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Abstract (Click)

Pancreatic Neuroendocrine Tumors (PanNETs) account for 3.6% of all NETs and 2—4% of all clinically detected pancreatic tumors and the
incidence has increased considerably over the last decades.

The diagnosis and treatment of advanced PanNETs still insufficiently effective.

Checkpoint inhibitors have shown modest antitumor activity, and rational immunotherapy strategies have been hampered by a lack of
understanding of the PanNETs immune context.
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/ Conclusion

 TAM infiltration and TIM-3 expression
were significantly correlated with
inferior survival in patients with
PanNETs.

* TAM depletion may therefore present
an appealing and rational target for
immunotherapeutic approaches in
PanNETs.

* Targeting mTOR signaling and TAMs
could be a good strategy for future
clinical trials.

 The association of DAXX/ATRX loss of
nuclear expression with an immune
exhaustion phenotype opens the
possibility to new therapeutic options
for this group of patients.
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* Pancreatic Neuroendocrine Tumors (PanNETs) account for 3.6% of all NETs and 2—4% of all clinically detected pancreatic tumors and the incidence has increased considerably over the last decades.'

 The diagnoses and treatment of advanced PanNETs still insufficiently effective.>

* The European Neuroendocrine Tumor Society (ENETS) and the World Health Organization (WHO) grading system provide the only prognostic information regarding the pathologic assessment of the malignant
potential of PanNETs.>

 PanNETs are associated with multiple endocrine neoplasia type 1 (MEN1) in 10-20% of familiar cases and, in sporadic PanNETs, the most common somatic mutation is an inactivating mutation in MEN1 gene
(44% of the cases).®

* Additional genes implicated in chromatin remodeling and alternative lengthening of telomeres (ALT) phenotype DAXX (death-domain— associated protein) and ATRX (a thalassemia/mental retardation
syndrome X-linked) are associated with sporadic PanNETs in up to 43%.%

* Well-differentiated PanNETs have somatic mutations in genes encoding proteins involved in the mTOR signaling in 16% of the cases including genes such as PTEN (7%), TSC2 (9%), and PIK3CA (1%).57

* Everolimus targets the mTOR pathways and is approved for the treatment of adult patients with progressive PanNETs with unresectable, locally advanced or metastatic disease.®

 Checkpoint inhibitors have shown modest antitumor activity, and rational immunotherapy strategies have been hampered by a lack of understanding of the PanNETs immune context.
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Selection of cases
* 53 patients with advanced PanNETs with surgical resected formalin fixed paraffin embedded (FFPE) tumors available for analysis.

Immune-cell markers

* Characterization of the tumor microenvironment focusing on tumor-infiltrating lymphocytes (TILs) and tumor-associated macrophages (TAMSs) was performed using immunohistochemistry for markers listed in table 1.
* Selection of lymphocyte-enriched areas (LEA) and macrophage-enriched areas (MEA) for digital image analysis:

1mm? area with highest density of CD8 (LEA) and CD68 (MEA) IHC staining within the tumor (hotspots, n=1-5 per case) selected by a pathologist.

Immune-cell densities within MEA and LEA were quantitated using computer-assisted image analysis with Aperio ImageScope Version 12.3.3.7031.

The median of the cell density between analyzed areas per case were calculated and used for further analysis.

Genomic analysis

* To characterize the molecular alterations of PanNETs, we performed genomic analysis of DNA extracted from 47 macrodissected FFPE containing viable malignant cells using high depth targeted exome sequencing (T200 Platform) for
genes MEN1, SETD2, MUTYH, CHEK2, BRCA2, ALT, DAXX, ATRX, PTEN, TSC1 and TSC2.

Statistics

 Time-to-event analyses were performed with the Kaplan-Meier method. Cox regression was used to evaluate the relationship between each cell type and survival from initial diagnosis. Differences between cell densities and groups of
study was performed by two-tailed t-test.

Figure 1. Selection of regions of interest with high density of immune-cells

Table 1. Immune-cell markers and antibodies used in the study Table 2. Key genes associated with

. Lymphocyte-enriched areas (LEA) with high density of CD8 positive cells

Type of marker Marker Clone of Expressing cells PanNET deve|opment
antibody
Lymphocyte marker CDZ  EPRAS77(2) Abcam Cytotoxic T-cells . Macrophage-enriched areas (MEA) with high density of CD68 positive cells VEN
4B12 Leica T-helper cells and other inflammatory
(b4 Biosystems cells Whole tissue section >ETD2
CD4SRo  UCHLL(M) Leica Subsets of memory T-cells and other
Biosystems inflammatory cells Tumor area DNA Damage Repair
_ i _ MUTYH
FOXP3 DIWSE CST T-regulatory cells :gltljsother activated T CHEK
: Q Tumor tissue for DNA extraction
Lymphocyte co- ICOS D1K2T CST Activated T-cell BRCA2

stimulatory markers
ACT-35 (M)

0OX40 Biosci Activated T-cell : )
eBioscience Alternative Lengthening of Telomeres phenotype

Lymphocyte co- PD-1 EPR4877(2) Abcam  Antigen experienced T-lymphocytes DAXX
||.1h|b|tory marker§ LAG3 D2G40 CST Co-inhibited T-lymphocytes ATRX
(immunecheckpoints)

TIM-3 D5D5R CST Co-inhibited T-lymphocytes

B7-H3 D9M2L CST Co-inhibitory antigen-presenting cell mTOR Pathway

B7-H4 D1M8I CST Co-inhibitory antigen-presenting cell PTEN

PD-L1 E1L3N CST Co-inhibitory antigen-presenting cell T5C1

VISTA D1L2G CST Co-inhibitory antigen-presenting cell T5C2
Macrophage marker .

CD68 PG-M1 (M) DAKO Macrophages and fibroblasts
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Results

Clinicopathological features and immune-cell infiltrates

o . Table 4. Cell density of immune-cell markers by immunohistochemistry in
Table 3. Clinical and pathological data advanced PanNETs
Expression observed
Feature Number (range)
Immune-cell Median of Mean of <g =< z 3 =
Cases 53 marker cell density cell density SD =l g % « UE
2 2 )
Age (mean) 56 (29-81) (cells/mm?) (cells/mm2) § % - Q:r_i
—+ (4]0) —
Gender @ D @
Male 30 cD8 182 87 312
Female 23
CD4 226 78 573
Tumor size (mean) 6.28 cm (1.1-25) CD68 68 44 69
Pathologic Tumor Stage (AJCC 7" Ed.) B7-H3 103 23 180
pT1 4 CD45R0O 97 15 336
T2 15 PD-1 42 8 113
pT3 34 FOXP3 17 8 44
Lymph node metastasis TIM3 73 5 62
No 17
VISTA 5 2 8
Yes 36
i ) ICOS 3 0) 10
Liver metastasis 37
Ki67 index (mean) 6.1 (0-20) OX40 2 0 4
WHO 2010 PD-L1 1 0 3
Grade 1 23 LAG3 0 0 0
Grade 2 30 B7-H4 0 0 0

PanNETs are characterized by differential expression of immune-cell markers on lymphocytes, macrophages and other stromal cells.
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Results

Characterization of immune-cell phenotypes on LEA and MEA and association with clinico-pathological features

ADVANCED PANCREATIC NEUROENDOCRINE TUMORS
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Results

Association between immune-cell markers and DAXX/ATRX immunohistochemistry
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Figure 6. DAXX loss of nuclear expression may be associated with a higher
expression of TIM-3 and FOXP3
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Figure 7. ATRX loss of nuclear expression may be associated with a memory and exhausted phenotype and higher macrophage infiltration
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Results

Prognostic significance of TAMs, ICOS, TIM-3, OX40 in PanNETs

Figure 9. High density of macrophages and activated lymphocytes with TIM-3 signature portend

Figure 8. High density of macrophages and TIM-3 sighature portends poor prognosis _
poor prognosis
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Results

Mutational profile of primary advanced PanNETs and survival

Table 5. Mutation profile of key cancer genes in Table 6. mTOR pathway mutations may be associated with Figure 11. PTEN mutation portends poor survival, with a non-significant trend towards
advanced PanNETs (n=47) macrophage infiltration in MEA association of poor survival with mTOR pathway mutations
Gene Wild-type Mutated Mutation Rate mTOR wild-type mTOR mutated Total
CD68low 10 1 11
MEN1 30 17 36% CD68Me" 6 6 12
Total 16 7 23 MTOR
SETD2 46 1 2% PTEN
| mTOR wild-type mTOR mutated Total Log Rank 2.36 Log Rank 3.54
DNA Damage Repair 42 5 11% TIM-3low 12 5 16 1.04 P=0.061 1 0- P=0.046
MUTYH 45 2 4% TIM.-3high 10 ) 12 5 L, 2
(o) .-E E
CHEK2 44 3 6% Total 24 4 2'8. | E 0.6- % 0.8
BRCA2 45 ’) 4% Likelihood Ratio = 4.9, P=0.026 E E_
I E
Alternative Lengthening E 067 Wild-t E 0.6
° ° ° . ° ° li I - ype [
of Telomeres phenotype - 19 10% Figure 10. PTEN mutation is related to macrophage infiltration 2 E
DAXX 35 12 26% T P=0.002 S 04 S 04 Wild-
€ 1000 o 4 ——Lype
ATRX 39 8 17% £ @ @
= 500 o @
s 8 02 3 0.2
mTOR Pathwa 37 10 21% 2 a] fa)
’ Z’ > ; Mutated Mutated
PTEN 44 3 6% % 0.0 | T | 1 0.0 T ! T |
) S 400 0 50 100 150 200 0 50 100 150 200
3¢l 46 1 2% S Time (months) Time (months)
o0
TSC2 40 7 15% © 20 é
o
0
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The mutational profile on these tumors showed an ALT phenotype and mTOR pathway alteration in more than 50% of cases.

MTOR pathway mutations may be associated with higher macrophage infiltration and poor survival.
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