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ABSTRACT

Introduction: Cholangiocarcinoma (CCA) is a rare but deadly cancer worldwide, mainly
as a result of a late diagnosis and limited effective treatments. Targeting the tumor
microenvironment (TME) emerged as a relevant strategy in CCA which is characterized

by an abundant desmoplastic stroma.

Areas covered: In this review, we describe the role of different compartments of the
TME in CCA, focusing on the preclinical rationale for the development of innovative
therapies. Relevant literature was identified by a PubMed search covering the last

decade (2010-2020).

Expert opinion: Low efficacy of surgery and cytotoxic chemotherapy for a long term
cure of patients with CCA emphasize the need for developing innovative therapeutic
strategies and companion biomarkers. Single-cell RNA sequencing of the stroma is
providing a critical functional characterization of TME in CCA and is paving the way for
immunotherapies, as well as cancer-associated fibroblast and extracellular matrix-
oriented treatments. We believe that the development of treatments targeting different
components the TME will produce the best results if thought as a combination with
cytotoxic chemotherapy. Positive results would also be clearer if biomarkers are

developed to define the population of interest for each combination strategy.

Keywords: Angiogenesis; cancer-associated fibroblast; cholangiocarcinoma; combined
therapy; extracellular matrix; immunotherapy; stroma; therapeutic targets;

transcriptomics; tumor microenvironment.



Article highlights:

CCA is a deadly cancer worldwide with increased incidence and limited effective
therapeutic options.

Targeting the TME emerges as a relevant strategy in CCA, which is characterized
by a dense desmoplastic stroma.

Gene expression profiling of the stroma provides information on the role of TME
in CCA onset and progression and paves the way to design effective
immunotherapies.

Targeting genetic alterations of cancer cells together with TME represents a
promising strategy to treat CCA and to overcome drug resistance.

Targeting the TME should be conducted in combination with cytotoxic
chemotherapy with opportunities of synergies. Relevant biomarkers are needed

to define the population of interest for each combination strategy.

1. Introduction

Cholangiocarcinoma (CCA) is a deadly cancer worldwide with increased incidence and

limited effective therapeutic options. CCA comprise different types of solid tumors arising

along the biliary tree. Based on the anatomic location, intrahepatic (ICCA), perihilar

(pCCA) and distal CCA (dCCA) are distinguished (Figure 1) [1,2]. The incidence of CCA

is currently increasing in Western countries [1,3]. Treatment of CCA presents numerous

challenges, from basic understanding of CCA heterogeneity to clinical aspects related to

the silent nature of the disease [1]. Surgery remains the treatment of reference for

curative intent. However, a majority of patients could not have their tumor removed as a
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result of locally advanced or metastatic disease at the time of diagnosis [4]. Adjuvant
chemotherapy was proven effective, although the benefit was modest and the majority of
patients still recur within 5 years [5-7]. In the advanced setting, chemotherapy offers
palliation and increases modestly the survival. However, the median overall survival
(OS) is still approximately only 1 year after first-line and only 6 months after second-line
treatment [8,9]. Intensive chemotherapy regimen recently failed to improve results [10].
The existence of molecular alterations in biliary tract cancers allows the development of
targeted therapies [11]. However, the development of drugs is rendered difficult by the

multiplicity of the targets in a population of patients with relatively rare tumors [12].

As for many types of cancers, targeting the tumor microenvironment (TME) offers
another attractive avenue for drug development, which is particularly relevant in CCA.
Indeed, CCA is recognized as a tumor with an important desmoplastic reaction, due to
the stromal cells, and the infiltration of the tumor by different types of immune cells
(Figure 2). Changes in the TME of CCA was also associated with prognosis in multiple
studies [13]. Importantly, targeting the TME could also be conducted in combination with
other treatment modalities, including cytotoxic chemotherapy and tumor cells targeted

therapies, with opportunities of synergies.

In this review, we will describe the role of different compartments of the TME in CCA,
focusing on the preclinical rationale for the development of new therapies. We will finally
propose our opinion on how the development of innovative treatments targeting the TME

could be conducted in CCA.

2. TME is aclinically relevant histological hallmark of CCA



Growing evidence demonstrates that TME contributes to cancer onset and progression
in various cancers, including CCA [14-16]. The presence of a complex desmoplastic
stroma is a distinctive histological feature of CCA (Figure 2A-B). TME consists of an
intricate ecosystem made of non-tumor cells interacting with components of the
extracellular matrix (ECM) and soluble factors (Figure 2C). A wide variety of cells
populates the TME, including endothelial cells, pericytes, cancer-associated fibroblasts
(CAFs) and immune cells [13]. The dynamic crosstalk between the TME and CCA tumor
cells modulates cancer-associated processes, including cell death and proliferation,
angiogenesis, invasion, metastasis and chemoresistance [17]. Soluble factors such as
cytokines, chemokines, growth factors and extracellular vesicles play a key role in

orchestrating these interactions [14,18,19].

The clinical relevance of the stroma has been reported in several solid tumors,
including breast cancer, colorectal cancer and CCA [20-22]. Importantly, these studies
suggest that the stroma may exhibit a protective or an aggravating value depending on
the cancer types. Thus, in breast cancer, patients with a stroma-high tumor have a
worse prognosis compared to patients with a stroma-low tumor. In addition, the
prognostic value of the tumor-stroma ratio is most discriminative in patients with grade Il
or triple-negative breast cancer [21]. In resectable colorectal cancer, an artificial
intelligence algorithm based on a convolutional neural network model using transfer
learning demonstrated that the tumor-stroma ratio is an independent predictor of
prognosis, a high amount of stroma being associated with a reduced OS [22]. Similarly,
a nationwide population-based study in Denmark reported that a high amount of stroma

is an independent prognostic marker of an adverse outcome in patients with stage Il



colon cancer [23]. However, in iICCA, the stromal to tumor area ratio was inversely
correlated with vascular invasion and positively correlated with a well-differentiated
tumor grade. Actually, iCCA with more fibrous and less cellular features were associated
with a better outcome. Patients with high stromal area exhibit a better disease-free
survival (DFS), suggesting that desmoplastic stroma is protective in iCCA, possibly
through a limitation of tumor invasiveness by building a barrier against tumor diffusion
[20]. In addition, a high collagen reticulation index, defined as the number of collagen
fiber branches within the entire length of the collagen network, was associated with a
poorer OS [20]. Thus, not only the abundance of the stroma but also its reticulation and

stiffness may influence the properties of the stroma and ultimately its prognostic value.

3. Transcriptomic profiling highlights TME heterogeneity in CCA

In 2013, by combining laser capture microdissection and gene expression profiling, we
highlighted transcriptomics alterations occurring in stromal cells of iICCA. A signature
made of 1,073 genes was shown to discriminate the stromal compartment of iICCA
tumors from the fibrous tissues in the adjacent non-tumor livers [24,25]. Notably, we
demonstrated that osteopontin and TGFB2 are both overexpressed in the stroma of
ICCA. The expression of these two genes exhibited a heterogeneous expression and a
high expression was demonstrated to correlate with a poor outcome, highlighting
interesting therapeutic targets [24,25]. More recently, the same approach was used to
pinpoint the functional features and diversity of stromal cells [26]. The study
demonstrated that the TME of iCCA displays a large range of immunologic orientations

and can be classified into four subtypes based on the cellular composition, including an



immune desert subtype versus immunogenic, myeloid and mesenchymal subtypes.
Importantly, this stromal classification is predictive of patient outcome [26]. Such
immune-based classification might serve as a basis to design clinical trials evaluating

specific targeted therapies, as we will develop in section 5.

These early transcriptomics studies mostly based on the microdissection of large
fibrous areas highlighted the heterogeneity of the stroma in CCA and its complex
transcriptional architecture. Deciphering the multifaceted nature of the stroma represents
a great challenge, at both a basic and a translational level, to develop effective
therapies. Addressing that particular issue, a recent study in iCCA took advantage of
single-cell RNA-sequencing to unravel the complexity of the stroma at a cellular and
molecular level [27,28]. This transcriptomic profiling at a single cell resolution highlighted
a wide heterogeneity in the malignant, immune and stromal cells. Notably, the study
identified 6 distinct fibroblast subsets. The predominant vascular-associated fibroblast
subclass displayed a signature enriched for the microvasculature and showed a massive
secretion of IL-6. Through functional analyses, the fibroblast-mediated secretion of IL-6

was shown to affect CCA cells malignancy through epigenetic mechanisms [28].

In summary, these transcriptomic studies allowed a better characterization of the
alterations occurring in the TME of CCA, highlighting a high degree of transcriptional
heterogeneity. They also provided a better insight into the interactions between tumors
cells and TME, and they pave the way for the development of innovative therapeutic

options targeting several components of TME.

4. CAFs diversity offers various therapeutic orientations in CCA



4.1. CAFs are central protagonists in the TME of CCA

Once the desmoplastic process is well engaged, the most predominant cells in the
stroma are fibroblast-like cells referred to as cancer-associated fibroblasts (CAFs). CAFs
form a heterogeneous group of cells characterized by the expression of phenotypic
markers, including alpha-smooth muscle actin (a-SMA) and platelet-derived growth
factor receptor beta (PDGFR) [29]. The origin of CAFs remains ambiguous in CCA.
CAFs may derive from a wide variety of cells in the liver including portal fibroblasts,
hepatic stellate cells (HSC) and bone marrow-derived mesenchymal precursor cells [16].
CAFs are first recruited by CCA tumor cells which subsequently sustain their activity.
Once activated, CAFs promote CCA progression through the secretion of various
soluble factors. For instance, transforming growth factor beta (TGFB), stromal cell-
derived factor 1 (SDF1), hepatocyte growth factor (HGF), connective tissue growth factor
(CTGF) and epidermal growth factor (EGF) are extensively secreted by CAFs [30].
CAFs are central protagonists in the TME (Figure 3). They are involved in
multidimensional interactions and influence the activity of a wide variety of cells including
immune cells, lymphatic endothelial cells (LECs) and CCA tumor cells. For instance,
Cadamuro and colleagues described a paracrine loop within the tumor reactive stroma
of CCA, unleashed by PDGFD and involving CCA tumor cells, CAFs and LECs [29]. By
secreting PDGFD, tumor cells induce the release of VEGFC and VEGFA by CAFs
leading to the expansion of the lymphatic vasculature and tumor cell intravasation
(Figure 3). This study highlights CAFs as potential targets in the TME for the treatment

of CCA. Indeed, inducing CAFs apoptosis or targeting PDGFD-induced axis may



represent an effective tool to block tumor-associated lymphangiogenesis and impede

CCA tumor cell invasion [29].

CAFs are also involved in a reciprocal interplay with immune cells. Notably, CAFs
expressing the fibroblast activation protein (FAP) are part of a specific fibroblast subset
exhibiting a pro-inflammatory phenotype. Growing evidence show that FAP+ CAFs could
mediate tumor-promoting inflammatory and immunosuppressive effects (Figure 3). More
specifically, FAP+ CAFs are able to foster the recruitment of myeloid-derived suppressor

cells (MDSCs) in a STAT3 signaling-dependent manner [31,32].
4.2. CAFs-oriented therapeutic strategies

CAFs phenotype is clinically relevant for CCA treatment and represents an independent
prognostic factor for OS [33]. Over the last decade, targeting CAFs has therefore been
considered as a robust therapeutic strategy in CCA. For instance, by antagonizing
PDGFRB and VEGFR3 (through imatinib mesylate), or by neutralizing VEFGA and
VEGFC (respectively through SU5416 and SAR131675), the trans-LEC migration of
CCA cells was alleviated. Moreover, a navitoclax-induced CAFs depletion triggers the
reduction of the tumor-associated lymphangiogenesis in a rat model of CCA [29]. A
combined administration of gemcitabine and nintedanib, an antifibrotic drug, was
recently shown to reduce iCCA aggressiveness in mice through the reduction of pro-
oncogenic soluble factors secreted by CAFs such as IL-6 and IL-8. Thus, the growth of
ICCA xenografted tumors was shown to be significantly reduced [34]. Photothermal
depletion of CAFs was also shown to normalize tumor stiffness in a mouse model of
desmoplastic CCA [35]. We also recently reported that tumors developed from CCA

cells resistant to EGFR inhibition in mice exhibited a more prominent stromal



compartment enriched in CAFs [36]. CAFs were shown to contribute to chemoresistance
of CCA cells by producing IGF2. Thus, the study provides a rationale for testing

combined therapies against EGFR and IR/IGF1R in CCA [36].

Overall these recent studies contributed to better appreciate the diversity of CAFs
and their respective functionalities in CCA, opening promising opportunities for clinical

trials targeting CAFs (Figure 3).

5. Targeting ECM in CCA

The abundant presence of CAFs in the TME is also responsible for an aberrant
production of ECM. CCA progression, dissemination and treatment are critically
supported by ECM [37]. ECM is a highly reactive scaffold formed by a wide array of
multifunctional molecules, encompassing collagens and non-collagenous glycoproteins,
proteoglycans, glycosaminoglycans, and polysaccharides [37]. ECM remodeling is a key
feature of CCA carcinogenesis, modulating signaling pathways involved in tumor
progression. ECM is also a reservoir of soluble factors acting in the crosstalk between
tumor cells and the stroma (Figure 2) [38]. Accordingly, the characterization of ECM
composition and structure constitutes a promising line of investigation from a prognostic
perspective [39]. As mentioned above, ECM proteins (e.g. osteopontin) are clinically
relevant biomarkers associated with patient prognosis. In addition, growing evidence
demonstrated that the overexpression of periostin (POSTN) and distinct mesothelin
forms are able to predict a poor prognosis in a rat desmoplastic model of CCA [40].
Mechanistically, ECM proteins, including POSTN, tenascin-C and osteopontin were
shown to modulate pro-tumorigenic functions by activating specific intracellular
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pathways, such as PI3K/AKT or MAPK, and thus promoting tumor cell proliferation,
migration and invasion [37]. An exhaustive characterization of ECM at the protein level
was very recently emphasized by Carpino and colleagues who reported proteome
profiles specific of the TME in ICCA. This matrisome unraveled increased levels of
fibrillar collagens and POSTN. The stiffness of the desmoplastic stroma was also
explained by the near absence of proteoglycans and elastic fibers. A wide range of
proteins involved in the maintenance of the basement membrane were also found
downregulated [41]. Notably, evidence was provided that COL3A1 promotes iCCA cells
migration as a component of tumor-associated aligned collagen, supporting COL3A1 as
a promising therapeutic target to hamper tumor expansion and metastatic dissemination
[41]. Interestingly, COL3A1 expression was reported as a prognostic biomarker in early-
stage ovarian carcinoma patients, being associated with a shorter overall survival [42].
Similarly, COL3A1 overexpression was shown to confer a poor prognosis (reduced OS
and DFS) in patients with bladder cancer [43]. In @ mouse model of bleomycin-induced
pulmonary fibrosis associated with ECM deposition, histone deacetylase inhibitors were
shown to decrease COL3A1 expression, opening interesting therapeutic opportunities

targeting ECM components [44].

Changes in the composition and the structure of ECM within TME can also
negatively impact the response to therapies [45]. Indeed, both the density and the
stiffness of the stroma can create an impenetrable barrier, concealing tumor cells from
therapeutic agents. Steric hindrance also leads to an impaired supply in nutrients,
oxygen and metabolites resulting in an increased hypoxia and metabolic stress, which

could lead to the activation of anti-apoptotic and drug resistance pathways. In addition,
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modification of the ECM components have been reported to be involved in the response
of tumor cells to radiotherapy [46]. Accordingly, addressing the TME in early drug
discovery has been recommended as a strategy to overcome drug resistance and

identify novel targets for cancer therapy [45].

In the light of the functional impact of ECM components on tumor progression and
resistance to treatment, it comes natural to consider degrading this fibrous stroma as a
therapeutic strategy to improve the care of patients with CCA. For instance, current
therapies employed for CCA could be combined with a targeting of collagen or
hyaluronan synthesis in order to improve their efficacy. The regulation of pathways
upstream ECM synthesis could also represent an option. Notably, inhibition of the TGFf
signaling pathway to reduce ECM stiffness could be a relevant strategy. However, given
that the abundance of the desmoplastic stroma has been recently associated with a
better outcome in iICCA [20], it seems crucial to consider not only the amount of ECM
deposition but also the composition, organization, and post-translational modifications of
ECM. Accordingly, unsatisfactory results were obtained with pegylated recombinant
human hyaluronidase combined with chemotherapy in patients with metastatic

pancreatic cancer in a phase 1b/2 clinical trial [47].

6. Targeting the immune microenvironment in CCA

The better understanding of the tumor immune microenvironment (TIME) led to the
recent revolution of immunotherapy in oncology [48]. Mechanisms of the immune
surveillance were described, and consequently also the mechanisms developed by
tumors to escape this immune surveillance, focusing primarily on CD8+ T cells effectors
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[49-51]. The most widely immune checkpoints targeted to date for immunotherapy are
programmed death-1 (PD-1) and its ligand PD-L1, as well as cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4), with numerous drugs targeting these pathways.
Moreover, multiple other immune checkpoints are currently the focus of new drug
development, and targeting of other effectors than CD8+ T cells is also studied. Here,
we will describe the current knowledge about the role of TIME in CCA, starting from the
type of cells then moving to functionality, in each case focusing on prognostic

information related to the TIME.
6.1. Description of the tumor immune microenvironment in CCA

The study of all types of immune cells seems to be important to completely understand
prognosis of CCA [52]. Regarding the adaptive immune system, lymphocytes are the
main effectors of anti-tumor immune responses [53]. Tumor-infiltrating lymphocytes
(TILs) have been described in CCA and are associated with the prognosis [54]. This is
the case for both ICCA and eCCA [52,55]. Specifically, the presence of CD8+
lymphocytes seems to be associated with a better prognosis [51]. Regarding the innate
immune system, Natural Killer (NK) cells are important components of tumor
surveillance [56]. Epidemiological data suggest that polymorphisms of important genes
related to NK cells functions (KIR and NKG2D) might be associated with the risk of
developing CCA [57,58], suggesting an important role of these cells on the immune
surveillance against CCA. Furthermore, the infiltration by NK cells has been associated
with better survival in resected iCCA [59]. Tumor-associated macrophages (TAMSs) are
important regulators of the tumoral immune response. In the liver, TAMs can be derived

from Kupffer cells or from circulating bone-marrow derived macrophages. More
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importantly TAMs are divided between the M1 subtype, favoring anti-tumor immune
response, and the M2 subtype, exerting immunosuppressive effects [60]. The presence
of TAMs, and specifically of M2 TAMs has been associated with worse prognosis in
CCA [61,62]. Moreover, CCA cells were shown in vitro to interact with macrophages,
providing them with tumor-promoting capacities [63,64]. TAMs could also stimulate
directly CCA tumor cells, notably through the Wnt/beta-catenin pathway [65]. Albeit
usually considered of less importance, tumor-associated neutrophils could also play an

important prognostic role in CCA [52].

6.2. Functional description

The importance of the immune infiltration in a subset of CCA could also be studied by
gene expression analysis [66]. In a study of resected ICCA, Sia and colleagues
described 2 classes of tumors, the proliferation and the inflammation classes. However,
this analysis was done on the bulk of the tumors. As mentioned previously, a recent
analysis focused on the stromal component, using laser microdissection [26]. The gene
expression profile of the TME could then describe 4 TME subtypes. Subtype I1
displayed an immune desert, subtype 12 showed a reactive immunogenic pattern,
subtype 13 displayed a myeloid-rich infiltrate, while subtype 14 was dominated by
activated fibroblasts. These different subtypes were associated with clear differences in

prognosis [26].

The functionality of the cells is of course of paramount importance, as we suggested
when discussing the differences between M1 and M2 TAMs. One first evaluation could
be done through the expression of immune checkpoints. Expression of PD-L1 was

associated with infiltrations by TAMs and neutrophils [67]. There is conflicting evidence
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about the potential prognostic role of the expression of PD-L1 in CCA [68,69]. Technical
issues and the selection of antibody might influence the results [70]. A meta-analysis
suggested that PD-L1 expression was related to the tumor stage, which might explain
discrepancies in results of various studies, and that overall PD-L1 expression was not
associated with prognosis [71]. Another study suggested that PD-L1 expression
depends on the etiology of ICCA [72]. Finally, the type of cells expressing PD-L1 might
also influence the prognosis: TAMs expressing PD-L1 might be particularly important
[73]. CTLA-4 expression might also have a prognostic role [74]. Expression on the
adjacent tissue might be specifically important [75]. Finer evaluation of the functionality
of the cells could be critical, using for example multiparametric flow cytometry or
cytometry by time of flight (CyTof) but has rarely been performed in CCA. A study in
eCCA using immunohistochemistry suggested that CD8+ or PD-L1+ cells were not
associated with survival, but that focusing on CD8+CD54RO+ memory cells, a clear
prognostic value was demonstrated [76]. In conclusion, more insight may be gained

using refined techniques to characterize the functionality of the TIME in CCA.
6.3. Consequences for drug development

The role of the TIME in CCA, but mainly the efficacy of immune checkpoint inhibitors
(ICI) in other tumor types, led to the development of clinical trials. Despite early
disappointing results when ICI were used as monotherapy, phase 3 trials were launched
and results are awaited. However, these trials did not use selection based on the
immune contexture. In case of negativity, testing ICI in specific subgroups based on a

biomarker might prove more interesting.
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7. Targeting angiogenesis

Targeting angiogenesis through VEGF inhibition showed modest results in many tumor
types. As in most solid tumors, angiogenesis plays an important role in the development
of CCA, and was showed to have prognostic value [77]. Regorafenib, a multitarget
tyrosine kinase inhibitor targeting notably VEGFR2, was showed to have modest activity
in CCA [78]. However, recent focus changed to using inhibition of VEGF in combination
with other treatments. The concept of vascular normalization partially explains possible
synergy between VEGF inhibition and improved penetration of other treatments inside
the tumor [79]. Moreover, VEGF also plays a regulating role for immune cells, favoring
by numerous ways the immunosuppressive components of the TIME, such as Tregs and
M2 TAMs [80]. Finally, other angiogenic cytokines, such as TIE-2, also act in interplay
between angiogenesis and immune infiltration [81]. It is thus probable that targeting

angiogenesis in CCA will play a role only in combination with other treatment strategies.

8. Past and ongoing clinical trials targeting TME in CCA

The better characterization of different components of the TME has only recently lead to
clinical trials. The development of immune-oncology lead to the trials of different anti-
PD-(L)1 inhibitors. However, results were overall disappointing when the drugs were
used as monotherapy [82]. Nevertheless, recent results of combination with
chemotherapy might prove more interesting [83]. Based on these results, different phase
3 trials were launched comparing standard chemotherapy to the combination of
chemotherapy with  anti-PD-(L)1  (clinicaltrials.gov  identifiers NCT04003636,
NCTO03875235). The targeting of the TGFB pathway is currently being tested in the
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clinics. Specifically, the TGFf inhibitor galunisertib is currently under investigation for the
treatment of metastatic pancreatic adenocarcinoma in combination with durvalumab
(NCT02734160), and in different setting of hepatocellular carcinoma (as monotherapy
NCT02240433 or in combination with sorafenib NCT02178358). However, no clinical
trials were conducted in CCA. Finally, angiogenesis inhibition was tested in 2 trials using
regorafenib, with interesting results [78,84]. Advantages and limitations of the current

strategies targeting the TME in CCA are summarized in Table 1.

9. Conclusion

Studies performed over the last decade clearly highlighted the important role played by
the TME in CCA, not only in tumor onset and progression, but also in the lack of efficacy
of current treatments. Large-scale genomic approaches demonstrated the extreme
heterogeneity of TME, both at the molecular and the cellular level. Clinically relevant
subtypes of CCA were delineated based on TME specific features and relevant cell

types and/or signaling pathways were identified for possible therapeutic targeting.

10.Expert opinion

Cytotoxic chemotherapy remains the mainstay of the medical treatment of CCA.
However, its limitations are numerous, and do not appear to be easily overcome by
novel drugs. Cytotoxic chemotherapy will probably continue to play a role in the
foreseeable future, especially in patients with no targetable molecular alterations. In

contrast, targeting molecular alterations appears very promising and will probably
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become available in the next few years [11]. However, such treatments frequently have
other limitations, such as resistance mechanisms, and difficulty to penetrate the
desmoplastic stroma of CCA. Also, they can only be applied in the subgroup of patients
whose tumor harbors specific alterations and for which a drug is available. Limitations of
these strategies centered on the tumor cells could be mitigated by combination with
treatments targeting the TME. Indeed, targeting the CAFs could help other treatments to
exert direct cytotoxic effects. In return, targeting the TME could only produce significant

clinical efficacy if another treatment refrains the proliferation of tumor cells.

Different components of the TME also show complex interplays. The TIME interacts
with endothelial cells and CAFs. Positive effects of combination of ICI and
antiangiogenics drugs were already demonstrated in multiple tumor types. Such
combination of treatment targeting different components of the TME might thus be a

promising approach for developing new treatment strategies in CCA.

Combination strategies of different modalities might also be an important mean to
avoid the emergence of resistance mechanisms. Selection pressure with a monotherapy
usually leads in clinics to the development of a clone of tumor cells resistant to the
treatment. The emergence of a resistant clone would be mitigated if a treatment
targeting an alternative pathway is combined. The emergence of a resistance clone
could also be less probable if normalization of the vascularization occurs following use of

an antiangiogenics drug, enabling for stronger inhibition in the whole bulk of the tumor.

Another important parameter for the development of alternative treatment strategies
will be the discovery of relevant biomarkers. As the screening for molecular alterations

guide the treatment with targeted therapies, similar strategies could be applied with
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other treatment modalities. We have seen that there is inter-patients heterogeneity in the
immune infiltrate of CCA, this is thus probable that a ‘one-fit-all’ approach will not lead to
the best results. If we apply this reasoning to the subtype of TME described by Job and
colleagues, we might propose that the 11 subtype of tumors with an immune desert
should receive a treatment favoring immune infiltration; subtype 12 showing a reactive
immunogenic pattern could best be treated by ICI; subtype I3 displaying a myeloid-rich
infiltrate might be best treated with ICl-antiangiogenics combination; finally the subtype
14 dominated by activated fibroblasts should be treated with drugs inhibiting fibroblasts
activation [26]. Thus, a rationale drug development based on building adequate
biomarkers for each drug is clearly an important prerequisite to success of targeting the

TME.

Additional significant difficulty in the development of these strategies is the multiple
actors involved (different pharmaceutical companies developing drugs; different
academicals groups focusing on different treatment strategies), sometimes competing
for developing treatments at the same time for the same patients population. While the
development of a biomarker might be the best option when focusing on patient’s benefit,
short-term development of a ‘one-fit-all approach is frequently easier to conduct.
Coordination of different actors in a strategy trying to combine targeting of different
pathways is also an important challenge. Finally, an important difficulty of the
combinations is also the risk for increased, sometimes synergistic toxicities precluding

effective application in the clinical setting.

Thus, we believe that the development of treatment targeting the TME will produce

the best results if thought as a combination with cytotoxic treatments (chemotherapy
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and/or targeted therapies depending on the molecular alterations presented by the
tumor), as well as a combination of treatments targeting different components of the
TME (Figure 4). Positive results would also be clearer if biomarkers are developed to

define the population of interest for each combination strategy.
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Figure 1. Anatomical classification of CCA malignancies along the biliary tract.

Figure 2. Overview of the tumor microenvironment (TME) in CCA. (A) Hematoxylin and
Eosin staining of a representative human CCA tumor tissue. (B) Sirius red staining of a
representative human CCA tumor tissue. Both staining are highlighting the abundant
stroma in CCA. (C) Schematic overview of the intricate ecosystem constitutive of the
TME. This environment is populated with a wide variety of cells including CCA cancer
cells, cancer-associated fibroblasts (CAFs), myeloid-derived suppressor cells (MDSCs),
tumor-associated macrophages (TAMs), tumor-infiltrating lymphocytes (TILs), tumor-
associated neutrophils (TANs) and natural killer cells (NKs). These cells interact
together as well as with components of the extracellular matrix (ECM) and soluble

factors within the TME to modulate CCA onset and progression.

Figure 3. Examples of mechanisms by which the tumor microenvironment fosters CCA
onset and progression. (A) Interactions of cancer-associated fibroblasts (CAFs) and/or
tumor-associated macrophages (TAMs) with CCA tumor cells promote the secretion of
various soluble factors to induce extracellular matrix (ECM) remodeling and
angiogenesis. (B) By secreting platelet-derived growth factor D (PDGFD), tumor cells
induce the release of vascular endothelial growth factor A (VEGFA) and C (VEGFC) by
CAFs leading to the expansion of the lymphatic vasculature and tumor cell intravasation.
(C) Mechanisms developed by tumors to escape immune surveillance. Notably,
fibroblast activation protein positive (FAP+) CAFs mediate tumor-promoting
inflammatory and immunosuppressive effects through the recruitment of myeloid-derived

suppressor cells (MDSCs) in a STAT3 signaling-dependent  manner.
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Immunosuppressive effects of CAFs on tumor-infiltrating lymphocytes (TILs), tumor-

associated neutrophils (TANs) and natural killer cells (NKs) are shown.

Figure 4. Outlook on the therapies targeting the CCA tumor microenvironment in

combination with cytotoxic chemotherapy.
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Table 1: Current strategies used for targeting the TME in CCA.

Strategies

Advantages

Limitations

Anti-PD-(L)1

monotherapies

Validated in many tumor
types

Easily available

Low toxicity

Low efficacy

No predictive factors of

response

High costs

Anti-PD-(L)1 —
chemotherapy

combinations

Validated in many tumor
types

Easily available

Acceptable toxicity

No predictive factors of

response

High costs

TGFB inhibition

Low toxicity

No predictive factors

Efficacy in combination
with anti-PD-(L)1 inhibitors

understudied

Angiogenesis inhibition

Certain level of efficacy

Toxicity of Regorafenib

Potential synergy in
combination with anti-PD-

(L)1 inhibitors
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