-1/PD-L1 and CTLA-4. Various emerging inhibitory receptors such as
LAG-3, TIM-3, TIGIT, and B7-H3 have been shown to exert suppressive effects in many
tumors [67,68]. The relationships between their expression patterns, T-cell exhaustion,
immune evasion, and response to immunotherapy are becoming important focuses in the
development of immunotherapeutic strategies. However, the research on these receptors
in iCCA is still limited and requires further exploration. A deeper understanding of how
these pathways relate to immunotherapy response will help improve immunotherapeutic
approaches and overcome acquired resistance.

Defective antigen presentation is another important mechanism of immune evasion
in iCCA. Major histocompatibility complex class I (MHC-I) molecules are often downreg-
ulated or lost on iCCA cells, preventing CD8+ T cells from effectively recognizing tumor
neoantigens. In a large immunohistochemical study of biliary tract cancers that included an
intrahepatic cholangiocarcinoma subgroup, Goeppert et al. reported low MHC-I expression
in 58.2% of intrahepatic cholangiocarcinomas [69]. An analysis of 27 iCCA patients found
that although all tumors had lymphocyte infiltration, the expression levels of PD-L1 and
HLA class I antigens varied among patients. HLA class I antigen expression was positively
associated with CD8+ T-cell infiltration, and the combination of HLA class I positivity
with PD-L1 negativity was related to better therapeutic responses [70]. In contrast, when
HLA class I antigens were absent and PD-L1 was expressed, the tumor could effectively
evade immune attack. These findings suggest that tumor-cell MHC-I/HLA-I expression
is closely associated with CD8+ T-cell infiltration and cytotoxic immune recognition in
iCCA. Reduced MHC-I expression may impair tumor antigen presentation to CD8+ T cells,
thereby contributing to cytotoxic T-cell exclusion or ineffective antitumor responses. By
contrast, the relationship between tumor-cell MHC-I expression and NK-cell infiltration in
iCCA remains less clearly defined. Loss of HLA class I antigens can be caused by B2M gene
mutations, repression of the transcriptional regulator NLRC5, or hypermethylation of the
promoter regions of the classical HLA class I genes HLA-A, HLA-B and HLA-C, leading to
impaired MHC class I expression and tumor immune evasion [71–74]. In iCCA, IDH1/2
mutations can lead to DNA hypermethylation, which silences antigen processing and
presentation-related genes such as HLA genes, further reinforcing the immunosuppressive
microenvironment [75]. In addition to MHC-I, MHC-II molecules are also heterogeneously
expressed in iCCA. MHC-II molecules, represented by HLA-DR, present antigens to CD4+

T cells and may contribute to antitumor immune recognition when expressed by tumor
cells. In an early immunohistochemical study of 20 intrahepatic cholangiocarcinomas,
tumor-cell HLA-DR positivity was detected in seven cases, suggesting that absent HLA-DR
expression may occur in a substantial subset of iCCA cases [76]. A single-cell RNA sequenc-
ing study showed that high-stemness malignant cells in iCCA expressed significantly lower
levels of MHC-II molecules than low-stemness malignant cells [77]. This finding suggests
that MHC-II downregulation may be associated with the immune-evasive phenotype of
stem-like malignant cells in iCCA.

Soluble immunosuppressive factors and metabolites also play key roles in iCCA im-
mune evasion. Transforming growth factor-β (TGF-β) is one of the immunomodulatory
cytokines in the iCCA microenvironment; it is mainly secreted by cancer-associated fi-
broblasts (CAFs) and tumor cells. The TGF-β signaling pathway is highly active during
iCCA progression, which results in enhanced tumor cell proliferation, migration, and
invasion [78]. An immunohistochemical analysis of 78 iCCA cases showed that TGF-β
expression was significantly associated with poor prognosis [79]. Liu et al. developed a
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TGF-β-associated miRNA signature (TAMIS) based on the expression of TGF-β-derived
miRNAs in iCCA. This signature stratified patients into high- and low-risk groups, with
the high-TAMIS group showing poorer overall and relapse-free survival. Immunologically,
high-TAMIS tumors exhibited lower CD8+ T-cell infiltration and PD-L1 expression, suggest-
ing a more immune-excluded or “super-cold” tumor phenotype [80]. At the metabolic level,
overexpression of indoleamine-2,3-dioxygenase 1 (IDO1) is an important mechanism of
immune evasion in cholangiocarcinoma. IDO is expressed in a variety of cell types within
the tumor microenvironment, including tumor cells, immune cells, endothelial cells, and
stromal fibroblasts, whereas its expression is generally not prominent in T cells [81]. Studies
have shown that IDO1 expression is closely related to poor overall survival in cholangio-
carcinoma patients, and co-expression of IDO1 and PD-L1 is associated with an even worse
prognosis [82]. Mechanistically, as an intracellular metabolic enzyme, IDO1 inhibits T-cell
function by consuming tryptophan and producing kynurenine [83]. Tryptophan depletion
activates the GCN2 kinase in T cells, leading to eIF2α phosphorylation, inhibition of protein
synthesis, cell cycle arrest, suppressed proliferation, and eventually T-cell apoptosis [84].
Meanwhile, kynurenine taken up by T cells persistently activates the aryl hydrocarbon
receptor, directly suppressing CD8+ T-cell cytotoxicity while promoting Treg differentiation
and expansion [85]. Because CD8+ T cells lack kynureninase to metabolize kynurenine,
this immunosuppressive effect persists [86]. Furthermore, the metabolite lactate in the
tumor microenvironment also has potent immunosuppressive functions. Mechanistically,
tumor-derived lactate activates SREBP2-dependent mevalonate/cholesterol metabolism in
dendritic cells and drives their conversion into CD63+ mregDCs, a tolerogenic DC popula-
tion with impaired antigen cross-presentation capacity. This process suppresses CD8+ T-cell
activation and promotes Treg differentiation, thereby weakening DC-mediated anti-tumor
immune responses [87]. In summary, soluble immunosuppressive factors act synergistically
through multiple mechanisms and are important contributors to immune evasion and poor
immunotherapy outcomes in iCCA.

Under continuous immunotherapy pressure, iCCA can undergo adaptive changes
leading to acquired resistance. Lu et al. performed single-cell sequencing on iCCA patients
who received combination therapy with gemcitabine, oxaliplatin, lenvatinib, and anti-PD-1.
They found that CD5L+ macrophages induced T-cell exhaustion by upregulating CTLA4
expression on CD8+ GZMB+ T cells, thereby impairing treatment response. Anti-CTLA-4
antibody reversed this resistant phenotype [88]. In addition, Tregs, TAMs, and MDSCs
persist in resistant tumors and further enhance immunosuppression by secreting IL-10,
TGF-β, and other factors [35].

In conclusion, iCCA achieves immune evasion through multiple immune regulatory
mechanisms and evolves acquired resistance under therapeutic pressure. A deep under-
standing of this complex network is of great importance for the development of rational
combination therapy strategies.

5. Clinical Advances in Immunotherapy for
Intrahepatic Cholangiocarcinoma

Recent breakthroughs in immunotherapy have reshaped the treatment landscape for
various solid tumors, including iCCA. Although the immunosuppressive tumor microen-
vironment and low baseline T-cell infiltration limit the efficacy of single-agent immune
checkpoint blockade, accumulating clinical evidence supports the use of combination
strategies and novel immunotherapeutic modalities. As illustrated in Figure 3, current
immunotherapy approaches for iCCA can be broadly categorized into three pillars: im-
mune checkpoint inhibitors that reactivate exhausted T cells, cancer vaccines that prime
tumor-specific immune responses, and adoptive cell therapies that employ genetically
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engineered or expanded T cells. Section 5 summarizes the clinical progress and key tri-
als of these strategies, ranging from PD-1/PD-L1 monotherapy to bispecific antibodies,
chemo-immunotherapy combinations, targeted therapy combinations, cancer vaccines, and
adoptive cell transfer.

Figure 3. Immunotherapy strategies in intrahepatic cholangiocarcinoma. This schematic summa-
rizes major immunotherapy-related strategies in iCCA, including ICI monotherapy, dual checkpoint
blockade or bispecific antibody strategies, chemo-immunotherapy, ICI plus targeted therapy, cancer
vaccines, and adoptive cell therapy. Abbreviations: ACT, adoptive cell therapy; CAR-T, chimeric
antigen receptor T-cell therapy; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DC, dendritic
cell; GemCis, gemcitabine plus cisplatin; GEMOX, gemcitabine plus oxaliplatin; ICI, immune check-
point inhibitor; MSI-H/dMMR, microsatellite instability-high/mismatch repair-deficient; PD-1, pro-
grammed cell death protein 1; PD-L1, programmed death-ligand 1; TCR-T, T-cell receptor-engineered
T-cell therapy; TMB-H, tumor mutational burden-high; TME, tumor microenvironment; TIGIT, T cell
immune receptor with Ig and ITIM domains.

5.1. Immune Checkpoint Inhibitor Monotherapy

In the exploration of treatments for intrahepatic cholangiocarcinoma, the application
of single immune checkpoint inhibitors is primarily based on specific molecular biological
contexts. KEYNOTE-158 provided clinical evidence for pembrolizumab monotherapy in
previously treated advanced biliary tract cancer (BTC), a clinically relevant disease group
for iCCA. In the overall BTC cohort, 104 patients received pembrolizumab, with an objec-
tive response rate (ORR) of 5.8% (6/104), a median overall survival (OS) of 7.4 months,
and a median progression-free survival (PFS) of 2.0 months [89]. Importantly, the ben-
efit of pembrolizumab appears more pronounced in biomarker-selected MSI-H/dMMR
cholangiocarcinoma, as shown in a separate MSI-H/dMMR noncolorectal cancer analysis
from KEYNOTE-158. In this analysis, 22 patients with MSI-H/dMMR cholangiocarci-
noma treated with pembrolizumab achieved an ORR of 40.9%, with median PFS and
OS of 4.2 months and 24.3 months, respectively. Based on the tumor-agnostic efficacy of
pembrolizumab in MSI-H/dMMR solid tumors, the U.S. Food and Drug Administration
(FDA) approved pembrolizumab for patients with unresectable or metastatic microsatel-
lite instability-high/mismatch repair-deficient (MSI-H/dMMR) solid tumors, including
eligible patients with intrahepatic cholangiocarcinoma [90–92]. Therefore, pembrolizumab
monotherapy represents a biomarker-driven treatment option for patients with unresectable
or metastatic MSI-H/dMMR iCCA.

A multicenter phase 2 trial (NCT02829918) assessed nivolumab in 54 patients with
refractory advanced biliary tract cancer, including 32 (59%) with intrahepatic cholangio-
carcinoma [93]. The ORR for iCCA patients was 21% (6/28), with longer PFS observed in
those expressing higher PD-L1 levels, suggesting that nivolumab provides durable clinical
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benefit with manageable toxicity in refractory iCCA. Notably, Olumide et al. reported a
case of chemotherapy-resistant iCCA with high tumor mutational burden (TMB), with
the patient achieving a sustained clinical response lasting 16 months following anti-PD-1
therapy, accompanied by resolution of disease-related symptoms [94]. This observation
underscores the potential of TMB as a predictive biomarker for immune checkpoint in-
hibitor responsiveness. Although the overall response rate to immunotherapy remains
low in cholangiocarcinoma, subsets of patients with specific molecular features may derive
significant benefit. Consequently, comprehensive molecular profiling of iCCA patients is
recommended to identify immunologically favorable subgroups amenable to immunother-
apy [95]. This indicates that some patients can derive long-term benefit from monotherapy
with immune checkpoint inhibitors.

Other PD-1/PD-L1 inhibitors such as durvalumab and atezolizumab have also been
explored for monotherapy in early Phase I/II studies. Although they demonstrated durable
antitumor responses in a small proportion of patients, the overall response rates remained
low. Subsequent development efforts for these drugs have shifted toward combination
therapy strategies [96–102].

5.2. Bispecific Antibodies and Dual Immune Checkpoint Blockade

Simultaneously blocking multiple immunosuppressive pathways is a key strategy for
overcoming drug resistance. Dual immunotherapy combinations represent one research di-
rection. Current clinical trials evaluating bispecific antibodies and dual immune checkpoint
blockade are summarized in Tables 1 and 2.

Table 1. Published Clinical trials of bispecific antibodies and dual checkpoint blockade in intrahepatic
cholangiocarcinoma.

NCT Number
(Study Name) Regimen Line of

Therapy Study Design
Tumor

Type/iCCA
Proportion

Key Efficacy
Data

Grade ≥ 3
Toxicity

Major
Limitations

NCT02923934
(CA209-538)

Nivolumab +
Ipilimumab

Mostly
later-line

Phase II, non-
randomized
rare-cancer
trial; BTC
subgroup
analysis

Advanced
BTC; iCCA

16/39 (41%)

ICCA cohort:
ORR 31%,

DCR 43.75%;

Grade 3/4
immune-related

AEs: 15%

Small BTC
subgroup; non-

randomized
design; not

iCCA-specific

NCT04066491
Bintrafusp Alfa
+ GemCis vs.

GemCis
First-line Randomized

phase II/III

Advanced
BTC; iCCA

137/309
(44.3%)

No survival
benefit; mPFS

5.5 vs. 5.6
months; mOS
11.5 vs. 11.5

months

Grade ≥ 3 AEs:
68.5% vs. 74.5%;
most common

grade ≥ 3 TRAEs
included anemia
26.0% vs. 22.8%;

bleeding AEs
were more

frequent with
Bintrafusp Alfa
(28.8% vs. 7.4%),
with grade ≥ 3
bleeding events

in 7.5%.

Negative trial;
failed to
improve
OS/PFS
despite

biological
rationale;

iCCA-specific
outcomes not

separately
reported

NCT05023109
(ZSAB-TOP)

Tislelizumab +
Ociperlimab +

GemCis
First-line

Multicenter,
single-arm

phase II

Advanced
BTC; iCCA

75.6% (34/45)

cORR 48.8%
(20/41), mPFS

7.7 months,
mOS not
reached

Grade ≥ 3
TRAEs: 60.0%

(27/45)

Single-arm
design; mixed

BTC
population

Table 1 summarizes published clinical trials or studies with available results evaluating bispecific antibodies and
dual checkpoint blockade in patients with intrahepatic cholangiocarcinoma. Abbreviations: NCT, National Clinical
Trial; GemCis, gemcitabine and cisplatin; BTC, biliary tract cancer; iCCA, intrahepatic cholangiocarcinoma; ORR,
objective response rate; DCR, disease control rate; cORR, confirmed objective response rate; PFS, progression-free
survival; OS, overall survival; mPFS, median progression-free survival; mOS, median overall survival; AE, adverse
event; TRAE, treatment-related adverse event.
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Table 2. Ongoing or registered clinical trials of bispecific antibodies and dual checkpoint blockade in
intrahepatic cholangiocarcinoma.

NCT
Number Study Design Conditions Therapeutic

Strategy Target Line of Therapy Primary Endpoint
or Key Endpoint

NCT06467357
Phase III,

randomized,
open-label

HER2-expressing
advanced BTC

Trastuzumab
Deruxtecan and
Rilvegostomig

HER2,
PD-1/TIGIT First-line OS

NCT05023109
Phase II,

multicenter,
single-arm

Advanced BTC
GemCis +

Tislelizumab +
Ociperlimab

PD-1, TIGIT First-line ORR

NCT07129018
Phase II,

prospective,
open-label

HER2-expressing
locally advanced
or metastatic BTC

Trastuzumab-
rezetecan +

Pertuzumab +
Iparomlimab and

Tuvonralimab

HER2,
PD-1/CTLA-4 First-line ORR

NCT05653180 Phase I/II Advanced BTC IBI310 +
Sintilimab

CTLA-4,
PD-1

Advanced/
previously treated

Safety (DLTs,
grade ≥ 3 AEs)

and ORR

NCT04238637

Phase II,
randomized,
prospective,
open-label

Advanced iCCA
Durvalumab +

Tremelimumab +
Y-90 SIRT

PD-L1,
CTLA-4

Locoregional/
advanced disease ORR

NCT03937830 Phase I/II Advanced BTC or
HCC

Bevacizumab +
Durvalumab +
Tremelimumab

(+TACE)

VEGF,
PD-L1,

CTLA-4

Advanced/
previously treated

Safety (DLTs,
grade ≥ 3 AEs)
and preliminary

efficacy

NCT03704480 Phase I
Advanced solid

tumors including
BTC

Durvalumab +
Tremelimumab

(+Paclitaxel)

PD-L1,
CTLA-4

Advanced/
previously treated

Safety and
tolerability (DLTs,

grade ≥ 3 AEs)

NCT05297903 Phase II,
single-arm

Advanced BTC
including iCCA XmAb20717 PD-1,

CTLA-4

Later-line after
gemcitabine-based

chemotherapy
ORR

Table 2 provides an overview of ongoing or registered clinical trials testing bispecific antibodies and dual
checkpoint blockade in intrahepatic cholangiocarcinoma, as listed on ClinicalTrials.gov. Abbreviations: PD-1,
programmed cell death protein 1; PD-L1, programmed death-ligand 1; CTLA-4, cytotoxic T-lymphocyte-associated
protein 4; TIGIT, T-cell immunoreceptor with Ig and ITIM domains; HER2, human epidermal growth factor
receptor 2; VEGF, vascular endothelial growth factor; Y-90 SIRT, yttrium-90 selective internal radiation therapy;
TACE, transarterial chemoembolization; DLTs, dose-limiting toxicities; HCC, hepatocellular carcinoma.

A subgroup analysis of the phase 2 nonrandomized clinical trial CA209-538 evalu-
ated the efficacy and safety of combined nivolumab and ipilimumab immunotherapy in
patients with advanced biliary tract cancer [103]. The results demonstrated an objective
response rate of 31% and a disease control rate of 43.75% in the ICC cohort. This marked
the first assessment of nivolumab–ipilimumab combination therapy in ICC, revealing asso-
ciations with significantly improved clinical outcomes and durable treatment responses.
The observed antitumor activity suggests this dual checkpoint blockade may represent a
promising investigational strategy for future iCCA immunotherapy studies.

Furthermore, engineered bispecific antibodies have emerged as a prominent new
focus. The international Phase II GEMINI-Hepatobiliary study is evaluating the efficacy
of Volrustomig (a PD-1/CTLA-4 bispecific antibody) and Rilvegostomig (a PD-1/TIGIT
bispecific antibody), each in combination with chemotherapy, as first-line treatments for
biliary tract cancer. Another PD-1/CTLA-4 bispecific antibody, XmAb20717, is also under
investigation in a Phase II trial (NCT05297903), focusing on patients with advanced biliary
tract cancer (including iCCA) who have received prior chemotherapy but are naive to
immune checkpoint inhibitor therapy. However, the development of bispecific antibodies
has not been without setbacks. The PD-L1/TGF-β bifunctional fusion protein Bintrafusp
Alfa encountered significant challenges. Both its Phase II and subsequent first-line Phase
III trials in biliary tract cancer failed to meet their primary endpoints [104,105]. Although a
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trend towards improved objective response rates was observed, it did not translate into
a survival benefit, and the combination therapy group exhibited an increased incidence
of adverse events, notably bleeding. Several factors may explain this translational failure.
Although simultaneous PD-L1 and TGF-β blockade was designed to enhance antitumor
immunity, it may, in some contexts, unintentionally promote tumor progression through
oncogenic signaling. Because TGF-β is involved in epithelial–mesenchymal plasticity, its
inhibition in advanced or metastatic disease may not necessarily reverse immune exclusion
and could instead favor metastatic tumor growth [106–108]. In addition, the fixed ratio
of the PD-L1- and TGF-β-targeting components in Bintrafusp Alfa may have prevented
simultaneous optimization of both pathways. Therefore, the Bintrafusp Alfa experience
suggests that dual-target immunotherapy should be guided by a clearer understanding
of tumor stage, immune phenotype, and dose optimization, rather than relying solely on
theoretical pathway complementarity.

5.3. Immune Checkpoint Inhibitors in Combination with Chemotherapy

The combination of immune checkpoint inhibitors with standard chemotherapy repre-
sents a groundbreaking advancement in the treatment of intrahepatic cholangiocarcinoma.
Pivotal phase III clinical trials, notably TOPAZ-1 and KEYNOTE-966, have validated the
survival benefits of this combination strategy, thereby redefining the first-line treatment
paradigm for advanced iCCA. In TOPAZ-1, 383 patients with intrahepatic cholangiocar-
cinoma were included in the primary tumor-location subgroup analysis, including 190
patients in the durvalumab plus GemCis group and 193 patients in the placebo plus GemCis
group. In this exploratory subgroup analysis, durvalumab plus GemCis showed improved
OS (13.5 vs. 11.5 months; HR, 0.76; 95% CI, 0.58–0.98), PFS (7.3 vs. 6.0 months; HR,
0.79; 95% CI, 0.64–0.99), and ORR (24.7% vs. 15.5%) in the ICC subgroup [96,109]. These
findings establish durvalumab plus gemcitabine/cisplatin as the new first-line standard
for advanced iCCA, providing clinically meaningful survival benefits without substan-
tially increasing toxicity. A real-world retrospective analysis further corroborated the
efficacy of durvalumab-based platinum–gemcitabine regimens [110]. Similarly, the phase 3
KEYNOTE-966 trial validated the effectiveness of pembrolizumab plus gemcitabine and
cisplatin used as initial therapy for advanced cholangiocarcinoma [111,112]. In this trial,
patients with an intrahepatic site of origin accounted for a substantial subgroup, including
320 patients in the pembrolizumab plus gemcitabine/cisplatin group and 313 patients in
the placebo plus chemotherapy group. Site of origin was included in the prespecified sub-
group analyses. In the overall BTC population, pembrolizumab plus gemcitabine/cisplatin
improved OS compared with a placebo plus chemotherapy (12.7 vs. 10.9 months; HR, 0.83;
95% CI, 0.72–0.95). Consistently, the intrahepatic subgroup also showed an OS benefit (HR,
0.76; 95% CI, 0.64–0.91). These studies reinforce the central role of the “immunotherapy
plus chemotherapy” model in first-line treatment for iCCA. These landmark studies have
not only established immunochemotherapy as the new standard of care for advanced iCCA
but also, more importantly, demonstrated that combining immune checkpoint inhibitors to
conventional chemotherapy provides clinically meaningful survival improvements without
substantially increasing toxicity. This therapeutic paradigm shift has laid a solid foundation
for subsequent exploration of more precise combination strategies, with completed and
ongoing research summarized in Tables 3 and 4.
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Table 3. Published clinical trials of immune checkpoint inhibitors combined with chemotherapy in
intrahepatic cholangiocarcinoma.

NCT Number
(Study Name) Regimen Line of Therapy Study

Design
Tumor Type/

iCCA Proportion
Key Efficacy

Data
Grade ≥ 3

Toxicity
Major

Limitations

NCT03046862

Durvalumab +
GemCis with or

without
Tremelimumab

First-line
Open-label,

single-center
phase II

Advanced BTC;
iCCA proportion

NR

ORR 72% with
GemCis +

durvalumab and
70% with GemCis
+ durvalumab +
tremelimumab;
mPFS 11.8 and
12.3 months;

mOS 20.2 and
18.7 months,
respectively

Decreased
neutrophil count
53%, anemia 40%,

and decreased
platelet count

19%

Single-center
phase II study;
limited sample

size; not
iCCA-specific

NCT03875235
(TOPAZ-1)

Durvalumab +
GemCis vs.
Placebo +
GemCis

First-line

Global phase III,
randomized,
double-blind,

placebo-
controlled

Advanced BTC;
iCCA 383/685

(56%)

ORR 26.7% vs.
18.7%; mPFS 7.2
vs. 5.7 months;

mOS 12.8 vs. 11.5
months

Grade 3/4
TRAEs: 62.7% vs.

64.9%

ICCA subgroup
supportive but
not iCCA-only

NCT04003636
(KEYNOTE-966)

Pembrolizumab +
GemCis vs.
Placebo +
GemCis

First-line

Global phase III,
randomized,
double-blind,

placebo-
controlled

Advanced BTC;
iCCA 633/1069

(59.2%)

ORR 29% vs. 29%;
mPFS 6.5 vs. 5.6
months; mOS
12.7 vs. 10.9

months

Grade 3/4 AEs:
79% vs. 75%

ORR not
improved; iCCA

subgroup
supportive but
not iCCA-only

NCT03111732 Pembrolizumab +
CAPOX

Mixed line;
mostly

previously
treated or refused
first-line therapy

Single-arm
phase II

Advanced BTC;
iCCA 8/11 (73%)

PR 27.3%; SD
54%; DCR 81.8%;

mPFS 4.1 mo;
mOS 9.9 months

Decreased
lymphocyte
count 64%,

anemia 36%,
decreased

platelet count
27%, and

hyponatremia
27%

Small study;
single-arm

design; mixed
treatment lines

Table 3 summarizes published clinical trials with available results evaluating immune checkpoint inhibitors
combined with chemotherapy in intrahepatic cholangiocarcinoma. Abbreviations: NR, not reported; CAPOX,
capecitabine and oxaliplatin; PR, partial response; SD, stable disease; mo, months.

Table 4. Ongoing or registered clinical trials of immune checkpoint inhibitors combined with
chemotherapy in intrahepatic cholangiocarcinoma.

NCT
Number Study Design Conditions Therapeutic

Strategy Target Line of Therapy Primary Endpoint
or Key Endpoint

NCT06988592
Prospective,

non-interventional,
observational study

Advanced Biliary Tract
Cancer

PD-1/PD-L1
inhibitor + GemCis PD-1/PD-L1 First-line OS, PFS

NCT06903273 Phase II, single-arm,
prospective

Cholangiocarcinoma,
Biliary Tract Cancer

Tislelizumab +
GemCis + S-1 PD-1 First-line ORR

NCT06893380 Phase Ib/II,
multicenter, open-label

Locally Advanced
Biliary Tract Cancers,

Metastatic Biliary Tract
Cancers

GemCis +
Nab-paclitaxel +

Tislelizumab
PD-1 First-line PFS

NCT06490107
Phase II, single-center,

single-arm,
prospective

Biliary Tract Cancer Durvalumab + S-1 PD-L1 Protocol-defined ORR

NCT05924880
Phase IIIb, open-label,

single-arm,
multicenter

Biliary Tract Cancers

Durvalumab +
Gemcitabine +

Oxalitin/S-
1/Cisplatin

PD-L1 Protocol-defined OS

NCT05822453 Phase II, single-arm Biliary Tract
Carcinoma

Gemcitabine + S-1 +
Tislelizumab PD-1 First-line ORR

NCT03486678 Single-arm, open-label,
exploratory phase II

Biliary Tract Cancer,
Cholangiocarcinoma SHR-1210 + GEMOX PD-1 First-line or

protocol-defined ORR

NCT03478488 Phase III, randomized,
open-label, multicenter

Biliary Tract
Neoplasms KN035 + GEMOX PD-L1 First-line or

protocol-defined OS

Table 4 provides an overview of ongoing or registered clinical trials testing immune checkpoint inhibitors com-
bined with chemotherapy in intrahepatic cholangiocarcinoma, as listed on ClinicalTrials.gov. Abbreviations: S-1,
oral fluoropyrimidine S-1; GEMOX, gemcitabine plus oxaliplatin; SHR-1210, camrelizumab; KN035, envafolimab.
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5.4. Immune Checkpoint Inhibitors in Combination with Targeted Therapy

Immune checkpoint inhibitors combined with targeted therapies offer personalized
treatment options for patients with iCCA of different molecular subtypes [50,113]. Novel
combinations of immunotherapy with targeted agents, with or without chemotherapy,
are detailed in Tables 5 and 6. A Phase II trial (NCT05174650) is currently underway to
evaluate the efficacy of the combination therapy of the FGFR inhibitor derazantinib with
the PD-L1 inhibitor atezolizumab in patients with advanced iCCA harboring FGFR2 fu-
sions/rearrangements. This aims to establish a new treatment standard for this precisely
selected patient cohort. Additionally, exploring IDH1 mutations represents another major
focus [57,114]. This mutation leads to accumulation of the metabolite 2-hydroxyglutarate,
which suppresses T-cell function [115]. IDH1 inhibitors theoretically reverse this pro-
cess [116–118]. Accordingly, early-phase clinical trials are evaluating IDH1 inhibitor-based
immunotherapy combinations, such as ivosidenib plus nivolumab (NCT04056910) in IDH1-
mutant advanced solid tumors and ivosidenib plus nivolumab/ipilimumab (NCT05921760)
in unresectable or metastatic IDH1-mutant cholangiocarcinoma [119].

Table 5. Published clinical trials of immune checkpoint inhibitors plus targeted therapy with or
without chemotherapy in intrahepatic cholangiocarcinoma.

NCT Number
(Study Name) Regimen Line of

Therapy Study Design
Tumor

Type/iCCA
Proportion

Key Efficacy
Data

Grade ≥ 3
Toxicity

Major
Limitations

NCT04677504
(IMbrave151)

Atezolizumab
+ bevacizumab

+ GemCis vs.
atezolizumab +

placebo +
GemCis

First-line
Global phase II,

randomized,
double-blind

Advanced
BTC; iCCA

54%

iCCA
subgroup:

mPFS 8.3 vs.
8.3 months;

mOS 16.7 vs.
17.2 months

Grade 3/4 AEs:
73% vs. 74%

No OS or ORR
benefit

NCT04361331
(zs-ICC-2020)

Lenvatinib +
toripalimab First-line

Two-cohort,
single-center,

open-label
phase II

Advanced
iCCA

ORR 32.3%;
mPFS 8.9 mo;

mOS 20.3
months

Grade 3/4 AEs:
35.5%

Small sample;
no GemCis

control

NCT03951597
Toripalimab +
lenvatinib +

GEMOX
First-line Single-arm

phase II
Advanced

iCCA

ORR 80.0%;
mPFS 10.2 mo;

mOS 22.5
months

Grade ≥ 3 AEs:
56.7%

Single-arm;
selection bias;

needs phase III
validation

NCT05156788
(ZSAB-

TransGOLP)

Tislelizumab +
lenvatinib +

GEMOX

Conversion
therapy

Multicenter
prospective

phase II

Unresectable
BTC; iCCA

87.8%

R0 resection
rate 63%; mOS

30.8 months

Grade 3–4
TRAEs 49%

Conversion
setting; not

comparable to
metastatic
first-line

NCT04056910 Ivosidenib +
nivolumab Later-line Phase II

IDH1-mutant
solid tumors

including BTC;
cholangiocarci-

noma 4/15
(26.7%); iCCA
proportion NR

Overall: 3/15
(20%); mPFS
1.94 months;

ORR 6.7%

Grade ≥ 3
TRAEs: 27%

Small
biomarker-

selected cohort

NCT05921760
Ivosidenib +
nivolumab +
ipilimumab

Later-line Phase II

Nonresectable
or metastatic
IDH1-mutant
CCA; iCCA
7/7 (100%)

ORR 0%; SD
3/7; PD 4/7;
expansion
phase not
conducted

All patients
experienced
Grade ≥ 3
TEAEs and
treatment-

related Grade
≥ 3 TEAEs

Small
exploratory

study

Table 5 summarizes published clinical trials or studies with available results evaluating ICIs plus targeted therapy
with or without chemotherapy in intrahepatic cholangiocarcinoma. Abbreviations: R0, microscopically margin-
negative resection; IDH1, isocitrate dehydrogenase 1; CCA, cholangiocarcinoma; PD, progressive disease; TEAEs,
treatment-emergent adverse events.
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Table 6. Ongoing or registered clinical trials of immune checkpoint inhibitors plus targeted therapy
with or without chemotherapy in intrahepatic cholangiocarcinoma.

NCT
Number Study Design Conditions Therapeutic

Strategy Target Line of Therapy Primary Endpoint
or Key Endpoint

NCT05342194
Phase III,

randomized,
double-blind

Advanced iCCA
Toripalimab +
Lenvatinib +

GEMOX
PD-1 + VEGFR First-line PFS

NCT06648057

Prospective
observational/real-
world biomarker

study

Biliary Tract Cancer,
Cholangiocarci-

noma

Lenvatinib +
Pembrolizumab PD-1, VEGFR/FGFR Protocol-defined ORR, PFS, OS

NCT07111546 Phase II, open-label,
multicenter study

Advanced Solid
Tumor

LBL-024 +
Bevacizumab PD-L1/4-1BB, VEGF Protocol-defined ORR

NCT03768531
Phase II,

randomized
perioperative study

Resectable Biliary
Tract Cancer

Nivolumab +
Cabiralizumab

PD-1,
CSF-1R

Neoadjuvant and
adju-

vant/perioperative
DFS, OS

NCT03092895
Phase II, open-label,

nonrandomized
study

Advanced Primary
Liver Cancer,

Advanced Biliary
Tract Carcinoma

SHR-1210 +
Apatinib

PD-1,
VEGFR Protocol-defined ORR, PFS

NCT07062328 Phase II, open-label
study

Biliary Tract
Carcinoma

Recaticimab +
Adebrelimab +
Chemotherapy

PD-L1, PCSK9
First-line for unre-

sectable/metastatic
BTC

ORR

NCT06963060 Phase II Gallbladder Cancer,
Cholangiocarcinoma

Gemcitabine +
Nab-paclitaxel +

Lenvatinib +
Tislizumab

PD-1, VEGFR/FGFR First-line/advanced
unresectable setting ORR

NCT06320301 Phase II, open-label,
single-arm study Biliary Tract Cancer Adebulimab +

GEMOX + TKI PD-L1, VEGFR First-line ORR

NCT06037655 Phase II Biliary Tract
Neoplasms

GemCis+
Adebrelimab +

Mecapegfilgrastim

PD-L1,
CSF-3R Neoadjuvant ORR

NCT05742750 Phase I/II

Locally Advanced
Biliary Tract Cancer,

Metastatic Biliary
Tract Cancer

Camrelizumab +
Apatinib + GemCis

PD-1,
VEGFR First-line DLT, MTD, ORR

NCT05410197
Phase II, prospective,

open-label,
single-arm study

Advanced Biliary
Tract Cancer

Envofolimab +
Lenvatinib +

GemCis

PD-L1,
VEGFR/FGFR First-line ORR

NCT05327582
Phase I/II,
open-label,

single-arm study

Pancreatic Cancer,
Biliary Tract Cancer

Durvalumab +
Lenvatinib +

Paclitaxel albumin

PD-L1,
VEGFR/FGFR Protocol-defined ORR, DLT

NCT05254847
Phase II, prospective,

open-label,
single-center study

Biliary Tract Cancer
Capecitabine +
Lenvatinib +
Tislelizumab

PD-1, VEGFR/FGFR Protocol-defined RFS, DFS

NCT04217954 Phase II Advanced Biliary
Tract Cancer

Oxaliplatin + 5-FU +
Bevacizumab +

Toripalimab

PD-1,
VEGF Protocol-defined ORR

Table 6 provides an overview of ongoing or registered clinical trials testing ICIs plus targeted therapy with
or without chemotherapy in intrahepatic cholangiocarcinoma, as listed on ClinicalTrials.gov. Abbreviations:
5-FU, 5-fluorouracil; CSF-1R, colony-stimulating factor 1 receptor; CSF-3R, colony-stimulating factor 3 receptor;
DFS, disease-free survival; DLT, dose-limiting toxicity; FGFR, fibroblast growth factor receptor; MTD, maximum
tolerated dose; PCSK9, proprotein convertase subtilisin/kexin type 9; RFS, recurrence-free survival; TKI, tyrosine
kinase inhibitor; VEGFR, vascular endothelial growth factor receptor. 4-1BB, tumor necrosis factor receptor
superfamily member 9.

In the field of broad-spectrum targeted therapy, strategies targeting the VEGF/VEGFR
signaling pathway demonstrate unique application value. Among these, the IMbrave
151 study evaluated the combination regimen of the PD-L1 inhibitor atezolizumab with
the VEGF inhibitor bevacizumab and chemotherapy [99]. In the iCCA subgroup, mPFS
was 8.3 months in the atezolizumab plus bevacizumab and chemotherapy group versus
8.3 months in the atezolizumab plus chemotherapy control group, while mOS was 16.7
versus 17.2 months, respectively. These results indicate that neither the primary endpoint
of PFS nor the secondary endpoint of OS was substantially improved in the iCCA subgroup.
However, exploratory biomarker analysis suggested that higher VEGFA gene expression in
the bevacizumab-containing arm may be associated with greater PFS benefit, indicating
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that VEGFA may serve as a potential predictive biomarker for selecting patients who
are more likely to benefit from this combination strategy. Although it failed to meet the
primary endpoint of progression-free survival, it provided important reference for opti-
mizing this combination strategy [100]. In contrast, the combination of the multi-targeted
tyrosine kinase inhibitor lenvatinib with immune checkpoint inhibitors demonstrated more
pronounced clinical benefits. The randomized Phase II study NCT04361331 confirmed
that first-line treatment with lenvatinib plus the PD-1 inhibitor toripalimab achieved an
ORR of 32.3% and an mOS of 20.3 months [120]. A phase II study (NCT03951597) demon-
strated for the first time that the combination of toripalimab with GEMOX and lenvatinib
achieved an ORR of 80% in 30 iCCA patients, revealing that it could represent a promising
treatment option [121]. Based on these findings, a confirmatory Phase III clinical trial
(NCT05342194) has been initiated to validate the activity of the triple combination therapy
comprising toripalimab, lenvatinib, and GEMOX chemotherapy. The ZSAB-TransGOLP
study further demonstrated the powerful conversion potential of this triple regimen in
locally advanced unresectable patients, achieving a 63% R0 resection rate and a median OS
of 30.8 months [122]. This highlights the combination’s significant potential in achieving
tumor downstaging and enabling conversion surgery. These advances underscore the
broad research prospects for personalized precision therapy based on molecular subtyping.

5.5. Cancer Vaccines

Tumor-associated antigens (TAAs), characterized by their tumor-specific expression
profiles, represent ideal targets for cancer vaccines due to their capacity to induce antigen-
specific T-cell responses. Tumor cells frequently evade immune recognition through down-
regulation of major histocompatibility complex class I, and in intrahepatic cholangiocarci-
noma, aberrant MHC-I expression has been associated with advanced disease progression,
though the precise mechanisms remain poorly defined [70,123]. Multiple TAAs have been
investigated as potential therapeutic targets in biliary tract cancers, including Wilms tumor
1 (WT1) and mucin 1 (MUC1). Both are reportedly expressed in about 80–85% of iCCA
patients and correlate with unfavorable prognosis [124,125].

An open-label phase I clinical trial involving four iCCA patients demonstrated that
combination therapy with WT1 peptide vaccine and gemcitabine yielded a mOS of 384
days, with evidence of immune activation in a subset of patients. The vaccine exhibited
favorable tolerability without severe immune-related adverse events. However, the limited
sample size and indeterminate clinical efficacy underscore the necessity for future studies
to prioritize expanding cohort sizes, optimizing patient selection through WT1 expression
profiling, and refining therapeutic protocols to enhance treatment outcomes [126].

Lepisto et al. conducted a phase I/II trial of a MUC1 peptide-pulsed autologous
dendritic cell vaccine as adjuvant therapy in 12 patients with resected pancreatic and
biliary tumors. Among the enrolled patients, two had cholangiocarcinoma. In these
two patients, the disease-free survival was 16.7 months and 4.6 months, with OS of 23.4
months and 21.1 months. Notably, one iCCA patient remained recurrence-free during
follow-up [127]. However, because this study included mixed tumor entities and only two
cholangiocarcinoma cases, these findings should be interpreted as preliminary observations
rather than iCCA-specific evidence of clinical efficacy. Nevertheless, the results suggest the
feasibility and potential immunological relevance of dendritic cell-based vaccines in CCA,
warranting further validation in larger, iCCA-focused cohorts.

Markus W. Löffler et al. reported a case of metastatic iCCA treated with a personal-
ized multi-peptide vaccine carrying non-mutated epitopes, which elicited robust immune
responses and achieved long-term tumor-free survival. Post-vaccination, functional T-cell
responses against three of the seven peptides were observed [128]. More recently, the
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same group reported a long-term follow-up of this exceptional case. After repeated sur-
gical resections and two successive personalized peptide vaccines, the patient remained
tumor-free for more than 8 years. Importantly, long-term immune monitoring showed that
vaccine-specific T-cell responses, predominantly CD4+ T-cell responses, persisted for years
and were still detectable 5 years after the last vaccine administration. Spontaneous tumor
neoantigen-specific CD4+ and CD8+ T-cell responses were also detected, suggesting that
durable antitumor T-cell immunity may have contributed to the unusually favorable clinical
course [129]. Although this remains a single-patient observation, it provides informative
evidence for the durability of vaccine-induced T-cell responses in iCCA and supports fur-
ther investigation of personalized peptide vaccination strategies. This represents the first
documented use of adjuvant personalized peptide immunotherapy in cholangiocarcinoma,
highlighting its potential as a promising novel therapeutic approach for iCCA. Further
clinical validation is warranted to confirm its efficacy.

Koichi Shimizu et al. evaluated the efficacy of autologous tumor lysate-pulsed DC
injections combined with CD3-activated T cell (CAT) transfer in postoperative iCCA pa-
tients. The CATs were generated ex vivo by stimulation with an anti-CD3 monoclonal
antibody followed by IL-2 activation. The study enrolled 62 patients who underwent
curative resection, with 36 receiving adjuvant DC vaccination plus CAT infusion (ATVAC
group) and 26 serving as surgery-only controls. Compared to the controls, the ATVAC
group demonstrated significantly improved PFS (18.3 vs. 7.7 months) and OS (31.9 vs.
17.4 months). Furthermore, early-stage (I/II) iCCA patients receiving ATVAC exhibited
superior PFS and OS compared to stage IV patients, suggesting that this combination
therapy enhances survival outcomes, particularly in early-stage iCCA [130].

5.6. Adoptive Cell Therapy

Adoptive cell therapy (ACT), a promising approach to inducing antitumor immune
responses, involves the ex vivo expansion and engineering of T cells to confer tumor-specific
recognition, followed by reinfusion of these amplified tumor-reactive lymphocytes into
patients. Three primary ACT modalities are utilized in cancer treatment: tumor-infiltrating
lymphocytes (TILs), T-cell receptor (TCR)-engineered T cells, and chimeric antigen receptor
(CAR)-T-cell therapy [131]. In intrahepatic cholangiocarcinoma, ACT remains in early-stage
exploration, with current evidence limited to small case series, single-patient reports, and
single-arm pilot studies.

Ryota Higuchi et al. reported a case of a female iCCA patient with lymph node metas-
tasis who achieved prolonged survival without recurrence after surgery combined with
postoperative immunotherapy [132]. The patient initiated immunotherapy (CD3-activated
T-cell infusions and tumor lysate/peptide-pulsed dendritic cell injections) two months
post-surgery, remaining recurrence-free for 3.6 years with favorable clinical status. Eric
Tran et al. successfully identified and expanded CD4+ T cells targeting tumor-specific
mutations in a metastatic cholangiocarcinoma patient [133]. After two adoptive cell infu-
sions, significant regression of hepatic and pulmonary lesions was observed, with disease
control sustained for over 13 months. This study represents the first demonstration of CD4+

T-cell-mediated antitumor activity in cholangiocarcinoma, challenging the conventional
CD8+ T-cell-centric paradigm and underscoring ACT’s clinical potential. However, the
single-patient design limits generalizability, necessitating further validation in larger co-
horts. A phase I trial (NCT01935843) evaluating HER2-targeted CAR-T cells in 11 advanced
cholangiocarcinoma and pancreatic cancer patients demonstrated encouraging safety and
feasibility of CAR-T-HER2 immunotherapy [134]. Kamonlapat Supimon et al. developed
anti-MUC1-CAR4 T cells, which exhibited potent in vitro antitumor activity against MUC1-
expressing cholangiocarcinoma cells [135]. As described above in the Section 5.5 [130],
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Shimizu et al. administered autologous tumor lysate-pulsed dendritic cells combined with
adoptive transfer of ex vivo-activated T cells to resected ICC patients, achieving nearly
doubled median overall survival (31.9 vs. 17.4 months) compared to surgery-alone controls.
Additionally, an ongoing Thai clinical trial (NCT01868490) is investigating adoptive im-
munotherapy with modified autologous cytokine-induced killer (CIK) cells in patients with
selected solid tumors, including cholangiocarcinoma. CIK cells are ex vivo expanded im-
mune effector cells, with the CD3+CD56+ subset representing a major cytotoxic population.
These cells exhibit MHC-unrestricted antitumor activity, and preclinical studies suggested
that dendritic cell-exposed CIK cells may enhance antitumor cytotoxicity against cholan-
giocarcinoma [136]. This trial provides a relevant example of early clinical exploration of
autologous CIK-cell transfer in cholangiocarcinoma.

A major limitation of ACT lies in its inherently personalized nature, requiring bespoke
therapeutic agents tailored to individual patients. Nevertheless, ACT holds significant
potential to advance precision medicine in ICC, offering novel therapeutic avenues for this
aggressive malignancy.

6. Conclusions
ICCA remains a challenging cancer with limited effective treatment options. Despite

advancements in immunotherapy, including immune checkpoint inhibitors and combi-
nation strategies, clinical responses remain suboptimal, reflecting the complexity of the
iCCA immune microenvironment. The immunosuppressive features of iCCA, such as low
immune cell infiltration, high levels of tumor-associated macrophages, myeloid-derived
suppressor cells, and the upregulation of inhibitory receptors like PD-1/PD-L1, contribute
to immune evasion and therapeutic resistance. Additionally, driver gene mutations such as
FGFR2, IDH1/2, and KRAS play significant roles in modulating the immune landscape and
influencing treatment response.

Emerging strategies such as combining ICIs with chemotherapy, targeted therapy,
bispecific antibodies, and cancer vaccines are showing promise in preclinical and early
clinical trials, providing new hope for patients. ICI plus chemotherapy, represented by
TOPAZ-1 and KEYNOTE-966, currently has the strongest clinical support and has changed
the first-line treatment landscape for advanced biliary tract cancer, including iCCA. In
contrast, targeted therapy plus ICI, dual checkpoint blockade, bispecific antibodies, cancer
vaccines, TILs, CAR-T, and TCR-T remain largely supported by early-phase, small-sample,
single-arm, biomarker-selected, or non-iCCA-specific studies. Therefore, while these ap-
proaches show encouraging therapeutic potential, their clinical value should be further
defined through iCCA-focused studies with careful assessment of survival benefit, toxi-
city, safety management, and patient selection. For vaccine- and cell-based therapies in
particular, major challenges include the identification of iCCA-specific and immunogenic
antigens, intratumoral heterogeneity that may lead to antigen loss or immune escape,
and HLA restriction that limits the applicability of some TCR- or peptide-based strate-
gies. In addition, insufficient T-cell trafficking into tumor tissues, dense desmoplastic
stromal barriers, and potential on-target/off-tumor toxicity remain important obstacles to
the safe and effective translation of vaccines, TILs, CAR-T, and TCR-T therapies in iCCA.
Future iCCA-focused trials should incorporate molecular features, immune phenotypes,
TLS status, stromal signatures, antigen-presentation capacity, and established biomarkers
such as MSI-H/dMMR, TMB, and PD-L1 expression to identify patients most likely to
benefit from specific immunotherapy combinations. A clearer hierarchy of evidence and
biomarker-stratified trial design will be essential for translating these emerging strategies
into clinically meaningful benefit in iCCA.
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Future research should move beyond broad application of immunotherapy and toward
more precise immune stratification in iCCA. Establishing an iCCA-specific immunophe-
notyping system that integrates lymphoid infiltration, myeloid dominance, TLS status,
stromal exclusion, antigen-presentation capacity, and molecular alterations will be essential
for guiding treatment selection. Biomarker-driven clinical trials should be designed to
evaluate molecular subtype-specific immunotherapy combinations, particularly in FGFR2-,
IDH1-, and KRAS-altered tumors. Advanced technologies, including single-cell sequencing,
spatial transcriptomics, and multiplex imaging, may help define the spatial organiza-
tion and functional states of immune cells within the iCCA tumor microenvironment. In
parallel, myeloid-targeted therapies, stroma-remodeling strategies, and immune-priming
approaches should be further explored to overcome immune exclusion and resistance to
ICI-based therapy. Future trials should also incorporate dynamic immune monitoring and
post-resistance re-biopsy analyses to better understand treatment adaptation, acquired
resistance, and rational subsequent combination strategies.
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