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Simple Summary: Gallbladder cancer (GBC) is an aggressive malignancy with poor prognosis.
Currently, therapeutic options are mostly limited to palliative chemotherapy. Considering the
advances of immunotherapy, we assessed the expression of the programmed cell death ligand-1 (PD-
L1) as the most widely used predictive marker for immunotherapy response in a large Western-world
GBC cohort. Additionally, we quantified the expression of the T-cell immunoreceptor with Ig and
ITIM domains TIGIT/CD155 axis as an emerging immune checkpoint. Our results indicate that PD-L1
is heterogeneously expressed in Western-world GBC and associated with distinct histomorphological
tumor subtypes and increased immune cell densities. We show that a high tumoral PD-L1 expression
is a significant negative prognosticator. In a subset of patients, we identified expression of TIGIT in
scattered immune cells, which correlated with tumoral expression of its ligand CD155. Our results
suggest a subset of GBC patients to be candidates for immunotherapy via (combined) PD-L1 and
TIGIT/CD155 inhibition.

Abstract: Inhibition of the programmed cell death protein-1/ligand-1 (PD-1/PD-L1) axis has opened
a new era in the treatment of solid cancers. However, there is no data on the expression and relevance
of PD-L1 in Western gallbladder cancer (GBC). We assessed PD-L1 immunohistochemically in 131
GBC patients as Tumor Proportion Score (TPS), Immune Cell Score (IC) and Combined Positivity
Score (CPS). Tumor cells expressed PD-L1 in a subset of 14.7% GBC patients at a TPS cut-off of
1%. Higher PD-L1 levels above 10% and 25% TPS were reached in 4.7% and 3.1% of GBC cases,
respectively. At a 10% cut-off, TPS was associated with distinct histomorphological subtypes and
correlated with poor tumor differentiation. Survival analysis revealed a TPS above 10% to be a highly
significant and independent negative prognosticator in GBC. PD-L1 expression was associated with
increased CD4+, CD8+ and PD-1+ immune cell densities. In 14.8% of the cases, scattered immune
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cells expressed T-cell immunoreceptor with Ig and ITIM domains (TIGIT), which was correlated to
tumoral expression of its ligand CD155. We here show that a high PD-L1 expression confers a negative
prognostic value in Western-world GBC and highlight the TIGIT/CD155 immune checkpoint as a
potential new target for GBC immunotherapy.

Keywords: programmed cell death ligand-1; PD-L1; gallbladder cancer; biomarkers; tumor; gastroin-
testinal neoplasms; immune evasion; liver neoplasms

1. Introduction

Gallbladder cancer (GBC) is the most common malignancy of the biliary tract, charac-
terized by an extremely aggressive biological behavior [1]. The majority of patients present
with advanced disease already at time of diagnosis, rendering them ineligible for surgical
resection as the only potentially curative treatment option. Since there are no established
targeted therapies for GBC, gemcitabine/cisplatin-based chemotherapy still remains the
backbone of systemic treatment for those patients, despite very limited beneficial effect [2].
As such, in contrast to a variety of other solid cancer types, GBC still confers a largely
unchanged, abysmal prognosis with a median survival of less than one year [3].

Recent studies revealed that many tumors specifically modulate physiologic immune
homeostasis in order to escape antitumor immune responses [4–6]. Dysregulation of
central immune-inhibitory and -stimulating molecules, known as immune checkpoints,
seems to significantly contribute to immune evasion in numerous malignancies. Among
those molecules, disruption of the programmed cell death protein-1 (PD-1)/programmed
death ligand-1 (PD-L1) axis was demonstrated to be of particular relevance for tumor
progression and survival [7,8]. Physiologically, binding of PD-L1 to its receptor PD-1 on
activated immune cells negatively regulates T cell-driven immune responses in peripheral
tissues, mediating immune tolerance. There is a growing body of evidence that PD-L1 is
constitutively expressed by a variety of solid and hematologic malignancies, which thus
escape immunosurveillance [9]. Therapeutic blockage of the PD-1/PD-L1 checkpoint has
proven significant clinical benefit in many advanced solid malignancies like melanoma
and non-small cell lung cancers and opened a new era of precision cancer medicine [10–12].
However, there is a significant subset of patients who do not benefit from this treatment,
which in addition may be associated with severe adverse events [13]. If unselected, re-
sponse rates to PD-1/PD-L1 inhibition in melanoma and non-small cell lung cancer are
reportedly lower [14]. Analogous to other tailored therapies like inhibition of human
epidermal growth factor receptor 2 (HER2), evaluation of predictive biomarkers on the
individual’s tumor tissue prior to treatment initiation is therefore of pivotal importance.
Immunohistochemical assessment of PD-L1 expression on tumor tissue is the first clini-
cally validated predictive biomarker for immunotherapy that has translated into clinical
practice [15,16]. Several scoring algorithms have been implemented with indication- and
drug-specific cut-offs making predictive PD-1/PD-L1 testing an increasingly complex
challenge in routine pathology [17].

Current knowledge on PD-L1 expression in GBC is scarce and based on three studies
from regions with comparably high GBC incidences. Here, the frequency of tumor cell
positivity for PD-L1 ranged from 18% in two studies on Asian cohorts to 23% determined
in the study by Neyaz et al. conducted in India [18–20]. Since the regional differences
in GBC incidence strongly suggest distinct genetic and environmental factors to drive
tumorigenesis, these findings cannot be directly extrapolated to GBC of Western-World
populations [21]. This is underpinned by our own clinical experience of a somewhat lower
frequency of PD-L1 expression in GBC than previously reported.

The exceptionally malignant behavior and absence of effective therapies render GBC
a potential candidate for immunotherapy. However, as of today not a single study on
the expression of PD-1/PD-L1 in GBC has been performed in a Western-world country.
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In this study, we assessed PD-L1 expression in a large and comprehensive European
GBC cohort encompassing 131 patients, including 74 cases with concomitant high-grade
biliary intraepithelial neoplasia (BilIN). By application of stringent evaluation criteria,
we thus aimed to provide a solid database of PD-L1 expression in Western GBC and
to disclose potential associations with clinically relevant parameters. In addition, we
investigated whether the recently identified T-cell immunoreceptor with Ig and ITIM
domains (TIGIT)/CD155 immune checkpoint may contribute to immune exhaustion and
represent a complement target for GBC immunotherapy.

2. Materials and Methods
2.1. Clinicopathological Cohort Characteristics

Surgical resection specimen of a number of 131 patients with a pathological diag-
nosis of primary carcinoma of the gallbladder were enrolled in this study. All patients
underwent surgery at Heidelberg University Hospital between 1995 and 2016. Only radical
cholecystectomy and right hemihepatectomy specimens were included; biopsies were
omitted. The median age of the patients was 72.2 years. Approximately two thirds of the
study cohort were female (67.2%). Patients with competing malignancies at the time of
diagnosis were excluded. Only adenocarcinomas or adenosquamous carcinomas were
enrolled in this study, including different histomorphological subtypes of adenocarcinoma
(NOS, mucinous, signet ring, papillary, solid and intestinal). None of the patients received
radiotherapy or chemotherapy prior to surgery. Tumors were re-staged according to the
8th TNM Classification of Malignant Tumours and classified following the World Health
Organization (WHO) tumour classification system (Digestive System Tumours, 5th edition).
Survival data were available for 104 patients. The use of tissue specimens was approved
by the University’s ethics committee (approval code S-206/2005).

2.2. Tissue Microarray and Immunohistochemistry

On H&E-stained tissue slides of the GBC cohort, representative areas of invasive
tumor and high-grade BilIN were marked by two pathologists. Tissue cores (1.0 mm
diameter) of the marked regions were extracted from the donor blocks and embedded
in duplicate into a new paraffin array block using a tissue microarrayer (TMA Grand
Master Fa. Sysmex, Norderstedt, Germany). Immunohistochemistry was performed
on an automated immunostainer (Ventana BenchMark Ultra, Ventana Medical Systems,
Tucson, AZ, USA) using the biotin-free OptiView DAB IHC Detection Kit (Ventana Medical
Systems, Oro Valley, AZ, USA). In brief, from the formalin fixed and paraffin-embedded
TMA blocks 3 µm sections were cut, deparaffinized, rehydrated and pre-treated with an
antigen retrieval buffer (Tris/Borat/EDTA, pH 8.4). For CD155 immunohistochemistry a
citrate/acetate-based buffer was used (CC2, pH 6.5, Roche, Rotkreuz, Switzerland). After
blocking of endogenous peroxidase, the slides were incubated with monoclonal antibodies
directed against PD-L1 (clone SP263, 1.61 µg/mL, Roche), CD4 (clone SP35, 2.5 µg/mL,
Roche), CD8 (clone SP57, 0.35 µg/mL, Roche) and PD-1 (clone NAT105, 2.21 µg/mL, Roche)
at the provided dilutions of the ready-to-use-kits, followed by incubation with OptiView
Universal Linker and OptiView HRP Multimer. For CD155 immunohistochemistry the
clone D8A5G (Cell Signaling, Cambridge, UK) was used at a dilution of 1:200. Visualization
was achieved using DAB-Chromogen. Before mounting, slides were counterstained with
hematoxylin.

TIGIT immunohistochemistry was performed on another automated immunostainer
(Autostainer Link 48, Agilent Technologies Inc., Santa Clara, CA, USA) using the Dako Real
Detection System Peroxidase/AEC rabbit/mouse (Dako, Agilent Technologies Inc.) and
antigen retrieval in citrate buffer (pH 6.0). The slides were incubated with a monoclonal
antibody against TIGIT (clone TG1, OncoDianova, Hamburg, Germany) at a dilution of
1:100. Slides were developed using AEC-Chromogen and counterstained with hematoxylin.



Cancers 2021, 13, 1682 4 of 18

For the assessment of major histocompatibility index-I (MHC-I), HER2 gene amplifica-
tion status and microsatellite instability (MSI) see [22–24]. TMAs were digitalized at 400×
magnification using a slide scanner (Aperio SC2, Leica Biosystems, Nussloch, Germany).

2.3. PD-L1 Evaluation

All sections were independently assessed by two pathologists with particular expertise
in biliary tract cancer (BG and TA), blinded to clinical information. PD-L1 staining of the
epithelial tumor component and of tumor-infiltrating lymphocytes in the stroma were
analyzed separately and expressed as Tumor Proportion Score (TPS) and Immune Cell
Score (IC), respectively, as defined before [25]. In addition, the Combined Positivity Score
(CPS) was determined, taking into account both epithelial and immune cell staining [25].

All samples were confirmed to include at least 200 viable tumor cells. For the ep-
ithelial tumor component, in keeping with the current consensus on PD-L1 interpretation,
only membranous staining was considered positive, irrespective of the staining intensity.
Necroses were excluded from the analysis. For tumor infiltrating immune cells (TILs),
both cytoplasmic and membranous staining were rated positive. Identification of immune
cells was performed morphologically, taking into account H&E stained slides of the TMA.
PD-L1 was evaluated at three cut-offs selected in agreement with previous therapeutic
trials, as follows: TPS and IC (1%, 10% and 25%); CPS (scores 1, 10, 25). Ten cases of chronic
cholecystitis served as negative control. Tonsil tissue was used as positive control.

2.4. Evaluation of CD4, CD8, PD-1, TIGIT and CD155

Immune cell densities were assessed semi-quantitatively on TMA slides taking the
average of both representative tissue cores and expressed as number of positive cells/dot.
Immunostainings for CD4, CD8, PD-1 and TIGIT were considered positive in the case
of a specific cytoplasmic or membranous staining. CD155 immunohistochemistry was
considered positive if a specific membranous signal was present and expressed relative
to the number of the analyzed cells. Quantification was in all instances performed in
conjunction with morphology to avoid false-positive results (e.g.: unspecific staining of
necrosis, stroma cells, epithelium).

2.5. Statistical Analysis

Quantitative data are displayed as median with corresponding 25th and 75th per-
centiles (interquartile range). Differences in quantitative variables were compared using the
Wilcoxon-Mann-Whitney test. Differences in frequencies were analyzed using the χ2 test or
Fisher’s exact test, where appropriate. Survival times were graphed using the Kaplan-Meier
method and differences assessed by the Mantel-Cox log rank test. Correlation analyses
were performed using Pearson’s correlation test. For multivariate survival analysis, cox
proportional hazards regression models were computed using XLSTAT Version 2020.3
(Addinsoft, Paris, France) followed by Wald’s test for assessing statistical significance. All
other statistical analyses were performed with GraphPad Prism 6.0 (GraphPad Software,
Inc., La Jolla, CA, USA). P-values below 0.05 were considered statistically significant.

3. Results
3.1. PD-L1 Expression in Gallbladder Cancer

Two of the 131 histologically confirmed GBC cases had to be excluded due to insuffi-
cient material that did not meet the evaluation criteria (129 out of 131, drop-out rate 1.5%).
PD-L1 expression was assessed immunohistochemically using the SP263 clone both on
tumor cells and infiltrating immune cells and reported as TPS, IC and CPS, respectively
(Figure 1). The majority of GBC cases were negative for PD-L1 in the tumor cell compart-
ment with only 14.7% of all cases exhibiting a TPS of at least 1% (Table 1). When applying
higher cut-offs of 10% and 25% the number of TPS-positive GBC cases further decreased to
4.7% and 3.1%, respectively. Among the cases with any PD-L1 positivity in the tumor cells,
median TPS equaled 5% while the maximum was 80%. PD-L1 expression was significantly
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more frequent in immune cells compared to tumor cells (p < 0.001) with an IC of at least 1%
in one third of all cases (33.3%), while an IC above 10% and 25% was noted in 15% and
3% of the cases, respectively. Also, individual TPS and IC were significantly correlated
(p < 0.0001, r = 0.67). All ten cholecystitis specimens included as controls were entirely
negative for PD-L1 both in the epithelium and immune cells (Figure S1).

Figure 1. PD-L1 immunohistochemistry in gallbladder cancer and infiltrating immune cells. PD-L1 expression was
evaluated on both the tumor and immune cells and expressed as Tumor Proportion Score (TPS), Immune Cell Score (IC)
and Combined Positivity Score (CPS), respectively. Only membranous staining was counted. Upper panel: Representative
microphotographs of negative (A) low (<10%); (B) high (>10%); (C) PD-L1 expression in the tumor cells. Lower Panel:
Representative microphotographs of negative (D) low (<10%); (E) high (>10%); (F) PD-L1 expression in tumor infiltrating
immune cells. Original magnification 400×.

Table 1. Overview of PD-L1 expression in the cohort.

PD-L1 <1% 1–9% 10–24% >25%

TPS 110 (85%) 13 (10%) 2 (2%) 4 (3%)
IC 86 (67%) 23 (18%) 16 (12%) 4 (3%)

CPS 84 (65%) 19 (15%) 13 (10%) 13 (10%)
Abbreviations: CPS, Combined Positivity Score; IC, Immune Cell Score; TPS, Tumor Proportion Score.

Since PD-L1 expression may be subject to intratumoral heterogeneity as reported in
other malignancies [26,27], we repeated PD-L1 immunohistochemistry on all 19 samples
with any tumoral PD-L1 positivity and an equal number of randomly selected negative
samples to prove reproducibility of our methodology. None of the 19 negative samples by
TMA analysis turned positive by evaluation of a whole slide specimen. In the 19 positive
samples, expression quantities corresponded well to those determined in the TMA with a
high level of agreement both with respect to the TPS (r = 0.97, p < 0.0001) and IC (r = 0.99,
p < 0.0001) (Figure S2).

3.2. PD-L1 Expression in High-Grade Biliary Intraepithelial Neoplasia

Concomitant high-grade biliary intraepithelial lesions were available in a subset of
74 patients, of which two had to be excluded due to detachment of tissue cores. The re-
maining 72 cases uniformly lacked PD-L1 expression in the precursor epithelium (Figure 2).
PD-L1 expression in surrounding immune cells could not be evaluated separately due to
adjacent invasive tumor.
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Figure 2. PD-L1 immunohistochemistry in high-grade biliary intraepithelial neoplasia. PD-L1 expression was also assessed
in a number of 74 concomitant high-grade biliary intraepithelial neoplasia (BilIN) precursor lesions. (A) (HE). All BilIN
lesions showed complete negativity for PD-L1 (B). Original magnification 400×.

3.3. Correlation of PD-L1 Expression with Clinicopathological Criteria

To determine whether specific clinicopathological criteria might predict PD-L1 positiv-
ity, all scores were correlated with available histological and clinical information. Detailed
clinicopathological characteristics of the entire cohort stratified for a 10% TPS cut-off point
are displayed in Table 2. Stratified clinicopathological characteristics for all other cut-off
values and scoring systems are listed in Tables S1–S8. Irrespective of the applied cut-off
value, a high TPS was significantly correlated with poor tumor differentiation (p = 0.018,
p = 0.024, p = 0.016 for TPS ≥ 1%, 10% and 25%, respectively; Fisher’s exact test). A simi-
lar, but less prominent association was also confirmed for a high CPS (Tables S7 and S8),
but not for the IC. PD-L1 expression was highly variable depending on the histological
subtype, in particular when using a high cut-off value (Table 3). At a TPS of ≥25%, only
one of the four positive cases demonstrated conventional tumor histomorphology (i.e.,
ductal/tubular), while the remaining three were of a distinct subtype (adenosquamous,
signet ring and solid). An association towards nontypical tumor morphologies was also
detected when applying the IC and CPS. All cases with a papillary or intestinal morphology
were entirely negative for PD-L1 expression in the tumor, irrespective of the applied cut-off
value. Except for pT stage at a CPS cut-off of 1, no significant correlation with any other
clinico-pathological parameter was observed with respect to all three scoring systems,
including age, sex, UICC stage and lymph node or distant metastasis.

Table 2. Clinicopathological characteristics (at 10% TPS cutoff).

Characteristic PD-L1 neg.
(TPS < 10%)

PD-L1 pos.
(TPS ≥ 10%) p-Value

GBC patients 123 (95.3%) 6 (4.7%)
Age (years) 72.9 (63.6–78.8) 78.55 (65.2–82.8) 0.42

Sex
female 80 (35.0) 6 (100%)

0.18male 43 (65.0%) 0 (0%)
Histology

NOS 61 (49.6%) 2 (33.3%)

* 0.046

mucinous 19 (15.4%) 0 (0%)
adenosquamous 15 (12.2%) 1 (16.7%)

signet ring 15 (12.2%) 1 (16.7%)
papillary 10 (8.1%) 0 (0.0%)

solid 1 (0.8%) 2 (33.3%)
intestinal 2 (1.6%) 0 (0.0%)

UICC
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Table 2. Cont.

Characteristic PD-L1 neg.
(TPS < 10%)

PD-L1 pos.
(TPS ≥ 10%) p-Value

1 0 (0%) 0 (0%)

* 0.59
2 15 (15.2%) 0 (0%)
3 58 (58.6%) 6 (100%)
4 26 (26.3%) 0 (0%)

NA 24 0
pT
1 6 (4.9%) 0 (0%)

* 0.22
2 52 (42.3%) 1 (16.7%)
3 57 (46.3%) 5 (83.3%)
4 8 (6.5%) 0 (0%)

pN
0 27 (42.9%) 1 (50.0%)

0.981 36 (57.1%) 1 (50.0%)
X 60 4

pM
1 22 (17.9%) 0 (0%)

0.59X 101 (82.1%) 6 (100%)
L
0 47 (38.2%) 1 (16.7%)

0.411 76 (61.8%) 5 (83.3%)
V
0 57 (46.3%) 2 (33.3%)

0.691 66 (53.7%) 4 (66.7%)
Pn
0 63 (51.2%) 2 (33.3%)

0.681 60 (48.8%) 4 (66.7%)
R
0 46 (46.5%) 3 (60.0%)

* 0.66
1 47 (47.5%) 2 (40.0%)1
2 6 (6.1%) 0 (0%)
X 24 1

Grading
G1 5 (4.1%) 0 (0%)

* 0.024G2 76 (61.8%) 1 (16.7%)
G3 42 (34.1%) 5 (83.3%)

Fisher’s exact test, χ2 test or Mann-Whitney test (age) were used. * denotes NOS + mucinous + papillary +
intestinal vs. adenosquamous + signet ring + solid; UICC 1 + 2 vs. 3 + 4; pT1 + 2 vs. 3 + 4; R0 vs. R1 + 2; G1 + 2 vs.
G3. Abbreviations: GBC, gallbladder cancer; UICC, Union for International Cancer Control.

Table 3. Distribution of tumor morphologies, stratified for Tumor Proportion Score.

TPS <10% ≥10%

NOS 97% 3%
Mucinous 100% 0%

Adenosquamous 94% 6%
Signet ring 94% 6%
Papillary 100% 0%

Solid 33% 67%
Intestinal 100% 0%

Abbreviations: NOS, not otherwise specified; TPS, Tumor Proportion Score.

3.4. Correlation of PD-L1 Expression with MHC I Expression and HER2 Amplification

Due to its pivotal role for immune cell recognition, we correlated PD-L1 quantity in the
tumor and TILs with expression data of MHC-I, which we already determined in a previous
study [23]. However, no significant association was found either for the TPS (p = 0.4784,
r = 0.36), IC (p = 0.46, r = 0.12) or CPS (p = 0.48, r = 0.11). Since studies postulated a
significant crosstalk between HER2 and PD-1/PD-L1 signaling, we next correlated PD-L1
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expression with HER2 gene amplification status that we assessed before [22,28]. PD-
L1 expression was neither significantly correlated with HER2 gene amplification in the
tumor (TPS, p = 0.69), nor in TILs (IC, p = 0.76) with three of the four HER2-positive cases
completely lacking tumoral PD-L1 expression. Since none of the included samples exhibited
microsatellite instability (MSI-H) as assessed previously [24], the general observation of
enhanced PD-L1 expression in tumors with mismatch repair deficiency could not be
substantiated in this study.

3.5. High Tumoral PD-L1 Expression Is Associated with Worse Survival

Survival data were available for a subset of 104 patients. Kaplan-Meier survival
curves were compared using log-rank testing, which revealed a significantly worse overall
survival of those patients with a particularly high PD-L1 expression in the tumor cells
(Figure 3). Median survival was six times lower in cases with a TPS above 10% and
comparably poor in cases with a TPS above 25% (p = 0.0003, 0.4 years vs. 2.2 years, for both
analyses). No significant difference was detected when using a minimal 1% TPS cutoff
value (p = 0.567, 1.7 years vs. 2.4 years). PD-L1 expression in immune cells (IC) or tumor
and immune cells (CPS) did not show a significant impact on survival, irrespective of
the cut-off values (Figure S3). Multivariate analysis computed using a Cox proportional
hazards regression model under inclusion of UICC staging revealed a high TPS (cutoff
10%) to be an independent negative prognosticator with an impact on survival almost
twice as high as an advanced UICC stage in our cohort (p = 0.009, hazard ratio 9.4; Table 4).

Figure 3. Kaplan-Meier survival analysis, stratified for Tumor Proportion Score. Survival data of a subset of 104 patients
with available follow-up information were compared using Kaplan-Meier curves and log-rank testing. While at a Tumor
Proportion Score (TPS) cut-off value at 1% no significant differences were observed (A), at a 10% (B) and 25% (C) cut-off,
median survival was significantly worse in patients with high PD-L1 expression and six times lower than of those with
lower expression (p < 0.001, 0.4 years vs. 2.2 years for both analyses).

Table 4. Multivariate survival analysis (Cox regression model).

Variable Groups HR Lower CI (95%) Upper CI (95%) p-Value

TPS
TPS < 10% 1 - - -
TPS ≥ 10% 9.404 1.733 51.020 0.009

UICC stage
UICC 2 1 - - -
UICC 3 4.649 1.320 16.372 0.017
UICC 4 5.469 1.468 20.375 0.011

Abbreviations: CI, confidence interval; HR, hazard ratio; TPS, Tumor Proportion Score; UICC, Union for Interna-
tional Cancer Control. Reported p-values were calculated using Wald’s test.

3.6. PD-L1 Expression Is Associated with Increased CD4+-, CD8+- and PD-1+ Immune Cell
Densities

To study the relationship between PD-L1 expression and host antitumor immunity in
the microenvironment, we next characterized the tumor immune cell infiltrate by immuno-
histochemical quantification of CD4+- and CD8+ T-cells. Stratification for PD-L1 expression
revealed that tumors with positive PD-L1 expression either on tumor or immune cells
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(TPS/IC ≥ 1%) showed significantly increased infiltration of CD4+- and CD8+ T-cells
(p = 0.002/p = 0.0003 for TPS; p < 0.0001/p < 0.0001 for IC) (Figure 4A–D). The median
number of CD8+ T-cells was nearly three times higher in tumors with positive tumoral
PD-L1 expression as compared to tumors lacking PD-L1 expression (30 vs. 80 cells/dot).
While the densities of both CD4+- and CD8+ T-cells positively correlated with the IC
(each p < 0.0001), considering the TPS this correlation was only significant for CD8+ T-cells
(p = 0.02) (Figure 4E–H).

Figure 4. PD-L1 expression is associated with immune cell phenotype and density. Cases with positive PD-L1 expression
either in tumor (Tumor Proportion Score (TPS), (A,B) or immune cells (Immune Cell Score) (IC), (C,D) displayed significantly
increased intra- and peritumoral CD4+- and CD8+-immune cell densities. Correlation analysis confirmed this association,
reaching significance for the correlation of the TPS with CD8+-cell density and for the correlation of the IC with CD4+-
/CD8+-cell density (E–H).

Immunoreactivity for PD-1 was detected in the immune cells in more than half of
the cases (52.3%) with a mostly strong cytoplasmic and membranous signal (Figure 5A).
Interestingly, clear immunoreactivity for PD-1 was also found in the tumor epithelium
in one of the cases with adenosquamous morphology (Figure 5B). In all other cases, the
tumor cells were entirely negative for PD-1. Morphologically evident co-expression of
PD-1 and both CD4+ and CD8+ was confirmed by correlation analysis, which showed
a more prominent association with CD8+ T-cells (p < 0.0001) (Figure 5C,D). Analogous
to previous studies, PD-1 expression was significantly higher in cases with concomitant
positivity for PD-L1 both in tumor and immune cells (p = 0.0008 for TPS, p < 0.0001 for IC)
(Figure 5E,F) [29,30].

3.7. Expression of the Inhibitory Immune Receptor TIGIT and Its Ligand CD155

Recent studies identified the interaction of the immunomodulatory receptor TIGIT
with its major ligand CD155 as a novel immune-checkpoint that may mediate tumor
resistance to anti-PD-L1 immunotherapy [31,32]. To evaluate the potential of blockage of
the TIGIT/CD155 axis for GBC, we quantified the expression levels on tumor cells and TILs
by immunohistochemistry. We found TIGIT to be exclusively expressed by mononuclear
immune cells with absent immunoreactivity in the tumor epithelium and a mostly granular
cytoplasmic staining pattern.

While TIGIT-positive TILS were identified in 14.8% (19/128) of all evaluable cases, in
the majority positivity was confined to single scattered immune cells (Figure 6A). Strikingly,
the only case with a relatively high number of TIGIT-positive cells in the immune infiltrate
(approx. 10% of the TILs) (Figure 6B) also displayed the highest IC. Correlation analysis
confirmed co-expression of TIGIT and both PD-L1 as well as PD-1 in TILs (p < 0.0001 for
IC, p = 0.0004 for PD-1), while no association with the TPS was detected (Figure 6C,D).
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Figure 5. PD-1+ immune cells are increased in tumors with PD-L1 expression. More than half of the cases demonstrated
strong membranous and cytoplasmic staining for PD-1 in a fraction of intra- and peritumoral immune cells (A), while
positivity in the tumor epithelium was only detected in a single case with adenosquamous morphology (B). Co-expression of
PD-1 and CD4 or CD8 was confirmed by correlation analysis (C,D). Furthermore, enhanced PD-1 expression was observed
in cases with a Tumor Proportion Score (TPS) or Immune Cell score (IC) ≥ 1% (E,F). Original magnification in (A,B): 400×.

In contrast to TIGIT, CD155 was exclusively expressed by the tumor epithelium with
a foremost moderate to strong membranous immunoreactivity. Positivity for CD155 was
identified in 25.2% (30/119) of all evaluable cases, ranging from focal staining (Figure 6E)
to ubiquitous immunoreactivity in all tumor cells (Figure 6F). Among the CD155-positive
cases, median CD155 expression was 50%. Interestingly, tumoral CD155 positivity signifi-
cantly correlated with the number of TIGIT-positive TILs (p = 0.002) and PD-L1 expression
in tumor cells (p = 0.006 for TPS) (Figure 6G,H).
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Figure 6. Expression of TIGIT and CD155 in gallbladder cancer. TIGIT was exclusively expressed by tumor-associated
immune cells and mostly restricted to single lymphocytes (A). Only a few cases showed aggregated TIGIT+ immune
cell clusters (B). TIGIT positivity in immune cells closely correlated with PD-L1 and PD-1 expression (C,D). CD155
immunohistochemistry showed a mostly strong membranous signal, that ranged from focal (E) to ubiquitous (F). CD155
positivity significantly correlated with the number of TIGIT+ immune cells and PD-L1 expression in tumor cells (G,H).
Original magnification in (A,B,E,F): 400×.
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3.8. CD155 Is a Negative Prognosticator in Western-World Gallbladder Cancer

Finally, we assessed whether TIGIT or CD155 expression may influence survival
analogous to a high TPS. While TIGIT positivity in TILs was not associated with prognosis
(n = 103, n = 14 (pos.) vs. n = 89 (neg.), p = 0.578) (Figure 7A), Kaplan-Meier analysis
revealed CD155 to be a significant negative prognosticator with a median survival of only
one year in the CD155-positive group compared to 2.4 years in those cases with absent
CD155 expression (n = 95, n = 28 (pos.) vs. n = 67 (neg.), p = 0.005) (Figure 7B).

Figure 7. Kaplan-Meier survival analysis, stratified for TIGIT- and CD155 positivity. While the
survival curves of cases with and without TIGIT+ immune cells followed a similar trend (n = 103)
(A), CD155 positivity was associated with a significantly worse survival by log-rank testing (n = 95,
p = 0.005, 1.0 vs. 2.4 years) (B).

4. Discussion

Using stringent evaluation criteria and applying all current scoring systems, we herein
assessed PD-L1 expression in a comprehensive and large, monocentric Western-world
GBC cohort recruited at Heidelberg University Hospital. Our results reveal a frequency of
approximately one out of seven cases to exhibit immunoreactivity for PD-L1 in the invasive
tumor, of which roughly one third (5% of the whole cohort) showed a higher expression
with a TPS of at least 10%. Interestingly, adjacent high-grade BilIN lesions uniformly lacked
PD-L1 expression. In the TILs, PD-L1 expression was more frequent and significantly
correlated with the individual TPS. High tumoral PD-L1 expression was significantly
associated with high tumor grading, atypical morphological subtypes and markedly worse
overall survival, despite the small number of positive cases and normalization for UICC
stage. To date, no longitudinal studies exist that specifically address the outcome of PD-
1/PD-L1 blockade in GBC. Current evidence is limited to several small sample size, single
and multi-agent phase I and II studies on biliary tract cancer, that subsumed gallbladder
cancer together with various subtypes of cholangiocarcinoma and the majority of which
did not include predictive testing of PD-L1 expression prior to treatment initiation [33–38].
These studies report a heterogenous, yet promising partial response rate following PD-
1/PD-L1 inhibition in a range from 3% to 37%. Follow-up data of the KN158 phase II trial
as the largest study so far revealed a durable antitumor activity induced by pembrolizumab
with a partial response in approximately 6% of all patients [33]. Only including patients
with a tumoral PD-L1 expression of at least 1%, the preceding KN028 phase I trial showed
an objective response rate of 13% [33]. A meta-analysis of the published trials on PD-
1/PD-L1 inhibition in GBC is provided in Table 5. Additional evidence comes from
single case reports: Kong et al. reported a significant response after combined radio- and
immunotherapy with complete resolution of metastases in retroperitoneal lymph nodes and
lungs in a patient with exceptionally high PD-L1 expression in 50% of the tumor cells [39].
Comparably favorable results were also observed by Li et al. in a patient with metastatic
GBC and 10% tumoral PD-L1 expression, being still alive with controlled disease 14 months
after diagnosis upon combined chemotherapy and pembrolizumab administration [40].
Though the predictive value of PD-L1 expression in GBC is still controversial, these studies
suggest tumoral PD-L1 expression to serve as a potentially useful biomarker in GBC
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immunotherapy. PD-L1 expression is the most widely adopted parameter for selection
of patients that may profit from immunotherapy [41]. Yet, to date only three studies
conducted in Asia and India exist on the distribution of PD-L1 expression in GBC. In
the largest study by Neyaz et al. [18], PD-L1 expression was seen in 23% of the tumor
cells and 24% of TILs with 14.9% of the cases demonstrating a high tumoral expression
of at least 10%. The remaining two studies correspondingly reported a somewhat lower
tumor cell positivity in approximately 18% of the patients, which is more in line with the
frequency determined in this study [19,20]. The discrepancy may be partially attributable
to different antibody clones and immunohistochemistry platforms but may also mirror
biological features resulting from ethnical and environmental differences between Western
and Eastern GBC cohorts. In contrast to the study by Neyaz et al. [18], we identified a
highly significant negative prognostic effect of a high tumoral PD-L1 expression above a
cut-off value of 10%, which was associated with a six times lower median survival. This
strong influence remained after inclusion of UICC stage in multivariate analysis, exceeding
the negative prognostic value of a high UICC stage. However, this association vanished
upon inclusion of patients with any PD-L1 positivity. On the assumption that the marked
biological effect of a particularly high PD-L1 expression with regard to survival may to
some extent also translate in responsiveness to its inhibition upon immunomodulation,
the findings of this study may suggest a more restrictive PD-L1 based patient selection
for inclusion in prospective clinical trials. Moreover, the uneven distribution of PD-L1
positivity across the morphological subtypes may help clinicians to consider PD-L1 testing
and subsequent therapeutic immunomodulation as ultima ratio particularly in patients
with rare subtypes. After initial restriction to tumoral PD-L1 expression in the first FDA-
approved predictive PD-L1 companion diagnostics, more recently scoring algorithms
evolved that implement PD-L1 expression in immune cells or a combination of both [17].
Accordingly, in this study we also assessed the IC and CPS, which in contrast to the TPS
were not associated with survival. In keeping with previous studies, we identified a
close inter-correlation between PD-L1 expression in tumor and immune cells [42,43]. The
correlated expression patterns in tumor and immune cells as seen here fit with the current
perception, that acquired PD-L1 upregulation seems to be driven by distinct anti-tumor
immunity factors in the microenvironment, such as interferon gamma (IFN-γ), potentially
acting on both compartments [44]. In addition to the different scoring systems, it has to
be noted, that there are no uniform cut-off values for PD-L1 expression and thresholds for
approved first- or second line immunotherapies vary a lot across different cancer entities.
Here, significant associations were seen at comparably high TPS cut-off levels of 10% and
25%, indicating the necessity of a certain degree of positivity to translate into effective
immune evasion.

Table 5. Meta-analysis of trials on PD-1/PD-L1 inhibition in gallbladder cancer.

Authors
[Reference] Country Study

Design Agent No of Patients No of GBC
Patients Outcome

Bang et al. [33] Japan Phase Ib Pembrolizumab 24 - 13% PR, mPFS 1.8 mos, mOS 6.2 mos.
Bang et al. [33] Japan Phase II Pembrolizumab 104 - 5.8% PR, mPFS 2.0 mos, mOS 7.4 mos.

Ueno et al. [34] Japan Phase I Nivolumab + cisplatin +
gemcitabine 30 10 36.7% PR, mPFS 4.2 mos., mOS 15.4 mos.

Ueno et al. [34] Japan Phase II Nivolumab 30 10 3% PR, mPFS 1.4 mos., mOS 5.2 mos
Kim et al. [38] USA Phase II Nivolumab 54 14 22% PR, mPFS 3.98 mos., mOS 14.22 mos.

Ioka et al. [35] Japan Phase I Durvalumab +
tremelimumab 65 16 10.8 % PR, mPFS 1.6 mos., mOS 10.1 mos.

Ioka et al. [35] Japan Phase II Durvalumab 42 19 4.8 % PR, mPFS 1.5 mos., mOS 8.1 mos.
Fujiwara et al. [37] Japan Phase I M7824 (MSB0011359C) 30 12 25% PR *

Yoo et al. [36] USA Phase I Tremelimumab + RFA 16 2 12.5% PR, mPFS 3.4 mos., mOS 6.0 mos.

*: Outcome reported specifically for the GBC subcohort. Abbreviations: GBC, gallbladder cancer; mos, months; mOS, mean overall survival;
mPFS, median progression-free survival; No, number; PR, partial response; RFA, radiofrequency ablation.

Recently, we reported complete remission of metastasized GBC in a young patient,
achieved by dual inhibition of molecularly proven amplified HER2 gene and determined
a low frequency of HER2 gene amplification in GBC in a follow-up study [22,45]. In the
current study, correlation analysis did not reveal a significant association between HER2
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status and PD-L1 expression, indicating that HER2 gene amplification does not trigger
PD-L1 upregulation in GBC. We also did not detect a significant relationship between
MHC I and PD-L1 expression. Though a correlation seems reasonable given the common
induction mechanisms (e.g., Interferon-γ), this result is in line with a previous study by
Perea et al. [46] on a cohort of non-small cell lung cancer, in which no association between
MHC-I and PD-L1 expression was detected. In contrast, in a study on serous ovarian cancer
Aust et al. [47] found a negative correlation and suggested mutual exclusiveness, indicating
that the crosstalk between MHC-I and PD-L1 is probably more complex and maybe tumor
type-dependent. In line with previous studies on PD-L1 expression in cancer, we detected
increased CD8+ and CD4+ T-cell densities in patients with high PD-L1 expression in tumor
or immune cells of GBC [30,48]. This finding underscores the fundamental relevance of
T-cells for immune evasion, mechanistically assumed to be the source PD-L1 expression
via secretion of multiple cytokines [4].

Cancer development in the extrahepatic biliary tract is considered to follow a stepwise
process through precursor lesions of increasing dysplasia [49]. Interestingly, we found
PD-L1 to be completely absent in high-grade BilIN by immunohistochemistry. This might
be attributed to the absence of distinct late occurring molecular events in BilIN. How-
ever, probably even more important, as opposed to GBC the epithelium in BilIN is not
exposed to the various PD-L1 inducing cytokines within the tumor microenvironment,
being surrounded by a still intact basal membrane.

A growing body of evidence documents that immune cell exhaustion upon chronic
tumor antigen exposure is mediated by multiple inhibitory pathways [50,51]. Beyond
PD-1/PD-L1, the TIGIT/CD155 axis has recently emerged as a putative new immune check-
point that may be implicated in resistance to current immunotherapeutic agents [31,32].
TIGIT belongs to the Ig superfamily and impedes T-cell function by several mechanisms, of
which binding to its major ligand CD155 seems to be of critical importance for humans [51].
The promising findings in preclinical studies have led to the recent launch of several phase
I and II trials that evaluate anti-TIGIT therapy in solid tumors and yielded encouraging
results in preliminary analyses [52,53]. Most notably, the phase II CITYSCAPE trial on
locally advanced or metastatic non-small cell lung cancer demonstrated a nearly doubled
overall response rate of combined anti-TIGIT/-PD-1 therapy compared to anti-PD-1 ther-
apy alone [52]. Laying the foundation for analogous clinical trials in GBC, this is the first
study that documents presence of the TIGIT/CD155 axis in GBC. While mostly scattered
TIGIT+ immune cells were identified in approximately 15% of all cases, CD155 was roughly
positive in one fourth of the cohort with some tumors even exhibiting a ubiquitously strong
and universal expression pattern. The intercorrelations between PD-1, PD-L1, TIGIT and
CD155 substantiate the phenomenon that tumors often co-express multiple inhibitory
molecules for effective immune evasion [54,55].

Given the reported intratumoral heterogeneity of PD-L1 expression in other cancer
forms [26,27], one possible limitation of this study is the usage of TMAs. To address this
issue, we used two tissue cores from different tumor regions and performed an agreement
analysis with a number of almost 40 corresponding whole slides. Though we expectedly
detected some slight differences in single samples, the overall high rate of concordance
demonstrated the general validity of our approach. Previous meta analyses confirmed this
finding for all kinds of markers beyond PD-L1 with concordance of phenotypic expression
patterns ranging from 80–100% [56,57]. In addition, TMA usage better mimics the clinical
situation as PD-L1 testing is mostly being performed on small biopsies, given its typical
indication for metastatic disease ineligible for surgical resection. Regarding the survival
analysis, the small group sizes of four (cut-off 10% TPS) and six (cut-off 25% TPS) patients in
the PD-L1 positive group limit the generalizability of this finding and require confirmation
in future studies on preferably even larger cohorts.
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5. Conclusions

In summary, in this study we show that PD-L1 is upregulated in tumor and im-
mune cells in a subset of Western GBC in late tumorigenesis and provide evidence for
TIGIT/CD155 axis as a new immune checkpoint for complement therapy in GBC. Given
the marked negative prognostic value of tumor cell derived PD-L1 shown here and the
promising effects of TIGIT/CD155 complement therapy demonstrated in other tumors,
this study further substantiates the need for prospective testing of (combined) PD-L1- and
TIGIT/CD155 inhibition in GBC and suggests to particular address patients with a high
TPS.
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25% TPS cutoff), Table S3: Clinicopathological characteristics (at 1% IC cutoff), Table S4: Clinico-
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characteristics (at 10 CPS cutoff), Table S8: Clinicopathological characteristics (at 25 CPS cutoff).

Author Contributions: Conceptualization, T.A. and B.G.; methodology, T.A., F.B., A.S.L., A.C. and
B.G.; software, T.A. and M.A.; validation, T.A., B.G. and S.R.; formal analysis, T.A. and M.A.;
investigation, T.A. and B.G.; resources, A.M., K.H., Y.K., M.N.V., C.R., B.K. and C.S.; data curation,
T.A., F.B. and M.A.; writing—original draft preparation, T.A. and B.G.; writing—review and editing,
T.A., B.K., C.S., S.R., P.S. and B.G.; visualization, T.A; supervision, B.G.; project administration, P.S.
and B.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Medical Faculty of Heidelberg
University (S-206/2005, 06/02/2015).

Project Number: The study is registered under project #3225 of the Tissue Bank of the National
Center for Tumor Diseases (NCT, Heidelberg, Germany).

Informed Consent Statement: Written and verbal consent has been given by all participants.

Data Availability Statement: Additional datasets analyzed during the current study are available
from the corresponding author upon reasonable request.

Acknowledgments: The authors thank Veronika Geissler, Nina Wilhelm and Carolin Kerber (Institute
of Pathology, University of Heidelberg) for excellent technical assistance. Samples were provided by
the Tissue Bank of the NCT in accordance with the regulations of the tissue bank and the approval of
the Ethics Committee of the Medical Faculty of Heidelberg University.

Conflicts of Interest: P.S. received funding for grants, boards, and presentations from Novartis. The
other authors declare no competing interests. The funders had no role in the design of the study; in
the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision
to publish the results.

References
1. Hundal, R.; Shaffer, E.A. Gallbladder cancer: Epidemiology and outcome. Clin. Epidemiol. 2014, 6, 99–109. [CrossRef]
2. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.; Pereira,

S.P.; et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N. Engl. J. Med. 2010, 362, 1273–1281. [CrossRef]
3. Kanthan, R.; Senger, J.L.; Ahmed, S.; Kanthan, S.C. Gallbladder Cancer in the 21st Century. J. Oncol. 2015, 2015, 967472. [CrossRef]

[PubMed]
4. Han, Y.; Liu, D.; Li, L. PD-1/PD-L1 pathway: Current researches in cancer. Am. J. Cancer Res. 2020, 10, 727–742. [PubMed]
5. Bates, J.P.; Derakhshandeh, R.; Jones, L.; Webb, T.J. Mechanisms of immune evasion in breast cancer. BMC Cancer 2018, 18, 556.

[CrossRef] [PubMed]
6. Drake, C.G.; Jaffee, E.; Pardoll, D.M. Mechanisms of immune evasion by tumors. Adv. Immunol. 2006, 90, 51–81. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers13071682/s1
https://www.mdpi.com/article/10.3390/cancers13071682/s1
http://doi.org/10.2147/CLEP.S37357
http://doi.org/10.1056/NEJMoa0908721
http://doi.org/10.1155/2015/967472
http://www.ncbi.nlm.nih.gov/pubmed/26421012
http://www.ncbi.nlm.nih.gov/pubmed/32266087
http://doi.org/10.1186/s12885-018-4441-3
http://www.ncbi.nlm.nih.gov/pubmed/29751789
http://doi.org/10.1016/S0065-2776(06)90002-9


Cancers 2021, 13, 1682 16 of 18

7. Alsaab, H.O.; Sau, S.; Alzhrani, R.; Tatiparti, K.; Bhise, K.; Kashaw, S.K.; Iyer, A.K. PD-1 and PD-L1 Checkpoint Signaling
Inhibition for Cancer Immunotherapy: Mechanism, Combinations, and Clinical Outcome. Front. Pharmacol. 2017, 8, 561.
[CrossRef] [PubMed]

8. Zou, W.; Wolchok, J.D.; Chen, L. PD-L1 (B7-H1) and PD-1 pathway blockade for cancer therapy: Mechanisms, response
biomarkers, and combinations. Sci. Transl. Med. 2016, 8, 328rv324. [CrossRef] [PubMed]

9. Akinleye, A.; Rasool, Z. Immune checkpoint inhibitors of PD-L1 as cancer therapeutics. J. Hematol. Oncol. 2019, 12, 92. [CrossRef]
[PubMed]

10. Hellmann, M.D.; Paz-Ares, L.; Bernabe Caro, R.; Zurawski, B.; Kim, S.W.; Carcereny Costa, E.; Park, K.; Alexandru, A.; Lupinacci,
L.; de la Mora Jimenez, E.; et al. Nivolumab plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2019,
381, 2020–2031. [CrossRef] [PubMed]

11. Brahmer, J.R.; Tykodi, S.S.; Chow, L.Q.; Hwu, W.J.; Topalian, S.L.; Hwu, P.; Drake, C.G.; Camacho, L.H.; Kauh, J.; Odunsi, K.; et al.
Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N. Engl. J. Med. 2012, 366, 2455–2465. [CrossRef]

12. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2019,
381, 1535–1546. [CrossRef] [PubMed]

13. Incorvaia, L.; Fanale, D.; Badalamenti, G.; Barraco, N.; Bono, M.; Corsini, L.R.; Galvano, A.; Gristina, V.; Listi, A.; Vieni, S.;
et al. Programmed Death Ligand 1 (PD-L1) as a Predictive Biomarker for Pembrolizumab Therapy in Patients with Advanced
Non-Small-Cell Lung Cancer (NSCLC). Adv. Ther. 2019, 36, 2600–2617. [CrossRef]

14. Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csoszi, T.; Fulop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833.
[CrossRef]

15. Taube, J.M.; Klein, A.; Brahmer, J.R.; Xu, H.; Pan, X.; Kim, J.H.; Chen, L.; Pardoll, D.M.; Topalian, S.L.; Anders, R.A. Association of
PD-1, PD-1 ligands, and other features of the tumor immune microenvironment with response to anti-PD-1 therapy. Clin. Cancer
Res. 2014, 20, 5064–5074. [CrossRef] [PubMed]

16. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Cowey, C.L.; Lao, C.D.; Schadendorf, D.; Dummer, R.; Smylie, M.;
Rutkowski, P.; et al. Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma. N. Engl. J. Med. 2015, 373,
23–34. [CrossRef]

17. Udall, M.; Rizzo, M.; Kenny, J.; Doherty, J.; Dahm, S.; Robbins, P.; Faulkner, E. PD-L1 diagnostic tests: A systematic literature
review of scoring algorithms and test-validation metrics. Diagn. Pathol. 2018, 13, 12. [CrossRef]

18. Neyaz, A.; Husain, N.; Kumari, S.; Gupta, S.; Shukla, S.; Arshad, S.; Anand, N.; Chaturvedi, A. Clinical relevance of PD-L1
expression in gallbladder cancer: A potential target for therapy. Histopathology 2018, 73, 622–633. [CrossRef] [PubMed]

19. Lin, J.; Long, J.; Wan, X.; Chen, J.; Bai, Y.; Wang, A.; Yang, X.; Wu, Y.; Robson, S.C.; Sang, X.; et al. Classification of gallbladder
cancer by assessment of CD8(+) TIL and PD-L1 expression. BMC Cancer 2018, 18, 766. [CrossRef]

20. Kim, J.H.; Kim, K.; Kim, M.; Kim, Y.M.; Suh, J.H.; Cha, H.J.; Choi, H.J. Programmed death-ligand 1 expression and its correlation
with clinicopathological parameters in gallbladder cancer. J. Pathol. Transl. Med. 2020, 54, 154–164. [CrossRef] [PubMed]

21. Rawla, P.; Sunkara, T.; Thandra, K.C.; Barsouk, A. Epidemiology of gallbladder cancer. Clin. Exp. Hepatol. 2019, 5, 93–102.
[CrossRef]

22. Albrecht, T.; Rausch, M.; Roessler, S.; Geissler, V.; Albrecht, M.; Halske, C.; Seifert, C.; Renner, M.; Singer, S.; Mehrabi, A.; et al.
HER2 gene (ERBB2) amplification is a low-frequency driver with potential predictive value in gallbladder carcinoma. Virchows
Arch. 2020, 476, 871–880. [CrossRef] [PubMed]

23. Goeppert, B.; Frauenschuh, L.; Zucknick, M.; Roessler, S.; Mehrabi, A.; Hafezi, M.; Stenzinger, A.; Warth, A.; Pathil, A.; Renner,
M.; et al. Major histocompatibility complex class I expression impacts on patient survival and type and density of immune cells
in biliary tract cancer. Br. J. Cancer 2015, 113, 1343–1349. [CrossRef] [PubMed]

24. Goeppert, B.; Roessler, S.; Renner, M.; Loeffler, M.; Singer, S.; Rausch, M.; Albrecht, T.; Mehrabi, A.; Vogel, M.N.; Pathil, A.; et al.
Low frequency of mismatch repair deficiency in gallbladder cancer. Diagn. Pathol. 2019, 14, 36. [CrossRef]

25. Schildhaus, H.U. Predictive value of PD-L1 diagnostics. Pathologe 2018, 39, 498–519. [CrossRef] [PubMed]
26. Nakamura, S.; Hayashi, K.; Imaoka, Y.; Kitamura, Y.; Akazawa, Y.; Tabata, K.; Groen, R.; Tsuchiya, T.; Yamasaki, N.; Nagayasu, T.;

et al. Intratumoral heterogeneity of programmed cell death ligand-1 expression is common in lung cancer. PLoS ONE 2017, 12,
e0186192. [CrossRef] [PubMed]

27. Rasmussen, J.H.; Lelkaitis, G.; Hakansson, K.; Vogelius, I.R.; Johannesen, H.H.; Fischer, B.M.; Bentzen, S.M.; Specht, L.; Kristensen,
C.A.; von Buchwald, C.; et al. Intratumor heterogeneity of PD-L1 expression in head and neck squamous cell carcinoma. Br. J.
Cancer 2019, 120, 1003–1006. [CrossRef]

28. Padmanabhan, R.; Kheraldine, H.S.; Meskin, N.; Vranic, S.; Al Moustafa, A.E. Crosstalk between HER2 and PD-1/PD-L1 in Breast
Cancer: From Clinical Applications to Mathematical Models. Cancers 2020, 12, 636. [CrossRef] [PubMed]

29. Kakavand, H.; Vilain, R.E.; Wilmott, J.S.; Burke, H.; Yearley, J.H.; Thompson, J.F.; Hersey, P.; Long, G.V.; Scolyer, R.A. Tumor
PD-L1 expression, immune cell correlates and PD-1+ lymphocytes in sentinel lymph node melanoma metastases. Mod. Pathol.
2015, 28, 1535–1544. [CrossRef]

http://doi.org/10.3389/fphar.2017.00561
http://www.ncbi.nlm.nih.gov/pubmed/28878676
http://doi.org/10.1126/scitranslmed.aad7118
http://www.ncbi.nlm.nih.gov/pubmed/26936508
http://doi.org/10.1186/s13045-019-0779-5
http://www.ncbi.nlm.nih.gov/pubmed/31488176
http://doi.org/10.1056/NEJMoa1910231
http://www.ncbi.nlm.nih.gov/pubmed/31562796
http://doi.org/10.1056/NEJMoa1200694
http://doi.org/10.1056/NEJMoa1910836
http://www.ncbi.nlm.nih.gov/pubmed/31562797
http://doi.org/10.1007/s12325-019-01057-7
http://doi.org/10.1056/NEJMoa1606774
http://doi.org/10.1158/1078-0432.CCR-13-3271
http://www.ncbi.nlm.nih.gov/pubmed/24714771
http://doi.org/10.1056/NEJMoa1504030
http://doi.org/10.1186/s13000-018-0689-9
http://doi.org/10.1111/his.13669
http://www.ncbi.nlm.nih.gov/pubmed/29882997
http://doi.org/10.1186/s12885-018-4651-8
http://doi.org/10.4132/jptm.2019.11.13
http://www.ncbi.nlm.nih.gov/pubmed/32028754
http://doi.org/10.5114/ceh.2019.85166
http://doi.org/10.1007/s00428-019-02706-6
http://www.ncbi.nlm.nih.gov/pubmed/31838585
http://doi.org/10.1038/bjc.2015.337
http://www.ncbi.nlm.nih.gov/pubmed/26461054
http://doi.org/10.1186/s13000-019-0813-5
http://doi.org/10.1007/s00292-018-0507-x
http://www.ncbi.nlm.nih.gov/pubmed/30367225
http://doi.org/10.1371/journal.pone.0186192
http://www.ncbi.nlm.nih.gov/pubmed/29049375
http://doi.org/10.1038/s41416-019-0449-y
http://doi.org/10.3390/cancers12030636
http://www.ncbi.nlm.nih.gov/pubmed/32164163
http://doi.org/10.1038/modpathol.2015.110


Cancers 2021, 13, 1682 17 of 18

30. Obeid, J.M.; Erdag, G.; Smolkin, M.E.; Deacon, D.H.; Patterson, J.W.; Chen, L.; Bullock, T.N.; Slingluff, C.L. PD-L1, PD-L2 and
PD-1 expression in metastatic melanoma: Correlation with tumor-infiltrating immune cells and clinical outcome. Oncoimmunology
2016, 5, e1235107. [CrossRef]

31. Liu, L.; You, X.; Han, S.; Sun, Y.; Zhang, J.; Zhang, Y. CD155/TIGIT, a novel immune checkpoint in human cancers (Review).
Oncol. Rep. 2021, 45, 835–845. [CrossRef] [PubMed]

32. Zhang, C.; Wang, Y.; Xun, X.; Wang, S.; Xiang, X.; Hu, S.; Cheng, Q.; Guo, J.; Li, Z.; Zhu, J. TIGIT Can Exert Immunosuppressive
Effects on CD8+ T Cells by the CD155/TIGIT Signaling Pathway for Hepatocellular Carcinoma In Vitro. J. Immunother. 2020, 43,
236–243. [CrossRef] [PubMed]

33. Bang, Y.-J.; Ueno, M.; Malka, D.; Chung, H.C.; Nagrial, A.; Kelley, R.K.; Piha-Paul, S.A.; Ros, W.; Italiano, A.; Nakagawa, K.; et al.
Pembrolizumab (pembro) for advanced biliary adenocarcinoma: Results from the KEYNOTE-028 (KN028) and KEYNOTE-158
(KN158) basket studies. J. Clin. Oncol. 2019, 37, 4079. [CrossRef]

34. Ueno, M.; Ikeda, M.; Morizane, C.; Kobayashi, S.; Ohno, I.; Kondo, S.; Okano, N.; Kimura, K.; Asada, S.; Namba, Y.; et al.
Nivolumab alone or in combination with cisplatin plus gemcitabine in Japanese patients with unresectable or recurrent biliary
tract cancer: A non-randomised, multicentre, open-label, phase 1 study. Lancet Gastroenterol. Hepatol. 2019, 4, 611–621. [CrossRef]

35. Ioka, T.; Ueno, M.; Oh, D.-Y.; Fujiwara, Y.; Chen, J.-S.; Doki, Y.; Mizuno, N.; Park, K.; Asagi, A.; Hayama, M.; et al. Evaluation of
safety and tolerability of durvalumab (D) with or without tremelimumab (T) in patients (pts) with biliary tract cancer (BTC). J.
Clin. Oncol. 2019, 37, 387. [CrossRef]

36. Yoo, C.; Oh, D.-Y.; Choi, H.J.; Kudo, M.; Ueno, M.; Kondo, S.; Chen, L.-T.; Osada, M.; Helwig, C.; Dussault, I.; et al. AB053.
P-21. M7824 (MSB0011359C), a bifunctional fusion protein targeting transforming growth factor β (TGF-β) and PD-L1, in Asian
patients with pretreated biliary tract cancer (BTC): Efficacy by BTC subtype. Hepatobiliary Surg. Nutr. 2019, 8, AB053. [CrossRef]

37. Fujiwara, Y.; Koyama, T.; Helwig, C.; Watanabe, M.; Doi, T. M7824 (MSB0011359C), a bifunctional fusion protein targeting PD-L1
and TGF-β, in Asian patients with advanced solid tumors. J. Clin. Oncol. 2018, 36, 762. [CrossRef]

38. Kim, R.D.; Kim, D.W.; Alese, O.B.; Li, D.; Shah, N.; Schell, M.J.; Zhou, J.M.; Chung, V. A phase II study of nivolumab in patients
with advanced refractory biliary tract cancers (BTC). J. Clin. Oncol. 2019, 37, 4097. [CrossRef]

39. Kong, W.; Wei, J.; Liu, J.; Qiu, Y.; Shi, J.; He, J.; Su, M.; Xiao, M.; Liu, B. Significant benefit of nivolumab combining radiotherapy
in metastatic gallbladder cancer patient with strong PD-L1 expression: A case report. Onco. Targets Ther. 2019, 12, 5389–5393.
[CrossRef]

40. Li, X.; Xian, Q.; Yan, H.; Lu, L.; Wang, Q.; Zhu, D.; Wu, J. PD-L1 for gallbladder cancer: Case report. Transl. Cancer Res. 2020, 9,
3742–3749. [CrossRef]

41. Yi, M.; Jiao, D.; Xu, H.; Liu, Q.; Zhao, W.; Han, X.; Wu, K. Biomarkers for predicting efficacy of PD-1/PD-L1 inhibitors. Mol.
Cancer 2018, 17, 129. [CrossRef] [PubMed]

42. Liu, Y.; Zugazagoitia, J.; Ahmed, F.S.; Henick, B.S.; Gettinger, S.N.; Herbst, R.S.; Schalper, K.A.; Rimm, D.L. Immune Cell PD-L1
Colocalizes with Macrophages and Is Associated with Outcome in PD-1 Pathway Blockade Therapy. Clin. Cancer Res. 2020, 26,
970–977. [CrossRef] [PubMed]

43. Tseng, Y.H.; Ho, H.L.; Lai, C.R.; Luo, Y.H.; Tseng, Y.C.; Whang-Peng, J.; Lin, Y.H.; Chou, T.Y.; Chen, Y.M. PD-L1 Expression of
Tumor Cells, Macrophages, and Immune Cells in Non-Small Cell Lung Cancer Patients with Malignant Pleural Effusion. J. Thorac.
Oncol. 2018, 13, 447–453. [CrossRef] [PubMed]

44. Chen, S.; Crabill, G.A.; Pritchard, T.S.; McMiller, T.L.; Wei, P.; Pardoll, D.M.; Pan, F.; Topalian, S.L. Mechanisms regulating PD-L1
expression on tumor and immune cells. J. Immunother. Cancer 2019, 7, 305. [CrossRef] [PubMed]

45. Czink, E.; Heining, C.; Weber, T.F.; Lasitschka, F.; Schemmer, P.; Schirmacher, P.; Weiss, K.; Glimm, H.; Brors, B.; Weichert, W.; et al.
Dauerhafte Remission unter dualer HER2-Blockade mit Trastuzumab und Pertuzumab bei metastasiertem Gallenblasenkarzinom.
Z. Gastroenterol. 2016, 54, 426–430. [CrossRef]

46. Perea, F.; Sanchez-Palencia, A.; Gomez-Morales, M.; Bernal, M.; Concha, A.; Garcia, M.M.; Gonzalez-Ramirez, A.R.; Kerick, M.;
Martin, J.; Garrido, F.; et al. HLA class I loss and PD-L1 expression in lung cancer: Impact on T-cell infiltration and immune
escape. Oncotarget 2018, 9, 4120–4133. [CrossRef]

47. Aust, S.; Felix, S.; Auer, K.; Bachmayr-Heyda, A.; Kenner, L.; Dekan, S.; Meier, S.M.; Gerner, C.; Grimm, C.; Pils, D. Absence of
PD-L1 on tumor cells is associated with reduced MHC I expression and PD-L1 expression increases in recurrent serous ovarian
cancer. Sci. Rep. 2017, 7, 42929. [CrossRef]

48. Thompson, E.D.; Zahurak, M.; Murphy, A.; Cornish, T.; Cuka, N.; Abdelfatah, E.; Yang, S.; Duncan, M.; Ahuja, N.; Taube, J.M.;
et al. Patterns of PD-L1 expression and CD8 T cell infiltration in gastric adenocarcinomas and associated immune stroma. Gut
2017, 66, 794–801. [CrossRef]

49. Loeffler, M.A.; Hu, J.; Kirchner, M.; Wei, X.; Xiao, Y.; Albrecht, T.; De La Torre, C.; Sticht, C.; Banales, J.M.; Vogel, M.N.;
et al. miRNA profiling of biliary intraepithelial neoplasia reveals stepwise tumorigenesis in distal cholangiocarcinoma via the
miR-451a/ATF2 axis. J. Pathol. 2020, 252, 239–251. [CrossRef]

50. Qin, S.; Xu, L.; Yi, M.; Yu, S.; Wu, K.; Luo, S. Novel immune checkpoint targets: Moving beyond PD-1 and CTLA-4. Mol. Cancer
2019, 18, 155. [CrossRef]

51. Chauvin, J.M.; Zarour, H.M. TIGIT in cancer immunotherapy. J. Immunother. Cancer 2020, 8. [CrossRef] [PubMed]
52. Caruso, C. Tiragolumab Impresses in Multiple Trials. Cancer Discov. 2020, 10, 1086–1087. [CrossRef]

http://doi.org/10.1080/2162402X.2016.1235107
http://doi.org/10.3892/or.2021.7943
http://www.ncbi.nlm.nih.gov/pubmed/33469677
http://doi.org/10.1097/CJI.0000000000000330
http://www.ncbi.nlm.nih.gov/pubmed/32804915
http://doi.org/10.1200/JCO.2019.37.15_suppl.4079
http://doi.org/10.1016/S2468-1253(19)30086-X
http://doi.org/10.1200/JCO.2019.37.4_suppl.387
http://doi.org/10.21037/hbsn.2019.AB053
http://doi.org/10.1200/JCO.2018.36.4_suppl.762
http://doi.org/10.1200/JCO.2019.37.15_suppl.4097
http://doi.org/10.2147/OTT.S208926
http://doi.org/10.21037/tcr.2020.04.25
http://doi.org/10.1186/s12943-018-0864-3
http://www.ncbi.nlm.nih.gov/pubmed/30139382
http://doi.org/10.1158/1078-0432.CCR-19-1040
http://www.ncbi.nlm.nih.gov/pubmed/31615933
http://doi.org/10.1016/j.jtho.2017.10.034
http://www.ncbi.nlm.nih.gov/pubmed/29246835
http://doi.org/10.1186/s40425-019-0770-2
http://www.ncbi.nlm.nih.gov/pubmed/31730010
http://doi.org/10.1055/s-0042-103498
http://doi.org/10.18632/oncotarget.23469
http://doi.org/10.1038/srep42929
http://doi.org/10.1136/gutjnl-2015-310839
http://doi.org/10.1002/path.5514
http://doi.org/10.1186/s12943-019-1091-2
http://doi.org/10.1136/jitc-2020-000957
http://www.ncbi.nlm.nih.gov/pubmed/32900861
http://doi.org/10.1158/2159-8290.CD-NB2020-063


Cancers 2021, 13, 1682 18 of 18

53. Houssaini, M.S.; Damou, M.; Ismaili, N. Advances in the management of non-small cell lung cancer (NSCLC): A new practice
changing data from asco 2020 annual meeting. Cancer Treat. Res. Commun. 2020, 25, 100239. [CrossRef] [PubMed]

54. Wu, L.; Mao, L.; Liu, J.F.; Chen, L.; Yu, G.T.; Yang, L.L.; Wu, H.; Bu, L.L.; Kulkarni, A.B.; Zhang, W.F.; et al. Blockade of
TIGIT/CD155 Signaling Reverses T-cell Exhaustion and Enhances Antitumor Capability in Head and Neck Squamous Cell
Carcinoma. Cancer Immunol. Res. 2019, 7, 1700–1713. [CrossRef]

55. Chauvin, J.M.; Pagliano, O.; Fourcade, J.; Sun, Z.; Wang, H.; Sander, C.; Kirkwood, J.M.; Chen, T.H.; Maurer, M.; Korman, A.J.;
et al. TIGIT and PD-1 impair tumor antigen-specific CD8(+) T cells in melanoma patients. J. Clin. Investig. 2015, 125, 2046–2058.
[CrossRef] [PubMed]

56. Sauter, G. Representativity of TMA studies. Methods Mol. Biol. 2010, 664, 27–35. [CrossRef]
57. Lin, F.; Prichard, J. Handbook of Practical Immunohistochemistry: Frequently Asked Questions; Springer: Berlin/Heidelberg, Germany,

2015.

http://doi.org/10.1016/j.ctarc.2020.100239
http://www.ncbi.nlm.nih.gov/pubmed/33271494
http://doi.org/10.1158/2326-6066.CIR-18-0725
http://doi.org/10.1172/JCI80445
http://www.ncbi.nlm.nih.gov/pubmed/25866972
http://doi.org/10.1007/978-1-60761-806-5_3

	Introduction 
	Materials and Methods 
	Clinicopathological Cohort Characteristics 
	Tissue Microarray and Immunohistochemistry 
	PD-L1 Evaluation 
	Evaluation of CD4, CD8, PD-1, TIGIT and CD155 
	Statistical Analysis 

	Results 
	PD-L1 Expression in Gallbladder Cancer 
	PD-L1 Expression in High-Grade Biliary Intraepithelial Neoplasia 
	Correlation of PD-L1 Expression with Clinicopathological Criteria 
	Correlation of PD-L1 Expression with MHC I Expression and HER2 Amplification 
	High Tumoral PD-L1 Expression Is Associated with Worse Survival 
	PD-L1 Expression Is Associated with Increased CD4+-, CD8+- and PD-1+ Immune Cell Densities 
	Expression of the Inhibitory Immune Receptor TIGIT and Its Ligand CD155 
	CD155 Is a Negative Prognosticator in Western-World Gallbladder Cancer 

	Discussion 
	Conclusions 
	References

