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Abstract

Purpose: This study evaluated the potential role of immune cells and molecules in the
pathogenesis and clinical course of PanNET.

Experimental Design: Surgically resected PanNETs (N=104) were immunohistochemically
analyzed for Ki67 index, mitotic rate, macrophage, CD4* cell, and CD8" T cell infiltration, as well
as HLA class I, PD-L1, and B7-H3 expression. Results were correlated with clinicopathological
characteristics as well as with disease-free (DFS) and disease-specific (DSS) survival.

Results: The median age of the 57 WHO grade 1 and 47 WHO grade 2 patients was 55 years.
High intratumoral CD8* T cell infiltration correlated with prolonged DFS (P=0.05), especially
when the number of tumor-associated macrophages (TAMSs) was low. In contrast, high peritumoral
CD4" cell and TAM infiltration were associated with a worse DFS and DSS. PD-L1 and B7-H3
were expressed in 53 and 78% PanNETSs, respectively. HLA class | expression was defective in
about 70% PanNETs. HLA-A expression correlated with favorable DSS in PD-L1-negative tumors
(P=0.02). TAM infiltration (P=0.02), WHO grade (~=0.04), T stage (~=0.01), and lymph node
positivity (P=0.04) were independent predictors of DFS. TAM infiltration (P=0.026) and T stage
(P=0.012) continued to be predictors of DFS in WHO grade 1 PanNET patients. TAM infiltration
was the sole independent predictor of DSS for WHO grade 1 and 2 patients (P=0.02). Therefore,
this biomarker may contribute to identifying WHO grade 1 patients with poor prognosis.

Conclusions: TAM infiltration appears to be the most informative prognostic biomarker in
PanNET. It may represent a useful immunotherapeutic target in PanNET patients.
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Introduction

Pancreatic neuroendocrine tumors (PanNETS) represent approximately 1-2% of all
pancreatic malignancies (1). PanNETs are subdivided into functional (F-PanNETS) and non-
functional (NF-PanNETSs) based on their ability to elicit clinical symptoms due to
inappropriate neuropeptide hormone secretion (2). The incidence of NF-PanNETS has been
increasing steadily over the past two decades, accounting for nearly 60-80% of newly
diagnosed PanNETSs (2,3). This increase can be attributed, at least in part, to the improved
and more frequent use of imaging in clinical practice (4). Similar to pancreatic ductal
adenocarcinoma (PDAC), surgical resection of a PanNET continues to be the only curative
therapy. Currently, three staging systems are used to categorize PanNETs. The most
frequently used staging system is the WHO classification which divides tumors into 3 grades
based on proliferation markers and morphology (5,6). The WHO classification provides a
good algorithm for patient stratification. However, patients with low grade PanNETSs
continue to have a disparate disease course (7). This highly variable outcome in low grade
PanNETs makes treatment and follow up difficult. These findings emphasize the need of
novel prognostic biomarkers to improve the stratification of PanNET patients.

The impressive clinical responses to checkpoint inhibitor-based immunotherapy observed in
many types of cancer have rekindled interest (8,9) in the role of immunosurveillance in the
pathogenesis and clinical course of cancer. Immunotherapeutic strategies are being
developed for many types of cancer. Nevertheless, to the best of our knowledge, only limited
and at times conflicting information is available regarding the role of the immune
microenvironment in the pathogenesis and clinical course of PanNET (10,11). Furthermore,
six out of the seven published studies have been performed with a sample size which may
not be sufficient to draw reliable conclusions (10-16). Other (15,16) studies have combined
PanNET with other types of neuroendocrine tumors, therefore, questioning the applicability
of the conclusions presented to PanNET. The limitations of the currently available
information have a negative impact on the rational design of strategies which enhance the
ability of a patient’s immune system to control his/her tumor and/or to counteract escape
mechanisms utilized by tumor cells to avoid their destruction by the host’s immune system.
In the present study, we have analyzed the immune microenvironment which may play a role
in the interactions of PanNET cells with host’s immune system. They include i) measuring a
patient’s immune response to his/her own PanNET by characterizing the extent of tumor-
associated macrophages (TAMs), CD4* cells and CD8* T cells; ii) HLA class | molecules,
which play a crucial role in the recognition of PanNET cells by host’s immune system by
presenting tumor antigen (TA)-derived peptides to cognate CD8* T cells; iii) HLA class |1
antigens which mediate the interactions of tumor cells with the host’s CD4* cells; and iv)
PD-L1 and B7-H3, which are both members of the B7 ligand family. PD-L1 has a negative
impact on the anti-tumor activity of cognate T cells by triggering the release of inhibitory
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signals following its interaction with its receptor PD-1, which is expressed on T cells and
NK cells (17). On the other hand, B7-H3 has been reported to be a ‘double-edged sword’. It
inhibits the anti-tumor activity of cognate T cells and is associated with a poor prognosis in
some malignancies such as lung, colorectal, prostate and ovarian cancers (8,9,18-21), but is
associated with a good prognosis in other malignancies such as gastric and pancreatic cancer
(22,23). The results of the aforementioned immunological evaluations were correlated with
clinicopathologic parameters as well as disease-free (DFS) and disease-specific (DSS)
survival to determine their clinical relevance.

Materials and Methods

Patients and tissues

Antibodies

PanNET specimens were obtained from 104 patients who underwent surgical resection
between 1995 and 2012 at the Massachusetts General Hospital. PanNETs were confirmed
histopathologically by a gastrointestinal pathologist (VD) according to the WHO
classification system. Clinicopathologic data collected included patient gender, age, race,
age-adjusted Charlson Age Comorbidity Index (CACI) (24), tumor size, WHO grade, lymph
node positivity, postoperative complications according to the Clavien-Dindo classification,
as well as recurrence and survival data. Tumors were formalin fixed and paraffin embedded
according to standard procedures. Mitotic counts and Ki67 labeling index (Ki67LI) were
enumerated as previously described (25). Adjuvant therapy data were not included in the
analyses given that adjuvant therapy was administered to all except one (N=25) of the
patients with disease recurrence (N=26), but to none of the patients who were recurrence-
free at the time of last follow-up (N=78). Furthermore, the majority (N=14) of patients with
recurrence were treated with an octreotide-based regimen (Supplementary Table. S1). The
present study was conducted in accordance with the guidelines set by the Declaration of
Helsinki. It was approved by the Institutional Review Board (IRB). Written informed
consent was obtained from all the patients enrolled in this study.

The mouse mAb HCAZ2 recognizes p2m-free HLA-A (excluding -A24), -B7301, and -G
heavy chains (26); mAb HC-10 recognizes p2m-free HLA-A3, -Al0, -A28, -A29, -A30, -
A31, -A32, -A33, and all p2m-free HLA-B (excluding -B5702, -B5804, and -B73) and -
HLA-C heavy chains (26,27); mAb NAMB-1 recognizes both free and HLA class | heavy
chain-associated human p2m (28); and mAb LGI1-612.14 recognizes HLA-DR, DQ, and DP
B chains (29). mAbs were purified from ascitic fluid by affinity chromatography on Protein
G. Purity and activity of mAb preparations were monitored by SDS-PAGE and by reactivity
with the corresponding antigens in binding assays and Western blot analysis. Mouse anti-
human CD8 (M7103, clone C8/144B) and CD68 (M0876, clone PG-M1) mAbs are from
Dako (Carpinteria, CA), rabbit anti-human CD4 (ab133616, clone EPR6855), FoxP3
(ab99963, clone SP97), CD163 (ab182422, clone EPR19518) mAbs and DDX58 (RIG-I,
ab45428) polyclonal antibody are from Abcam (Cambridge, MA), rabbit anti-human PD-L1
(13684, clone E1L3N) and Phospho-Stat1(Ser727) (8826, clone D3B7) mAbs are from Cell
Signaling (Danvers, MA), and goat anti-human B7-H3 antibody (AF1027, polyclonal) is
from R&D Systems (Minneapolis, MN).

Clin Cancer Res. Author manuscript; available in PMC 2019 June 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Caietal.

Page 4

Immunohistochemical staining and scoring

Tissue sections (5 mm) from formalin-fixed, paraffin-embedded PanNET samples were used
as substrates in immunohistochemical (IHC) reactions. IHC staining was performed with all
the antibodies as described (30), except for the PD-L1-specific mAb. In the latter case, FFPE
sections were deparaffinized and subjected to antigen retrieval using the Leica Bond
protocol (Leica Microsystems Inc., Buffalo Grove, Ill) with proprietary Retrieval ER2
(ethylene diamine tetraacetic acid solution, pH 9.0). The PD-L1-specific mAb was used at
the 1:150 dilution; the signal was detected by the Polymer Refine Kit (Leica Microsystems
Inc.) on a Leica Bond Rx autostainer. Macrophages were identified by CD68- and CD163-
specific mAbs in a double staining technique.

Tumor cell staining with HLA class I-specific and HLA class 11-specific mAb was scored as
positive, heterogeneous, and negative when >75%, 25%-75%, and <25%, respectively, of
PanNET cells were stained (31). Staining obtained with CD4-, CD8-, CD68-, CD163- and
FoxP3-specific mAbs was scored by counting the number of stained tumor-infiltrating
immune cells in four high-power fields (HPF, x400) of maximal concentration of cells,
around the tumor (peritumoral) and within the tumor (intratumoral). Subsequently, the mean
number of cells per HPF was calculated. PD-L1 staining was scored as positive when >5%
of PanNET cells were stained (32,33), irrespective of the location of the staining on the cell
membrane or in the cytoplasm. PD-L1 staining was also assessed in stromal fibroblasts and
pericytes. Staining obtained with the B7-H3-, RIG-I- and pSTAT1-specific antibodies was
scored as negative when no staining was detected, and positive when staining was present.
Scoring of B7-H3 staining also took into account its distribution on the PanNET cell
membrane, in PanNET cell cytoplasm and in stromal cells (fibroblasts and pericytes).
Scoring was performed by two investigators (LC and TM) independently and was verified
by a pathologist (VD). The consensus was reached when the difference between the results
obtained by the two investigators was less than 20%. The investigators who scored the
stained tissue sections had no knowledge of patients’ characteristics. Numbers of tumor-
infiltrating CD4" cells, CD8" and FoxP3™ T cells, as well as TAM (CD68*CD163") were
analyzed in tertiles of equal sample size (low: 0-33rd percentile; median: 34th-66th
percentile; high: 67th-100th percentile).

Statistical analysis

Continuous variables are presented as medians (interquartile range [IQR]). The inter-rater
reliability for the assessment of the IHC staining was analyzed using Cohen’s x. The
correlation between continuous variables was assessed with Spearman’s rho. Comparison of
categorical variables among groups was performed using the Fisher’s exact test. Comparison
of continuous variables among groups was performed using the Mann-Whitney U test or the
Kruskal-Wallis method, as appropriate. Differences in the number of different types of tumor
infiltrating cells were analyzed using the Wilcoxon’s signed rank test. Hierarchical cluster
analyses were performed based on the immunological characteristics analyzed (HLA-A,
HLA-B/C, p2m and PD-L1 expression by PanNET cells; number of peritumoral or
intratumoral CD4* cells, CD8" T cells and total TAMSs). This analysis was performed with
an agglomeration schedule. The cluster distance was expressed as the square euclidean
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distance. A dendrogram was plotted using Ward’s method. A heatmap with cluster
characteristics was created.

DFS and DSS were calculated from the date of operation to the date of recurrence or
disease-specific death, respectively (event), or to the date of the last follow-up visit
(censored). Survival curves were plotted using the Kaplan-Meier method. Differences in
DFS and DSS between groups were analyzed by the log-rank test. Multivariate survival
analyses were performed using the backward conditional Cox method. £<0.05 was
considered to be statistically significant. All the tests used were two-tailed. Statistical
analyses were performed with the IBM SPSS Statistics software for Windows, Version 20.0
(IBM Corp., Armonk, NY).

Clinicopathologic features

The median age of the 104 resected PanNET patients was 55 years (IQR 47-63); 51 (49%)
patients were female (Table 1). The majority (95, 91%) of PanNETs were non-functional
with a median size of 2.8cm (range = 0.7-16.0). Fifty-seven (55%) tumors were WHO grade
1 and the remaining 47 (45%) were grade 2. Eighteen (17%) patients had positive lymph
nodes. The 90-day mortality was 0% and twenty (19%) had a postoperative complication of
Clavien-Dindo grade Il or greater. The median DFS and DSS could not be calculated
because more than 50% of patients were alive or disease-free at the end of the follow-up
period. Both parameters were not reached after a median follow-up of 69.6 months (IQR
41.2-109.3). As a result, the mean DFS and DSS values were used. The mean DSS from the
time of operation to death was 190 months (95%CI: 181-198).

Tumor infiltrating lymphocytes and TAMs in the tumor microenvironment

Immune cell infiltrates were present in all tumor samples (100%). Representative staining
patterns with CD4-, CD8-, CD68- and CD163- specific mAbs are shown in Fig. 1A. The
median number of peri-tumoral CD8+ T cells/HPF (23, IQR 12-50) was higher than that of
intra-tumoral CD8" T cells counted per HPF (3, IQR 1-6). The median number of peri- and
intra-tumoral CD4" cells/HPF were 31 (IQR 17-55) and 2 (IQR 1-6), respectively
(Supplementary Table. S2). FoxP3* cells were rarely detected in the PanNETS tested.
Therefore, no analysis could be performed. Both peritumoral CD8* T cells (/A<0.001) and
CD4" cells (P<0.001) were significantly more numerous than their intratumoral
counterparts.

Intra-tumoral TAMs were rarely detected in the PanNETS tested. As a result, the total
number of TAMs (peri-tumoral and intra-tumoral) was used. The median number of TAMs
per HPF was 2 (IQR 1-10) (Supplementary Table. S2). The number of TAMs was correlated
to that of peritumoral CD4™ cells (Spearman’s rho=0.26, 95%CI: 0.042-0.45, P=0.01),
although it was significantly lower than that of both peritumoral CD4* cells (/A<0.001) and
CD8" T cells (P<0.001). The inter-rater reliability for the assessment of tumor infiltrating
cells was very high (Cohen’s x=0.81, A<0.001).
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HLA class | and HLA class Il expression

HLA-A, HLA-B/C and p2m expression was defective (negative or heterogeneous) in 75
(72%), 68 (65%) and 58 (56%) of the 104 PanNETS tested, respectively. Specifically, HLA-
A, HLA-B/C and p2m expression was scored as negative in 34 (33%), 27 (26%), and 4 (4%)
cases, and as heterogeneous in 41 (39%), 41 (39%) and 54 (52%) cases, respectively
(Supplementary Table. S3). Representative staining patterns of PanNET lesions for HLA
class I subunits are shown in Fig. 1B.

HLA-A and HLA-B/C expression was strongly associated with each other (/£<0.001, Fig.
1C). In fact, HLA-A and HLA-B/C expression patterns were concordant in 63 (61%)
tumors; of those, 20 (32%), 23 (36%) and 20 (32%) tumors were positive, heterogeneous
and negative, respectively. HLA-A (/<0.001, Fig. 1D), but not HLA-B/C (P=0.06)
expression was significantly associated with 32m expression.

HLA class Il antigens were not detected in PanNET cells in any of the tumor samples
analyzed. In contrast, blood vessel endothelial cells which were used as a positive control
were stained by the HLA class Il-specific mAb LG11-612.14 used.

PD-L1 and B7-H3 expression

Representative examples of PD-L1 and B7-H3 staining in PanNets are shown in Fig. 2A; the
results are summarized in Supplementary Table S4. PD-L1 staining was mostly restricted to
PanNET cells, and was expressed in 55 (53%) cases. In 40 (73%) of them, PD-L1 was
expressed only in the PanNET cell cytoplasm, while in 4 (7%) only on the PanNET cell
membrane, and in the remaining 11 (20%) on both the PanNET cell membrane and in the
cytoplasm. Stromal PD-L1 expression was observed in 25 (24%) PanNETs and was
positively associated with PanNET cell PD-L1 expression (£=0.001). Only 6 (24%) cases
demonstrated stromal PD-L1 expression without a corresponding PanNET cell expression.

B7-H3 was expressed by PanNET cells in 81 (78%) tumors. In 54 (67%) of them, B7-H3
was expressed only in the PanNET cell cytoplasm, in 5 (6%) only on the PanNET cell
membrane, and in the remaining 22 (27%) on both the PanNET cell membrane and in the
cytoplasm. B7-H3 was expressed in stromal cells of 76 (73%) tumors, with no relationship
to its cytoplasmic or cell membrane expression by PanNET cells.

There was no association between PD-L1 and B7-H3 expression. Neither PD-L1 nor B7-H3
expression was associated with HLA-A or HLA-B/C expression; however, membranous B7-
H3 expression (with or without cytoplasmic expression) was significantly associated with
[B2m expression (P=0.04). The mechanism(s) underlying this association is(are) not known;
the only feature shared by these two molecules, that we are aware of, is the location of the
two encoding genes in the chromosome 15 long arm (34,35).

Phospho-STAT1 (pSTAT1) activation and RIG-I expression

Representative staining examples of PanNET lesions for pSTAT1 expression are shown in
Fig. 2C. Phospho-STAT1 was expressed in only 30 (29%) PanNETS, with a significant direct
association with HLA-A and HLA-B/C expression (£<0.001 for both, Fig. 2D).
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Representative staining examples of PanNET lesions for RIG-I expression are shown in
Supplementary Fig. S1. RIG-I was expressed in 65 (62.5%) PanNETs with a significant
association with HLA-A, HLA-B/C (~<0.001 for both, Fig. 2F) and pSTAT1 (~<0.006)
expression.

of tumor infiltration extent by T cells with HLA class I, checkpoint molecule,
RIG-I expression

Positive HLA-A (35 vs 19 cells/HPF, £=0.01; 5 vs 2 cells/HPF, £=0.002, respectively,
Supplementary Fig. S2A and S2B), HLA-B/C (45 vs 16 cells/HPF, A<0.001; 7 vs 2 cells/
HPF, £<0.001, respectively, Supplementary Fig. S2A and S2B), pSTAT1 expression (45 vs
18 cells/ HPF, P=0.001; 6 vs 3 cells/ HPF, £=0.003, Fig. 2E) and RIG-I expression (42 vs 20
cells/ HPF, P=0.009; 5 vs 4 cells/ HPF, £=0.028, respectively, Fig. 2G) were associated with
a higher number of peritumoral and intratumoral CD8* T cells. Noteworthy is that positive
PD-L1 expression on tumor cells (32 vs 21 cells/HPF, £=0.02) was associated with a higher
number of peritumoral CD8* T cells (Fig. 2B). Positive cytoplasmic and/or membranous
B7-H3 expression was associated with a higher number of peritumoral CD8* T cells (27 vs
16 cells/HPF, P=0.06, Fig. 2B). However, the latter association did not reach statistical
significance.

Clustering of tumors based on immune characteristics

Association

Association

Clustering analysis of the tested PanNETSs based on their immunohistochemical
characteristics divided the patients into 3 groups. Cluster 1 tumors appear to be
immunologically inactive (“cold”) with defective HLA expression and low immune cell
infiltration, while cluster 3 tumors appear to be more "hot” with positive HLA expression
and dense cell infiltration. Cluster 2 tumors appear to be immunologically “lukewarm” with
intermediate immunologic activity. The extent of TAM infiltration was not significantly
different among the 3 identified clusters. (Data not shown)

of the immune profile of PanNETs with their clinicopathologic characteristics

Patients with positive lymph nodes had a high number of peritumoral CD4" cells in their
primary PanNETSs (43 vs 29 cells/HPF, £=0.04). Furthermore, PanNETSs with a high Ki67LI
had a high number of TAMSs (Spearman’s rho=0.30, 95%CI: 0.11-0.48, P=0.003). Similarly,
a mitotic count of 2 or more mitoses/10 HPF was associated with PD-L1 expression on
PanNET cells (£=0.04) and B7-H3 expression in stromal cells(~=0.03) (Table. S5).

of clinicopathologic characteristics of PanNETs and tumor infiltration extent

by immune cells with patients’ survival

The median follow-up was 69.6 months (IQR 41.2-109.3) and the mean DFS from the time
of operation to death was 142 months (95%Cl: 124-160).

Patients with WHO grade 2 (98 vs 163 months, P=0.04), T stage>2 (44 vs 159 months,
F<0.001), positive lymph nodes (47 vs 156 months, £<0.001), mitotic rate>2 mitoses/10HPF
(73 vs 159 months, £=0.01), and Ki67 labelling index >3% (103 vs 149, £=0.01) had a
shorter DFS. Additionally, a high number of peritumoral CD4* cells (=45/HPF) (high: 113
months vs medium and low: 123 months, £=0.02, Fig. 3A) or of TAMs (=6/HPF) (high: 113
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months vs medium and low: 121 months, £<0.05, Fig. 3B) were associated with shorter
DFS. The latter association was enhanced when the number of intratumoral CD8* T cells
was low (£<0.05). Conversely, a high number of intratumoral CD8* T cells (=5/HPF) was
associated with a longer DFS (high: 170 vs medium and low: 104 months, £=0.05, Fig. 3C)
(Table 2). The latter association was enhanced when the number of TAMs was low (£<0.05).

The mean DSS was 190 months (95%CI: 181-198). Patients with T3 and T4 stages (145 vs
194 months, P=0.02), lymph node positivity (112 vs 191 months, £=0.05) and mitotic rates
>2 mitoses/10HPF (HR=1.4, 95%CIl: 1.1-1.8, P=0.02) had a shorter DSS. Additionally, high
numbers of peritumoral CD4* cells (=45/HPF) (high: 150 vs. medium and low: 173 months,
P=0.04, Fig. 3D) and TAMs (=6/HPF) (high: 149 vs medium and low: 175 months, P=0.04,
Fig. 3E) were associated with a shorter DSS (Table 2). Of note, no disease-specific deaths
were observed during the follow-up period among patients with positive HLA-A expression
(P=0.18), positive 2m expression (P=0.14), lack of B7-H3 expression by PanNET cells
(P=0.28), and a high number of intratumoral infiltrating CD8* T cells (=5/HPF, P=0.16).
However, none of these associations reached statistical significance. On the other hand,
negative HLA-A (£=0.02) and p2m (P=0.03) expression, as well as a high number of TAMs
(=6/HPF, P=0.02) were significantly associated with poor survival in patients with
nondetectable PD-L1 expression in their tumors (Fig. 4). None of the clusters was associated
with DSS.

On multivariate survival analyses, number of TAMs (HR=1.1, 95%CI: 1.04-1.28, £=0.02),
WHO grade 2 (HR=2.3, 95%CIl: 1.06-5.44, P=0.04), T stage>2 (HR=2.3, 95%ClI: 1.29-
4.13, P=0.01), and lymph node positivity (HR=2.8, 95%CI: 1.05-7.45, P=0.04) were all
independent predictors of DFS (Table 2). Number of TAMs (HR=1.06, 95%CI: 1.01-1.12,
P=0.026) and T stage>2 (HR=2.6, 95%ClI: 1.2-5.4, P=0.012) continued to be independent
predictors of DFS when only WHO grade 1 PanNETSs were included in the multivariate
analysis. Furthermore, the number of TAMs (HR=1.1, 95%CI: 1.03-1.29, £=0.02) was the
sole independent predictor of DSS (Table 2).

Discussion

To improve our understanding of the role of the immune microenvironment in the clinical
course of PanNET, we performed a comprehensive analysis of more than 100 well-annotated
PanNETs. Tumor-infiltrating immune cells were identified in all the PanNETSs analyzed.
CDS8™ T cells, CD4" cells and macrophages were evaluated since they appear to influence
DFS and DSS in other cancer types (36—38). PanNET cells appear to avail themselves of
several multiple escape mechanisms to avoid destruction by the host’s immune system
(Supplementary Table. S6). These include: i) abnormalities in HLA class | expression by
PanNET cells, which may result in their defective recognition by cognate T cells, and ii) a
defective effector phase of the immune response because of inhibitory signals released by
suppressor cells and/or checkpoint molecules in the tumor microenvironment.

The number of TAMSs was the sole predictor of DSS. A higher number of TAMs, along with
WHO grade, T stage, and lymph node positivity were all independent predictors of DFS.
When we analyzed only WHO grade | PanNETSs, the number of TAMs and T stage
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continued to be independent predictors of DFS. The above data suggests that the extent of
TAM infiltration may allow us to better stratify patients and identify those who have a poor
prognosis despite a low WHO grade. In this regard, TAMs have been shown to dampen TA-
specific immune responses in PDAC both in mice and in humans (39). This defect may
reflect a reduction in the number of tumor-infiltrating CD8" T cells associated with TAMs
and/or the release of inhibitory signals by molecules such as members of the B7 family (40).
An additional mechanism underlying the association of TAM and T cell infiltration with the
clinical course of the disease is suggested by the results recently described in a mouse PDAC
model (41). T cell infiltration was reactivated both at the epigenetic and at the functional
level after TAM elimination, with a switch from 1L-10-secreting T cells towards an effector/
memory phenotype, as demonstrated by the increased percentage of IFNy* T cells in the
tumor microenvironment. This switch could be at least in part mediated by inflammatory
cytokines and chemokines secreted in response to trabectedin treatment (42). These results
altogether imply that eliminating TAMs may have a beneficial effect on the clinical course
of the disease. This possibility is being tested in a number of clinical trials which utilize
chemotherapeutic agents as individual reagents or in combination with checkpoint
inhibitors, as recently reviewed by Mantovani et al (43).

HLA class | expression, which is required to present TA-derived peptides to cognate T cells,
was defective in about 70% of the PanNETS analyzed. This frequency, which is similar to
that found by Sato et al (13) in 16 PanNETS, is at the upper limit of the frequency of HLA
class | defects present in many other cancer types (30,44,45). As observed in other cancer
types (46,47), HLA class | defects in PanNETSs are clinically relevant, since they are
associated with a poor prognosis. This association is likely to reflect the escape of PanNET
cells from immune surveillance because of defective presentation by cancer cells of TA-
derived peptides to cognate T cells. HLA class 11 expression was detected neither in our
cohort of patients, nor in that of Ryschich et al (12) who analyzed tumors removed from 12
PanNET patients.

The significant correlation of HLA class | expression with STAT1 activation (Fig. 2D) and
with RIG-I expression (Fig. 2F) suggests that these two pathways are involved in the
regulation of their expression in PanNETSs. This is not unique to PanNET. The STAT1
pathway (48) is involved in head and neck cancer and RIG-1 in PDAC (49). Our results
suggest that HLA class | downregulation in PanNET may be caused by epigenetic
mechanisms. Therefore HLA class | expression may be restored by strategies which activate
the STAT1 pathway (50) and/or induce RIG-I expression (51), an additional pathway which
may be involved in PanNET. HLA class | may be also downregulated by the MAPKinase
pathway. This pathway is activated in PanNETs (52) and its activation is associated with
HLA class | downregulation in other cancer types (53-55). However, we were unable to
identify a close association between ERK activation and HLA class | downregulation in the
15 PanNETSs we analyzed (data not shown).

The last immune escape mechanism we identified in the present study is represented by the
expression of inhibitory molecules, such as PD-L1 and B7-H3 on malignant and immune
cells. PD-L1 was expressed in about 50% of the PanNETSs analyzed; this frequency is similar
to that described by Kim et al. in 14 PanNETSs (16). In our PanNET cohort, PD-L1

Clin Cancer Res. Author manuscript; available in PMC 2019 June 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Caietal.

Page 10

expression by malignant cells was positively associated with high CD8" T cell infiltration.
Whether the latter plays a major role in PD-L1 expression by PanNET cells through the
release of IFNvy in the tumor microenvironment is not known at present. However, PD-L1
expression by PanNET cells was not detected in a significant percentage of the tumors with
lymphocyte infiltration analyzed. The lack of absolute concordance between PD-L1
expression by PanNET cells and presence of tumor lymphocyte infiltration may be due to
the activity of cytokines, chemokines and oncogenic signaling pathways (NF-xB, AKT-
mTOR and EGFR) in the tumor microenvironment (56,57). Of note, in the present study,
PD-L1 was expressed on TAMs only in 3 cases, while in glioma, it was expressed on most
tumor-infiltrating macrophages in the majority of the tumors analyzed (58).

B7-H3 was expressed in about 50% of the PanNETS analyzed. This frequency is similar to
that described in breast (59), esophageal (60), lung (61), gallbladder (62), hepatic (63),
colorectal (64), prostate (21), cervical (65), ovarian (18), endometrial cancers (66),
osteosarcoma (67) and melanoma (68), but higher than that described in gastric cancer (22)
and PDAC (23). B7-H3 expression was mainly identified on the surface and in the
cytoplasm of PanNET cells. On the other hand, it was not detected in the nucleus of cancer
cells, as it has been described for colorectal cancer cells (64). Furthermore, as described in
other types of cancer (18,41,64,65,69), B7-H3 was found to be expressed on tumoral stromal
cells and in tumor vasculature in more than 70% of the PanNETSs analyzed.

B7-H3 expression is associated with a poor prognosis in many types of cancers (18-21).
However, as observed in cervical cancer (65) and in melanoma (68), such an association was
not found in PanNET, in spite of the association of B7-H3 expression with a higher mitotic
count, a poor prognostic marker for survival. This outcome could potentially represent a type
Il error caused by the limited number of cases analyzed. It is unclear how B7-H3 mediates T
cell infiltration. In PanNETSs, like in lung cancer (61) and in melanoma (68), B7-H3
expression was not associated with CD8* T cell infiltration. However, in evaluating the
potential clinical relevance of B7-H3, one should consider not only its expression, but also
its cellular distribution. The latter variable may affect its function and as a result its role in
the clinical course of the disease, as well as its use as a target for immunotherapeutic
strategies developed for the treatment of malignant diseases. In the present study, B7-H3 was
localized to the PanNET cell cytoplasm in the majority of the cases analyzed. Nuclear
staining of B7-H3 was not detected. Additionally, in the present study, B7-H3 expression
was significantly associated with f2m expression. As the genes encoding these two markers
are both located on chromosome 15 long arm in humans, the association we have found is
compatible with the possibility that B7-H3 and p2m may play a costimulating role in the
tumoral immune response.

An intriguing finding of our study is the association of positive HLA-A and f2m expression
with favourable clinical course of the disease, only when PD-L1 expression was not
detectable on PanNET cells. One might interpret these results by arguing that HLA class |
expression may not play a major role in the interactions of PanNET cells with cognate T
cells when their anti-tumor activity is inhibited by the binding of PD-L1 on PanNET cells to
PD-1 expressed on cognate T cells. In contrast, HLA class | expression is necessary for
cognate T cells to recognize and kill PanNET cells, when PD-L1 is not expressed. The
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association we have described and the mechanism we have proposed are not unique of
PanNET, since similar observations have been made in intrahepatic cholangiocarcinoma (30)
and in esophageal cancer (70). Furthermore the scenario we have described is likely to
mimic what happens in patients with malignant disease when the PD-1/PD-L1 axis is
disrupted with inhibitors. If our hypothesis is correct, our results imply that implementation
of checkpoint inhibitor-based therapy should take into account HLA class | expression by
cancer cells, since these antigens mediate the interaction between cancer cells and cognate T
cells unleashed by this type of therapy. Expression of a functional HLA class | antigen
processing machinery (APM) by cancer cells is a requirement for the successful application
of checkpoint inhibitor-based immunotherapy, since this machinery plays a crucial role in
the generation and presentation of tumor antigen-derived peptides to cognate T cells. This
possibility is supported by the recently described association between HLA class |
expression on targeted tumor cells and response to therapy with anti-CTLA4 therapy in
patients with melanoma (71). On the other hand, HLA class | independent
immunotherapeutic strategies such as antibody-based immunotherapies should be
considered, when HLA class | APM is not fully functional or its function can not be restored
in cancer cells.

It is noteworthy that the results we have presented have to be interpreted with caution, since
our study has some limitations. They include its retrospective nature, its performance at one
single academic medical center and the lack of validation of the described results in an
independent patient cohort. However, the low frequency of PanNET in the population is an
obstacle to the collection of a large number of tumors from an independent patient cohort.
Therefore we hope that the results we have described will represent a useful reference for
future studies.

In conclusion, the immune system appears to play a role in the clinical course of the disease
in PanNET, since — among other findings — the high infiltration of TAMs is an independent
predictor of poor prognosis. This study provides a strong rationale to design TAM-targeting
therapies, as well as to use HLA class | expression status as a criterion to select PanNET
patients to be treated with checkpoint inhibitors. Additionally, an immune profile with intact
HLA class | expression and low TAM expression is likely to improve DSS in PD-L1
negative PanNET patients. A better understanding of the PanNet immune microenvironment
may sharpen our ability to stratify patients in a more effective way and potentially develop
novel treatment strategies.
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Translational Relevance

PanNETSs have a wide range of clinical presentations and recurrence-free survivals after
surgical resection. The available prognostic biomarkers have significant limitations. This
study evaluated the role of immune cells and molecules in the clinical course of PanNET.
Low tumor associated macrophage (TAM), low peritumoral CD4* cell and high
intratumoral CD8* T cell infiltration was associated with prolonged disease-free and/or
disease-specific survival. The association of HLA-A expression by PanNET cells with the
clinical course of the disease, only in patients with no detectable PD-L1 expression on
their tumors, is compatible with the role of the susceptibility of PanNET cells to
recognition by host immune system in the clinical course of the disease. Therefore,
testing of PanNET patients for HLA-A and PD-L1 expression may identify those who
may benefit from T-cell based therapy. Furthermore, the association of TAM infiltration
with poor prognosis suggests that TAM-targeting strategies may be beneficial in PanNET
patients.
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Figure 1.

Immune cell infiltration and HLA class | expression in PanNET tumors. A, PanNET tissue
sections were IHC stained with rabbit anti-CD4, mouse anti-CD8, mouse anti-CD68, and
rabbit anti-CD163 mAbs. Different levels of CD4* cell, CD8" T cell, and TAM
(CD68*CD163*) infiltration (X200 original magnification, insets X800 original
magnification) are shown. B, PanNET tissue sections were IHC stained with mouse anti-
HLA-A mAb HCA2, anti-HLA-B/C mAb HC-10, and anti-B2m mAb NAMB-1.
Representative patterns of positive, heterogeneous, and negative HLA-A, HLA-B/C and
[32m staining (X200 original magnification) are shown. C, HLA-A expression is
significantly associated with HLA-B/C expression (£<0.001). D, HLA-A expression is
significantly associateted with B2m expression (£<0.001). Pvalues derived from Fisher
exact test.
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Figure 2.
Association of PD-L1, B7-H3, phospho-STAT1, and RIG-I expression with the extent of

peritumoral CD8*T-cell infiltration and with HLA class | expression in PanNETSs. A,
PanNET tissue sections were IHC stained with rabbit anti-PD-L1 mAb and goat anti-B7-H3
pAb. Representative patterns of highly positive embrane/cytoplasmic, scattered positive
membrane/cytoplasmic and negative PD-L1 staining (X200 original magnification) are
shown. Representative patterns of highly positive membrane/cytoplasmic, low membrane/
cytoplasmic and negative B7-H3 staining (X200 original magnification) are shown. B,
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Peritumoral CD8* T-cell number is significantly associated with PD-L1 expression
(P=0.02), but not with cytoplasmic and/or membranous B7-H3 expression (P=0.06). C,
PanNET tissue sections were IHC stained with mouse anti-HLA-A mAb HCA2, mouse anti-
HLA-B/C mAb HC-10, rabbit anti-phosphoStatl (pSTAT1) mAb, and rabbit anti-RIG-I
pAb. The positive HLA-A and HLA-B/C expression in PanNETSs with positive pSTAT1
expression and the low/negative HLA-A and HLA-B/C expression in PanNETSs with
negative phosphoStatl expression (X200 original magnification, insets X400 original
magnification) are shown. D, Positive HLA-A and HLA-B/C expression is significantly
associated with positive pSTAT1 expression (A<0.001). E, Peritumoral and intratumoral
CD8™" T-cell number is significantly associated with pSTAT1 expression (~=0.001 and
P=0.003). F, HLA-A and HLA-B/C expression is significantly associated with RIG-I
expression (£<0.001). G, Peritumoral and intratumoral CD8* T-cell number is significantly
associated with positive RIG-1 expression (£=0.009 and ~=0.028). Bars, median values.
Error bars, interquartile range. Pvalues derived from Mann-Whitney U tests.
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Figure 3.

Association of the extent of tumor infiltration by immune cells with DFS and DSS in
patients with PanNET. DFS based on peritumoral CD4* cell, TAM, and intratumoral CD8*
T-cell number is shown. Prognosis is depicted with Kaplan—Meier curves: (A) for
peritumoral CD4* cell number: high versus medium and low (mean survival: high: 113 vs.
medium and low: 123 months, £=0.02), (B) for TAM number: high versus medium and low
(mean survival: high: 113 versus medium and low: 121 months, £<0.05); and (C) for
intratumoral CD8* T-cell number: high versus medium and low (mean survival: high: 170
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vs. medium and low: 104 months, P=0.05). Disease-specific survival based on peritumoral
CD4" cells and TAM number is shown. Prognosis is depicted with Kaplan—-Meier curves:
(D) for peritumoral CD4* cell number: high versus medium and low (mean survival: high:
150 vs. medium and low: 173 months, P=0.04), and (E) for TAM number: high versus
medium and low (mean survival: high: 149 vs. medium and low: 175 months, £=0.04). P
values derived from log-rank tests.
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Impact of PD-L1 expression on the association of HLA-A and p2m expression by PanNET
cells and of TAM number with DSS in patients with PanNET. A and B, Prognosis is
depicted with Kaplan-Meier curves for HLA-A expression (positive and heterogeneous vs.
negative) in PD-L1-negative (£=0.02) and positive (P=0.057) group. C and D, Prognosis is
depicted with Kaplan-Meier curves for f2m expression (positive and heterogeneous vs.
negative) in PD-L1-negative (P=0.03) and positive (£=0.085) group. E and F, Prognosis is
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depicted with Kaplan-Meier curves for TAM number (high vs. medium and low) in PD-L1-
negative (P=0.02) and positive (P=0.057) group. P values derived from logrank tests.
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Table 1.
Clinicopathological characteristics of 104 PanNET patients who underwent to surgery at MGH between 1995
and 2012.
Median (IQR)  Number (%0)
Gender
Male 53 (51)
Female 51 (49)
Age at surgery, year 55 (47-63)
Race
Caucasian 90 (86)
African American 6 (6)
Hispanic 4(4)
Asian 3(3)
Other 1(1)
CACI 3 (1-5)
Functional
Yes 9(9)
No 95 (91)
Tumor size, cm 2.8 (2.0-4.5)
WHO grade
1 57 (55)
2 47 (45)
Mitotic count /10HPF 0.2 (0.0-2.0)
Ki67 labeling index, % 2.0(1.2-3.2)
T stage
1 27 (26)
2 59 (57)
3 16 (15)
4 22
Lymph node positivity
Yes 18 (17)
No 86 (83)
Clavien-Dindo grade (90 days)
0-11 84 (81)
n-v 20 (19)

IQR: interquartile range; CACI: Charlson Age Comorbidity Index; HPF: high-power field
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Table 2.

Univariate and multivariate analyses of DFS or DSS with immune parameters and clinicopathologic
characteristics in patients with PanNET

Months HR (95%Cl) P-value

Univariate analysis

DFS
WHO (Grade 1 vs Grade 2) 163 vs 98 0.04
T stage (1-2 vs 3-4) 159 vs 44 <0.001
Lymph node positivity
(Negative vs Positive) 156 vs 47 <0.001
Mitotic rate
(<2 vs 22 mitoses/10HPF) 159 vs 73 0.01
Ki67LI (<3% vs 23%) 149 vs 103 0.01
Number of peritumoral CD4* cells
(Median & low vs High) 123vs 113 0.0z
Number of total TAMs
(Median & low vs High) 12lvs 113 <0.05
Number of intratumoral CD8* T cells (Median & low vs High) 104 vs 170 0.05
DSS
T stage (1-2 vs 3-4) 194 vs 145 0.02
Lymph node positivity
(Negative vs Positive) 191 vs 121 0.05
Number of peritumoral CD4* cells
(Median & low vs High) 173 vs 150 0.04
Number of total TAM 175 vs 149 0.04

(Median & low vs High)

Multivariate analysis
DFS

Number of total TAMs

(Median & low vs High) 11(1.04-1.28) 0.02

WHO (Grade 1 vs Grade 2) 2.3(1.06-5.44) 0.04

T stage (1-2 vs 3-4) 2.3(1.29-4.13) 0.01

Lymph node positivity 2

(Negative vs Positive) 28(1.05-7.45) 0.04
DSS

Number of total TAMs (Median & low vs High) 1.1(1.03-1.29) 0.02

DFS: disease-free survival; DSS:disease-specific survival; HR: hazard ratio.
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