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ABSTRACT

Background To date, no systemic therapy, including
immunotherapy, exists to improve clinical outcomes in
metastatic uveal melanoma (UM) patients. To understand
the role of immune infiltrates in the genesis, metastasis,
and response to treatment for UM, we systematically
characterized immune profiles of UM primary and
metastatic tumors, as well as samples from UM patients
treated with immunotherapies.

Methods Relevant immune markers (CD3, CD8,

FoxP3, CD68, PD-1, and PD-L1) were analyzed by
immunohistochemistry on 27 primary and 31 metastatic
tumors from 47 patients with UM. Immune gene expression
profiling was conducted by NanoString analysis on pre-
treatment and post-treatment tumors from patients (n=6)
receiving immune checkpoint blockade or 4-1BB and 0X40
dual costimulation. The immune signature of UM tumors
responding to immunotherapy was further characterized
by Ingenuity Pathways Analysis and validated in The
Cancer Genome Atlas data set.

Results Both primary and metastatic UM tumors showed
detectable infiltrating lymphocytes. Compared with
primary tumors, treatment-naive metastatic UM showed
significantly higher levels of CD3+, CD8+, FoxP3+ T
cells, and CD68+ macrophages. Notably, levels of PD-1+
infiltrates and PD-L1+ tumor cells were low to absent in
primary and metastatic UM tumors. No metastatic organ-
specific differences were seen in immune infiltrates.

Our NanoString analysis revealed significant differences
in a set of immune markers between responders and
non-responders. A group of genes relevant to the
interferon-y signature was differentially up-expressed in
the pre-treatment tumors of responders. Among these
genes, suppressor of cytokine signaling 1 was identified
as a marker potentially contributing to the response to
immunotherapy. A panel of genes that encoded pro-
inflammatory cytokines and molecules were expressed
significantly higher in pre-treatment tumors of non-
responders compared with responders.

Conclusion Our study provides critical insight into
immune profiles of UM primary and metastatic tumors,
which suggests a baseline tumor immune signature
predictive of response and resistance to immunotherapy
in UM.
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BACKGROUND
Uveal melanoma (UM) is a rare disease in
which cancer cells derive from melanocytes
within the uveal tract of the eye. Itis the most
common primary intraocular malignancy in
adults and comprises about 5% of all mela-
nomas. Approximately 50% of patients
diagnosed with primary UM will develop
metastatic disease,’ with the liver being the
most common site involved. Patients with
metastatic UM present a median overall
survival (OS) of 6 to 12 months." It is also
known that UM harbors a unique molecular
signature, distinct from that of cutaneous
melanoma (CM). For example, BRAF and
NRAS mutations commonly detected in CM,
rarely appear in UM,?® while GNAQ and
GNA1I mutations are found in approximately
80% of UM.? Furthermore, UM has a lower
mutational load compared with CM, which
could also contribute to its low tumor immu-
nogenicity.*®

To date, no systemic therapy has demon-
strated improved clinical outcomes in UM
patients, with most drugs used to treat
metastatic CM, proving mostly ineffec-
tive in the UM setting.” ” Targeted therapy
trials for advanced uveal melanoma have
fallen short with other therapies such as the
MEK1/2 inhibitors selumetinib and trame-
tinib.® Although immunotherapy has shown
promise for metastatic CM, checkpoint inhib-
itors, such as ipilimumab and tremelimumab,
have shown limited clinical efficacy (<10%)
with no true benefit to OS for advanced UM
patients in clinical trials.” ' Checkpoint inhi-
bition with PD-1-blocking antibodies, such as
pembrolizumab or nivolumab, have also been
investigated in metastatic UM, with similar
results (3 to 11%) and minimal impact on
survival.'" Notably, the low response rates and
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negligible impact on survival of monotherapy checkpoint
inhibition in UM sharply contrast with promising results
in CM." "

The poor response to immunotherapy in UM high-
lights a knowledge deficit of how metastatic UM escapes
immune surveillance or develops resistance. The study
of this poor response mechanism was hindered by the
limited number of clinical UM tumors treated with immu-
notherapy available for research. Thus, there is a critical
need to better understand physiologic immunosuppres-
sive mechanisms in order to improve treatment options
for patients with UM. To date, there is a paucity of studies
characterizing the immune infiltrate of metastatic UM
tumors. In a previously published pilot study, we described
the immune profile of metastatic UM compared with
metastatic CM. It was revealed that UM was deficient in
tumor-infiltrating lymphocytes (TIL) compared with
CM." In this current study, we sought to further char-
acterize the immune phenotypes and tumor microen-
vironment of UM and alternations occurring relative
to therapeutic response. In this effort, we methodically
analyzed key markers of immune infiltrates in primary
and metastatic tumors from 47 patients with UM. Longi-
tudinal tumor samples from a subset of patients receiving
immunotherapy were evaluated.

METHODS
Patients and clinical characteristics
Based on the quality and quantity of available formalin-
fixed paraffin-embedded (FFPE) tumor tissues, 47 patients
with UM treated at The University of Texas MD Anderson
Cancer Center (MDACC) between 2011 and 2016 were
selected for immunohistochemistry (IHC) staining and
analysis study of immune infiltrates. All patients provided
written consent for research tissue banking and analysis.
Archived FFPE tissue from 27 primary and 31 metastatic
samples from 47 unique UM patients were utilized for
this study. The data regarding treatment exposure and
anatomic sites are available for all cases. The clinical char-
acteristics for the patients, including the metastatic sites,
are shown in table 1. The detailed characteristic infor-
mation of all primary tumors is shown in online supple-
mental table S1. The treatment information for relevant
metastatic samples is shown in online supplemental table
S2.

Longitudinal gene expression profiling was conduc
a cohort of six patients with UM who received immu-
notherapy at Scripps MD Anderson, California Pacific
Medical Center, and MDACC. The patient from
Scripps MD Anderson was treated with ipilimumab plus
nivolumab, and the other patient from California Pacific
Medical Center was treated with OX40 agonist plus 4-1BB
agonist. Both patients were characterized as responders.
Four patients from MD Anderson were characterized as
non-responders, all treated with monotherapy check-
point blockade (anti-PD-1, anti-PD-L1, or anti-CTLA-4
antibody) at MDACC and had stable (1 out of 4) or

progressive (3 out of 4) disease. The characteristics of
these six patients with UM who received immunotherapy
are listed in online supplemental table S3.

Immunohistochemistry and digital image analysis

An H&E section was manufactured from each UM FFPE
block and reviewed by a pathologist to ensure the pres-
ence of viable tumor and selection of the best represen-
tative block when multiple blocks were available for the
same sample. Additional sections of 4pm thickness were
cut from the FFPE block for IHC staining and analysis.
Samples with high melanin content were submitted to
24-hour bleaching with hydrogen peroxidase at room
temperature prior to IHC staining. IHC staining was
performed in a Leica Bond Max automated stainer
(Leica Biosystems, Buffalo Grove, Illinois) using anti-
bodies against CD8 (clone C8/144B, Thermo Scientific,
Waltham, Massachusetts) at a dilution of 1:25, PD-L1
(clone EIL3N, Cell Signaling, Danvers, Massachusetts)
at a dilution of 1:100, PD1 (Clone- EPR4877, Abcam) at
a dilution of 1:25, CD3 (clone A0452, Agilent Technolo-
gies, Santa Clara, California) at a dilution of 1:100, CD68
(clone PG-M1, Agilent Technologies, Santa Clara, Cali-
fornia) at a dilution of 1:450, and FoxP3 (clone 206D,
Biolegend, San Diego, California) at a dilution of 1:50.
All stains were performed under optimized conditions
and included a positive control (human lymph node)
and a negative control without the primary antibody, as
described previously."” The Leica Bond Polymer Refine
Detection kit (Leica Biosystems) was used for detection
with diaminobenzidine (DAB) used as the chromogen. All
slides were counterstained with hematoxylin and scanned
into a digital pathology slide scanner and analyzed using
the Aperio analysis software (Aperio AT Turbo, Leica
Biosystems). From each sample, one to five 1 mm? areas
were randomly selected within the tumor architecture by
a pathologist for quantification, depending on the size
of the tumor. CD3, CD8, CD68, FoxP3, PD-1 was evalu-
ated using the nuclear algorithm to identify lymphoid
cells vs tumor cells and the data retrieved as the number
of positive inflammatory cells per the analyzed area and
normalized as counts/ mm? PD-L1 was evaluated as the
percentage of cell positive. It was challenging for IHC
analysis in some of the small biopsy UM tumors collected
in our study. Due to inadequate tumor sampling, some
tumors did not have sufficient samples to analyze all listed
immune markers.

All the IHC staining and whole H&E sections of
tumor samples were reviewed and analyzed by two
pathologists, WLW and FC, independently. After
review, the best representative areas were punched
twice by a 1 mm needle to form a tissue microarray
block. Then, the selected tumor tissues were subject
to further analyzes to review the lymphocytic location
once by checking the respective H&E sections. The
location of lymphocytic infiltrate was categorized as:
(a) intratumoral: when the lymphocytes are distributed
diffusely inside the tumor mass and (b) peri-tumoral:
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Table 1 Patient and tissue characteristics

Primary Metastatic Total

Patient Number n=26 n=31 n=47
Gender—no. of patients (%)

Female 13 (50) 16 (51.6) 29 (61.7)

Male 13 (50) 15 (48.4) 18 (48.3)
Age—years

Range 40 to 82 281078 28 to 82

Median 70 64 65

Primary Metastatic Metastatic
(treatment-naive) (on/post treatment)

Biopsy site—no. of patients (%)

Tissue number n=27 n=29 n=28

Eye (primary tumors) 27 (100)

Liver (metastatic tumors) 18 (62.1) 8 (28.6)

Lung (metastatic tumors) 6 (20.7) 2 (10.7)

Soft tissue and others (metastatic tumors) 5(17.2) 17 (60.7)
CD8+ cells/mm?

Range 0 to 992.02 4.16 t0 1990.7 1.30t0 2011.9

Median (SD) 47.44 (326.09) 361.4 (452.84) 212.4 (530.44)
CD3+ cells/mm?

Range 1.6 to 1185.27 39.40 to 1371.5 6.73t0 3174.4

Median (SD) 87.79 (413.83) 326.97 (397.26) 164.2 (709.27)
CD68+ cells/mm?

Range 0to 618.57 1.27 to 3604.2 0.63 to 2386.6

Median (SD) 81.67 (198.35) 266.18 (763.39) 330.06 (606.22)
FOXP3+ cells/mm?

Range 0.61 to 57.96 0.61 to 248.41 0 to 402.32

Median (SD) 8.20 (18.17) 25.76 (71.79) 31.07 (101.97)
CD4+ cells/mm?

Range 1.01 to 862.82 4.41 to 1047.91 5.03 to 1224.16

Median (SD) 31.91 (194.84) 110.05 (273.70) 87.28 (311.43)
PD-1+ cells/mm?

Range 0to 153.18 0 to 276.65 0 to 327.89

Median (SD) 1.60 (30.17) 3.60 (58.18) 3.93 (82.28)

SD, Standard deviation

lymphocytes occurring mostly in the tumor stroma or
surrounding the tumor but not in direct contact with
tumor cells.

Gene expression profiling

NanoString was performed on the pre-treatment
and post-treatment of immunotherapy cohort using
the nCounter PanCancer Immune Profiling codeset
(NanoString) of 770 cancerrelated and immune
response genes (online supplemental table S4). RNA
was extracted using the Highpure miRNA isolation kit
(Roche) from FFPE blocks, following initial confirma-
tion of tumor presence and content by two pathologists

by H&E. For gene expression studies, 1 pg of RNA was
used per sample. Hybridization was performed for 16
to 18 hours at 65°C and loaded onto the nCounter Prep
Station for binding and washing prior to scanning and
by the capture of 600 fields using the nCounter.

Statistical analysis

Statistical analysis was performed with GraphPad Prism
V.6.0 (La Jolla, California). Unpaired non-parametric
t-tests were performed to compare the levels of tested
immune markers in UM tumors. The level of statistical
significance was set as 0.5.
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Figure 1

Immune infiltrates and PD-L1 expression in primary and metastatic uveal melanoma. (A) Representative

immunohistochemistry staining for CD3, CD8, CD68, FoxP3, PD-1, and PD-L1 in uveal melanoma (UM) tumor tissues. positive
staining denoted by brown/red color. (B) Comparison of immune infiltrate in UM primary and metastatic tumors by quantification
of CD3+, CD8+, CD4+, CD68+, FoxP3+, and PD-1+ infiltrates in 27 primary tumors and 29 metastases. (C) Comparison of PD-
1+ infiltrate levels between PD-L1-positive and PD-L1 negative primary UM tumors. *=p<0.05; **=p<0.001; ns=not significant.

RESULTS

Immune infiltrates in UM tumors

There were 27 primary tumors from 26 patients (two
tumor samples were collected from one patient with
local recurrence in the orbit), which showed positive
staining for CD3 (100%, median: 87.79 /mm?, 1.61 to
1185.27/mm?), CD8 (96.3%, median: 47.44 /mm®, 0 to
992.02/mm?), and CD68 (88.5%, median: 81.67/mm2
0 to 618.57/mm2) (figure 1A)). All tested primary UMs
showed positive staining of FoxP3 Treg, with a median
of 8.20 FoxP3" cells /mm? (0.61 57.96/mm?2, table 1).
The total lymphocyte population, denoted by CD3 stain,
is mainly comprised of CD8 T cells and CD4 T cells.
Therefore, we estimated CD4 expression by subtracting
the proportion of CD8 T cells from the total CD3 popu-
lation. The estimated CD4+ infiltrates in tested primary
tumors showed a median of 31.91 CD4+ cells/mm? (1.01
to 862.82/mm?, table 1).

CD3+, CD8+, CD68+, and FoxP3+ infiltrates were
detected in all available treatment-naive metastatic
UM tumors (table 1). Moreover, treatment-naive meta-
static tumors showed significantly higher levels of
CD3+ (median: 3$26.97/mm? 39.40 to 1371.5/mm?
p=0.0059), CD8+ (median: 361.4/mm?, 4.16 to 1990.7/
mm?, p=0.0423), and FoxP3+ (median: 25.76/mm?, 0.61
to 248.41/mrn2, p=0.0028) T lymphocytes than primary

tumors (figure 1B). Infiltrating CD68+ macrophages
were significantly higher in treatment-naive metastases
(median: 266.18/mm2, 1.27to ?)604.2/me) than primary
tumors (p=0.0424, figure 1B). The estimated CD4+ infil-
trates were also significantly higher in treatment-naive
metastatic tumors (median: 110.05/mm2, 4.41t01047.91/
mm?) than primary tumors (p=0.0138, figure 1B).
Limited matching pairs of primary and metastatic tumors
from the same patients were collected in our study. There
were 11 patients with matching primary and metastatic
tumors. Three of the metastases were treatment-naive
samples, with incomplete IHC data due to exhaustion of
the FFPE. The other eight metastases were collected at
various time points after a variety of treatments (immu-
notherapy, targeted therapy, and liver-directed therapy),
also with incomplete IHC data due to tissue exhaustion.
Due to the limited sample size, no generalizations can be
made, other than metastatic tissues have higher FoxP3+
infiltrates than primary tumors from the same patient
(online supplemental figure S1).

The spatial distribution of CD8+ T cells in all tumor
samples was quantified based on the pathological analysis.
Intratumoral CD8+ infiltrates were noted in the majority of
primary UM tumors (92.6%, 25/27) and treatment-naive
metastatic tumors (79.3%, 23/29) without the presence
of peritumoral infiltrates (online supplemental figure
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S2). Although, a higher percentage of metastatic tumors
were detected with peritumoral infiltrates, no significant
differences for the peritumoral or intratumoral infiltrates
were found among primary tumors, treatment-naive, and
post-treatment metastatic UM tumors (online supple-
mental figure S2).

We further analyzed the correlation of these T-cell
markers in UM tumors. As expected, the levels of CD3
were positively correlated with CD8 or CD4 in UM
primary tumors and metastases (primary: CD3 and CD8:
Spearman Rho=0.93, p<0.001; CD3 and CD4: Spearman
Rho=0.93, p<0.001; metastatic: CD3 and CD8: Spearman
Rho=0.58, p<0.05; CD3 and CD4: Spearman Rho=0.68,
p<0.05; online supplemental figure S3A). The levels of
CD4 were positively correlated with CD8 in primary
tumors but not in metastatic tumors (primary: CD4 and
CD8: Spearman Rho=0.83, p<0.001, online supplemental
figure S3A). The levels of PD-1+ T cells were also positively
correlated with CD8+ density in primary tumors, but only
with CD4+ density in treatment-naive metastatic tumors
(primary: PD-1 and CD8: Spearman Rho=0.42, p<0.05;
metastatic: PD-1 and CD4: Spearman Rho=0.83, p<0.001,
online supplemental figure S3A). Tumor-infiltrating
FoxP3 +cells showed a significant positive association
with the presence of CD8 +T cells in UM metastases and
primary tumors (primary: Spearman Rho=0.55, p<0.01;
metastatic: Spearman Rho=0.57, p<0.05, online supple-
mental figure S3A,B). Moreover, levels of FoxP3+ infil-
trates were positively correlated with CD3+ and CD4+
density in primary UM (FoxP3 and CD3: Spearman
Rho=0.66, p<0.001; FoxP3 and CD4: Spearman Rho=0.50,
p<0.05, online supplemental figure S3A,B).

Low levels of PD-1 and PD-L1 expression in UM tumors

PD-L1 was negative (defined as the absence of any PD-L1
staining) in 66.4% of tested primary tumors by IHC, and,
where positive, was noted in <1% of tumor cells (online
supplemental table S2). Moreover, the primary UM
tumors containing any amount of PD-L1+ tumor cells
exhibited higher PD-1+ infiltrates (median=14.32 PD-1+/
me, 1.21—153.18/mm2) than those tumors that were
negative for PD-L1 expression (median=1.11 PD-1+/mm2,
0-10.05/mm?) (p=0.0016, figure 1C). Notably, PD-L1
expression was undetectable in all treatment-naive meta-
static UM tumors (n=29, online supplemental table S5).
Low levels of infiltrating PD-1+ cells were seen in primary
UM tumors (median=1.6 PD-1+/mm? 0 to 153.18/mm?)
and metastatic tumors (median=3.6 PD-1+/mm2, 0 to
267.65/mm?) with no significant difference between
these two groups (figure 1B).

Immune infiltrates in UM metastases from various anatomic
sites

In 29 treatment-naive metastatic UM tumors collected
in this study, 62% were liver metastases, and 38% of
tumors were metastases from lung, soft tissues, skin, and
subcutaneous tissue of the abdomen. We performed
an analysis to compare the immune infiltrates between

tumors collected from different organ sites. As shown in
figure 2A, no difference was seen in levels of CD3+, CD8+,
CD4+, CD68+, PD-1+, and FoxP3+ among treatment-
naive metastatic tumors from liver, lung, lymph node, soft
tissue, and other organ sites.

Longitudinal immune profiling of UM patients on treatment for
metastatic disease

To date, no study has analyzed the effect of systemic
therapy on UM tumors' immune infiltrates. In our study,
27 metastatic UM tumors were collected from patients
pre-systemic or postsystemic therapy, including 16
patients treated with targeted therapy, and 11 patients
treated with monotherapy checkpoint blockade. First, we
compared the immune infiltrates profiles of treatment-
naive tumors and tumors collected post or on systemic
treatments. As shown in figure 2B, there was no differ-
ence for CD3+, CD8+, CD4+, CD68+, PD-1+, and FoxP3+
cells between these two groups. Next, we compared the
effects of targeted and other systematic therapies with
immunotherapies on the UM metastatic tumors' immune
infiltrate. As shown in figure 2C, there was no difference
for CD3+, CD8+, CD4+, CD68+, PD-1+, and FoxP3+ cells
between these two groups. Markedly, the metastatic tumor
samples from patients post or on monotherapy check-
point blockade show numerically higher levels of immune
infiltrates compared with tumors collected from patients
post- or on targeted therapy. (Median: CD8, immuno-
the]rapy:SAJf?).56/mm2 versus MEKi and others=181.85/
mm®, p=0.152%; CD3, immunotherapy=395.71/mm?
versus MEKi and others=99.77/mm?, p=0.0792; CD4,
immunotherapy=151.0/mm® versus MEKi and others
63.02/mm”®, p=0.1812; CD68, immunotherapy=439.14/
mm? versus MEKi and others:SOS.SS/mmg, p=0.347;
FoxP3, immunotherapy=83.81/mm® versus MEKi and
others=15.72/mm?, p=0.072) (figure 2C).

Effects of immunotherapy on immune gene expression in UM
patients

Longitudinal pre-treatment and post-treatment UM
tumors were collected from six patients (n=2 responders
(R) and n=4 non-responders (NR)) receiving check-
point inhibitor immunotherapy. R tumors were derived
from one patient treated with nivolumab plus ipilim-
umab and one patient treated with 4-1BB+OX40dual
co-stimulation. Both patients showed partial responses to
treatments. NR tumors were derived from four patients
treated with monotherapy checkpoint blockade (anti-
PD-1, anti-PD-L1, and anti-CTLA-4 antibody) who had
stable (1/4) or progressive (3/4) disease as the best
response (online supplemental table S3). We performed
gene expression profiling to identify gene signatures asso-
ciated with the response by NanoString analysis on these
tumors. The PanCancer Immune panel of 770 immune
relevant genes was applied in our NanoString study. The
analysis of these tumor samples showed that three genes,
NUPI107, TANK, and IL12A, were significantly higher in
the post-treatment tumors compared with pre-treatment
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Figure 2 Quantification of immune infiltrates in metastatic uveal melanoma (UM) tumors receiving treatment. (A) comparison of
immune infiltrates (CD3+, CD8+, CD4+, CD68+, FoxP3+, and PD-1+) in UM metastases by organ sites (liver, lung, and others).
(B) Immune infiltrates levels in longitudinal metastatic tumor samples of UM patients on systematic therapies. (C) Comparison of
immune infiltrates in UM metastases received immunotherapy or targeted therapies. ns=not significant.

samples (the difference between normalized expression
in the two groups; two-sided Student’s t-test p<0.05)
(figure 3A). Moreover, 10 genes, TNISI4, TIRAP, SBNO2,
PIN1, SMAD3, BID, CDKNIA, MS4A1, MAVS, and CTSL,
showed significant decreases in the post-treatment tumors
compared with pre-treatment samples (figure 3A).

Pre-treatment gene expression signature correlates with
response to immunotherapy

We then questioned whether pre-treatment gene expres-
sion would differentiate R versus NR prior to immuno-
therapy. Two sets of genes were differentially expressed
between response groups (figure 3B, two-sided Student’s
t-test p<0.05). A set of 12 genes (CDHI1, HLA-DRB4, HLA-
G, TLR3, IFITM2, SOCS1, SLAMFI, CASP3, ATFI, TBKI,
CD164, and ITCH) were significantly expressed higher in
pre-treatment R compared with NR. Moreover, a group of
13 genes (CXCRI1, CXCR2, PTGS2, NOS2A, 114, IL17A,
1L19, CCL20, IGLL1, LTK, TAB1, S100A12, and CD3EAP)
were significantly higher in pre-treatment NR compared
with R. Ingenuitypathway analyses (IPA) are shown for
both of these gene sets in figure 3C,D). For the set of
genes upregulated in the pre-treatment R, interferon
(IFN)-y was identified as the main upstream regulator for
eight genes of this set based on IPA (figure 3C). Notably,
most of the genes upregulated in the pre-treatment
NR encoded important cytokines and molecules of the

pro-inflammatory signal network regulated by IL13, IL4,
and NF-xB (figure 3D).

Taking advantage of publicly available RNAseq data
of pre-treatment CM tumor samples receiving anti-PD-1
therapy from previously published work,"* we analyzed
whether the gene signatures identified in UM tumors
also applied to CM. CDH1, which was identified as one of
the genes upregulated in pretreatment R UM tumors, was
also found to be expressed significantly higher among R
versus NR in pre-treatment CM (figure 3E).

Next, we compared the expression of immune genes
of post-treatment UM tumors between R and NR. Three
genes, PRKCE, HMGBI, and CCL2S, were expressed
significantly higher in the post-treatment tumors of NR
compared with R (figure 4A). IPA analysis revealed that
tumor necrosis factor (TNF) is a key regulator for the acti-
vation and upregulation of all three genes within the cell
signaling network (figure 4B).

S0CS1 as a potential mediator in UM responding to
immunotherapy

As shown in figure 3B, the mRNA levels of suppressor of
cytokine signaling 1 (SOCSI) and major histocompati-
bility complex (MHC) molecules, HL.A-G and HLA-DRB4,
were significantly higher in pre-treatment tumors of R
versus NR. Further analysis of The Cancer Genome Atlas
(TCGA) data of 80 primary UM tumors showed there
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Figure 3 The analysis of matching metastatic tumors (pre-treatment and post-treatment) from six patients who received
immunotherapy by NanoString. (A) Relative gene expression level change in post-treatment tumors against pre-treatment
tumors. the genes above red line show significantly changes of expression levels in post-treatment tumors compared with
pre-treatment tumors (p<0.05). IL12A, NUP107, and TNAK expressions were upregulated, and TNFSF4, TIRAP, SBNO2, PIN1,
SMAD3, CDKN1A, BID, MS4A1, CTSL, and MAVS were downregulated after treatment in all six patients’ um tumors. (B) Heat
map demonstration of NanoString analysis of pre-treatment tumors of uveal melanoma responders (R, n=2) and non-responders
(NR, n=4) to immunotherapies. two sets of genes were differentially expressed between the responding versus non-responding
pre-treatment tumors (p<0.05). (C) Functional network analysis by Ingenuity Pathways Analysis (IPA) reveals that interferon-y
is the major upstream regulator for the expression of a group of genes (CASP3, CDH1, HLA-G, IFITM2, SLAMF1, SOCS1,
TLR3, and ATF1), which are significantly expressed at a higher level in pre-treatment tumors of responders to immunotherapy.
(D) Functional network analysis by IPA reveals that proinflammatory NF-kB, interleukin (IL)-4, and IL-13 are major upstream
regulators for the expression of a group of genes (CXCR1, CXCR2, PTGS2, NOS2A, IL4, IL17A, IL19, CCL20, IGLL1, LTK,
TAB1, S100A72, and CD3EAP), which are significantly expressed at a higher level in pre-treatment tumors of non-responders
to immunotherapy. (E) The expression of CDH1 was significantly higher in the pre-treatment cutaneous melanoma (CM) tumors
of responders compared with non-responders who received anti-PD-1 therapy. The cohort of CM tumors was derived from
the published data of previous study.' IPA analysis: nodes represent genes, with their shape representing the functional class
of the gene product (as shown in left panel). Genes with gray nodes are focused genes identified by the NanoString analysis.
Genes with purple nodes are generated through the network analysis from IPA as upstream regulators for those genes in gray
color. The lines between genes represent known interactions, with solid lines representing direct interactions and dashed lines
representing indirect interactions.

was a significant survival disadvantage for patients whose
tumors lacked SOCSI1 expression (<median) compared
with those with high SOCSI1 expression (>median)
(figure bA). We compared SOSCI mRNA levels among
various tumors and normal tissues based on TCGA and
Genotype-Tissue Expression (GTEx) data. As shown in
figure 5B, SOCSI mRNA levels were significantly lower
in UM compared with skin melanoma and lung cancer,
which are known to have a high response rate to check-
point blockade.

Various studies have shown that SOCSI regulates MHC I
and II molecules levels in fibroblast and tumor cells.'*®
In pre-treatment tumors collected from patients with
UM treated with immunotherapy, R expressed higher
SOCS1, HLA-DRB4, and HLA-G than NR (figure 5C). We
analyzed the expression patterns of SOCSI and MHC I
and II molecules from the UM TCGA. As shown in table 2
and figure 5D, SOCSI mRNA levels were significantly
correlated with the levels of most HLA molecules in UM

Human leukocyte antigens (HLA) play crucial roles in
the interaction of malignant cells with immune cells."”

tumors in the TCGA, including HLA-A, HLA-B, HLA-C,
and HLA-G.

QinY, et al. J Immunother Cancer 2020;8:6000960. doi:10.1136/jitc-2020-000960



A. Post-treatment

32B Post-treaty
N Ehesseanull
736774 Post-mu —
913971 Post-tr«

324227 Post-tr«

36B Post-treaty

B.
Cms i 7
<4 \\ . [ Cytokine/Growth Factor
/ [ e
/ 'Y : Kinase
<« 1 i [ | Transcription Regulator
w { : | Other
AN i .
i 01’ Mature Micro RNA
P E = Relationship

Responders

Non-responders

== = Relationship

Figure 4 NanoString analysis of post-treatment tumors of uveal melanoma (UM) responders (n=4) and non-responders (n=2) to
immunotherapies. (A) The heat map demonstrates that two sets of genes were differentially expressed between the responding
versus non-responding post-treatment tumors (p<0.05). (B) Functional network analysis by Ingenuity Pathway Analysis (IPA)
reveals that TNF is the major upstream regulator for the expression of HMGB1, PRKCE, and CCL28, which are significantly
expressed at a higher level in post-treatment tumors of non-responders to immunotherapy. Genes with gray nodes are focused
genes identified by the NanoString analysis. Genes with red and purple nodes are generated through the network analysis from

IPA as upstream regulators for those genes in gray color.

DISCUSSION

Our work demonstrates the presence of immune infil-
trates in the majority of primary and metastatic UM
tumors. In fact, 100% of all treatment-naive metastatic
tumor samples had a detectable immune infiltrate by
IHC. CD3, CD8, and FoxP3 levels were noted to be higher
in treatmentnaive metastatic tumors than in primary
UM tumors. Consistent with prior work, PD-L1 expres-
sion was absent in 66.4% of primary tumors and 100%
of treatment-naive metastatic tumors. Where present in
primary tumors, PD-L1 expression was <1%. In metastatic
tumors, we noted no difference in immune infiltrate by
metastatic site, pre-treatment and post-treatment time
points, and in response to immunotherapy versus targeted
therapy. NanoString analysis in a small cohort of patients
treated with immunotherapy revealed an IFN-y signature
in the pre-treatment metastatic tumors of R compared
with NR. SOCSI and HLA molecules were also signifi-
cantly higher in pre-treatment tumors from R versus NR.
The pre-treatment tumors of NR showed a gene expres-
sion profile consistent with a pro-inflammatory signaling
network.

The success of immune checkpoint blockade in CM has
relied heavily on the potency of the anti-tumor immune
response, attributed mainly to the capacity of CD8+
lymphocytes to infiltrate and lyse tumors on an antigen-
specific basis.'” However, clinical response rates to anti-
CTLA-4 and anti-PD-1 checkpoint blockade have been
largely unimpressive (0 to 10%) with no benefit in terms
of OS in UM.?'” One report of a small cohort of 15 UM

patients treated with combinational checkpoint inhibi-
tors showed that partial response was observed only in two
cases, and the median of progression-free survival) was
2.8 months.?’ The reasons underlying the poor response
to immunotherapy in UM are unclear. One explanation
for this is the notable difference in the mutation burden
between CM and UM. UM has been shown to present
a limited mutational load compared with CM, which
may contribute to low tumor immunogenicity in UM.*®
Another unifying explanation for the distinctive immune
resistance of UMs is the anatomic site in which it arises.
First, the eye is an immune-privileged site, which serves
to limit the amount of immune-mediated inflammation
occurring in this vital organ because its capacity to regen-
erate tissue is limited.?! %2 Second, the eye lacks lymphatic
drainage, thus promoting retention of tumor antigens in
the ocular environment without presentation to draining
lymph nodes and the subsequent generation of a typical
cell-based immune response.23 2 Likewise, metastatic
foci may themselves have evolved from their primary UM
counterparts and may carry with them intrinsic mecha-
nisms to evade immune surveillance.

There is limited literature on the immune signature
of metastatic UM tumors.’® % Most UM metastases
are collected via biopsy. Thus, it is difficult to collect
adequate tissue from which to study an immune profile
and gene signatures. Our previous study showed that the
CD8+ T cells levels were significantly higher in CM metas-
tases than UM metastases.'® In this study, we once again
demonstrate that UM tumors have an immune infiltrate

8

QinY, et al. J Immunother Cancer 2020;8:6000960. doi:10.1136/jitc-2020-000960



Lower grade glioma

Vuscle

Hypothalamus.

Open access

]

ingiocarcinoma
iney clear cell carcinoma

- Skeletal

CPG - Pheochromocytoma and parag

|Artery - Tibial
ICEC - Uterine endometrial carcinoma

IBrain - Cerebellum

rain - Cere Hemisphere
Bladder

Breast - Mammary Tissue

rostate

kin - Sun Exposed

ancreas

ICOAD - Colon adenocarcinona
Adipose - Subcutaneous
ILUAD - Lung adenocarcinoma
ICESC - Cenvical cancer

THCA - Thyroid carcinoma
ISARC - Sarcoma

IAdipose - Omentum

[Heart - Left Ventricle

i

e pERTY.

0.411087662 0.322222233 0.416385382 0.28628692

. . . .
* o ° o o ©
® n . o ® . 0
.: ..‘ o : %e © P go:. o o ®e 0 eo® o
% en® o oo S 0 *% e ®e%°° .d * . ".
oo§. N \..‘J'. N .‘1 . 0.‘.§... o
o o e %o , . Y °
. Cn.. & e, . Py e ®
.o..i.o. o o..o. S ....00 . o © 8 .
®eo o0 L] PR 4 ® 0 ©0e%° o
(X °® o ° . . .
. . o o . . .
. . . .
p =0.00015 p=0.0036 p =0.00012 p=0.01003

°
A. - B.
SOCS1 (high expression)
@
3
5x5 §
2 Shag. .02
© 29Es5 238
LR SEFBEIRET
- © ey =69ES5358
T . 23223524
2 SOCS1 (low expression) )
S SESSEEEEEEE]
3 = 1000{
p =0.0428
o 100
S
=
g .
= 10
o Uveal Melanoma (n = 80) 5 IR
(=] » d
T T T T T T T a LTI
0 10 20 30 40 50 60 70 § g h{ !
5 486
Months g
£
e 0.1
12}
Q
o)
12
0.01
0.001
c E, 4001 H D Spearman Rho
aE 300 .
C. socst g * n
. £ 200 .
£ 100. s
= t 5
>
£ 2K !
HLA-DRB4 ! s
IR i . E .
z . = 9
< | 1
— o
o 1 9
g I 3
2£ :
HLA-G 2 5K . L .
5 !
E |
IS 05
Pre-treatment H 8 R 35
Samples TN 100

HLA-A (TPM)

1000
HLA-C (TPM)

1000005 1 2 5 10 20 50

HLA-G (TPM)

1000 10000 100 1000

HLA-B (TPM)

10000 100
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and are not an immune desert. UM metastases contain
CD3+, CD8+, CD4+, CD68+, and FoxP3+ infiltrates at
higher levels than primary UM. These studies suggest the
presence of immune suppressive mechanisms leading to
the inactivation of T cells within metastatic UM tumors
despite a population of intratumoral CD8+ and CD4+
infiltrates.

A study from Coupland’s group showed that CD68+
and CD163+ tumor-associated macrophages were seen
in all tested UM metastases.”® In their study, CD3+ TILs
were noted both within metastatic UMs and surrounding
the tumor. CD8+ TILs were few in number within meta-
static UMs but were predominantly seen peritumorally at
the interface of tumor and normal liver, whereas CD4+
TIL showed a high perivascular density within metastatic
UMs. In our study, most of the tested primary (92.6%)
and metastatic UM (75% to 79%) tumors had intratu-
moral CD8+ infiltrates, and the presence of peritumoral
immune infiltrates was only detected in a small portion of
tumors. The definition of intratumoral and peritumoral

infiltrates may be dependent on the quality of tissue spec-
imens. Sufficient surrounding normal tissue in a tumor
biopsy could be a critical factor in accurately describing
the location of immune infiltrates.

Several studies have indicated that tumor-infiltrating
CD4+CD25+FoxP3+Tregs are associated with decreased
survival of various malignancies.”' Tregs can suppress
proliferation, cytokine production, and cytolytic activity
of CD4+ andCD8+ T cells by mechanisms involving
cell-to-cell contact and the release of cytokines, such as
TGF-B.” % Tregs can also induce an immunosuppressive
phenotype in other cell types such as macrophages.”*
Our analysis found that FoxP3+ infiltrates in UM tumors
were positively associated with CD3+ and CD8+ infiltrates
(online supplemental figure S2A,B). These findings
provide insight into the potential immune resistance
mechanisms of UM.

Notably, our study again showed that the PD-1 and
PD-L1 expression levels are low to absent in UMs as
confirmed by previous studies.'” ?” PD-1 expression is

QinY, et al. J Immunother Cancer 2020;8:6000960. doi:10.1136/jitc-2020-000960

9


https://dx.doi.org/10.1136/jitc-2020-000960

Open access

Table 2 Correlations of SOCS1 levels and the expressions

of HLA molecules in 80 UM tumors from TCGA data

Gene_1 Gene 2 Spearman Rho P value
SOCSH1 HLA-A 0.411087662 0.000151916
SOCSH HLA-B 0.322222233 0.003558534
SOCSH1 HLA-C 0.416385382 0.000122208
SOCSH1 HLA-DMA 0.322456628 0.003533064
SOCSH1 HLA-DMB 0.356704175 0.001163051
SOCSH1 HLA-DOA 0.397702754 0.000259111
SOCS1 HLA-DOB 0.293287873 0.008283405
SOCSH1 HLA-DPA1 0.368026257 0.00078332
SOCS1 HLA-DPB1 0.365002334 0.000871762
SOCSH HLA-DPB2 0.357601017 0.001127789
SOCSH1 HLA-DQA1 0.31701827 0.004167862
SOCSH1 HLA-DQA2 0.200164095 0.075041885
SOCSH1 HLA-DQBH1 0.329653084 0.002826087
SOCS1 HLA-DQB2 0.357949644 0.001114345
SOCS1 HLA-DRA 0.367557436 0.000796474
SOCS1 HLA-DRB1 0.365260184 0.000863881
SOCS1 HLA-DRB5 0.248640418 0.026151334
SOCSH HLA-DRB6 0.286404133 0.010007918
SOCS1 HLA-E 0.262376934 0.018713555
SOCSH1 HLA-F 0.312494129 0.004771237
SOCS1 HLA-G 0.28628692 0.010039812
SOCSH1 HLA-H 0.402086258 0.000218081
SOCS1 HLA-J 0.19507736 0.082906384
SOCS1 HLA-L 0.216010317 0.054300283
SOCS1 IFNG 0.301690549 0.006535861
SOCS1 SOCS1 1 0

HLA, human leukocyte antigen; SOC1, suppressor of cytokine
signaling 1; TCGA, The Cancer Genome Atlas; UM, uveal

melanoma.

known to increase in the activated CD8 T cells and acts
as a negative feedback system for attenuating immune
responses and an indicator of T cell exhaustion. The
absence of PD-L1 expression on UM tumors may provide
a rationale for the failure of anti-PD-1 monotherapy and
suggests that immune resistance in UM may occur via
alternate mechanisms.

While the clinical benefit to checkpoint blockade
is low in UM, there is a small subset of R to this treat-
ment class. Due to the low clinical response rate of UM
to immunotherapy, there is limited research identifying
biological signatures correlated with R versus NR. In a
pilot study analyzing one UM responder’s tumor tissue
to anti-PD-1 therapy, Stern’s group identified that germ-
line MBD4 mutation might correlate with response to
immune checkpoint inhibitor;”” ** this data needs to be
validated in a larger cohort of UM patients. Our data
set lacked normal blood or tissue in which to confirm

3

this finding. What we did have, however, was a pilot set
of six immunotherapy-treated patients with matched
pre-treatment and post-treatment tissues, on which we
performed gene expression analysis to identify signatures
correlating with R and NR. One gene of note in our study
was SOCSI. Our analysis showed that the mRNA levels of
SOCS1 were significantly higher in R compared with NR.

SOCS1isanegative regulator of cytokine signal transduc-
tion, which suppresses cellular responses to various cyto-
kines, including IFNs, interleukin (IL)-6, IL-4, leukemia
inhibitory factor, growth hormones, and oncostatin M.”’
SOCS1 suppresses cytokine signaling by directly binding
to active Janus kinases (JAKs) through the SH2 domain
resulting in blocked phosphorylation and inactivation
of the JAK-STAT pathway.”® Opposing accumulated
data showed that SOCSI negatively regulated IFN-y and
IL-12 signaling and acted as a checkpoint molecule for
anti-tumor immunity.” For example, immunization with
SOCS1-/~- dendritic cells induces a hyper Thl immune
response, lupus-like autoimmune disease, and anti-tumor
activity.* In SOCSI-knockout mice, the number of cyto-
toxic T lymphocytes increased with a higher response to
IL-17 and IL-15." ** Various in vivo studies showed that
deletion or suppression of SOCSI in either myeloid cells
or T cells enhanced anti-tumor immunity.* Thus, SOCSI
was also proposed as an immune checkpoint for devel-
oping novel immunotherapy. Although the functions
of SOCSI in tumors are controversial in various reports,
these discrepancies might rely on different roles of SOCSI
in a cell context-dependent manner within tumors.
Therefore, it is crucial to characterize the SOCSI function
and its expression status in UM tumors precisely, and we
propose to do this in future studies.

Itis known that the expression of SOCSI can be induced
by various cytokines, including IL2, IL3, erythropoietin,
granulocyte-macrophage colony stimulating factor, and
IFN-v.* A couple of studies showed that SOCSI gene
methylation and histone H3K9 methylation caused gene
silencing of SOCS1in myeloid leukemia cells.*** However,
the underlying mechanism of suppressing SOCSI expres-
sion in UM remains unknown. The modulation of SOCSI
levels could influence IFN responsiveness in the mela-
noma cell lines with artificial SOCSI overexpression by
transfecting plasmid constructs.® Several small agents,
such as chaetocin (histone methyltransferase inhibitor)
and CDM-3008 (IFN-like small chemical compound),
could enhance SOCSI expression in normal tissue and
cancer cells.” * These agents' potential to induce SOCSI
expression and improve efficacy to checkpoint inhibi-
tors in unresponsive tumors such as UM requires addi-
tional evaluation. Further studies are also needed to
validate whether the high expression of SOCSI represents
a normal functional feedback regulation of IFN in UM
cells.

Our study is the first of its kind to describe the immune
infiltrate in a large dataset of primary and metastatic
UM tumors, in metastatic tumors by anatomic location
and changes in infiltrates after monotherapy checkpoint
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blockade or targeted therapy. We describe a higher overall
immune infiltrate in metastatic UM compared with
primary UM, perhaps explained by the immune privilege
in the eye, and no difference in immune cells by the meta-
static sites. The immune infiltrates in metastatic tissues
after monotherapy checkpoint blockade were numeri-
cally higher than after targeted therapy, without statistical
significance in part due to the sample size of this analysis.
Most notably, IFN-y is noted to be the major upstream
regulator for a group of genes (CASP3, CDHI, HLA-G,
IFITM?2, SLAMFI, SOCS1, TLR3, and ATFI) expressed at
a significantly higher level in the pre-treatment tumors
of patients responding to immunotherapy. Though the
fraction of UM responders to immunotherapy is low, this
finding suggests there may be a baseline tumor signa-
ture indicative of response, which may be used to iden-
tify appropriate patients for this class of treatment, while
sparing those without the signature unnecessary toxicity.
Some limitations of our NanoString data include the
small sample size and the variety of checkpoint inhibi-
tors used for treatment. In particular, the R (n=2) both
received combination immunotherapy while NR (n=4)
were all monotherapy patients. Nevertheless, the sugges-
tion of a pre-treatment tumor gene signature in R versus
NR is being validated in a larger combined data set of
nivolumab plus ipilimumab clinical trial patients from
the GEM1402 study (Spain) and the CA184-187 study
(USA). The findings from this validation study will help
us understand further resistance and response mecha-
nisms of metastatic UM to immunotherapy.

CONCLUSION

Our study, for the first time, demonstrates that patients
with metastatic UM tumors have significantly higher levels
of an immune infiltrate (CD3+, CD8+, FoxP3+, and CD68+
cells) compared with patients with primary UM tumors. We
confirm that PD-1 and PD-L1 expression were low to absent
in both groups. Furthermore, the presence of a baseline
IFN-y gene signature, specifically upregulation of the SOCS1
gene, was identified as a predictive marker for response to
checkpoint blockade in our patient cohort, whereas the
presence of a pro-inflammatory signature was predictive
of non-response. Given the low response to checkpoint
blockade immunotherapy in UM, our work provides insight
into the differences in tumor-infiltrating immune cells and
gene signatures between responders and non-responders in
pre-treatment tissue. This work is being validated in a larger
data set of patient tumors and may help inform therapeutic
decision-making in the clinical setting.
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