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Background: The programmed cell death protein 1 (PD-1)/programmed cell death ligand 1 (PD-L1)
pathway is a potent negative regulator of T-cell-mediated immune response that is upregulated in many
neoplasms. Pancreaticobiliary adenosquamous carcinoma (PB-ASC) is an aggressive cancer that carries a
poorer prognosis compared with pure pancreaticobiliary adenocarcinoma (PB-AC). To date, there is little
published information regarding PD-L1 expression in PB-ASC. The aim of the study was to examine the
relationship between PD-L1 expression and tumor-infiltrating lymphocytes in PB-ASC and PB-AC.
Methods: We evaluated 15 PB-ASCs (10 pancreatic, 5 gallbladder) and 34 control PB-ACs (22 pancreatic
ductal, and 12 gallbladder) for tumor expression of PD-L1 using anti-PD-L1 (E1L3N) antibody. All tumors
were classified into three immune phenotypes: immune inflamed (II), immune excluded (IE), and immune
desert (ID) according to the distribution of tumor-infiltrating lymphocytes in tumor tissues.

Results: The frequency of PD-L1 expression was significantly higher in PB-ASC (10/15; 66.7%) than in
PB-AC (3/34; 8.8%). In PB-ASC, PD-L1 expression occurred exclusively in the squamous component in
six cases, exclusively in the glandular component in one case, and in both the squamous and the glandular
components in three cases. PD-L1 expression in PB-ASC was irrespective of the tumor immune status,
whereas its expression in PB-AC was observed only in tumors with the II or IE phenotype. The ID
phenotype was relatively rare (4/15; 26.7%) in PB-ASC compared with PB-AC (22/34; 65%; P=0.02).
Conclusions: PB-ASCs are notably enriched in inflammatory response and showed significantly higher
PD-L1 expression than PB-AC (P<0.001), suggesting a potential therapeutic role for immune checkpoint
inhibitors in managing patients with PB-ASC.
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Introduction

Adenosquamous carcinoma (ASC) of the pancreaticobiliary
tract (PB-ASC) is a rare subgroup of pancreatic and biliary
ductal carcinomas estimated to constitute less than 5%
of all pancreaticobiliary malignancies (1,2). Pancreatic
ASC is associated with more aggressive clinical and
histopathological features compared with pancreatic
adenocarcinoma (AC), including poorer differentiation,
larger tumor size, and higher rates of node-positive disease
(3,4). Among patients who undergo resection, those with
pancreatic ASC have a poorer prognosis than those with
pancreatic AC, with a median survival of 4-6 months in
the former group (2,3). Similarly, ASC of the gallbladder
portends worse outcomes than AC of the gallbladder (5-7).
In a study of 606 cases of resected invasive gallbladder
carcinoma, patients with ASC (n=34) were more likely to
have advanced stage (> pT2) and significantly worsened
survival outcomes (median survival 11.4 months) compared
to those with AC (5). Notably, cases of ASC were often
characterized by an abundance of pleomorphic tumor giant
cells and tumor-infiltrating eosinophils. Additional studies
have further shown that ASC of the extrahepatic bile duct
is also regarded as an aggressive tumor with a less favorable
prognosis (median survival 6-13 months) than AC of the
extrahepatic bile duct (6,7). The poor survival of patients
with ASC of the extrahepatic bile duct may be due in part
to the association of the disease with aggressive pathological
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survival outcomes.
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¢ Relatively high expression of PD-L1 by PB-ASC tumor cells
suggests a potential therapeutic role for immune checkpoint
inhibitors in managing patients with PB-ASC.
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features including: deeper and more frequent duodenal
and pancreatic invasion, increased node-positive disease,
and higher disease stage at diagnosis (6-8). Even with the
knowledge that ASC arising in the pancreaticobiliary tree
portends worsened clinical outcomes than AC arising in
the same organs, there is little difference in the clinical
management of these patients. Rather, the overall rarity of
pancreaticobiliary ASC and the scarcity of reported cases
continues to hamper our understanding of the clinical,
pathologic, and prognostic characteristics of this disease.

The programmed cell death protein 1 (PD-1)/
programmed cell death ligand 1 (PD-L1) pathway plays
a critical role in physiologic inhibition and modulation
of the immune response in normal tissue (9-12). PD-L1
is a transmembrane protein expressed on the surface of
T-lymphocytes (T-cells), B-lymphocytes, and antigen-
presenting cells, and a variety of non-lymphoid tissues.
Ligand binding of PD-L1 with PD-1 expressed on cytotoxic
T-cells and other immune cells elicits signals that mediate
immune tolerance by inhibiting cytotoxic T-cell activity
and proliferation while simultaneously reducing apoptosis
of regulatory T-cells (9,10,12). It is well-established
that PD-1 and its ligand PD-L1 induce immunogenic
tolerance in solid and hematological malignancies, where
increased levels of tumor-expressed PD-L1 influence the
immune response and is a key determinant of checkpoint-
immunotherapy efficacy (13-15).

In recent studies of non-small cell lung cancers, PD-L1
expression tended to be higher in squamous cell carcinomas
and ASCs than in ACs (16,17). Likewise, PD-L1 expression
in lung cancers was significantly higher in the squamous
component of ASCs than in the glandular component
(18-20). Such increases in PD-L1 expression within the
squamous component likely provides these lung cancer cells
with an improved means of escaping immune surveillance
than tumor cells comprising the glandular component.
Similar studies of PD-L1 expression in PB-ASC remain
limited and contradictory. Whereas one study found no
significant differences in the frequencies or patterns of PD-
L1 expression between ASC and AC (21), several others
have shown a positive association between PD-L1 and
the ASC phenotype (22,23). Notably, increased PD-L1
expression among cases of pancreatic ASC than AC, appears
to be largely confined to the squamous component of the
ASCs (22,23). Likewise, in gallbladder carcinomas, PD-
L1 expression appears more often within the squamous
component (24); however, no studies, to date, have
examined PD-L1 expression in ASC of the bile duct.
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Table 1 Antibodies used in the study and their specifications

Ward et al. PD-L1 status in PB-ASC

Antibody Clone Cat number, source

Primary

Protocol
incubation time

Dilution

CD3 LN10 PA0553, Leica (Deer Park, IL, USA)
CD8 4B11 PAO0183, Leica (Deer Park, IL, USA)
CK5/6 D5/16B4 356M-14, Cell Marque (Rocklin, CA, USA)

P63 BC4A4
PD-L1 E1L3N

PM163AA, Biocare Medical (Pacheco, CA, USA)
13684, Cell Signaling Technology (Danvers, MA, USA) 1:50

Prediluted 15 min Bond-Epitope Retrieval Solution 2

Prediluted 15 min Bond-Epitope Retrieval Solution 2
1:100 60 min Bond-Epitope Retrieval Solution 1
Prediluted 15 min Bond-Epitope Retrieval Solution 2

60 min Bond-Epitope Retrieval Solution 1

PD-L1, programmed cell death ligand 1.

Despite the highly aggressive phenotype and dismal
survival associated with PB-ASC, the overall rarity of
this disease has limited our ability to differentially treat it
from more common AC. To address the urgent and unmet
need to develop effective therapeutic strategies against
this peculiar subtype of pancreaticobiliary carcinoma, the
present study sought to examine PD-L1 expression in
relation to tumor-infiltrating lymphocytes (TILs) in PB-
ASC and conventional pancreaticobiliary AC (PB-AC).
We present this article in accordance with the STROBE
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-24-9/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
conducted following Institutional Review Board approval,
in the Department of Pathology at the University of North
Carolina at Chapel Hill (IRB No. 19-1862). Because of the
retrospective nature of the study involving only existing
data and human biological specimens, the requirement for
informed consent was waived.

Patient and tissue selection

Following a retrospective search of the electronic medical
record, this study included 15 patients with PB-ASC (10
pancreatic, 5 gallbladder) and 34 control patients with PB-
AC (22 pancreatic ductal, 12 gallbladder) diagnosed between
January 1, 2000 and June 1, 2019 at a single university
hospital (University of North Carolina at Chapel Hill).
No cases of intrahepatic or extrahepatic bile-duct ASC
were found in our record and thus, biliary tract carcinomas
in this study are virtually limited to gallbladder lesions.

© Journal of Gastrointestinal Oncology. All rights reserved.

Resection specimens were available for 11 of the PB-ASC
cases (6 pancreatic, 5 gallbladder), whereas fine needle
biopsy (FNB) or fine needle aspiration (FNA) specimens
were available for the other four cases of pancreatic ASC.
Resection specimens were available for all of the control
PB-AC cases. Histological slides of all cases were reviewed
by two pathologists (M.F. and E.S.) who confirmed the
diagnosis of PB-ASC or PB-AC. Mucicarmine staining
and/or immunohistochemical (IHC) staining for p63 and
CKS5/6 was utilized to confirm the diagnosis of PB-ASC
in cases where glandular or squamous differentiation was
equivocal on routine histology. One or two representative
tissue blocks from each case were used for further analysis.
All tissue blocks obtained had sufficient tissue for additional
THC studies.

Immunobistochemistry

Chromogenic IHC was performed on formalin-fixed
and paraffin-embedded (FFPE) tissue sections (5-pm
thickness) using the Leica Bond III Autostainer system
(Leica Biosystems, Deer Park, IL, USA) following the
manufacturer’s instructions (25). The details of the primary
antibodies used, their dilutions, and the procedure for
antigen retrieval are summarized in 7able 1. Slides were
deparaffinized in Bond Dewax solution (Leica, AR9222) and
hydrated in Bond Wash solution (Leica, AR9590). Heat-
induced antigen retrieval was performed at 100 °C in either
Bond-Epitope Retrieval Solution 1 pH 6.0 (Leica, AR9961)
or Bond-Epitope Retrieval Solution 2 pH 9.0 (Leica,
AR9640). Antigen retrieval was followed by a 5-minute
peroxide blocking step (IPB5000L, Biocare Medical,
Pacheco, CA, USA), after which slides were incubated with
the primary antibody followed by Leica Post Primary and
Novolink Polymer (Leica, RE7260-CE) secondary reagents.
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Antibody detection with 3,3'-diaminobenzidine (DAB)
and hematoxylin counterstain was performed using the
Bond Intense R detection system (Leica, DS9263). Stained
slides were dehydrated and coverslipped with Cytoseal
60 (23-244256, Fisher Scientific, Pittsburgh, PA, USA).
Appropriate positive controls were used for each assay.

Microscopic evaluation

In addition to histologic confirmation of the diagnosis,
all tumors were classified into the following three
immune phenotypes based on routine histology: (I)
immune inflamed (II), characterized by the presence of
abundant lymphocytes in the tumor parenchyma; (II)
immune excluded (IE), characterized by the presence of
abundant lymphocytes in the stroma, but not in the tumor
parenchyma; and (III) immune desert (ID), characterized
by a paucity of lymphocytes in both the tumor parenchyma
and the stroma. In cases of the II phenotype, the presence
of abundant CD8-positive T-cells in the tumor parenchyma
was confirmed by IHC staining for CD3 and CDS8.

IHC staining for PD-L1 was independently evaluated
by three individuals (J.D.W., M.F., and E.S.) who
each interpreted the IHC expression of PD-L1 semi-
quantitatively using a tumor proportion score (TPS), which
is the percentage of viable tumor cells showing partial or
complete clear membranous staining (26,27). Background
cytoplasmic staining and staining of normal cells, necrotic
cells, and cellular debris were not counted. Controls were
considered appropriate if at least 70% of the stained cells
contained convincing membrane staining above background
noise. No PD-L1 expression was reported for <1% of
viable tumor cells, whereas low PD-L1 expression was
reported for 1-49% of viable tumor cells, and high PD-L1
expression was reported for >50% of viable tumor cells. At
least 100 viable tumor cells were evaluated for the presence
or absence of PD-L1 staining in each specimen. For the
PB-ASC specimens, TPS was determined separately in
the AC and squamous components in areas where the
two components were clearly distinguishable. The overall
expression status of PD-L1 was compared between PB-
ASCs and ACs.

Statistical analysis

Fisher’s exact test and nonparametric Mann-Whitney
U test were performed as appropriate using GraphPad
Prism version 9.3.1 (GraphPad Software, Boston,
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Massachusetts, USA). P values <0.05 were considered
significant.

Results

Clinicopathologic data is summarized in 7able 2. A total of
15 PB-ASC cases (10 pancreatic, 5 gallbladder) and 34 PB-
AC cases (22 pancreatic, 12 gallbladder) were identified.
The mean age at the time of diagnosis was 65 years (range,
44-92 years). Of the 15 PB-ASC cases, 9 (60%) were male
and 6 (40%) were female. Among the 34 PB-AC control
cases, 12 (35%) were male and 22 (65%) were female.
Demographic characteristics (age, sex) were not statistically
different in patients with PB-ASC and those with PB-AC.

The IHC results for PD-L1 and cancer-immune
phenotypes are summarized in 7able 2. PD-L1 was expressed
in 10 of 15 (66.7%) PB-ASCs compared with 3 of 34 (8.8%)
control PB-ACs (P<0.001; Figure I). The histologic findings
of representative cases are shown in Figures 2,3. There was
no significant difference in PD-L1 expression between PB-
ASCs of pancreatic origin and PB-ASCs of gallbladder
origin. In a subpopulation analysis of the ten PB-ASCs
with PD-L1 expression, PD-L1 expression was exclusive
to the squamous component in six cases, exclusive to the
glandular component in one case, and observed in both
the squamous component and the glandular component in
three cases. There was no significant association between
PD-L1 positivity and tumor component (squamous vs.
glandular) among the PB-ASCs (P>0.99). Similarly, among
the control PB-ACs, there was no significant difference in
PD-L1 positivity between ACs of pancreatic origin and ACs
of gallbladder origin (P>0.99).

Next, we compared the tumor immune phenotypes
between PB-ASC and PB-AC (Table 2 and Figure 4). The
II phenotype was present in 2 of 15 (13.3%) PB-ASCs
compared with 1 of 34 (2.9%) control PB-ACs, with no
significant difference between the two groups (P=0.21).
Similarly, the IE phenotype was present in 9 of 15 (60%)
PB-ASCs compared with 11 of 34 (32.4%) PB-ACs, with no
significant difference between the two groups (P=0.11). By
contrast, the ID phenotype was less common in PB-ASC (4
of 15; 26.7%) than in PB-AC (22 of 34; 64.7%; P=0.02).

In our series, carcinomas with the II phenotype were
rare, and all of them (2 PB-ASCs and 1 PB-AC) were
positive for PD-L1. Among the carcinomas with the IE
phenotype, PD-L1 expression was observed in 6 of 9
(66.7%) PB-ASCs and 2 of 11 (18.2%) PB-ACs, with no
significant difference between the two groups. By contrast,
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Table 2 Expression of PD-L1 in patients with pancreaticobiliary ASC and AC

Case No. Age Sex Tissue Histologic type PD-L1TPS Cancer-immune
(years) Source Type [% of SC] AC [%] SC [%] phenotype
1 72 F Panc FNB ASC [80] Low [5] 0 IE
2 78 M Panc FNB ASC [50] 0 0 ID
3 67 M Panc FNB ASC [60] 0 Low [30] ID
4 69 M Panc FNA ASC [90] 0 0 IE
5 65 F Panc Resection ASC [50] Low [1] Low [30] IE
6 52 M Panc Resection ASC [60] 0 0 IE
7 72 M Panc Resection ASC [80] 0 Low [5] IE
8 46 M Panc Resection ASC [40] High [60] High [60] Il
9 46 M Panc Resection ASC [25] 0 High [60] IE
10 70 F Panc Resection ASC [40] Low [20] Low [30] ID
11 60 F Gb Resection ASC [60] 0 Low [20] IE
12 67 F Gb Resection ASC [80] 0 Low [10] IE
13 92 M Gb Resection ASC [60] 0 0 IE
14 58 F Gb Resection ASC [30] 0 0 ID
15 50 M Gb Resection ASC [40] 0 High [60] Il
16 46 M Panc Resection AC [0] 0 NA ID
17 57 F Panc Resection AC [0] High [60] NA IE
18 78 F Panc Resection AC [0] 0 NA IE
19 69 F Panc Resection AC [0] 0 NA ID
20 50 M Panc Resection AC [0] 0 NA IE
21 44 M Panc Resection AC [0] 0 NA ID
22 53 M Panc Resection AC [0] 0 NA ID
23 74 M Panc Resection AC [0] 0 NA ID
24 65 F Panc Resection AC [0] 0 NA ID
25 60 M Panc Resection AC [0] 0 NA ID
26 75 F Panc Resection AC [0] 0 NA ID
27 71 F Panc Resection AC [0] 0 NA ID
28 62 F Panc Resection AC [0] Low [30] NA IE
29 66 M Panc Resection AC [0] 0 NA ID
30 61 F Panc Resection AC [0] 0 NA ID
31 75 F Panc Resection AC [0] 0 NA ID
32 64 F Panc Resection AC [0] 0 NA ID
33 53 M Panc Resection AC [0] 0 NA ID
34 72 F Panc Resection AC [0] 0 NA ID

Table 2 (continued)
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Table 2 (continued)

773

Tissue i i PD-L1 TPS i
cmato, N s T e TP e
35 75 M Panc Resection AC [0] 0 NA ID
36 77 M Panc Resection AC [0] 0 NA ID
37 70 F Panc Resection AC [0] 0 NA IE
38 64 F Gb Resection AC [0] 0 NA ID
39 70 F Gb Resection AC [0] 0 NA IE
40 74 F Gb Resection AC [0] Low [30] NA Il
41 58 F Gb Resection AC [0] 0 NA IE
42 70 F Gb Resection AC [0] 0 NA ID
43 54 F Gb Resection AC [0] 0 NA ID
44 74 F Gb Resection AC [0] 0 NA IE
45 86 F Gb Resection AC [0] 0 NA ID
46 50 M Gb Resection AC [0] 0 NA IE
47 61 F Gb Resection AC [0] 0 NA IE
48 78 M Gb Resection AC [0] 0 NA ID
49 74 F Gb Resection AC [0] 0 NA IE

PD-L1, programmed cell death ligand 1; ASC, adenosquamous carcinoma; AC, adenocarcinoma; SC, squamous cell carcinoma; TPS,
tumor proportion score; F, female; M, male; Panc, pancreas; Gb, gallbladder; FNB, fine needle biopsy; FNA, fine needle aspiration; IE,

immune exclusive; ID, immune desert; I, immune inflamed.

PD-L1 expression
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30

20

10

PB-ASC (n=15) PB-AC (n=34)
#PD-L1+ =PD-Li-
Figure 1 PD-L1 expression status in PB-ASCs and PB-ACs. PD-
L1, programmed cell death ligand 1; PB-ASC, pancreaticobiliary
adenosquamous carcinoma; PB-AC, pancreaticobiliary

adenocarcinoma.
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among the carcinomas with the ID phenotype, PD-L1
expression was observed in 2 of 4 (50%) ASCs but not in
any of the 22 ACs (0%), and the difference between the two
groups was significant (P=0.01).

Discussion

Immunotherapies targeting the PD-1/PD-L1 immune
checkpoint have shown encouraging results in solid and
hematologic cancers (28-31); however, PD-L1 still has
no recognized role in predicting the immunotherapy
response of tumors of the pancreaticobiliary system
(32-36). We found positive PD-L1 expression in 66.7% of
PB-ASCs, which was significantly higher than the frequency
of PD-L1 expression in PB-AC (8.8%). Moreover, PD-L1
expression in PB-ASC tended to occur more frequently in
the squamous component than in the glandular component,
although the difference was not statistically significant.
Recently, Zhang et al. demonstrated that higher levels
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Figure 2 PD-L1 expression in pancreatic adenosquamous carcinoma with the immune inflamed phenotype (case 8). (A) Glandular/

adenocarcinoma component with innumerable stromal and intraepithelial tumor-infiltrating lymphocytes (H&E stained, magnification

x100), many of which are CD8-positive (inset, magnification x200). (B) Squamous cell carcinoma component with many scattered

intraepithelial lymphocytes (H&E stained, magnification x100), which was confirmed by CD8 immunostaining (inset, magnification

x200). (C) Representative high-power views of membranous PD-L1 expression on tumor cells of the adenocarcinoma component (PD-L1

immunostain, magnification x200). (D) Squamous cell carcinoma component showing clear circumferential membranous staining for PD-

L1 (PD-L1 immunostain, magnification x200). PD-L1, programmed cell death ligand 1; H&E, hematoxylin and eosin.

of PD-L1 expression were linked with a shorter overall
survival in pancreatic ASC and pancreatic ductal AC (37).
This suggests that higher PD-L1 expression on the surface
of tumor cells in pancreatic carcinomas enables more
effective evasion of antitumor immune responses. Thus,
higher PD-L1 expression in PB-ASC might help explain
why PB-ASC has a poorer prognosis than PB-AC.

In order to measure PD-L1 expression in tumor tissue,
several IHC assays have been developed and received
approval from the U.S. Food and Drug Administration.
Currently, PD-L1 antibody clones available for clinical
studies include 22C3, 28-8, SP263, and SP142. We
evaluated PB-ASCs for tumor expression of PD-L1 using
the anti-PD-L1 clone E1L3N. The E1L3N clone binds to
the cytoplasmic domain of PD-L1, and its binding epitope
is not identical to but overlaps considerably with the SP263/
SP142 binding site (38). The 22C3 clone is known to have

© Journal of Gastrointestinal Oncology. All rights reserved.

binding profiles in the extracellular domain of PD-L1, and
its cellular epitope is different from that of SP263, SP142,
and E1L3N (38). Nevertheless, recent studies have shown
high concordance of PD-L1 TPS scores between EIL3N
and 22C3 (25,39,40). Currently, the EIL3N clone of the
PD-L1 antibody is one of the most widely used antibodies
approved for research use only, and the aforementioned
studies have indicated that EIL3N can be reliably used
for screening PD-L1 expression status in a research
environment.

Tumor-expressed PD-L1 is a representative biomarker
for predicting response to PD-L1/PD-1 inhibitor treatment;
however, it is widely accepted that mismatch repair (MMR)-
deficient tumors with increased microsatellite instability
(MSI) have a higher response rate to immunotherapies
targeting the PD-1/PD-L1 axis than MMR-proficient
tumors (41). MMR deficiency is common in colorectal,
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Figure 3 PD-L1 expression in a case of gallbladder adenosquamous carcinoma with the immune inflamed phenotype (case 15). (A)
Adenocarcinoma component with relatively sparse intraepithelial lymphocytes (H&E stained, magnification x100); infiltrating lymphocytes are
positive for CD8 (inset, magnification x200). (B) Squamous cell carcinoma component (H&E stained, magnification x100) with many CD8-

positive intraepithelial lymphocytes (inset, magnification x200). (C) The adenocarcinoma component showed no membranous staining for

PD-L1 (PD-L1 immunostain, magnification x200). (D) Approximately 60% of the squamous area in this case showed clear immunoreactivity
for PD-L1 (PD-L1 immunostain, magnification x200). PD-L1, programmed cell death ligand 1; H&E, hematoxylin and eosin.
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Figure 4 Host immune response to tumor cells in PB-ASCs and
PB-ACs. PB-ASC, pancreaticobiliary adenosquamous carcinoma;
PB-AC, pancreaticobiliary adenocarcinoma; II, immune inflamed;

IE, immune exclusive; ID, immune desert.
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gastric, and endometrial cancers, but it is less common
in pancreaticobiliary carcinomas (42-44). In addition to
increased MSI, tumor mutation burden (TMB) and tumor-
infiltrating immune cells (TICs) have been suggested to
positively correlate with the response to PD-L1 blockade
therapy (45,46), although many tumors with high TMB also
have increased MSI. Hence, in MMR-proficient tumors
like pancreaticobiliary carcinomas, assessing biomarkers
such as tumor-expressed PD-L1 and TICs may yield useful
information. It is noteworthy that in our study, the II and IE
phenotypes were more common in PB-ASC (13% and 60%,
respectively) than in PB-AC (3% and 32%, respectively).
Conversely, the non-inflamed/ID phenotype was more
than twice as common in PB-AC than in PB-ASC (65% uvs.
27%). This suggests that immune checkpoint therapy might
be more effective in patients with PB-ASC than in patients
with PB-AC.

PB-ASC is a rare type of malignant exocrine tumor
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that demonstrates characteristics of both ductal AC and
squamous cell carcinoma. Current pathological guidelines
for ASC diagnosis of the pancreas and gallbladder require
that the squamous component constitute a substantial
part of the tumor (230% in the pancreas, >25% in the
gallbladder) (1), whereas there is no minimum percentage
of squamous component required for ASC diagnosis of
the extrahepatic bile duct. These cut-off values for PB-
ASC diagnosis appear somewhat arbitrary (47-49), and
the clinical significance of squamous cell proportionality
remains unclear. Voong et al. found that the proportion
of squamous differentiation in pancreatic ASC did not
influence survival in their series of 38 patients (48). Because
ASC has an inferior prognosis compared with AC, some
authors propose that any squamous cell component in a
pancreatic tumor should be enough to classify the cancer
as ASC (47,50). Because the relative importance of the
squamous component within ASCs remains unclear, one
case of pancreatic carcinoma with glandular and squamous
differentiation in which the squamous component was
slightly less than 30% (25%, case 9) was included in
our study as PB-ASC. Similarly, four cases of pancreatic
carcinoma with glandular and squamous differentiation in
which the diagnosis was based on FNB or FNA specimens
were included as PB-ASCs despite the exact proportion of
the squamous component in the tumor not being known.
Several hypotheses for the histopathogenesis of PB-ASC
have been proposed, including (I) malignant transformation
of metaplastic squamous epithelium induced by chronic
inflammation/irritation; (II) transdifferentiation of AC to
squamous cell carcinoma; (III) malignant transformation of
pluripotent stem cells capable of glandular and squamous
differentiation; and (IV) collision of two independent,
histologically distinct malignant cell populations (51-54).
From a molecular standpoint, two major molecular
profiles of pancreatic ductal AC have been identified
to date, namely, the classical/non-squamous (or classic/
pancreatic) subtype and the squamous (or squamous/basal-
like/quasimesenchymal) subtype (55,56). In brief, the
squamous subtype usually displays poorly differentiated
histomorphologic phenotypes, with <40% of non-
gland-forming ducts associated with a squamous and/
or adenosquamous carcinoma-like morphology (57-59).
Tumor cells of the squamous subtype are usually embedded
in a highly cellular stroma enriched with activated/
immature cancer-associated fibroblasts and display
histological dedifferentiation driven by downregulation
of pancreatic endodermal cell-fate-determining genes and
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activation of the epithelial-to-mesenchymal transition
program, which leads to further acquisition of mesenchymal
features (55). Thus, ASC of the pancreas is a rare
but distinct cancer subtype in which neoplastic cells
appear to acquire stemness features through oncogenic
dedifferentiation and transdifferentiation.

While knowledge of genetic alterations in gallbladder
cancer and extrahepatic cholangiocarcinoma has improved
(60,61), molecular data regarding ASC of these anatomical
sites is still lacking. The clinical and prognostic impacts of
tumor genetics in PB-ASC, particularly ASC of the biliary
tract, remains an active area of investigation. Embryological
and anatomical studies have shown that the biliary tract
represents an incomplete pancreas, and some non-neoplastic
and neoplastic biliary diseases (e.g., IlgG4-related sclerosing
cholangitis, precursor intraepithelial neoplasias, and large-
duct-type cholangiocarcinoma) share the pathological
features of corresponding pancreatic diseases (62,63).
This suggests that information obtained from studies of
pancreatic ASC may be applied to analyses of biliary-tract
ASC and vice versa, and future therapeutic strategies for
pancreatic and biliary ASCs might be developed with a
similar or unified approach.

Conclusions

Our investigations demonstrated that PB-ASCs are notably
enriched in inflammatory response, and relatively high
expression of PD-L1 by PB-ASC tumor cells might be
a useful indicator to select patients for immunotherapy.
The authors acknowledge that the number of patients in
this single-institution pilot study is limited; however, the
findings presented here warrant further study with larger
samples to develop treatment alternatives for this aggressive
subtype of pancreaticobiliary carcinoma.
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