.Q 0.

Modern Pathology (2020) 33:1398-1409
gy .(/b.

https://doi.org/10.1038/541379-020-0497-0

ARTICLE

Check for
updates

PD-L1 in small bowel adenocarcinoma is associated with etiology
and tumor-infiltrating lymphocytes, in addition to microsatellite
instability

Paolo Giuffrida' et al.

Received: 20 November 2019 / Revised: 25 January 2020 / Accepted: 27 January 2020 / Published online: 17 February 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020

Abstract

Small bowel adenocarcinomas (SBAs) are often associated with poor prognosis and have limited therapeutic options.
Programmed cell death protein-1 (PD-1)/programmed cell death ligand 1 (PD-L1) pathway blockade is an effective treatment
in many microsatellite instability-high (MSI-H) solid tumors. We aimed at investigating PD-L1 and PD-1 expression in non-
hereditary, non-ampullary SBAs, associated with celiac disease (CeD), Crohn’s disease (CrD), or sporadic, recruited through
the Small Bowel Cancer Italian Consortium. We assessed PD-L1 and PD-1 by immunohistochemistry in a series of
121 surgically resected SBAs, including 34 CeD-SBAs, 49 CrD-SBAs, and 38 sporadic SBAs. PD-L1 and PD-1 expression
was correlated with several clinico-pathological features, such as the etiology, microsatellite instability status, and tumor-
infiltrating lymphocyte (TIL) density. The prevalence of PD-L1 positivity according to combined positive score (CPS) was
26% in the whole cohort of SBAs, with significantly (p = 0.001) higher percentage (35%) in both CeD-SBAs and CrD-SBAs
in comparison with sporadic SBAs (5%). CPS > 1 SBAs were significantly (p = 0.013) more frequent in MSI-H cases (41%)
than in non-MSI-H ones (18%); however, 15 CPS > 1 microsatellite stable SBAs were also identified. CPS > 1 SBAs showed
higher TIL and PD-1" immune cell density, more frequently medullary histotype, as well as a better outcome in comparison
with CPS < 1 cases. This study demonstrates an increased proportion of PD-L17 cases in both CeD-SBAs and CrD-SBAs in
comparison with sporadic SBAs. In addition, the identification of a subset of PD-L1" microsatellite stable SBAs supports the
need to ascertain additional biomarkers of response to immune checkpoint inhibitors along with MSI-H.

Introduction

Small bowel adenocarcinomas (SBAs) are rare neoplasms
often associated with dismal prognosis owing to lack of
symptoms until advanced stages [1, 2]. Previous studies
demonstrated that the predisposing immune-mediated
intestinal disorder, namely celiac disease (CeD) or
Crohn’s disease (CrD), was a stage-independent prognostic
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factor, as patients with CeD-associated SBA (CeD-SBA)
showed a more favorable outcome in comparison with those
affected by CrD-associated SBA (CrD-SBA) [3, 4].
Regardless of the etiology, i.e., CeD or CrD, further prog-
nostic factors for SBA encompass stage, glandular versus
non-glandular histotype and density of tumor-infiltrating T
lymphocytes (TILs) [3, 4]. Unlike CrD-SBAs and sporadic
SBAs, CeD-SBAs are frequently characterized by micro-
satellite instability-high (MSI-H) and increased TIL density,
thus probably leading to increased immune surveillance
against cancer and a better clinical outcome in CeD-SBAs
[2, 3, 5].

Programmed cell death protein-1 (PD-1) and pro-
grammed cell death ligand 1 (PD-L1) are pivotal immune
checkpoints of the immune system response. They provide
a negative feedback that inhibits T helper 1 cytotoxic
immune responses, causing T-cell exhaustion or tolerance
[6]. Recently, it has been demonstrated that blockade of PD-
1 and PD-L1 is an effective treatment in a number of MSI-H
solid tumors, including gastric and colorectal carcinomas
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[7, 8], as microsatellite instability (MSI) status has been
demonstrated to predict clinical response to immune
checkpoint inhibitors [8, 9]. Recent studies found a strong
positive correlation between PD-L1 expression and MSI-H
in SBAs [10-12]. Although MSI-H is one of the main
determinants of tumor mutation load, leading to PD-L1
expression in gastrointestinal cancers, other drivers might
be implicated [13]. Indeed, a recent study [14] showed that
PD-L1 is also present in a subset of microsatellite stable
endometrial carcinomas with high TILs. Moreover, TIL
density, Epstein—Barr virus (EBV) infection, and CDX2
negativity have been shown to be associated with PD-L1
positivity in gastrointestinal carcinomas [15-17]. Assess-
ment of the tumor immune microenvironment, in particular
PD-L1 expression, TIL density and tumor mutation load, is
therefore under investigation, in order to find possible pre-
dictors of response to immune checkpoint blockades [18].

On this basis, the aim of this study was to investigate the
expression of PD-L1 and PD-1 in a relatively wide and
well-characterized cohort of non-hereditary SBAs, asso-
ciated with CeD or CrD or sporadic, recruited through the
Small Bowel Cancer Italian Consortium. PD-L1 and PD-1
expression was correlated with several clinico-pathological
features, such as the predisposing immune-mediated
intestinal disorder, the MSI or EBV status, the intestinal
phenotype markers CDX2 and liver fatty acid-binding
protein (L-FABP), and cancer-specific survival.

Materials and methods
Patients

This is a retrospective, longitudinal study, which involved
21 tertiary referral Italian Celiac and/or IBD Centers parti-
cipating in the Small Bowel Cancer Italian Consortium.
CeD diagnosis was based on serum IgA anti-endomysial
and anti-tissue transglutaminase antibody positivity asso-
ciated with typical duodenal histopathological lesions [19].
CrD diagnosis was ascertained according to internationally
agreed criteria [20], and the site and extent of the disease
were confirmed by endoscopy, histology, and imaging. A
group of patients with sporadic SBA, i.e., without a con-
comitant intestinal immune-mediated disorder, were included
as a control group. In sporadic SBAs, CeD was excluded
(serum IgA anti-endomysial and anti-tissue transglutaminase
antibody negativity, along with normal serum total IgA),
whereas CrD was ruled out by the absence of classic clinical
and biochemical features. Re-examination of the sporadic
surgical specimens further confirmed the lack of histological
lesions indicative of either CeD or CrD. The main exclusion
criteria for all SBA groups were Lynch syndrome,
Peutz—Jeghers syndrome, familial adenomatous polyposis,

and juvenile polyposis. This study was approved by the
Ethics Committee of the Fondazione IRCCS San Matteo
Hospital in Pavia (protocol number 20140003980). Data are
reported according to the STROBE recommendations.

Histology, immunohistochemistry, and MSI analysis

Tissue samples were fixed in 4% formaldehyde and pro-
cessed in paraffin wax. Four pm-thick sections were stained
with haematoxylin—eosin for morphological evaluation. All
cases were investigated for histotype [4], and all the para-
meters required to fulfill the criteria of the AJCC staging
system [21]. For immunohistochemistry, 4 pm-thick sec-
tions were stained on a Dako Omnis platform with the
following antibodies: CD3 (polyclonal, Dako, Carpinteria,
CA), CD8 (polyclonal, Dako), MLH1 (monoclonal, clone
ESO05, Dako), MSH2 (monoclonal, clone FE11, Dako),
MSH6 (monoclonal, clone EP49, Dako), PMS2 (mono-
clonal, clone EP51, Dako), PD-L1 (monoclonal, clone
22C3, Dako), PD-1 (monoclonal, clone NAT, Dako),
CDX2 (monoclonal, clone DAK-CDX2, Dako), and L-
FABP (monoclonal, clone EPR20464, Dako). Immunor-
eactions were developed using 0.03% 3,3’ diaminobenzi-
dine tetrahydrochloride and sections were then
counterstained with Harris’ haematoxylin. TILs were
stained using CD3 and CDS antibodies and counted in 10
consecutive high-power fields (HPFs), as previously
described [3]. A tumor was classified as having “high TIL
density” when the mean number of TILs/HPF was > 15 for
CD3 or >9.5 for CD8 [22]. Immunostaining of DNA
mismatch repair proteins MLH1, MSH2, MSH6, and PMS2
in tumor cells was evaluated as proficient (retained
expression) or deficient (absent expression); only tumors
showing absence of nuclear staining of all neoplastic cells
in the presence of an internal positive control (intra-tumor
stromal and inflammatory cells or non-tumor mucosa) were
considered deficient [3]. In parallel, MSI molecular analysis
was performed as previously reported [3].

PD-L1 membranous expression was evaluated using the
combined positive score (CPS) measuring both tumoral cells
and peritumoral/intratumoral immune cells, the mononuclear
immune cell density score (MIDS) measuring peritumoral/
intratumoral immune cells only and the tumor proportion
score (TPS) measuring tumoral cells only, as previously
described [23]. In particular, CPS was calculated as the ratio
of the number of PD-L1-stained cells (tumor cells and
immune cells) to the total number of viable tumor cells,
multiplied by 100. Tumors were considered negative if CPS
<1, positive if CPS > 1. TPS was the ratio of the number of
PD-L1-stained tumor cells divided by the total number of
viable tumor cells, multiplied by 100. Tumors were regarded
as negative if TPS <1, positive if TPS >1. MIDS was cal-
culated as the ratio of the number of PD-L1-stained immune
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cells to the total number of viable tumor cells, multiplied by
100; the result was then scored in a scale from O to 4. MIDS 0
was defined as absent PD-L1 staining, whereas MIDS 1,
MIDS 2, MIDS 3, and MIDS 4 corresponded to PD-L17"
immune cells per 100 viable tumor cells <1, > 1 but < 10, 2
10 but < 100, = 100, respectively. MIDS scores 2, 3, and 4
were regarded as positive, whereas scores 0 and 1 as negative.
PD-1" immune cells were counted separately in intratumoral
and peritumoral areas in 10 consecutive HPFs and the mean
number of PD-17 cells per HPF was recorded for each case.
PD-17 cells situated inside the tumor were considered as
intratumoral, whereas PD-17 cells located in the areas adja-
cent to the tumor invasive front as peritumoral. In addition,
the total number of PD-17 cells per HPF, corresponding to the
sum of intratumoral and peritumoral PD-1" cell counts was
given. L-FABP or CDX2 staining was considered positive in
cases with > 10% moderate-to-intense staining in tumor cells
[24]. A central pathology review of each case was performed.
All haematoxylin—eosin and immunohistochemistry-stained
tumors were assessed by two independent researchers (GA
and AVa). Cases with evaluation discrepancies between the
two investigators had their slides re-analyzed together with an
expert gastrointestinal pathologist (ES), until a consensus was
reached.

EBV encoded RNAs in situ hybridization

The formalin-fixed, paraffin-embedded tissue sections were
analyzed for the expression of EBV encoded small RNAs,
markers of latent phase EBV infection, as previously
described [25].

Definition of Teng tumor microenvironment
immune types

Tumor microenvironment immune types were defined
based on CD3" TIL density (low versus high) and PD-L1
expression, evaluated with the CPS. Tumors were classified
in four different Teng types, i.e., type I (high TIL density,
CPS >1), I (low TIL density, CPS <1), Il (low TIL
density, CPS 2 1), IV (high TIL density, CPS < 1) [26].

Statistical analysis

Stata 15 (StataCorp, College Station, TX, USA) was used to
perform all analyses. A two-sided p value was considered
statistically significant. For post hoc comparisons between
etiologic groups, the significance was set at 0.017 (Bon-
ferroni correction). Continuous data were reported as
median and 25-75th percentiles, categorical variables are
reported as counts and percent; they were compared
between etiologic groups using the Kruskal-Wallis test or
the Fisher exact test, respectively. The Spearman R and
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95% confidence intervals (CI) were computed to measure
the correlation between continuous variables. For the pur-
pose of the analysis continuous variables were dichot-
omized at the median value. Median follow-up (25-75th)
was computed with the reverse Kaplan—Meier method.
Follow-up was computed from diagnosis of cancer to death
or last available follow-up for censored patients. Cumula-
tive survival curves were plotted according to the
Kaplan—Meier method and compared with the logrank test.
The strength of the association between series of candidate
risk factors and cancer-specific mortality was assessed using
Cox regression; hazard ratios and 95% CI were derived
from the models. Mortality rates per 100 person-year and
95% CIs were reported. Owing to the limited number of
events, only bivariable models were fitted to adjust, in turn,
for etiologic group and stage.

Results

Patient demographics and clinico-pathologic
features

This retrospective study included a cohort of 121 patients
with pathologically confirmed primary non-hereditary, non-
ampullary SBA, who had surgical resection and complete
survival data. Demographic and clinico-pathologic data of
all patients evaluated are reported in Table 1. We recruited
34 patients with CeD-SBA, 49 with CrD-SBA, and 38 with
sporadic SBA, a fraction of them entered previous studies
from the Small Bowel Cancer Italian Consortium
[3, 4, 25, 27, 28]. Median age at the time of SBA diagnosis
among celiac (median 53.5 years) and CrD patients (median
58 years) was significantly (p <0.001) lower than that of
sporadic cases (median 69 years), and median duration of
inflammatory disorder at cancer diagnosis was significantly
(p =0.016) lower in CeD-SBA (median 23.5 months) in
comparison with CrD-SBA (median 156 months). A higher
rate of male gender was observed in CrD-SBA (73%) and
sporadic SBA (63%) in comparison with the CeD-SBA
group (47%). In agreement with what is already known [2],
the commonest small bowel location was the ileum for CrD-
SBA (94%), whereas it was the jejunum in both CeD-SBA
(70%) and sporadic SBA (63%). No significant difference
was found among the three groups regarding tumor stage at
diagnosis. The majority of stage III and IV patients received
systemic chemotherapy with platinum-based and 5-
fluorouracil regimens after surgical intervention.
Histologically, most SBAs showed glandular differ-
entiation in all etiologic groups; however, medullary and
diffuse/poorly cohesive cancers were more common in CeD
(17%) and CrD patients (20%), respectively. CeD-SBAs
exhibited a significantly (p < 0.001) greater number of TILs
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Table 1 Demographic and clinico-pathologic features of all 121 SBA patients.

CeD-SBA CrD-SBA Sporadic Overall Post hoc comparison
SBA p value p value

Number 34 49 38

Age at SBA diagnosis 53.5 58 69 <0.001 CeD vs CrD: 0.129

Median (25-75th IQR), yrs (42.7-66) (51-67.5) (62-77) CeD vs sporadic: <0.001
CrD vs sporadic: <0.001

Duration of inflammatory disorder at SBA diagnosis 23.5 156 NA 0.016

Median (25-75th IQR), mo (12-110.25) (6-288)

Sex, N (%)

Female 18 (53) 13 (27) 14 (37) 0.049 CeD vs CrD: 0.014

Male 16 (47) 36 (73) 24 (63) CeD vs sporadic: 0.169
CrD vs sporadic: 0.302

Site, N (%)*

Duodenum 721 1) 3 (8) <0.001 CeD vs CrD: <0.001

Jejunum 23 (70) 2 4) 24 (63) CeD vs sporadic: 0.053

Tleum 309 46 (94) 11 (29) CrD vs sporadic: <0.001

Stage, N (%)**

I 309 6 (12) 2(5) 0.550

I 19 (60) 19 (39) 17 (46)

I 8 (25) 18 (37) 15 (41)

v 2 (6) 6 (12) 3(8)

Histotype, N (%)

Glandular 19 (56) 24 (50) 22 (58) 0.032 CeD vs CrD: 0.032

Medullary 6 (17) 24 1(3) CeD vs sporadic: 0.187

Diffuse 2 (6) 10 (20) 2(5) CrD vs sporadic: 0.228

Mixed 4 (12) 12 (24) 10 (26)

Solid 309 12 3(8)

CD3" TILs/HPF 25.1 7.1 7.1 <0.001 CeD vs CrD: <0.001

Median (25-75th IQR) (12.3-75.4) (2-20.6) (2.2-20.9) CeD vs sporadic: <0.001
CrD vs sporadic: 0.962

MSI status, N (%)

Non-MSI 12 (35) 40 (82) 30 (79) <0.001 CeD vs CrD: <0.001

MSI-H 22 (65) 9 (18) 8 (21) CeD vs sporadic: <0.001
CrD vs sporadic: 0.754

CDX2 expression, N (%)***

Negative 5 (15) 22 (46) 11 (29) 0.012 CeD vs CrD: 0.003

Positive 28 (85) 26 (54) 27 (71) CeD vs sporadic: 0.165
CrD vs sporadic: 0.109

L-FABP expression, N (%)**%%*

Negative 30 (88) 39 (81) 17 (45) <0.001 CeD vs CrD: 0.393

Positive 4 (12) 9 (19) 21 (55) CeD vs sporadic: <0.001

CrD vs sporadic: <0.001

CeD-SBA celiac disease-associated small bowel adenocarcinoma, CrD-SBA Crohn’s disease-associated small bowel adenocarcinoma, HPF high-
power field, IQR interquartile range, L-FABP liver fatty acid-binding protein, mo month, MSI microsatellite instability, MSI-H microsatellite
instability-high, NA not applicable, SBA small bowel adenocarcinoma, 7IL tumor-infiltrating lymphocyte, yr year.

*In one CeD-SBA, the precise tumor site within small bowel was unknown.

**In two CeD-SBAs and in one sporadic SBA, the precise stage was unknown.

***In one CeD-SBA and in one CrD-SBA, no section for CDX2 immunohistochemistry was available.

*#***In one CrD-SBA, no section for L-FABP immunohistochemistry was available.

(median 25.1 TILs/HPF) in comparison with the remaining
etiologic groups (median 7.1 TILs/HPF for both CrD-SBAs
and sporadic SBAs). MSI-H was found in 39 cases (32.2%),
including 37 cases with loss of MLH1/PMS2 expression
and two SBAs, both associated with CrD, with isolated loss
of MSH6. No discordance between immunohistochemistry
for mismatch repair proteins and MSI molecular analysis
was observed in any case. MSI-H rate was significantly
(p<0.001) higher in CeD-SBAs (65%) than in both
CrD-SBAs (18%) and sporadic SBAs (21%). Regarding
markers of intestinal differentiation, CDX2 loss was

significantly (p =0.012) more common in CrD-SBAs
(46%) in comparison with CeD-SBAs (15%), whereas the
lack of L-FABP expression was significantly (p <0.001)
more frequent in both CeD-SBAs (88%) and CrD-SBAs
(81%) in comparison with sporadic SBAs (45%).

Immunohistochemical expression of PD-L1 and
association with clinico-pathologic features

PD-L1 staining was observed in immune cells and to a
variable extent in tumor cells (Fig. 1). PD-L1 expression
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Fig. 1 PD-L1 and PD-1
expression in small bowel
adenocarcinomas (SBAs). A
glandular celiac disease-
associated SBA showing a
strong and diffuse PD-L1
membranous staining on both
tumoral and immune cells

a (PD-L1 staining; original
magnification x 200) and a high
number of PD-1" intratumoral
lymphocytes b (PD-1 staining;
original magnification x 400).
¢ An EBV' lymphoepithelioma-
like Crohn’s disease-associated
SBA with a diffuse PD-L1
membranous expression by
tumor cells (PD-L1 staining;
original magnification x 200).
d A glandular Crohn’s disease-
associated SBA with a low
intratumoral infiltration of
PD-17 cells. (PD-1 staining;
original magnification x 400).
e A glandular sporadic SBA
showing a faint membranous
and cytoplasmatic PD-L1

staining on immune cells,
localized either in the tumoral
stroma or in the lumen of
neoplastic glands. (PD-

L1 staining; original
magnification x 200 ). f The
same sporadic case exhibiting a
low number of intratumoral PD-
1" lymphocytes (PD-1 staining;
original magnification x 400).

according to CPS and MIDS was positively associated with
male sex, whereas no significant association was found
between PD-L1 expression and age at SBA diagnosis, small
bowel site and tumor stage at diagnosis (Table 2, Supple-
mentary Table 1).

Per CPS cutoff of 1 or more (CPS > 1), the prevalence of
PD-L1 expression in non-hereditary SBAs as a whole was
26%, with significantly (p =0.001) higher percentage in
both CeD-SBA (35%) and CrD-SBA (35%) than in spora-
dic SBAs (5%). Among CPS > 1 SBAs, 65% (20 out of 31
cases, including 8 CeD-SBAs, 10 CrD-SBAs and 2 sporadic
SBAs), 13% (4 cases, including one CeD-SBA and 3 CrD-
SBAs) and 23% (7 cases, including 3 CeD-SBAs and 4
CrD-SBAs) showed a 1<CPS<10, 10<CPS<50, and
CPS > 50, respectively. Per TPS > 1, the prevalence of PD-
L1 expression was 8%, with significantly (p = 0.035) higher
percentage in both CeD-SBA (15%) and CrD-SBA (10%)
than in sporadic SBA (0%). Per MIDS > 1, the prevalence
of PD-L1 expression was 22%, with significantly (p =
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0.005) higher percentage in both CeD-SBAs (29%) and
CrD-SBAs (31%) than in sporadic SBAs (5%). No case
with MIDS 4 was identified in our whole cohort.

Patients with MSI-H SBAs had a significantly (p =
0.013) higher prevalence of CPS > 1 (41%) than those with
non-MSI SBAs (18%). Patients with MSI-H SBAs had a
significantly (p =0.002) higher prevalence of TPS>1
(20%) than those with microsatellite stable SBAs (2%). No
significant difference in terms of PD-L1 positivity accord-
ing to MIDS was observed between MSI-H and micro-
satellite stable SBAs. In addition, PD-L1 positivity was
associated with several features known to be more often
associated with MSI-H phenotype, including high CD3™"
and CD8" TIL density and medullary histotype.

SBAs with CPS 21 exhibited L-FABP negativity sig-
nificantly more frequently (p =0.036) in comparison with
those with CPS < 1. A similar trend, despite not being sig-
nificant, was shown in SBAs showing TPS > 1 or MIDS > 1.
L-FABP negativity was more frequent in MSI-H SBAs
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Table 2 Association of PD-L1 expression according to CPS with
clinico-pathologic features.

PD-L1~ PD-L1" p value
(CPS<1) (CPS=1)
Number, N (%) 90 (74) 31 (26)
Age at SBA diagnosis 62 (52-71) 56 (52-67) 0.421
Median (25-75th IQR)
Sex, N (%)
Female 38 (86) 6 (14) 0.029
Male 51 (67) 25 (33)
Etiologic group, N (%) 0.001
CeD-SBA 22 (65) 12 (35)
CrD-SBA 32 (65) 17 (35)
Sporadic SBA 36 (95) 2 (5)
Site, N (%) 0.172
Duodenum 8 (73) 3(27)
Jejunum 41 (84) 8 (16)
Tleum 41 (68) 19 (32)
Stage, N (%) 0.212
1 8 (73) 3 (27)
i 39 (71) 16 (29)
1 30 (73) 11 (27)
v 11 (100) 0 (0)
Histotype, N (%) 0.011
Glandular 49 (75) 16 (25)
Medullary 2 (22) 7 (78)
Diffuse 12 (86) 2 (14)
Mixed 21 (81) 5(19)
Solid 6 (86) 1(14)
PD-1" intratumoural cells/HPF 1.1 7.2 <0.001
Median (25-75th IQR) (0.1-5.5) (2.8-28.5)
PD-1" peritumoural cells/HPF 1.9 13.8 <0.001
Median (25-75th IQR) (0.4-7.8) (5.3-29.3)
PD-1" total cells/HPF 2.8 23.8 <0.001
Median (25-75th IQR) (1.0-16.2)  (8.0-64.3)
CD3™ TILs/HPF 7.0 21.3 <0.001
Median (25-75th IQR) (2.1-24.2)  (15.1-75.2)
CD8" TILs/HPF 5.2 525 0.008
Median (25-75th IQR) (1.0-19.3)  (10.7-93.0)
MSI status, N (%) 0.013
Non-MSI 67 (82) 15 (18)
MSI-H 23 (59) 16 (41)
CDX2 expression, N (%) 1.000
Negative 29 (76) 9 (24)
Positive 60 (74) 21 (26)
L-FABP expression, N (%) 0.036
Negative 59 (69) 27 (31)
Positive 30 (88) 4 (12)

CeD-SBA celiac disease-associated small bowel adenocarcinoma,
CPS combined positive score, CrD-SBA Crohn’s disease-associated
small bowel adenocarcinoma, HPF high-power field, IQR
interquartile range, L-FABP liver fatty acid-binding protein, MSI
microsatellite instability, MSI-H microsatellite instability-high, PD-1
programmed cell death protein-1, PD-LI programmed cell death
ligand 1, SBA small bowel adenocarcinoma, T/L tumor-infiltrating
lymphocyte.

(82%) than in microsatellite stable cases (66%), although
this did not reach statistical significance (p = 0.065). No
significant difference in PD-L1 expression was found in
CDX2-positive and CDX2-negative SBAs.

Immunohistochemical expression of PD-1

Data on PD-1 were obtained in 118 patients, 34 with CeD-
SBAs, 49 with CrD-SBAs, and 35 with sporadic SBAs. PD-
1 positivity was observed in both intratumoral and peritu-
moral immune cells. PD-1" intratumoral immune cells were
significantly higher in CeD-SBAs (median 5.4/HPF,
25-75th IQR: 1.3-16.4) than in CrD-SBAs (1.2, 25-75th:
0.5-3.7; p=0.002) and sporadic SBAs (0.9, 25-75th:
0-7.7; p=0.001). Likewise, PD-1" peritumoral immune
cells were significantly higher in CeD-SBAs (8.25, 25-75th:
3.6-20.2) than in CrD-SBAs (3.6, 25-75th: 1.0-9.0; p=
0.007) and sporadic SBAs (1.9, 25-75th: 0.1-9.3; p=
0.001). With regards to PD-1" immune cells, no significant
difference was observed between CrD-SBAs and sporadic
SBAs. PD-17 immune cells were significantly (p <0.001)
higher in CPS > 1 cases than in CPS < 1 cases (Table 2), as
well as in MIDS>1 cases in comparison with MIDS <1
cases. Only PD-17 peritumoral immune cells were sig-
nificantly (p = 0.041) higher in TPS > 1 cases in comparison
with TPS <1 cases (Supplementary Table 1). PD-17 intra-
tumoral, peritumoral, and total cells density resulted asso-
ciated with CD3" TIL density (R = 0.46, 95% CI 0.3-0.59,
p<0.001; R=0.37, 95% CI 0.2-0.52, p<0.001; R=0.42,
95% CI 0.26-0.56, p <0.001, respectively).

Teng tumor microenvironment immune types

Among 121 non-hereditary SBAs, Teng type I, II, III, and
IV encompassed 24 (20%), 62 (51%), 7 (6%), and 28 (23%)
cases, respectively. Teng types according to MSI status and
etiologic group are summarized in Table 3. Distribution of
Teng types was significantly (p <0.001) different among
MSI-H and microsatellite stable SBAs. In particular, MSI-H
SBAs included an increased number of Teng types with
high TIL density, i.e., type I (31%) and IV (46%). Most
microsatellite stable SBAs (69%) had no PD-L1 expression
and low TIL density, i.e., type II. However, we also found
12 microsatellite stable SBAs with high TIL density and
positive PD-L1 expression (type I), including three CeD-
SBAs, eight CrD-SBAs, and one sporadic SBA, as well as
three type III microsatellite stable SBAs, all of them asso-
ciated with CrD. In addition, five MSI-H SBAs with low
TIL density and negative PD-L1 expression (i.e., type II)
were found. Likewise, distribution of Teng types was sig-
nificantly (p <0.001) different among CeD-SBAs, CrD-
SBAs, and sporadic SBAs. We observed an increased
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Table 3 Distribution of SBAs according to Teng type classification (in
four tumor microenvironment immune types), MSI status, and
etiologic group.

Teng type classification p value
Type 1 Type L  Type Il Type IV
(PD-L1* (PD-L1~ (PD-L1* (PD-L1~
/high TIL  /low TIL /low TIL /high TIL
density)  density) density) density)
Total, N (%) 24 (20) 62 (51) 7(6) 28 (23)
MSI status, N (%)
Non-MSI 12 (15) 5769 34 10 (12)  <0.001
MSI-H 12 31 5(13) 4 (10) 18 (46)
Etiologic group, N (%)
CeD-SBA 11 (32) 9 (27) 1(3) 13 (38) <0.001
CrD-SBA 11 (23) 27 (55) 6 (12) 5 (10)
Sporadic SBA 2 (5) 26 (69) 0 (0) 10 (26)

CeD-SBA celiac disease-associated small bowel adenocarcinoma,
CrD-SBA Crohn’s disease-associated small bowel adenocarcinoma,
MSI microsatellite instability, MSI-H microsatellite instability-high,
PD-L1I programmed cell death ligand 1, SBA small bowel adenocarci-
noma, TIL tumor-infiltrating lymphocyte.

For Teng type classification, PD-L1 expression was evaluated with the
combined positive score.

proportion of type I in patients with CeD-SBAs (32%) and
CrD-SBAs (23%) in comparison with sporadic SBAs (5%).

EBV' SBAs

Of the 118 tumors investigated for EBV encoded RNAs, i.e.,
34 CeD-SBAs, 49 CrD-SBA, and 35 sporadic SBA, only
two were EBVT, both CrD-SBAs, one showing a
lymphoepithelioma-like and the other a glandular histology, as
described in a previous study [25]. The lymphoepithelioma-
like carcinoma was strongly PD-L17 with a CPS 250,
whereas the glandular CrD-SBA was negative for PD-L1.

Survival analysis

Three patients died peri-operatively, whereas the remaining
118 patients were followed for a median of 68 (25-75th:
35-117) months and their cancer-specific survival data are
reported in Supplementary Table 2. Univariate survival
analysis identified the following parameters as significant
related to a better post-operative cancer-specific survival:
etiologic group—in particular CeD-SBA—, female sex,
tumor site—jejunum being better—, pathological stage I and
II, MSI-H, high CD3" TIL density, medullary and glandular
histotype; positivity for CDX2 expression, high intratumoral
PD-1% cell density, peritumoral PD-17 cell density, and total
PD-17% cell density (Fig. 2 and Supplementary Figure 1). PD-
L17 cases according to a CPS showed better outcome in
comparison with PD-L1™ cases (p = 0.046, Cox analysis and
Fig. 3a). Teng type classification proved to be a significant
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prognostic parameter (p < 0.001, Fig. 3b); in particular, type I
and IV tumors showed a significantly better cancer-specific
survival in comparison to type II. However, PD-L1 positivity
lost its prognostic value when combined with TIL density in
Teng type classification. TPS, MIDS and L-FABP positivity
were not found to be significant predictors of cancer-specific
survival (Supplementary Figure 2).

Bivariable survival analysis inclusive of stage confirmed
the significant prognostic value of the following parameters:
etiologic group (p =0.017), sex (p=0.007), histotype
(p =0.01), MSI status (p = 0.002), CD3* TIL density (p =
0.001), CPS (p =0.022) and Teng type classification (p =
0.015). At bivariable analysis inclusive of etiologic group,
the following factors retained prognostic significance: stage
(p<0.001), sex (p=0.008), histotype (p<0.001), MSI
status (p = 0.016), CD3™" TIL density (p = 0.002), and Teng
type classification (p =0.018). PD1" immune cell density
lost its prognostic value in a bivariable model adjusted for
CD3" TIL density or MSI status.

Discussion

We herein systematically assessed the tumor immune
microenvironment in a large series of SBAs associated with
CeD or CrD. In agreement with previous findings [10, 11],
we observed that PD-L1 was less frequently expressed in
cancer cells than in immune cells in SBAs. Furthermore, in
agreement with Thota et al. [10], we demonstrated that PD-
L1" SBAs have a higher number of intratumoral, peritu-
moral, and total PD-1" immune cells. We found that the
prevalence of PD-L1 expression in non-hereditary SBAs as a
whole was 26%, 8%, and 22% according to CPS, TPS, and
MIDS, respectively. This is the first study to demonstrate an
increased proportion of PD-L1" cases in both CeD-SBAs
and CrD-SBAs compared with sporadic SBAs, regardless of
the score used, i.e., CPS, TPS, or MIDS. In addition, we
demonstrated a significant increase in PD-1" immune cells in
CeD-SBAs compared with CrD-SBAs and sporadic SBAs.
Indeed, a recent transcriptomic profiling study identified a
predominant MSI-immune subtype of CeD-SBA character-
ized by high PD-1 activation [28]. On this basis, response to
PD-L1/PD-1 pathway blockade treatments might be more
frequently expected in CeD-SBAs and—Ilikely to a lesser
extent—in CrD-SBAs in comparison with sporadic cases.
Several clinical trials with immune checkpoint inhibitors for
the treatment of SBA patients are ongoing [2]. In particular,
in the ZEBRA trial the activity of pembrolizumab was
assessed in 40 patients with previously treated advanced
SBA [29]. Preliminary results of the ZEBRA trial showed
that pembrolizumab did not significantly increase the overall
response rate, although efficacy was observed in MSI-H
patients and, interestingly, also in some microsatellite stable
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A Kaplan-Meier survival estimate, by etiologic group
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Fig. 2 Kaplan-Meier cancer-specific survival estimates for small
bowel adenocarcinoma (SBA) patients. Survival estimates by etio-
logic group a, stage b, tumor-infiltrating lymphocyte (TIL) density
¢, microsatellite instability (MSI) status d, histotype e, and CDX2

patients. No data regarding the tumor immune micro-
environment are still available from the study [29]. Further
trials are mandatory in these settings of patients, including
those with CeD-SBA and CrD-SBA.

The higher expression of PD-L1 found in CeD-SBAs and
CrD-SBAs compared with sporadic SBAs and the increase in

B Kaplan-Meier survival estimate, by stage
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F Kaplan-Meier survival estimate, by CDX2 expression
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expression f). CeD-SBA, celiac disease-associated small bowel ade-
nocarcinoma; CrD-SBA, Crohn’s disease-associated small bowel
adenocarcinoma.

PD-1" immune cells observed in CeD-SBAs might be sec-
ondary to the underlying immune responses. In patients with
untreated CeD without SBA, PD-L1 is reported to be over-
expressed in enterocytes and lamina propria mononuclear
cells, whereas PD-1 is not present in the small bowel [30]. In
CrD patients without SBA, PD-L1 is decreased in CD4"

SPRINGER NATURE



P. Giuffrida et al.

1406
Kaplan-Meier survival estimate, by CPS
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Fig. 3 Kaplan-Meier cancer-specific survival estimates for small
bowel adenocarcinoma (SBA) patients. Survival estimates by PD-L1
expression according to combined positive score (CPS) a and Teng
type classification b.

T cells owing to high expression of the T helper 1 transcrip-
tion factor T-bet via transfection [31], whereas another study
[32] showed upregulation of PD-L1 in macrophages and PD-1
in T cells, mostly CD4", and B cells from the lamina propria.
It must be outlined that the expression of PD-L1 and PD-1 we
scored in our series was strictly related topographically (within
tumor tissue or immediately surrounding it) to SBA, not to the
underlying inflammatory CeD or CrD background. Whether
the use of anti-PD-L1 or anti-PD-1 monoclonal antibodies in
CeD and/or CrD patients induces changes of immune-
mediated intestinal disorder, which might also affect SBA,
requires more-in-depth study [33].

As interferon-y, a cytokine known to be implicated in the
pathogenesis of both CeD and CrD [19, 34], reduced in vitro
expression of L-FABP from colorectal cancer cell lines [24],
we investigated L-FABP in our cohort. In keeping with
colorectal cancer [24], we demonstrated that L-FABP
negativity is more frequent in MSI-H SBAs than in micro-
satellite stable cases. In addition, we found that PD-L1"
SBAs correlated with L-FABP negativity. As in colorectal
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carcinomas, the lack of expression of the intestinal marker
CDX2 is known to be associated with PD-L1 expression
[16], we also correlated PD-L.1 with CDX2 expression.
However, we did not find a significant association between
PD-L1 expression with CDX2 negativity.

We have also confirmed the previously reported associa-
tion between MSI-H and increased expression of PD-L1 in
SBAs [10-12], in keeping with findings in gastric and col-
orectal cancers [17, 35]. At first sight, this might shed light
on MSI-H as a predictor of clinical response to immune
checkpoint inhibitors in patients with SBA as well as in those
with colorectal carcinoma [7, 8]. However, in agreement with
endometrial carcinoma [14], we identified 15 PD-L1"
microsatellite stable cases, i.e., 11 CrD-SBAs, three CeD-
SBAs, and one sporadic SBAs, thus suggesting that MSI-H
alone is not enough to detect all PD-L1" SBAs. These
findings strengthen the need to identify further predictors of
response to immune checkpoint blockade. TILs have been
recognized as a biomarker of host immune response against
tumor [36], and their high density has been identified as an
independent prognostic factor in non-hereditary SBAs
[3, 12]. High TIL density, which is distinctive of both Teng
types I and IV, contribute to adaptive resistance in cancers
through the release of pro-inflammatory cytokines inducing
PD-L1 expression and lastly triggering immunosuppression
in the tumor microenvironment [6]. We here found that most
PD-L1" SBAs have an increased CD3" and CD8" TIL
density. Notwithstanding, we identified seven out of 31 PD-
L1* cases with low TIL density, i.e., Teng type III. We
speculate that tumor-specific molecular alterations might
promote PD-L1 positivity in these latter SBAs.

PD-L1 expression is often coupled with EBV positivity
in gastric cancer and two EBV' CrD-SBAs have been
reported [17, 25]. We here assessed latent phase EBV
infection in our whole cohort and confirmed EBV positivity
of the two previously reported cases while no EBV was
detected in the remaining 116 cases tested. Among the two
EBV*' CrD-SBAs, the lymphoepithelioma-like carcinoma
was PD-L17", whereas the glandular case was PD-L1-
negative. This is the first investigation showing no asso-
ciation between latent infection of EBV and CeD-SBA. In
keeping with Von Rahden et al. [37], we confirmed EBV
negativity in all sporadic SBAs. As regards histotypes, PD-
L1" SBAs correlated with medullary histotype, known to
have a favorable outcome not only in SBAs but also among
gastric and colorectal cancers [38—40].

In our whole SBA series, PD-L1 expression according to
CPS was associated with a trend toward a more favorable
prognosis. This finding is not surprising, as PD-L1 expres-
sion was higher in SBAs with high CD3* and CD8" TIL
density, and in those with medullary histotype, both para-
meters related to better prognosis [3, 40]. In addition, our
findings confirmed etiologic group, histotype, TIL density,
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Teng tumor microenvironment immune types, and stage as
prognostic factors in SBAs [2—4, 11, 12, 41]. Although PD-
L17" cases according to a CPS showed a more favorable
prognosis in comparison with PD-L1™ patients at univariate
analysis, PD-L1 expression lost its prognostic value when
adjusted for TIL density. The main limitation of this study
lies in its retrospective nature. However, owing to SBA
rarity, this was a necessary choice to allow recruitment of a
relatively wide cohort of SBAs.

In conclusion, PD-L1 expression in non-hereditary SBA is
associated with its predisposing disease, being more frequent
in CeD-SBA and CrD-SBA in comparison with sporadic
SBA, as well as with its MSI status and TILs. The identifi-
cation of a subset of PD-L1% non-MSI cases in our cohort
suggests that PD-L1 expression, along with MSI status, TIL
density, and tumor mutation burden, should be considered as
potential biomarkers of response to PD-1/PD-L1 pathway
blockade in well-designed clinical trials focused on SBA.
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