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Abstract: Biliary tract cancers (BTCs) are aggressive and chemoresistant tumors associated with poor prognosis. 
Thus, more active and effective treatments are urgently needed, among which immunotherapy holds promise for 
the near future. Preclinical data show that BTCs are mainly immunosuppressed cancers, thus suggesting that their 
immunogenic potential may be unleashed with the appropriate strategy. Immune checkpoint inhibitors (ICIs) could 
theoretically be effective in BTCs by blocking those inhibitory checkpoints that limit the activation and the expan-
sion of the effector cells of the immune response. Many currently ongoing trials aim to demonstrate the efficacy 
of ICIs and to incorporate immunotherapy into the routine management of BTCs. Presently available results are 
controversial and there is no consensus on the role of ICIs in monotherapy, while combinations of immunotherapy 
with chemotherapy look more promising. Nevertheless, despite the many proposed over time, there are no predic-
tive biomarkers presently available, thus, the early identification of those patients showing a good response is of 
great significance.
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Introduction

Biliary tract cancers (BTCs) are a group of rare 
tumors arising from biliary epithelial cells that 
include three main cancer types: gall bladder 
carcinoma (GBC), intrahepatic cholangiocarci-
noma (iCCA), and extrahepatic cholangiocarci-
noma (eCCA). Extrahepatic cholangiocarcino-
ma is further classified as perihilar (pCCA, na- 
mely Klastkin tumor), or distal cancer (dCCA). 
Klastkin tumor is the most common type and 
originates from the confluence between the 
right and left hepatic ducts. Distal extrahepatic 
tumor, instead, takes origin from the upper bor-
der of the pancreas to the ampulla. BTCs can 
also be divided into small-duct and large-duct 
types which are often associated with chronic 
hepatitis/liver cirrhosis and chronic cholangi-
opathies, respectively [1].

The etiology of BTCs is unknown, but chronic 
inflammation or parasitic infections as well as 

autoimmune conditions (i.e., primary sclerosing 
cholangitis) promote cell proliferation, and ca- 
use accumulation of genetic abnormalities, ulti-
mately leading to malignant transformation. 
Other common risk factors are related to life-
style, such as alcohol consumption, tobacco 
smoking, fat-rich diet, and obesity. 

BTCs account for almost 3% of all adult can-
cers, and the overall incidence is still growing, 
especially in geographic areas with a higher 
prevalence of the disease such as Japan and 
South Korea, whereas in Europe and the USA, it 
ranges from 2 to 6 cases per 100,000 people 
per year [2]. BTCs mainly involve adults (50-70 
years) with a higher prevalence of cholangiocar-
cinoma (CCA) in males and GBCs in females.

The most common clinical manifestations are 
jaundice and pruritus caused by biliary obstruc-
tion, although frequently BTCs are poorly symp-
tomatic only causing abdominal pain, weight 
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loss and low-grade fever. The disease evolves 
rapidly, leading to cachexia and quick deteriora-
tion of performance status. The mortality rate 
is 3.58 per 100,000 while 5-year survival is 
just 2% in the metastatic setting, often due to 
late diagnosis [1]. The prognosis depends on 
primitive tumor extension, lymph node involve-
ment, vascular invasion, positive tumor mar-
gins after resection, p53 mutation, and histo-
logical features.

To date, the only curative therapy is surgery, but 
less than 35% of BTCs are detected at an early 
stage. Moreover, relapse rate is high despite 
radical surgery. In the locally-advanced or met-
astatic setting, systemic chemotherapy still 
represents the standard of care, although it 
only obtains a modest improvement in median 
overall survival (OS), which generally remains 
shorter than 12 months [2].

To date, immunotherapy is increasingly applied 
in the adjuvant and first-line therapy of many 
cancers, achieving prolonged progression-free 
survival (PFS) and OS [3-7]. Like the majority of 
gastrointestinal cancers, in BTCs, the impact of 
immune-based approaches has yet to be con-
firmed. However, the etiological background of 
BTCs, which almost constantly leads to a state 
of chronic inflammation, provides a strong clue 
that these approaches may have an impact on 
this group of malignancies in the near future 
[8].

Herein, we describe new insights into the po- 
tential role of immunotherapy in locally advanc- 
ed and metastatic BTCs.

The standard of care in biliary tract cancer

Surgery

It is the standard treatment option for BTCs, 
but its feasibility is limited due to the frequent 
occurrence of a poor performance status, the 
presence of distant metastases, the involve-
ment of vascular structures, and the expect- 
ed inadequacy of liver function after resection, 
especially in intrahepatic or hilar disease [9]. 
Whenever considered, the aim of surgery is to 
achieve negative surgical margins. A meta-
analysis from Li et al. [10] demonstrated that 
the negativity of surgical margin in iCCA is 
strongly correlated with best OS (HR: 1.864; 

95% CI: 1.542-2.252; P < 0.001) and PFS (HR: 
2.033; 95% CI: 1.030-4.011; P = 0.041], which 
also applies for both eCCA and GC [11, 12].

Partial hepatectomy is the best option for BTCs 
invading liver parenchyma, while in those sh- 
owing a massive hepatic involvement, ALPPS 
(Associating Liver Partition with Portal vein liga-
tion for Staged hepatectomy) is not recom-
mended because it apparently increases mor-
tality [13, 14]. Instead, for those patients who 
require an extensive resection (up to 50-60%  
of total parenchyma), portal embolization is the 
most effective procedure to induce compen- 
satory hypertrophy [15]. Another key factor in 
the BTC surgery concerns the regional lymph-
adenectomy, which is recommended by ESMO 
guidelines [16], although its role is still contro-
versial. In fact, no significant increase in dis-
ease-specific survival (DSS) has been observ- 
ed [17], and therefore, it is considered impor-
tant for the staging process [18].

Adjuvant therapy

Adjuvant therapy is indicated for patients fol-
lowing R0 or R1 surgical resection. Available 
treatments consist of chemotherapy and/or ra- 
diation therapy. Nowadays, there is no univer-
sal consensus about the best adjuvant chemo-
therapy regimen; even the use of a monothera-
py or a doublet is still debated. The PRODIGE- 
12 trial evaluated the efficacy and safety of the 
combination of Gemcitabine and Oxaliplatin, 
and compared to surveillance there was no sig-
nificant difference in RFS (HR 0, 88; 95% CI, 
0.62 to 1.25; P = 0.48) [19]. On the other hand, 
the BILCAP study, which compared Capecita- 
bine monotherapy to surveillance [20], resulted 
in a numerically longer, but not statistically sig-
nificant improvement in OS (51 vs. 36 months; 
HR 0.81; 95% CI 0.63-1.04; P = 0.097).

The role of radiation therapy (RT) in BTC is de- 
bated, and the majority of studies were based 
on small and heterogeneous cohorts mostly 
formed by patients bearing eCCA. A meta-anal-
ysis by Bonnet-Beltràn et al. demonstrated a 
significant improvement of OS for eCCA patients 
who received adjuvant RT with 3D techniques 
(HR 0.62; 95% CI 0.48 to 0.78, P < 0.001). 
Moreover, this treatment is more effective in 
patients bearing surgical positive margins (R1) 
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and/or with positive lymph nodes [21]. Almost 
similar results were also demonstrated in GC 
patients [22].

Another interesting strategy is represented by 
the combination of chemotherapy and RT that 
turns out to be promising. The SWOG S0809 
phase II trial investigated 79 patients who un- 
derwent 4 courses of Gemcitabine (1,000 mg/
mq IV on days 1 and 8) and Capecitabine 
(1,500 mg/mq per day, on days 1 to 14) every 
21 days, followed by concurrent Capecitabine 
(1330 mg/mq per day) and radiotherapy (45 Gy 
to regional lymphatics; 54 to 59 Gy to tumor 
bed), resulting in 2 years survival of 65% (95% 
CI, 53% to 74%) [23]. Of course, the limited 
number of patients treated with this combined 
approach limits its immediate exportability into 
clinical practice.

Treatment of the metastatic disease

As already highlighted, many BTCs are already 
diagnosed in a metastatic or unresectable 
stage and even after radical surgery; relapse 
occurs in more than 60% of cases within 2 
years from the treatment. The main therapeutic 
option in this setting is chemotherapy with the 
aim of improving both OS and quality of life. A 
meta-analysis by Eckel et al. investigated the 
clinical trials completed between 1985 and 
2007 in patients with metastatic BTCs. Com- 
bination therapies were superior to single ag- 
ents in terms of tumor control rate (TCR), and 
the combination of Gemcitabine and a plati-
num-compound yielded best results among the 
explored therapies [24]. These data were con-
firmed by the ABC-02 trial that compared the 
combination of Gemcitabine and Cisplatin with 
Gemcitabine alone. The median OS was 11.7 
months among patients treated with the com- 
bination and 8.1 months in those receiving 
gemcitabine (HR 0.64; 95% CI, 0.52 to 0.80; P 
< 0.001). Moreover, a number of phase-2 stud-
ies which evaluated the efficacy of Gemcitabine 
and Oxaliplatinum showed an OS ranging from 
8.3 to 12.4 months [25-30]. Since no head-to-
head randomized clinical trials are available, it 
is therefore not possible to define the best 
option among the two described above. As a 
consequence, the Gemcitabine-Oxaliplatin reg-
imen is usually administered to patients unfit 
for Cisplatinum.

Due to the BTC’s poor clinical outcome, very 
few data are available in the second-line set-
ting; a recent phase 3 study (ABC-06) com-
pared the mFOLFOX regimen (5-Fluorouracil, 
Folinic Acid, Oxaliplatin) to active supportive 
care (ASC), in patients who progressed after 
Gemcitabine-Cisplatin. The OS was slightly but 
still significantly higher in the chemotherapy 
group (6.2 vs. 5.3 months, HR 0.69, p = 0.031) 
[31].

Targeted therapy could be a promising option. 
In the LBA40-FIGHT202 phase II clinical trial, 
patients who failed at least one therapeutic  
line were treated with Pemigatinib, a potent 
and selective FGFR2 inhibitor. Indeed, patients 
with fusions or rearrangements of FGFR2 gene 
reported 35.5% objective response rate (ORR), 
with a PFS and OS of respectively 6.9 and 21.1 
months. However, no responses were obser- 
ved in the FGFR2 wild-type cohort. Therefore, 
Pemigatinib could be considered as a possible 
second-line treatment limited to patients bear-
ing the FGFR2 fusions or rearrangement [32].

The rationale for the use of immunotherapy in 
BTCs

Cancer immunotherapy can arguably be con-
sidered as a critical breakthrough in the last 
decade and emerged as a promising option for 
chemo-resistant cancers [33-35].

The rationale for the application of immuno-
therapy in cancer resides in immune evasion 
mechanisms. They include the attraction near-
by tumor of immune suppressor cells, the sec- 
retion of immunosuppressive cytokines, and 
the induction of anergy in effector T lympho-
cytes. Although, across multiple malignancies, 
high immune infiltration correlates with a better 
prognosis, thus suggesting that the immune 
response plays a consistent role in tumor sup-
pression, and immune cells, di per se, are not 
enough to induce tumor regression, or even 
control [36, 37]. At present, the most validated 
immunotherapeutic strategy relies on the block 
of immune checkpoints.

Checkpoint inhibitor therapy targets immune 
checkpoints negatively regulating antitumor im- 
mune response. Indeed, cancer cells can pro-
tect themselves from the attack by the effector 
cells of the immune system by activating these 
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inhibitory proteins which, in turn, are blocked  
by immune checkpoint inhibitors (ICIs), which 
are thus able to restore immune system func-
tion [38].

Currently available checkpoint inhibitors target 
the molecules CTLA4, PD-1, and PD-L1.

CTLA-4 (cytotoxic T-lymphocyte-associated pro-
tein 4), also known as CD152 is a protein re- 
ceptor that functions as an immune checkpoint 
downregulating immune responses at the level 
of priming of effector T lymphocytes by antigen-
presenting cells within lymph nodes. CTLA4 is 
constitutively expressed in regulatory T cells, 
but only upregulated in conventional T cells as 
a physiologic brake after activation. It acts as 
an “off” switch when bound to CD80 or CD86 
on the surface of [39].

PD-1 (programmed cell death 1 protein), aka 
CD279 is a transmembrane protein which in- 
teracts with PD-L1 (PD-1 ligand 1, or CD274); 
within the tumor microenvironment, PD-L1 ex- 
pressed on tumor cells binds to PD1 on immune 
cells’ surface, thus inhibiting antitumor immune 
cell activity. Indeed, among PD-L1 functions 
there is a key regulatory role on T cell activities. 
Antibodies that bind to either PD-1 or PD-L1 
therefore allow the T-cells to attack the tumor 
and potentially reject it [40].

Although tumor tissue analyses revealed res- 
ponse correlations with PD-L1 immunohisto-
chemical expression, mutational load, neoan- 
tigen load, immune-related gene expression, 
and CD8+ T-cell infiltration at tumor’s invasive 
margins across different tumor types, no bio-
marker emerged to date, which could be used 
in everyday clinical practice, as well as in differ-
ent tumor types [41-43].

The immunological landscape of BTCs

The characterization of the molecular featur- 
es of microenvironment surrounding malignant 
cells is fundamental in BTCs and, similarly to 
other cancers, basic research exploring the 
‘hot’ or ‘cold’ tumor milieu is the main focus  
of a number of ongoing studies. Usually, hot 
tumors show a high neoantigen load that nega-
tively influences the antitumor response and, 
moreover, are infiltrated by TILs (Tumor-Infil- 
trating Lymphocytes) whose activity is however 
strongly suppressed [44].

A major mechanism that contributes to regu-
late, positively or negatively, the antitumor im- 
mune response is the expression of IC recep-
tors; among them, the most widely studied is 
PD-L1, endowed-as already discussed-by an 
inhibitory activity on the immune system. A re- 
cent study exploring the gene profile of BTCs 
demonstrated the existence of a subpopula- 
tion characterized by poor prognosis in relation 
to high TMB and elevated PD-L1 expression 
[45]. In addition, a subset of PD-L1 expressing 
BTCs (46% of the total) showed a correlation 
between the extent of PD-L1 expression, by 
either neoplastic or inflammatory cells, and  
the density of the lymphocytic infiltrate [46]. 
Furthermore, Zhou et al. characterized the lym-
phocytes infiltrating the tumor, thus revealing 
that regulatory T cells were often located inside 
the tumor, whereas the majority of both cyto-
toxic and helper T cells surrounded the periph-
ery of the tumor. On the contrary, natural killer 
cells (NKs) were mostly excluded from the tu- 
mors. Based on these observations, the au- 
thors also produced an ex-vivo model, thus pro-
viding the rationale for the use of ICIs in cholan-
giocarcnoma [47]. These data are consistent 
with the presence of a subpopulation of BTCs 
with overwhelming immunosuppressive fea-
tures. This is also supported by Job et al. who 
investigated the characteristics of the microen-
vironment in BTCs, and described four immune 
subtypes based on the transcriptomic signa-
ture of either fibroblasts or immune cells. The 
majority of the analyzed tumors (45%) showed 
an ‘immune-desert’ subtype, that is mainly 
characterized by elements of immunologic ig- 
norance such as depletion of MHC class-I, loss 
of β2-microglobulin, defective T-cell priming, re- 
duced CD8+ T-cells penetration and cytotoxici-
ty. On the other hand, only 11% of tumors have 
been classified as ‘inflamed’, showing a tumor 
microenvironment enriched by immune cells 
such as effector and memory T cells, B cells, 
and macrophages, and depleted from suppres-
sive factors. Even though this class of tumors  
is supposed to be strongly immunogenic, it is 
also able to escape the immune response via 
ICs immunosuppression (CTLA-4, CD274, PD- 
CD1LG2) and TGF-β signaling. The remaining 
tumors were almost equally divided between  
a ‘myeloid’ subtype-infiltrated by M2 macro-
phages and CD4+ T lymphocytes, with strong 
suppression of adaptive immunity-and a ‘mes-
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enchymal’ subtype-with active fibroblasts able 
to produce abundant stroma acting as a barrier 
preventing infiltration and migration of immune 
cells nearby tumor cells (Figure 1) [48]. In con-

clusion, BTCs are immunosuppressive tumors, 
thus explaining why targeting immune cells 
does not always lead to a real benefit in terms 
of anti-tumor response.

Figure 1. Immunological subtypes of BTCs. The majority of BTCs (45%) display an ‘immune-desert’ phenotype, char-
acterized by the depletion of MHC class I and the loss of β2-microglobulin, implying a defective T-cell priming. Only 
11% of tumors can be classified as ‘inflammatory’ subtype, with many types of immune cells infiltrating the tumor in 
an inflammatory microenvironment, which induces cancer cells to express immunosuppressive factor. About 13% of 
BTCs show the ‘myeloid’ subtype, with a massive M2 macrophages infiltration and suppressive CD4+ T lymphocytes. 
The last 21% of BTCs fall in the “mesenchymal” subtype, with active fibroblast able to produce abundant stroma that 
acts as a barrier preventing infiltration and migration of immune cells. Modified from Job et al. [48].

Table 1. Overview of clinical trials featuring immunotherapy in BTCs

Study Design mOS
(months)

mPFS 
(months)

ORR
(%)

KEYNOTE-028 (phase Ib) Pembrolizumab in previously treated PD-L1+ pts NR NR 17
Kang et al. Pembrolizumab in previously treated pts 4.3 1.5 12.5
Lee et al. Pembrolizumab in previously treated pts 6.9 2.1 9.8
Arkenau et al. (phase I) Pembrolizumab+Ramucirumab in previously treated pts 6.4 1.6 4
Gbolahan et al. (phase II) Nivolumab in previously treated pts NR 4 22
Gou et al. Nivolumab+Gemcitabine in previously treated pts NR 3.1 20
Sun et al. Nivolumab+Gemcitabine in 1st line 14.9 5.1 34
Ueno et al. (phase I) Nivolumab+Cisplatin/Gemcitabine in previously treated pts 15.4 4.2 33
Sahai et al. (phase II) Nivolumab/Ipilimumab in 1st line 10.6 7.4 NR
NCT03250273 (phase I) Nivolumab+Entiniostat in previously treated pts ONGOING
NCT03201458 (phase II) Atezolizumab+Cobimetinib in previously treated pts ONGOING
TOPAZ-1 (phase III) Durvalumab+Cis/Gem in 1st line ONGOING
IMMUWHY (phase II) Durvalumab+Tremelimumab+ Radiotherapy in 1st line ONGOING
IMMUNO-BIL (phase II/III) Durvalumab+Tremelimumab in previously treated pts ONGOING
NCT02268825 (phase I) Pembrolizumab+mFOLFOX6 in previously treated pts ONGOING
KEYNOTE-966 (phase III) Pembrolizumab+Gemcitabine/Cisplatin vs. Gemcitabine/Cisplatin 1st line ONGOING
Abbreviations: NR: not reported.
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Clinical trials featuring immunotherapy in BTCs

The principal clinical trials featuring immuno-
therapy in BTCs are listed in Table 1.

Anti PD-1/PD-L1 agents’ monotherapy in pre-
treated patients: ICI monotherapy exploits its 
action by lowering the immune tolerance ag- 
ainst tumor cells. One of the first evidence of its 
efficacy came from the KEYNOTE-028 study, a 
phase Ib trial of pembrolizumab in patients with 
advanced PD-L1+ cancers, who failed at least 
one previous line of therapy. Among the BTCs 
population (represented by 86 patients), 42% 
were PD-L1+; in these patients, the objective 
response rate (ORR) was 17% (95% CI, 5%- 
39%), with a 17% of partial responses; anoth- 
er 17% had a stable disease, while 52% pro-
gressed. As far as safety, 17% of the patients 
experienced grade 3-4 adverse events [49].

The efficacy of pembrolizumab was also report-
ed in a case series [50], describing 40 patients 
with metastatic BTCs who underwent 2 or more 
lines of therapy and were subsequently treated 
with pembrolizumab until progression or toxi- 
city. The median OS was 4.3 months, with an 
ORR of 12.5%. Interestingly, even though the 
general median PFS was 1.5 months, it was sig-
nificantly higher in patients with high expres-
sion of PD-L1 (defined as those with a Tumor 
Proportion Score, TPS ≥ 50%) [51]. Similar re- 
sults were reported by Lee et al., who investi-
gated 40 patients with metastatic PD-L1+ BTCs 
refractory to Gemcitabine/Cisplatin; in these 
patients pembrolizumab yielded median PFS 
and OS of 2.1 months and 6.9 months, respec-
tively [52]. However, no correlation was found 
between the TPS and outcome.

Anti PD-1/PD-L1 agents in combination with 
chemotherapy in pretreated patients: As previ-
ously demonstrated in non-small cell lung can-
cer, the combination of chemotherapy and ICIs 
can improve the efficacy of immunotherapy 
[53]. Mou et al. reported the case of a patient 
with iCCA, who experienced peritoneal recur-
rence after surgery. The patient experienced  
an early progression after 4 cycles of first-line 
chemotherapy consisting of Gemcitabine and 
Cisplatin. The tumor had a high PD-L1 expres-
sion (TPS: 80%) and a high TMB (19.3 mut/Mb). 
The patient was treated with a combination  
of SOX (oxaliplatin 130 mg/m2, d1, Tegafur-

Gimeracil-Oteracil 60 mg BID, d1-14, q3w) and 
pembrolizumab (150 mg q3w) for 8 cycles, 
achieving a complete response. The patient 
resulted to be free from active disease for 
almost one year until the time of the publication 
[54]. 

Recently, a phase-I trial analyzing the clinical 
outcomes of a pembrolizumab-FOLFOX6 com-
bination as first-line therapy for BTCs was com-
pleted (NCT02268825), resulting in an accept-
able safety profile [55].

Similarly, the phase III study KEYNOTE-966 is 
evaluating the outcome of Pembrolizumab plus 
Gemcitabine/Cisplatin versus Gemcitabine/Ci- 
splatin alone as first-line therapy in advanced 
BTCs (NCT04003636).

A possible role of Nivolumab in combination 
with chemotherapy has also been investigated 
[56] in a phase-II study enrolling 58 previously 
treated patients with metastatic BTC. A 22% 
ORR and a 4-months median PFS were achie- 
ved, in exchange for a 20% incidence of moder-
ate adverse events, which did not require drug 
discontinuation [57]. Unfortunately, data corre-
lating PD-L1 expression to the outcome are still 
unavailable. Another trial evaluated nivolumab 
in monotherapy and in combination with che-
motherapy (in 50% of cases represented by 
gemcitabine) in naïve and pretreated patients 
with metastatic BTCs. Median PFS was 3.1 
months, with an ORR of 20%, with minor ad- 
verse events more frequently observed in the 
combination arm. This study also showed that 
nivolumab combined with chemotherapy yield-
ed longer PFS compared with nivolumab alone 
(4.3 vs. 2.1, P < 0.05); PD-L1 levels were not 
correlated with PFS [58].

The Nivolumab-chemotherapy combination 
was also evaluated in a study by Sun et al. who 
demonstrated a median OS of 14.9 months for 
the patients receiving combination therapy 
(Gemcitabine was again the preferred agent), 
4.1 months for the anti-PD-1 monotherapy 
group, and 6.0 months for those receiving che-
motherapy alone. Only the difference between 
the combination and monotherapy arms was 
statistically significant (P = 0.001 and P = 
0.011 respectively) [59]. However, no data on 
the relation between PD-L1 expression and 
clinical outcome were reported.
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Finally, a phase III trial (TOPAZ-1) featuring  
the anti-PD-L1 MoAb Durvalumab is currently 
ongoing. The study aimed to compare the com-
bination of Durvalumab and Gemcitabine/Cis- 
platin chemotherapy with Gemcitabine/Cispla- 
tin alone as first-line in advanced BTCs (NCT- 
03875235).

As a whole, all the above studies those results 
have already been reported suggested a pos-
sible role for chemo-immunotherapy combina-
tion and supported the hypothesis of a higher 
antitumor activity of immunotherapy as a con-
sequence of epitope spreading.

Anti PD-1/PD-L1 agents in combination with 
chemotherapy in naïve patients: Theoretically, 
a more relevant therapeutic effect by the com-
bination of chemo and immunotherapy could 
be expected in the first-line setting.

A multi-cohort phase I trial investigated both 
the efficacy of Nivolumab (240 mg q2w), Cis- 
platin (25 mg/m2) and Gemcitabine (1,000 mg/
m2) combination in previously untreated pa- 
tients with unresectable BTCs and Nivolumab 
alone (240 mg q2w) in patients with unresect-
able BTCs refractory to gemcitabine-chemo-
therapy. In the pretreated cohort receiving 
monotherapy, median OS was 5.2 months, and 
median PFS was 1.4 months (90% CI 1∙4-1∙4). 
On the other hand, the naïve cohort receiving 
combined therapy showed a median OS of 15.4 
months, and a median PFS of 4.2 months, 
whereas 11 of 30 patients had an OR. Adverse 
events were more common in the combination 
arm (90% of patients had a grade 3-4 adverse 
event). Patients with a PD-L1 TPS ≥ 1% report-
ed a better ORR, median PFS, and median OS 
[60].

Combinations of anti-PD-1, anti-CTLA4 with or 
without chemotherapy: A phase II study com-
paring the Nivolumab/Gemcitabine-Cisplatin 
regimen with the Nivolumab/Ipilimumab com- 
bination is currently ongoing (NCT03101566). 
Preliminary data reveal a median PFS of 8.8 
months in the chemo-immunotherapy arm and 
4.1 months in the combined immunotherapy 
arm. Median OS was 10.6 months and 8.3 
months, respectively. The combination immu-
notherapy arm performed worse than the his-
torical control while the chemo-immunotherapy 
arm has clinical outcome comparable to the 

standard-of-care treatment. Interestingly, 40% 
of these patients are still alive [61].

Another phase II trial (IMMUWHY) is evaluating 
the effect of specific internal radiotherapy com-
bined with Durvalumab alone or with Durvalu- 
mab and Tremelimumab (NCT04238637).

Durvalumab and Tremelimumab combination  
is under investigation also in the setting of  
platinum-resistant patients: the combination 
with or without weekly Paclitaxel is indeed the 
object of the IMMUNO-BIL phase II/III study 
(NCT03704480).

Anti PD-1/PD-L1 agents in combination with 
targeted therapy: The combination of ICIs with 
targeted agents is presently extensively stud-
ied, given a number of promising data in other 
types of tumor, such as melanoma [62] and 
lung cancer [63].

Arkenau et al. concluded a phase-I trial of 
Pembrolizumab-Ramucirumab combination in 
patients with advanced or metastatic BTCs 
[64]. Ramucirumab is an anti-VEGFR2 MoAb, 
which limits the tumor neo-angiogenesis. Some 
preclinical studies showed that the combina-
tion of angiogenesis blockade and immune 
stimulation leads to an increased antitumor 
effect [65, 66]. However, clinical data revealed 
an ORR of 4%, as well as a median PFS and OS 
of 1.6 months and 6.4 months, respectively.  
On the other hand, this study was designed to 
evaluate the safety profile and the result was 
acceptable. 

The combination of Nivolumab and targeted 
therapy is also under investigation [67]. A ph- 
ase I trial (NCT03250273) is presently ongo- 
ing aimed at evaluating the combination of 
Nivolumab and Entinostat, a histone deacety-
lase inhibitor in BTCs patients who have pro-
gressed after at least one line of therapy [68]. 
Indeed, in murine models of pancreatic cancer, 
Entinostat was shown to inhibit suppressive 
myeloid-derived suppressor cells (MDSC) with 
consequent recruitment of T cells, and thus, it 
could exert a synergistic effect together with 
anti-PD-1 therapy.

In a phase II trial (NCT03201458), Atezolizumab 
was compared with a combination of Atezoli- 
zumab and the MEK inhibitor Cobimetinib. Early 
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results showed a better performance of the 
combination (median PFS of 111 days vs. 57 
days). Interestingly, patients assigned to the 
combination remained on treatment for more 
than 15 months. One of the synergistic mecha-
nisms hypothesized for this combination could 
be an effect of MEK inhibition, which induces 
an increase in the CD8/Foxp3 ratio, thus reduc-
ing the cohort of immunoregulatory cells in the 
tumor infiltrate [69].

Anti PD-1/PD-L1 agents in combination with 
local therapies: A phase II ongoing clinical trial 
(NCT03937830) is evaluating the efficacy of 
Bevacizumab, Durvalumab, Tremelimumab wi- 
th Transarterial Chemoembolization (TACE) in 
advanced BTC. The rationale for this combina-
tion resides in the epitope-spreading effect of 
the TACE that may enhance the activation of 
immune system caused by the ICI combination. 
Results are expected in 2023.

Anti PD-1/PD-L1 agents in the adjuvant and 
neoadjuvant setting: Given the first efficacy 
data reported for the chemo-immuno combina-
tion in the metastatic BTC setting, ICI are cur-
rently under evaluation in the adjuvant and 
neoadjuvant setting. The ACCORD phase II trial 
(NCT04333927) is investigating the efficacy 
and safety of adjuvant immunotherapy com-
bined with chemoradiation for patients with 
high-risk resectable extrahepatic cholangiocar-
cinoma and gallbladder cancer. Specifically, the 
patients who underwent radical surgery, recei- 
ved Camrelizumab (an anti PD-1 agent) for 1-2 
courses and subsequently went on to receive 
capecitabine concurrent with radiotherapy to 
preoperative tumor bed. The completion of the 
follow-up is expected in 2024. In a similar fa- 
shion, the DEBATE phase II trial (NCT043- 
08174) is enrolling patients with localized BTC 
to receive Durvalumab plus gemcitabine/cis- 
platin as a neoadjuvant therapy in order to 
improve the R0 resection rate.

Future perspectives

Biliary tract cancers show a worst clinical out-
come and are mainly diagnosed in an already 
metastatic stage. Moreover, none of the pres-
ently available treatment strategies is satis- 
factory.

Cancer immunotherapy is the major break-
through achieved by medical oncology in the 

last decade, leading to an important change in 
clinical practice in many tumor types.

BTCs are highly immunosuppressive cancers, 
but molecular analysis suggests that an in- 
flammatory subtype may exist, even if it would 
be the rarest. The scarcity of this potentially 
immune-sensible tumors justifies by the usually 
poor outcome observed in clinical of ICIs in 
BTCs, although a small number of patients with 
a much better clinical outcome compared with 
the overall study population are constantly re- 
ported, not to take into account a number of 
case reports of extraordinary responses to 
immunotherapy (which however realistically su- 
ffer from reporting bias).

Slightly better results were usually observed 
with combinations of immunotherapy and che-
motherapy, and this could be explained by a 
mechanism of epitope spreading exerted by 
cytotoxic drugs. 

As a whole, available evidence suggests the 
presence of a subgroup of patients which wo- 
uld benefit from ICIs, due to peculiar molecular 
characteristics. These tumors could match the 
‘inflammatory’ BTC subtype mentioned above 
[48].

Therefore, immunotherapy could find a field of 
application in BTCs, but a predictive biomarker 
would be badly needed. The role of the PD-L1 
TPS appears to be controversial since it does 
not often correlate with response to ICIs. On 
the other hand, despite being promising, TMB 
has not yet been confirmed within prospective-
ly conducted randomized clinical trials. Another 
possibility could be the evaluation of the micro-
satellite instability that often correlates with a 
greater neoantigen generation, but there are 
not many evidences in the BTCs setting yet. 

Finally, immunotherapy could move far beyond 
ICIs. Recently, Rojas-Sepúlveda et al. worked 
on the isolation of specific neoantigen from 
BTCs to create a specific vaccine, which showed 
promising results in vitro [70]. Another promis-
ing strategy could be cell therapy, specifically, 
the development of chimeric antigen receptor 
T-cells (CAR-T) engineered to target cancer ce- 
lls. A phase I clinical trial evaluating the effec-
tiveness of HER 2 specific CAR-T cells was re- 
cently published. Nine chemotherapy-resistant 
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HER-2+ BTCs patients received the infusion of 
CAR-T cells. The regression or even the disap-
pearance of metastatic lesions was reported, 
implying that this option could be applied in this 
field, even if it needs to be confirmed in larger 
studies [71]. Research on alternative targets is 
currently ongoing, with an active phase I/II clini-
cal trial based on MUC-1 specific CAR-T cells 
(NCT03633773).
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