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is a favorable prognostic factor for patients with intrahepatic
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Abstract

Cholangiocarcinoma, the second most common liver malignancy, after hepatocarcinoma is highly aggressive and usually
diagnosed in advanced cases. In the era of personalized medicine, targeted therapy protocols are limited for cholangiocar-
cinoma and the only potential curative treatment, surgical resection, is seldom applicable.

This retrospective study included all cases with pathology-confirmed intrahepatic cholangiocarcinoma admitted in a tertiary
healthcare facility during a 10-year timeframe. Clinical information, laboratory values, imaging studies, and survival data
were retrieved, and PD-L1 immunostaining was performed on representative pathology slides, for each case.

From the total of 136 included cases (49 surgical resections and 87 liver biopsies), 38.97% showed PD-L1 positivity on
tumoral cells, 34.8% on tumor infiltrating immune cells, 10.11% on epithelial cells within the peritumoral area and 15.95%
on immune cells from the peritumoral area. Overall survival was significantly higher in the first two scenarios. However,
after adjusting for age, tumor number, tumor size, and tumor differentiation in a multivariate analysis, only PD-L1 positivity
on tumor infiltrating immune cells remained a favorable prognostic for survival. High immune cell counts also correlated
with increased overall survival.

Our study demonstrated that PD-1/PD-L1 checkpoint pathway in the microenvironment of intrahepatic cholangiocarcinoma
bears prognostic significance. PD-L1 expression on immune cells, in both resection and biopsy specimens, might be a strong
independent predictor for a favorable outcome.
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TIF Tumor invasion front

TILs Tumor infiltrating lymphocytes
TME Tumor microenvironment
Introduction

Cholangiocarcinoma (CCA) is a rare, aggressive malignancy
of the hepato-biliary epithelial cells. The latest WHO Classi-
fication of Digestive System Tumors emphasizes the impor-
tance of case stratification as two different subtypes—intra-
hepatic cholangiocarcinoma (iCCA), which represents only
10% of CCA cases, and extrahepatic cholangiocarcinoma
(eCCA)—including perihilar and distal CCA, as the two
entities with different clinical and molecular features [1-3].

CCA is typically diagnosed in advanced clinical stages.
Consequently, patients are left with limited therapeutic
options and poor outcomes. Surgical resection (partial hepa-
tectomy) remains the only potentially curative treatment but
is rarely applicable due to tumoral extent, vascular and/or
lymphatic invasion, or distant metastasis [2]. Despite all the
recent advances in precision medicine for cancer patients,
the five-year survival rate of CCA remains at a persistently
discouraging rate of 10-40% [2, 3]. Furthermore, palliation
is suboptimal, as standard chemotherapy regimens (gemcit-
abine + cisplatin) have only achieved a median overall sur-
vival (OS) of 6-8 months [4]. Hence, diagnosis and thera-
peutic approaches are in dire need of progress, as there is a
stark demand for novel improved strategies.

Immunotherapy has arguably revolutionized cancer treat-
ment with the addition of immune checkpoint inhibitors in
the therapeutic armamentarium since 2012 in various malig-
nancies like melanoma, non-small lung cancer, renal cell
cancer, and others. These types of drugs have provided a
breakthrough in personalized cancer treatment. There are
two main classes of immune checkpoint molecules, namely
the programmed cell death protein-1 (PD-1), its ligand (PD-
L1), and cytotoxic T-lymphocyte associated protein-4 [5, 6].
In 2017, the FDA approved pembrolizumab, a PD-1 inhibi-
tor, for treating cholangiocarcinoma patients with particu-
lar genetic characteristics (high microsatellite instability of
defective mismatch repair) [7-9].

Cancer cells can initiate different immune pathways that
harbor immunosuppressive functions. One of the processes
by which tumor cells can evade immune surveillance is by
triggering immune checkpoint pathways. PD-L1 resides
typically at the surface of activated T cells, having a protec-
tive role in a healthy body: when PD-1 binds to it, the axis
triggers the programmed death of T cells, eluding overac-
tivation of the immune system; in the neoplastic tissue, the
overexpression of PD-L1 on the surface of tumor cells or
in the tumor microenvironment (TME) stimulates the pro-
cess of immune escape [7, 10]. The aberrant expression of
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PD-L1 thus interferes with antitumor immunity, and the
PD-1/PD-L1 axis has been frequently identified as a key
pathway utilized by tumors to escape the immune system.

To this point, understanding the applicability of immune
therapy in CCA and its effects within TME is relatively lim-
ited [11, 12]. The exact mechanism used by CCA to surpass
immune checkpoints remains to be elucidated [13]. Con-
troversy overshadows the prognostic signification of PD-1/
PD-L1 in CCA [14]. Immune checkpoint therapy correlative
studies have identified PD-L1 as a potentially useful bio-
marker for predicting outcome or therapy response in CCA.
Reports declare an incidence of PD-L1 positivity between
49 and 98% in biliary tract cancers [15]. PD-L1 overexpres-
sion is correlated with decreased survival in several stud-
ies [16—18], while other authors contradicted this associa-
tion [19, 20]. Additionally, PD-L1 expression on stroma
cells has been incriminated in having a clinical impact in
CCA patients: it seems that various types of cells from the
TME like tumor-associated neutrophils, tumor-associated
macrophages, or myeloid suppressor cells can overexpress
PD-L1, possibly leading to an immunosuppressive microen-
vironment, although there is still a need for further molec-
ular studies in order to fully comprehend the relationship
between PD-L1 expression in stromal cells, cancer cells and
their interaction with the tumor microenvironment [18].

The discrepancy in the results is influenced by several
factors, including various staining techniques, different
interpretation criteria, and inconsistent cut-off values for
PD-L1 levels. Only a few studies [11, 12] evaluated PD-L1
in a complex manner, assessing its expression in the TME,
the tumor invasion front (TIF) and in healthy tissue. Addi-
tionally, to our knowledge, most studies on PD-L1 expres-
sion were developed on tissue samples from patients who
underwent surgical resection. However, since the majority
of CCA patients are unsuitable for surgery [4], the question
of whether small sample biopsies provide sufficient material
for PD-L1 staining is still unanswered.

In the context of a lethal malignancy (with one curative
option, poor systemic treatments alternatives, and no prog-
nostic biomarkers), but in the era of immunotherapy, more
studies to evaluate PD-L1 expression in CCA are manda-
tory for several reasons: (a) Inhibiting the PD-1/PD-L1 axis
already proved to be a promising direction to pursue [21];
(b) PD-L1 might represent a prognostic biomarker helping
clinicians to better select patients for adjuvant treatment
after surgery or for immunotherapy in case of a nonresect-
able patient, and (c) the fact that anti-PD-L1 treatment in
various tumor types is directly correlated with the immu-
nohistochemical expression of PD-L1 on tumoral tissue has
been already proven [5, 22].

Since the overexpression of PD-L1 in cancer and stroma
cells has been linked to the outcome of CCA patients, we
proceeded to investigate whether PD-L1 expression in the
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tumor mass (TME) and tumor invasion front (TIF) was cor-
related with overall survival in both large resection speci-
mens and small-sized liver biopsies in patients with iCCA.
Secondly, we analyzed the associations between PD-L1
expression and other negative clinical and histopathologic
prognostic factors. We also compared the PD-L1 expression
in large resection cases versus small-sized liver biopsies to
establish whether liver biopsy offers enough material for
future PD-L1 immunohistochemistry studies in patients with
CCA.

Materials and methods
Case selection

This was a retrospective study conducted in a high-vol-
ume tertiary-care facility (The "Octavian Fodor" Regional
Institute of Gastroenterology and Hepatology) from Cluj-
Napoca, Romania. The study was conducted per the Dec-
laration of Helsinki and approved by both the Institutional
Ethics Committee (165/09.12.2021) and the Ethics Commit-
tee of “Iuliu Hatieganu” University of Medicine and Phar-
macy Cluj-Napoca, Romania (34/13.12.2021). The medical
records of all patients hospitalized in our center during a ten-
year timeframe (2011-2021) with a pathology-confirmed
diagnosis of iCCA were reviewed for possible inclusion
in the study. We included two cohorts of patients: patients
with iCCA who underwent surgical resection with a cura-
tive intent (Cohort A) and patients with iCCA judged to be
inoperable and in whom a liver biopsy offered the definitive
proof of malignancy (Cohort B). The exclusion criteria were
as follows: unavailable paraffin blocks, depleted tumoral tis-
sue in the paraffin blocks, cases of combined hepatocellu-
lar-cholangiocarcinoma, cases that were reclassified after
further analysis of clinical and imagistic data and patients
with other known malignancies. The flowchart of the study
population is depicted in Fig. 1.

Patient demographics, risk factors, laboratory findings,
and imagistic work-up were retrieved from the medical
records. Pathologic data in cohort A, including tumor size,
number, differentiation, perineural infiltration, vascular
invasion, inflammatory infiltrate, lymph node involvement,
distant metastasis, and resection margins, were recorded
from the pathology department. In cohort B, tumor size,
number, vascular invasion, lymph node involvement, and
distant metastasis were recorded based on CT and/or MRI
exams. The liver biopsy in cohort B was performed under
ultrasound guidance (Logiq 7, Logiq 8, and Logiq 10 sys-
tem from General Electric, Milwaukee, WI, USA) using
1.2 mm diameter (18 gauge) cutting needles with a 1.4 cm
long sampling notch coupled to a Biopsy Gun (Bard Medi-
cal, Covington, GA, USA). If a patient had two or more

potential target lesions, the gastroenterologist chose one of
the lesions as the biopsy target, taking into consideration
the lesion visibility and technical difficulty of the biopsy.

Pathologic assessment

Two experienced, independent pathologists evaluated all
histologic slides. They reclassified them according to the
5 edition of the WHO Classification of Digestive System
Tumors [1] and the 8" edition of the AJCC Cancer Staging
Manual [23]. Representative formalin fixed and paraffin-
embedded blocks from matched tumoral and peritumoral
tissue with a high density of inflammatory infiltrate were
chosen for all hepatic resection cases. All paraffin blocks
of liver biopsies were checked to ensure the availability of
proper tissue for further immunostaining.

PD-L1 immunostaining and interpretation

PD-L1 immunohistochemistry was performed on 3 pm tis-
sue sections of the chosen blocks of resection cases and
on all liver biopsy blocks. The slides were processed by
completely automated systems (Leica Bond-Max Immu-
nostainer; Leica Biosystems, Nussloch, Germany) in
conformity with the manufacturer’s instructions, using
a murine monoclonal anti-PD-L1 antibody (MAB 1561,
1/100; R&D Systems, Minneapolis, MA). Positive and
negative controls were included during the staining
procedure.

PD-L1 immunohistochemical expression was appraised
using light microscopy by two pathologists without knowl-
edge of the clinical characteristics. Only membranous
staining was considered positive. The percentage of cells
exhibiting cell surface staining for PD-L1 was estimated in
two distinct tumor areas: the tumor mass and at the inter-
section between tumor and healthy tissue (TIF). PD-L1
was assessed in tumor cells, tumor-infiltrating immune
cells, non-tumoral cholangiocytes, and immune cells
from the TIF. Similar to previously published studies, we
used a scoring system for the intensity of the staining (0
for negative staining, 1 for weak staining, 2 for moder-
ate staining, and 3 for intense staining), while the extent
rate of positive cells was appreciated in percentage (0 to
100%) [16, 18, 19]. The intensity grade was further mul-
tiplied by the percentage of positive cells, resulting in a
final score with a range from O to 300. If the final score
was >3, PD-L1 was considered positive. Next, we also
checked for immune cell infiltration in both peri-tumoral
and intratumoral areas. We classified four groups: absent,
mild, moderate, and intense immune cell infiltrates.

@ Springer



1006

Cancer Immunology, Immunotherapy (2023) 72:1003-1014

Fig. 1 Flowchart of the study
population after applying the
inclusion and exclusion criteria:
a Cohort A — 49 surgical resec-
tion cases, b Cohort B — 87 liver
biopsies

58 surgical
resection cases with
pathological
confirmed
cholangiocarcinoma

57 patients

(b)

111 liver biopsies
with pathological
confirmed
cholangiocarcinoma

100 cases

Statistical analysis

Categorical data were presented as counts and percentages.
Comparisons of categorical data were performed with the
Chi-square test or Fisher’s exact test in case of low expected
frequencies. Continuous normally distributed data were pre-
sented as means and standard deviations, while skewed data
were presented as medians and quartiles. Comparisons of
continuous skewed data were performed with the Wilcoxon
rank sum test. Correlations between continuous skewed data
were done with Spearman’s correlation coefficient and its
associated statistical test.

The overall survival was defined as the time from treat-
ment (in cohort A) or time of diagnosis (in cohort B) until
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5 patients with dismissed initial diagnosis due to
identification of different primary tumors during follow-up
(combined hepatocellular cholangiocarcinoma and
carcinomas of the gall bladder, pancreas, colon and breast)

3 cases with unavailable paraffin blocks

52 patients in the Pathology Department

49 patients
included in Cohort

A

3 cases with unavailable paraffine blocks in the Pathology
Department

10 cases with depleted bioptic material

97 cases in the paraffine blocks

87 cases included in

Cohort B

death or the study ending date (May 2022). Survival data
were presented graphically using the Kaplan—-Meier method.
The optimal cut-off value for serum PD-L1 regarding over-
all survival was identified using previous data from the lit-
erature [16, 19, 24, 25]. The relation between tissue PD-L,
among other predictors, and survival was verified using uni-
variate proportional Cox regressions. To evaluate whether
these relations were not spurious, we further added known
predictors for survival as adjusting variables in multivariate
Cox regression models. The proportional hazard assump-
tion was checked with a formal statistical test for all these
models, while the linear functional form for continuous vari-
ables was checked using model residuals plots inspection.
For multivariate models, multicollinearity was assessed
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with variance inflation factors. For all statistical tests, the
two-tailed p value was computed, and the results were con-
sidered statistically significant for values below 0.05. All
analyses were computed using the R environment for statis-
tical computing and graphics (R Foundation for Statistical
Computing, Vienna, Austria), version 3.6.3 [R Core Team.
R: A Language and Environment for Statistical Computing
[Internet]. Vienna, Austria; 2019.

Results
Patient and disease characteristics

The study population included 136 tumor samples from
patients undergoing surgery for the management of CCA
(Cohort A; n=49) or patients undergoing liver biopsy for
definite proof of malignancy (Cohort B; n=_87). The median
age of all patients was 62 years, and 75 out of 136 were male
(55.14%). The mean tumor size was 7.82 cm, and 52.94%
patients presented with multiple lesions. The histologic eval-
uation revealed: good differentiation in 22 cases (16.17%),
moderate differentiation in 55 cases (40.44%), poor differ-
entiation in 42 cases (30.88%); tumor differentiation was not
available in 17 patients (12.5%). Other patient, laboratory,
and tumor characteristics are depicted in Table 1.

Further on, we analyzed for the presence of intratumoral
and peri-tumoral immune cell infiltrates. An abundant
intratumoral immune cell infiltrate was found in 13 out
of 136 cases (9.55%), moderate immune cell infiltrate in
43 cases(31.61%), mild immune cell infiltrate in 76 cases
(55.88%) while no intratumoral immune infiltrates were
reported in 4 patients from cohort B.

PD-L1 expression in tumor and tumor front

PD-L1 expression was evaluated in two different compart-
ments: inside the tumor (on both cancer cells and tumor-
infiltrating immune cells) and at the TIF (on both healthy
cells and peri-tumoral immune cells)—Fig. 2.

PD-L1 was positive on cancer cells in 38.97% cases and
on tumor infiltrating immune cells in 34.8% cases. In the
TIF area, PD-L1 was positive in "healthy" epithelial cells
in 10.11% cases, while in peri-tumoral immune cells, it
was scored positive in 15.95% cases. A parallel between
PD-L1 expression in cohort A versus cohort B is delineated
in Table 2.

The relation between PD-L1 expression and overall
survival

Until data gathering (May 2022), 116 patients out of 136
died (85.29%). Median OS was 20.96 months in cohort A

and 9.45 months in cohort B. There was no significant dis-
crepancy in OS based on the expression of PD-L1 in the
TIF (p=0.691 for "healthy" epithelial cells and p =0.848
for peri-tumoral immune cells. Survival was, however, sig-
nificantly higher in patients with positive PD-L1 expression
in cancer cells (p <0.001, Fig. 3a) and positive staining
for PD-L1 in tumor infiltrating immune cells (p <0.001,
Fig. 3b).

Next, we tested whether a high intratumoral immune
infiltrate could influence OS compared to a moderate or
a low immune infiltrate. We found that patients with high
intratumoral immune infiltrate had better OS compared to
patients with moderate or low immune infiltrates (p =0.008).
Further on, we performed a multivariate analysis to check
whether PD-L1 expression on cancer cells or tumor-infiltrat-
ing immune cells remains a favorable prognostic factor for
OS after adjusting for age, tumor number, tumor size, and
tumor differentiation. The multivariate analysis found that
only PD-L1 expressed on tumor infiltrating immune cells is
a favorable prognostic factor (in contrast to PD-L1 expressed
on cancer cells). Both univariate and multivariate analyses of
OS are summarized in Table 3. A positive resection margin
was the only negative prognostic factor found in our studied
population.

Relationship of PD-L1 expression on tumor
infiltrating immune cells with other pathological
data

Last, we evaluated whether there was any relationship
between PD-L1 expressed on tumor infiltrating immune cells
and several other pathological data from the resection speci-
men including: liver capsule invasion, tumor differentiation,
perineural invasion, lymphatic invasion, venous invasion,
resection margin status, tumor stage, and tumor number. As
shown in Table 4, only one parameter—multiple tumors,
was correlated with PD-L1 expression on tumor infiltrating
immune cells (p=0.005). Regarding PD-L1 and other labo-
ratory markers, we found no significant correlation (includ-
ing the evaluation of CA-19-9 levels, p=0.91).

Discussion

Based on the analysis of one of the largest cohorts of Cau-
casian patients with iCCA, our data suggest that the PD-1/
PD-L1 checkpoint pathway in the TME bears prognostic
significance, regardless of disease staging and therapeutic
option (curative/palliation). While not of particular clinical
consequence when expressed in the tumor invasion front
(“healthy” peritumoral cholangiocytes and immune cells),
PD-L1 expression on the malignant cells and, most impor-
tantly, on the tumor infiltrating immune cells appears to be
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Table 1 Clinical and

) e Population characteristics Cohort A (n=49) Cohort B (n=87) P value
pathological characteristics of
the study population Age
Mean +SD 60.48+9.6 62.67+9.78 0.218
Range 39-77 43-84
Gender
Male, n(%) 30(61.22) 45 (51.72) 0.369
Female, n(%) 19 (38.77) 42 (48.27)
Environment
Urban, n(%) 34 (69.38) 50 (57.47) 0.200
Rural, n(%) 15 (30.61) 37 (42.52)
Underlying disease, n(%)
Hepatitis B virus 4 (8.16) 8(9.19) 0.273
Hepatitis C virus 1(2.04) 8(9.19)
Liver cirrhosis 2 (4,08) 13 (14.94)
Liver steatosis 9 (18.36) 10 (11.49)
Obesity 3(6.12) 8(9.19)
Type 2 diabetes mellitus 9 (18.36) 18 (20.69)
Tumor characteristics
Tumor size
Mean +SD (cm) 6.73+34.5 8.69+3.98 0.004
Range (cm) 1—14 0.6—19
Tumor number
Solitary 30(61.22) 34 (39.08) 0.012
Multiple 19 (38.77) 53 (60.92)
Pathologic differentiation, n(%)
Good 8(16.32) 14 (16.09) 0.016
Medium 26 (53.06) 29 (33.33)
Poor 15 (30.61) 27 (31.03)
Not available 17 (19.54)
Resection margin, n(%)
RO 25(51.02) *
R1,R2 24 (48.97) *
Perineural infiltration, n(%) 29 (59.18) T
Vessel infiltration
Lymphatic, n(%) 26 (53.06) T
Venal, n(%) 21 (42.85)
Hepatic capsule invasion, n(%) 19 (38.77) *
AJCC stage
LI 22 (44.89) 0(0) <0.001
11, IV 27 (55.1) 87 (100)

*Gross and/or microscopic aspects not applicable in cohort B due to lack of surgical specimens data not
available in cohort B due to small sizes of the biopsies

a critical outcome predictor, as these patients had a sig-
nificantly higher overall survival. Moreover, patients with
PD-L1 expression on the TME appear to be diagnosed in
an earlier stage, amendable with curative intent surgery, as
suggested by the disproportionate rates of PD-L1 expression
between the two groups.

While these results appear straightforward, the patho-
physiology behind these findings might be more intricate,
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as the precise interaction within the TME still resembles a
black box. Therefore, a cautious approach is needed to avoid
premature conclusions. CCA is a highly desmoplastic tumor,
in which the per se malignant cells are far outnumbered by
the peritumoral stromal cells, which include a wide array of
fibroblasts, endothelial and immune cells [12]. As an over-
simplification, the gross understanding is that the abundant
peritumoral stroma resembles a protective coating for the
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Fig.2 Membranous positivity
of PD-L1 on immunostained
pathology slides: a positive
cancer cells within tumoral
tissue, 20 X magnification; b
positive epithelial cells in the
tumor invading front, 20 X mag-
nification; ¢ positive immune
cells scattered among unstained
cells within tumoral tissue,

40 x magnification and d posi-
tive immune cells in the tumor
invading front, 40 X magnifica-
tion

Table2 PD-L1 expression in both large resection specimens (Cohort
A) and small-sized liver biopsies (Cohort B) in patients with iCCA,
after applying the scoring system for interpretation of the staining

PD-L1 immunostaining Cohort A Cohort B P value
Tumoral cells, n (%)

Negative 10 (20.4) 73 (83.9)

Positive, mild 5(10.2) 3(3.44)

Positive, moderate 18 (36.73) 9(10.34) <0.001
Positive, intense 16 (32.65) 2(2.29)

Tumor infiltrating immune cells

Negative 19 (38.77) 67 (77.01)

Positive, mild 2 (4.08) 4 (4.59)

Positive, moderate 18 (36.73) 10 (11.49)

Positive, intense 10 (20.4) 2(2.29) <0.001
Not available* 0 4 (4.59)

Epithelial cells in the tumor invasion front

Negative 40 (81.63) 40 (45.97)

Positive, mild 5(10.2) 0

Positive, moderate 2 (4.08) 0

Positive, intense 2 (4.08) 0 0.009
Not available* 0 47 (54.02)

Immune cells from the tumor invasion front

Negative 40 (81.63) 39 (44.82)

Positive, mild 2 (4.08) 0

Positive, moderate 1(2.04) 6 (6.89) 0.632
Positive, intense 6 (12.24) 0

Not available* 0 42 (48.27)

*Data not available due to lack of benign tissue in some cases from
Cohort B Negative =intensity grade *percentage of positive cells <3
Positive =intensity grade * percentage of positive cells >3

active malignant core(s), providing a frontline against the
host antitumoral response and thus, generating an autono-
mous, self-sufficient, and protected CCA enclave. Most of
the elements of the TME are proven pro-tumoral agents,
such as cancer-associated fibroblasts [12, 26, 27], tumor-
associated macrophages, and neutrophils [28—30]. On the
other hand, the role of lymphocytes in the TME appears to
be equivocal. Most of the data on the role of natural killer
cells is extrapolated from hepatocellular carcinoma, as only
few studies suggest their antitumoral role in CCA [31]. How-
ever, tumor infiltrating lymphocytes (TILs) are of particular
interest in CCA, as they appear to be a double-edged sword
in the disease progression. TILs encompass a large hetero-
geneity of cells comprising B lymphocytes, CD4 +, CD8 +,
and regulatory T cell lymphocytes. The consensus is that a
high TIL count correlates with improved outcomes in terms
of disease staging, invasiveness, and OS [12]. However, a
more thorough analysis reveals a rather heterogeneous data
pool and conflicting nuances, as most of the studies include
largely eCCAs and have evaluated different lymphocyte
population subtypes [32, 33].

Our data suggest that an abundant immune infiltrate is
an independent predictor of a better OS, which is consistent
with previous reports [28, 32, 34]. However, while the rest
of these studies focus either on the entire spectrum of biliary
tract cancers or solely on eCCA, our design has included
only iCCA, which is by far the rarest subtype, accounting
for 10% of CCAs [35]. The directionality of the rich immune
infiltrate—better outcome relationship is, however, a matter
of debate, as the hypothesis that during the CCA natural
history, the tumor develops mechanisms of immune escape,
thus leading to lower TIL count in advanced disease appears
epistemologically reasonable, despite lacking solid evidence
[12].
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Fig.3 Kaplan—Meier survival analysis for a cases that displayed PD-L1 positivity on tumor cells (p <0.001) and b PD-L1 positivity on tumor
infiltrating immune cells (p <0.001)

Table 3 Univariate and
multivariate analysis of
overall survival in intrahepatic
cholangiocarcinoma patients

The role of the PD-1/PD-L1 checkpoint pathway has been
extensively studied in multiple cancers and, along with a
better understanding of other checkpoint molecules, has
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oS Univariate analysis Multivariate
analysis

HR (95% CI) P HR (95% CI) P
Cohort A
Age (years) 0.9571-1.0292 0.684
Tumor stage 0.482-2.1016 0.98
Positive resection margin 1.7562-9.6872 0.001 1.7397-9.6244 0.001
Perineural invasion 0.7184-4.1668 0.22
Venous vascular invasion 0.5084-2.2804 0.84
Lympbhatic vascular invasion 1.2549-8.1498 0.015
Liver capsule invasion 0.3008-1.3396 0.23
PD-L1 positive on tumor immune cells 0.2713-1.2826 0.183
Cohort A and B
Age (years) 0.9829-1.0218 0.83
Multiple tumors 0.893-1.9025 0.17
Tumor size (cm) 0.9869-1.1059 0.13
Tumor differentiation 0.5168-1.5617 0.70
PD-L1 positive on cancer cells 0.3333-0.7497 <0.001
PD-L1 positive on tumor immune cells 0.3001-0.721 <0.001 0.2751-0.892 0.019
High intratumoral immune infiltrates 0.1849-0.7981 0.01 0.1496-0.8436  0.019

PD-L1=programmed death ligand 1; HR =hazard ratios; p=level of significance; CI=confidence interval,
cm=centimeters; in Cohort A the multivariate analysis was adjusted for age, tumor stage, tumor resection
margin, and PD-L1 positive on tumor infiltrating immune cells; in Cohort A and B, the multivariate analy-
sis was adjusted for age, tumor number, tumor size, and tumor differentiation

arguably led to the advent of a novel approach in cancer
therapy in the past decade. In brief, malignant cells manipu-
late these pathways to evade immune surveillance, typically
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Table 4 Relationship of PD-L1

. . . PD-L1 positive in tumor infiltrating immune cells Yes (n=29) No (n=18) P
expression on tumor infiltrating
immune 'cells anq seve?al Liver capsule invasion (yes), n (%) 17 (58.62) 11 (61.11) 0.866
pathological variables in the Tumor differentiation 0.856
resection specimens (Cohort A) ’
Good 5(17.24) 3(15.79)
Moderate 16 (55.17) 9 (47.37)
Poor 8 (27.59) 7 (36.84)
Perineural invasion (yes), n (%) 18 (60) 11 (61.11) 0.939
Lymphatic invasion (yes), n (%) 15 (50) 11 (57.89) 0.59
Venous vascular invasion (yes), n (%) 14 (46.67) 7 (36.84) 0.498
Positive resection margin (yes), n (%) 13 (43.33) 11 (61.11) 0.233
Tumor stage (I and II) n (%) 14 (48.28) 8 (42.11) 0.675
Multiple tumors 7 (23.33) 12 (63.16) 0.005

PD-L1 =programmed death ligand 1; n=number; % = percent; p =level of significance

by overexpression which leads to immune tolerance. Thus,
inhibiting these pathways with specific molecules cancels
their cancer-promoting effect and enhances tumor control
[12]. However, how each tumor accomplishes immune toler-
ance may vary widely, as is the case for iCCA. Our analysis
revealed that patients eligible for surgery (cohort A) had a
significantly higher proportion of positive malignant cell and
tumor infiltrating immune cells PD-L1 staining, regardless
of positivity intensity. Furthermore, on univariate analysis,
both PD-L1 positive malignant cell and tumor infiltrating
immune cells were significant predictors for an improved
outcome, while PD-L1 positive immune cells were inde-
pendent predictors on multivariate analysis, thus negating a
potential staging bias. Upon first impression, these results
may appear counter-intuitive, as the consensus states that
high PD-L1 expression is leading to a worse outcome. On
the one hand, there are studies, mostly on eCCAs (both hilar
and distal), that support conventional wisdom, reporting that
a high PD-L1 expression within the TME (either malignant
cell or tumor infiltrating immune cells) is associated with a
worse outcome [16, 19, 36]. However, such conclusive evi-
dence has yet to be found regarding iCCA, with a potential
explanation being subtle differences in tumor biology. The
study by Lim Y et al. suggests significant discrepancies in
PD-L/PD-L1 pathway expression between hilar and distal
CCA. Nevertheless, no comparisons with iCCA are avail-
able [36].

On the other hand, data regarding iCCA are scarce and
inconclusive, which might support a different role of the
PD-1 axis. Moreover, our study is among the few to evaluate
the prognostic role of PD-L1 expression on in vivo iCCA
and provides the most extensive available dataset. Another
small-scale study that included 31 surgically resected iCCA
reported a high PD-1 expression within the TME, which cor-
related with a more advanced stage, raising the hypothesis of
immune evasion. However, the study reported no outcome
data [37]. One in vitro study proposed a reversed role of

PD-L1 in CCA cancer stem cells, as highly positive PD-L1
cell lines had significantly lower tumorigenicity and exhib-
ited less aggressive traits [38]. Albeit not yet validated in
the case of iCCA, the apparent role reversal of this immune
checkpoint axis has been observed in studies on non-small
cell [39] and small cell lung cancer [40], colorectal [41],
breast [42], and head and neck malignancies [43]. Therefore,
it appears that in some clinical scenarios, the overexpression
of PD-L1 bears the significance of a battle scar, rather than
military draft evasion, being the direct result of antitumor
immune pressure and TIL interferon y production within the
TME, as suggested by Kurt Schalper from the Yale School
of Medicine [42].

While our study revealed significant correlations between
OS and PD-L1 expression on both malignant cells and tumor
infiltrating immune cells, only tumor infiltrating immune
cells PD-L1 positivity was an independent predictor for a
better outcome on multivariate analysis. A similar pattern
was reported in a large-scale study on head and neck squa-
mous cell cancer, in which tumor cell PD-L1 positivity did
not alter prognosis significantly. In contrast, tumor infiltrat-
ing immune cells positivity did [43]. The authors raised
the hypothesis of a potential role discrepancy of the PD-1/
PD-L1 axis when expressed in tumor cells vs. TILs. The
current understanding of the TME might not be sufficient
to support this claim. Furthermore, our study did not reveal
significant discrepancies regarding PD-L1 expression in the
normal cholangiocytes or peri-tumoral immune cells. This
suggests that whatever interactions occur on the checkpoint
inhibitor level, they occur solely within the TME and might
not be systemic.

Our design was also anchored on the clinical needs and
thus is, to our knowledge, the largest study which included
PD-L1 expression on pre-therapeutic biopsy specimens. Our
data revealed significant discrepancies between resection
and biopsy specimens regarding PD-L1 expression, which
might have two potential explanations. The first follows
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the rationale discussed above, which correlates overex-
pression with a favorable prognosis, and, in extension, to
less advanced disease at the time of diagnosis. Therefore,
an acknowledged selection bias arose: biopsy specimens
belonged to a clinical scenario in which patients required
pathology for chemotherapy commencement. In contrast,
resection specimens belonged to patients who were in the-
ory eligible for curative intent surgery. A second hypothesis
might suggest that the discrepancy between the groups might
be explained by iCCA heterogeneity. Thus, the small tissue
sample size on the biopsy specimen might lead to false-
negative results. As the role of precision medicine expands,
a future research direction might be to evaluate the utility of
percutaneous CCA biopsy in providing specific data on TME
using designs that compare either entire resection specimen
analysis vs. random biopsy or pre-operative biopsy.

Another valuable characteristic of our study is the inclu-
sion of one of the largest Western cohorts, given that most
of the available studies on CCA (either intrahepatic, extra-
hepatic or in general) come from Asia, a geographic area
with a significantly higher incidence of CCA, which exhibits
different risk factors and, potentially differences in tumor
biology [35].

Our results warrant a cautious approach. The study design
has important limitations, some of which are inherent, some
amendable by future research. Significant caveats might be
generated by the retrospective monocentric design. There is
a lack of data regarding the type of treatment administered
to both Cohort A and B, which could influence the outcome
of the patients and therefore, create a bias. Standard chem-
otherapy regimens provide median of a 6-8 months of OS
[4]. We acknowledge that the lack of intermittent follow-up
data (including disease-free survival, disease progression,
systemic therapy, and therapeutic response) might generate
concerns regarding the interpretation of our results. However,
all the patients were further referred to oncology departments
and benefited from standard therapy. Given the low palette
of therapeutic options for iCCA, which at the time of enroll-
ment consisted only of the gemcitabine/cisplatin combination
[44], there is little room for bias regarding therapy selection.
Furthermore, patients not eligible for potential therapy were
not biopsied in the first place, as the risk/cost/benefit analysis
was unfavorable. Therefore, treatment heterogeneity within
cohort B is unlikely, regardless of the actual collection of the
data. Regarding cohort A, the therapeutic approach is even
more straightforward. Patients eligible for curative resection
had no indication for adjuvant/neoadjuvant treatment, and
any potential disease recurrence was treated according to the
same protocol. None of the patients in our study have benefited
from loco-regional therapies such as radiofrequency ablation
or trans-arterial chemoembolization, as we do not use these
methods for CCA treatment in our center. The correlation
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between PD-L1 levels and OS thus needs to be tested in large-
scale prospective studies.

There might be concerns regarding the apparent reversal
of the bench-to-bedside paradigm, given the lack of basic
scientific evidence regarding the role of the PD-L1 axis in
CCA. However, the past decade has brought to spotlight the
translational gap phenomena, highlighting the low conversion
rate from animal experimental-to-human-to-clinical models.
Therefore, a potential solution to circumvent this caveat is to
expand laterally what was previously a vertical research tra-
jectory (cell-animal-human-clinical practice). Thus, whenever
technically feasible and with a negligible risk profile, extract-
ing as much basic science data from clinical scenarios appears
reasonable, if not promising. The strength of our findings
should be tested in further clinical trials [45, 46].

An additional shortcoming is the insufficient characteri-
zation of the TME, especially regarding the nature of the
tumor infiltrating immune cells. However, both pathologist
that analyzed the data had no difficulties in saying that tumor
infiltrating lymphocytes were the ones positive for PD-L1 and
responsible for a better OS. Given the complex nature and
heterogeneity of TILs [47], an in-depth analysis might better
explain both the results and their clinical significance.

Conclusion

While the iCCA TME Pandora's box has yet to be opened,
our study is the first to bring evidence that tumor infiltrat-
ing immune cells PD-L1 expression on both resection and
biopsy specimens might be a strong independent predictor for
a favorable outcome in iCCA. Further large-scale, multicentric
studies are undeniably needed before any solid conclusion can
be made.
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