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Intraepithelial T cells and prognosis in ovarian
carcinoma: novel associations with stage,
tumor type, and BRCAT1 loss
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Intraepithelial tumor-infiltrating T cells have been correlated with improved outcomes in ovarian carcinoma,
however, it is not known whether there is an association with disease stage, histological subtype, or BRCA
mutation/expression. Two case series of ovarian carcinomas were included in the study; a retrospective series
of 500 patients, and 40 prospectively collected cases fully characterized for BRCA1 mutation status and
expression. Intraepithelial immune cells were assessed as present or absent by immunohistochemical staining
of tissue microarrays. In the retrospective case series, the presence of intraepithelial CD8 " T-cells correlated
with improved disease-specific survival (P=0.027), whereas intraepithelial CD3* T cells did not (P=0.49). For
serous ovarian carcinomas, the presence of intraepithelial CD3+ and CD8* T-cells correlated with improved
disease-specific survival (P=0.0016 and P<0.0001, respectively). The presence of intraepithelial CD8" T cells
was not associated with improved survival in endometrioid or clear cell carcinomas. On multivariate analysis,
disease stage and CD8" T cells were found to be independently predictive of improved disease-specific
survival, whereas grade, age at surgery, and type of adjuvant treatment were not. In the prospective patient
cohort, intraepithelial CD8 * T-cells correlated with the presence of mutation or loss of expression of BRCA1
through promoter methylation (P=0.019). Intraepithelial CD8 * tumor-infiltrating T-cells correlate with improved
clinical outcomes for all stages of ovarian cancer; this association is restricted to the serous ovarian cancer
subtype, and is an independent prognostic factor on multivariate analysis. The presence of intraepithelial CD8 *

T cells also significantly correlates with loss of BRCAT1.
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Ovarian cancer is the leading cause of mortality
among gynecologic malignancies and the fifth
leading cause of cancer death in women." Clinical
prognostic factors include factors reflecting intrinsic
tumor biology (stage and grade), patient factors (eg
age, fitness to tolerate treatment), treatment factors
(eg extent of surgical debulking), and the response to
first line treatment.? Despite high initial response
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rates to chemotherapy and the demonstrated im-
provements in median overall survival, fewer than
40% of patients with advanced disease survive to
5 years.®

Many potential molecular prognostic factors in
ovarian cancer have been investigated (eg HERZ,
TP53).* Most factors were identified in small studies
and have not been reproduced or indepen-
dently validated, precluding clinical utility. In
addition, mutations of the BRCA1 and 2 tumor
suppressor genes have been associated with
improved clinical outcomes®” but the biologic
mechanisms underlying these findings are not well
understood to date.

The prognostic significance of the host immune
response, as defined by the presence of tumor-infil-
trating lymphocytes, has been studied in ovarian
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cancer®*'" and other cancers'*'® Zhang et al'

identified intratumoral (later named intraepithelial)
CD3* T-cell infiltration to be an independent
prognostic factor in 186 advanced ovarian cancers.
Curiel et al® demonstrated that infiltration of CD4*
CD25" regulatory T-cells carried a worse prognosis
in ovarian cancer. More recently, immunohistochem-
ical evaluation of intraepithelial tumor-infiltrating
lymphocytes in two cohorts of epithelial ovarian
cancer of all cell types and stages showed that cases
having a higher frequency of intraepithelial CD8*
tumor-infiltrating lymphocytes rather than CD3™*
cells had improved survival compared to patients
with lower frequencies.®’" Therefore, the immune
response to ovarian cancer may serve as a novel
prognostic marker. However, it remains unknown
whether tumor histotype, stage or molecular patho-
genesis affect the presence or the predictive value of
intraepithelial tumor-infiltrating lymphocytes.

We used a large, population-based, clinically
annotated, retrospective cohort of ovarian carcino-
mas treated according to standardized protocols
from the province of British Columbia to assess
for immune cell infiltrates wusing immuno-
histochemistry on tissue microarrays. The results
were correlated with patient outcomes. In addition,
we used an wunselected, consecutive series of
nonmucinous epithelial ovarian carcinomas that
were extensively characterized for BRCA1 and
BRCAZ2 mutation and expression status to determine
whether T-cell infiltration is associated with BRCA
status.™

Materials and methods
Patients

Most women diagnosed with ovarian cancer in
British Columbia are referred to a British Columbia
Cancer Agency-affiliated cancer treatment center,
and provincial therapy guidelines are widely follo-
wed. We included all 832 epithelial ovarian cancer
cases seen in the province of British Columbia from
1984 to 2000 that were stage I, grades 2 and 3, or
stages II-III, any grade, and surgically cytoreduced
to microscopic residual. All cases with residual
macroscopic disease following surgery were exclu-
ded from this analysis. Histopathological features
of this case series have been described in detail
previously.?® Blocks for tissue microarray construc-
tion were available for 500 cases and these cases
constitute the retrospective case series. Tumor grade
was assigned according to the Silverberg grading
system,* but all clear cell carcinomas were con-
sidered to be high grade (grade 3). All mucinous
carcinomas were of intestinal type; there were no
mucinous carcinomas of endocervical type.

A second cohort consisted of 49 consecutive
patients with stages I-III nonmucinous epithelial
ovarian carcinoma recruited into a prospective
study examining BRCA1 expression and mutation
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status at Vancouver General Hospital, as recently
reported.” A third cohort consisted of 29 cases of
ovarian surface epithelial carcinoma where the
number of intraepithelial CD8" tumor-infiltrating
lymphocytes was compared in whole sections vs
tissue microarrays, constructed as described below.
Approval for the study was obtained from the
research ethics committee of the University of
British Columbia.

Tissue Microarrays

Following pathology review, a representative area of
each tumor was selected and duplicate 0.6 mm core
tissue microarrays were constructed, as described
previously.??

Immune Marker Analysis

Tissue microarrays were subjected to immunohisto-
chemical analysis using antibodies against human
CD3 (polyclonal, 1:300; Cell Marque), CD4 (clone
4B12, 1:50; Novocastra), CD8 (clone C8/144B, 1:50;
Dako), CD20 (clone L26, 1:250; Dako), CD43 (clone
MT1, 1:100; Vector), CD117 (polyclonal, 1:200;
Dako), and granzyme-B (clone GrB-7, 1:25; Dako).
Each 0.6 mm core was examined at x 20 magnifica-
tion and scored simultaneously by two pathologists,
who reached a score by consensus. Intraepithelial
cells were defined strictly as being those within the
epithelial component of the tumor (tumor islets),
and were reported as being either present (ie one or
more intraepithelial lymphocytes present in the two
0.6 mm cores for a given case) or absent. In the case
of mast cells (CD117), the presence of any mast cells,
whether stromal or epithelial, was recorded as a
positive result. Data on immunostaining are not
available for all 500 cases for all markers, primarily
because of cores not containing tumor or not
adhering to slides during processing. A second
tissue microarray comprising the prospective case
series was stained for CD8 exactly as above.

Unstained sections from the 500-case retrospec-
tive series described above were also transferred to a
second laboratory, where they were interpreted
independently, as described previously.’® Briefly,
tissue sections were stained using polyclonal rabbit
antihuman CD3 (Dako) and intraepithelial CD3*
tumor-infiltrating lymphocytes were classified as
either present or absent.

In a cohort of 29 cases, whole sections were
stained for CD8 and intraepithelial CD8 " cells were
counted in 10 consecutive high power fields. This
was carried out in five sets of 10 high power fields
(total of 50 high power fields), and the results
expressed as the average count per 10 high power
fields for these five sets, to allow comparison with
the results of assessment of intraepithelial CD8"

T cells in tissue microarray cores from the same
blocks.



BRCA Analyses

The prospective cohort cases were previously
characterized for BRCA1 and BRCA2 mutation
status (germline and somatic), BRCA1 promoter
hypermethylation, and BRCA1 mRNA and protein
expression, as described elsewhere."® Results for all
assays were available for 47 cases and based on
these results the tumors were divided into five
groups: (1) tumors with a BRCA1 mutation (n=9);
(2) tumors with epigenetic loss of BRCA1 expression
(no BRCA1 or BRCA2 mutation, methylation of the
BRCA1 promoter, absence of immunostaining for
BRCA1 in the tumor cells, and decreased BRCA1
mRNA expression; n=9); (3) tumors with no
abnormalities of BRCA1 or BRCA2 (n=22); (4)
tumors equivocal for BRCA1 epigenetic loss (no
mutations or methylation of the BRCA1 promoter,
but decreased BRCA1 mRNA, protein, or both;
n=4); and (5) tumors with a BRCA2 mutation
(n=3). The cases with BRCA2 mutation or equivo-
cal for BRCA1 loss (n=7) were excluded from
further analysis as there were too few cases in these
two groups, leaving a cohort of 40 cases for analysis
of intratumoral T-cell infiltrates.

Gene Expression Analysis

In 34 cases of high-grade serous carcinoma from the
Vancouver General Hospital prospective case series
of 49 cases, tumor tissue was snap frozen at the time
of primary surgery and gene expression profiling was
performed. Only high-grade serous carcinomas were
studied by gene expression profiling based on data
presented herein showing that intraepithelial tumor-
infiltrating lymphocytes are of prognostic signifi-
cance primarily in this subtype of ovarian cancer.
The Human Exonic Evidence-Based Oligonucleotide
(HEEBO; Stanford) microarrays used in the study
contained 44 544 70mer probes that were designed
using a transcriptome-based annotation of exonic
structure for genomic loci (http://www.microarray.
org/sfgf/). After confirmation of the presence of
viable tumor by frozen section, the tissue fragment
was homogenized in Trizol reagent (Invitrogen,
Carlsbad, CA, USA) and total RNA was extracted.
Microarray hybridization and washing was per-
formed using standard procedures.*®* Only spots
with a ratio of signal over background of at least 1.3
in the Cy5 and 1.5 in the Cy5 channel were included.
For data analysis, a set of standard filtering criteria
was employed using only genes with 80% available
good data that showed a minimum of fourfold
variation from the mean expression level across all
samples in at least three samples.

Statistical and Biocomputational Analyses

Statistical analyses of immune markers were per-
formed with JMP v6.0.3 (SAS Institute, Carey, NC,
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USA) software. Univariable survival analysis was
computed using the Kaplan—-Meier method and
statistical differences were determined using the
log-rank test. Multivariable disease-specific survival
analysis was carried out using the proportional
hazards model. Immunohistochemical marker asso-
ciations with histopathologic subtype and BRCA
status were compared with the Pearson y*-statistic.
Multivariate correlations between various immuno-
histochemical markers were computed with the
Kendall t,-statistic. P-values <0.05 were regarded
as significant for all analyses. For comparison of
interlaboratory assessment of intraepithelial T cells,
Kk-statistics were calculated.

For the gene expression study, unsupervised
hierarchical clustering analysis was used to produce
dendrograms that depict the degree of relatedness
between tumor specimens based on their gene
expression profiles.?® Significance analysis of micro-
arrays®*® was performed to identify differentially
expressed genes between groups of tumor speci-
mens. A false discovery rate of less than 0.05 was
considered significant. Gene Ontology Term Finder
analysis was performed using the online program
from Stanford Microarray Database (http://smd.
stanford.edu/cgi-bin/ontology/showTermFinder.pl)
to identify enrichment of genes related to specific
biological processes in each gene subcluster and
a corrected P-value of <0.05 was considered
significant.

Results

Patient Characteristics for the Retrospective Case
Series

The median age at diagnosis was 58.1 years (range:
25.4-89.0 years). Patient characteristics are summa-
rized in Supplementary Table 1. Of the 500 patients,
205 (41.0%) had stage I disease, 211 (42.2%) had
stage II disease, and 84 (16.8%) had stage III disease.
Of the four major tumor cell types, 212 cases were
serous, 132 clear cell, 125 endometrioid, and 31
were mucinous carcinoma. When the cohort was
divided into early (stages I and II) and late stage
(stage III) cases, there were 143 serous cancers, 124
clear cell carcinomas, 119 endometrioid carcinomas,
and 30 mucinous carcinomas in the early stage
group, and 69 serous carcinomas, 8 clear cell, 6
endometrioid, and 1 mucinous in the advanced
stage group. The median duration of follow-up was
5.3 years (range 0.1-18.0 years).

Prevalence of Immune Cell Infiltrates

Intraepithelial T cells

Intraepithelial CD3*, CD8", and CD4" T cells were
detected in 60.4, 57.0, and 26.6% of cases, respec-
tively (Supplementary Table 2). The frequency of
CD8" T-cell infiltration according to stage, grade,
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and histology is summarized in Table 1. Of note,
CD8+ T cells were more commonly present in
serous carcinomas, compared to either endometrioid
or clear cell carcinomas (P=0.0016 and P<0.001,
respectively).

Other intraepithelial immune/inflammatory cells

The frequency of the presence of other immune cells
in the retrospective case series is shown in Supple-
mentary Table 2. Correlations between the presence
of the different immune cells within these cases are
presented in Table 2, with the Kendall t-statistic
presented for each pairwise comparison; significant
correlations are indicated in bold (P<0.05). This
analysis shows that there are significant positive
correlations between expression of all markers of
immune cell infiltrates in ovarian carcinoma stu-

Table 1 CD8+ intraepithelial T-cell infiltration

Present (%)

Stage at diagnosis
102 of 201 (50.7)

II 124 of 203 (61.1)

11 51 of 82 (62.2)
Histologic subtype

Serous 155 of 206 (75.2)

Endometrioid 70 of 121 (57.8)

Clear cell 42 of 129 (32.5)

Mucinous 10 of 30 (33.3)
Grade

1 50 of 100 (50.0)

2 62 of 108 (57.4)

3 165 of 278 (59.3)
Table 2 Correlations among immune/inflammatory cells
Variable By variable Kendall © Prob> ||
CD117 CD3 0.0292 0.5234
CD20 CD117 0.0959 0.0350
CD20 CD3 0.3256 <0.0001
CD4 CD117 0.0865 0.0602
CD4 CD20 0.3312 <0.0001
CD4 CD3 0.3419 <0.0001
CD43 CD117 0.0572 0.2100
CD43 CD20 0.1678 0.0002
CD43 CD3 0.1868 <0.0001
CD43 CD4 0.1289 0.0050
CD8 CD117 —0.0034 0.9411
CD8 CD20 0.3958 0.0000
CD8 CD3 0.5876 0.0000
CD8 CD4 0.3190 <0.0001
CD8 CD43 0.2178 <0.0001
Granzyme B CD117 0.0385 0.4044
Granzyme B CD20 0.3619 <0.0001
Granzyme B CD3 0.4009 0.0000
Granzyme B CDh4 0.4163 0.0000
Granzyme B CD43 0.1347 0.0035
Granzyme B CD8 0.3958 0.0000

Significant correlations are indicated in bold (P<0.05).
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died, with the exception of mast cells (CD117); the
presence of CD117" mast cells does not signifi-
cantly correlate with the presence of any of the other
cells.

Intraepithelial T Cells and Correlation with Patient
Outcome

The presence of intraepithelial CD8" tumor-infil-
trating lymphocytes correlated with clinical out-
comes when the cohort of 500 cases was analyzed.
None of the other markers correlated with survival
in the entire retrospective dataset. Intraepithelial
CD8* tumor-infiltrating lymphocytes correlated
with improved disease-specific survival (disease-
specific survival; P=0.027; Figure 1a) but not
with progression-free survival (P=0.13) or overall
survival (P=0.34) in the entire cohort.

Univariate analysis according to stage and cell
type demonstrated that the presence of intra-
epithelial CD8*% tumor-infiltrating lymphocytes
was significantly correlated with improved disease-
specific survival (P=0.012), PFS (P=0.027) and OS
(P=0.010) for stage III cancers, most of which (69/
84, 82%) were of serous type (Figure 1b). Presence of
intraepithelial CD8 " tumor-infiltrating lymphocytes
approached significance as a correlate of disease-
specific survival in early stage (stages I and II)
cancers (P=0.052; Figure 1c). Analysis based on
primary cell type showed that CD8* tumor-infiltrat-
ing lymphocytes correlated with improved disease-
specific survival in serous (P=0.0001; Figure 1d)
and mucinous (P=0.01, data not shown) cancers,
but not in endometrioid (P=0.79) or clear cell
(P=0.6) cancers.

The presence of intraepithelial CD3* tumor-
infiltrating lymphocytes did not correlate with
outcome when the entire cohort was examined
by Kaplan—Meier survival analyses (P=0.49;
Figure 2a). However, intraepithelial CD3* tumor-
infiltrating lymphocytes correlated with improved
progression-free survival (P=0.01) and disease-
specific survival (P=0.0087) in the subset of advan-
ced stage (stage III) ovarian cancers (Figure 2b); as
noted previously, the stage III cancers in this series
consisted of a disproportionately high number of
serous carcinomas. Intraepithelial CD3* TILs were
also significantly correlated with improved disease-
specific survival in serous carcinomas of any stage
(P=0.005, data not shown). A significant relation-
ship between the presence of intraepithelial CD3*
TILs and disease-specific survival was not observed
with the other histological cell types (clear cell
(P=0.32); endometrioid (P=0.62); mucinous
(P=0.51)).

No correlation was identified between clinical
outcome and the presence of immune/inflammatory
cells identified by CD4, CD20, CD43, CD117, or
granzyme-B immunostaining (data not shown).
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Figure 1 Kaplan—Meier analysis of intraepithelial CD8* T cells and disease-specific survival in the entire retrospective study cohort (a);
in stage III cases (b); in stages I and II cases (c); and in serous carcinomas (d). For each graph the blue line (‘0’ in the figure legend)
indicates those cases without intraepithelial CD8" T cells and the red line (‘1’ in the figure legend) indicates those cases with

intraepithelial CD8" T cells.
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Figure 2 Kaplan—Meier disease-specific survival analysis of intraepithelial CD3* T cells in all cases (a); and in stage III cases (b). For
each graph the blue line (‘0’ in the figure legend) indicates those cases without intraepithelial CD3* T cells and the red line (‘1 in the
figure legend) indicates those cases with intraepithelial CD3 " T cells.

On multivariate analysis, stage

(P<0.0001),

tumor cell type (P=0.048), and intraepithelial CD8*

TILs (P=0.0074) were found to be

signifi-
cantly correlated with disease-specific survival

whereas the remaining variables tested (cell type,
grade, age, intraepithelial CD3* tumor-infiltrating
lymphocytes, and treatment protocol) were not
(Table 3).
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Table 3 Prognostic significance of clinical and pathological variables in univariate and multivariate disease-specific survival analysis

Variable Levels Univariate Multivariate
HR P HR CI P
Stage <0.0001 <0.0001
1 0.55 0.43-0.69 0.64 0.49-0.82
2 0.79 0.63-0.97 0.83 0.66-1.05
3 1 1 —
Tumor cell type <0.0001 0.0481
Clear cell 1.05 0.76-1.44 0.78 0.49-1.23
Endometrioid 0.51 0.34-0.75 0.77 0.47-1.22
Mucinous 1.04 0.57-1.69 1.17 0.62—2.02
Serous 1 1 —
Silverberg grade <0.0002 0.1100
1 0.56 0.39-0.77 0.63 0.39-0.97
2 1.24 0.94-1.63 1.22 0.90-1.65
3 1 1 —
Age® N/A N/A 0.0123 N/A N/A 0.4514
Treatment 0.0037 0.3561
Platinum 1.26 1.08-1.47 1.08 0.91-1.29
Platinum and XRT 1 1 —
CD3+IEL 0.4943 0.3192
0 1.06 0.90-1.24 1.11 0.90-1.36
1 1 1 —
CD8+IEL 0.0269 0.0074
0 1.19 1.02-1.39 1.33 1.08-1.64
1 1 1 —_

IEL, intraepithelial lymphocytes; XRT, radiation therapy.

#Hazard ratios and confidence limits for ‘age’ are not reported due to it being modeled as a continuous variable.

Independent Assessment of CD3" T Cells

Intraepithelial CD3* TILs were prognostically sig-
nificant for disease-specific survival in the subset of
serous ovarian cancers, in univariate analysis, when
staining and interpretation were performed in an
independent laboratory (P=0.046 for the second
laboratory, compared to P=0.013 in the original
laboratory). The interlaboratory agreement in iden-
tification of intraepithelial CD3* tumor-infiltrating
lymphocytes was high (x=0.71+0.03).

Intraepithelial T-Cell Infiltration and BRCA Status in
the Prospective Series

A second cohort of patients, identified prospec-
tively, underwent detailed analysis to assess BRCA1
and BRCA2 mutation status and BRCA1 promoter
hypermethylation and expression (both RNA and
protein). Eighteen cases (all high-grade serous carci-
nomas) showed either BRCA1 mutation (n=9), or
epigenetic loss of BRCA1 (BRCA1 promoter hyper-
methylation with transcriptional silencing; n=9).
Twenty-two cases, including all of the nonhigh-
grade serous carcinomas (five endometrioid carci-
nomas, four clear cell carcinomas, and two grade 1
serous carcinomas), showed no BRCA1 or BRCA2
mutation, unmethylated BRCA1 promoter and nor-
mal BRCA1 mRNA and protein expression. Seven-
teen of 18 cases with BRCA1 mutation or loss of
BRCA1 expression through epigenetic silencing had
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intraepithelial CD8" tumor-infiltrating lympho-
cytes, compared to 11 of 19 cases without BRCA1
abnormalities (P=0.019). Considering only the
high-grade serous carcinomas in this series, the
association between the presence of CD8" T cells
and loss of BRCA1 was of borderline significance
(P=0.05, single sided); this analysis should be
repeated in a larger, independent case series.

Gene Expression Profile Analysis

Unsupervised hierarchical clustering of 34 high-
grade serous ovarian carcinomas from the prospec-
tive series separated the tumors into two main
groups, designated groups A and B (Figure 3) and
the genes were separated into five clusters (desig-
nated gene clusters 1-5). Carcinomas in group A
showed relatively high level expression of genes in
gene clusters 2 and 3. Gene Ontology Term Finder
analysis showed that gene cluster 3 showed sig-
nificant enrichment of genes involved in several
biological processes that included immune res-
ponse, antigen processing and presentation, and
T-cell activation (Supplementary Table 3), including
genes that were shown previously to be highly
expressed in a subset of ovarian carcinomas.?” Com-
parison between the two groups of ovarian carcino-
mas identified by gene expression profiling revealed
that all group A ovarian carcinomas (10 of 10)
contained intraepithelial CD8" tumor-infiltrating



1n ovarian carcinoma

T cells

B Clarke et al

399

Group B

|

Group A

il

$50| ZYOY 0 ¥OH8 ON-ED UBLIBAQ 952-YOA
$0| ZY0uG 10 Y48 ON-E3 UBLEAQ 7L}-YOA
$50] }¥OYg [B30AINb3-23 UBLEAQ 5E-YOA
UOReINW | ¥9Ng-ed UBUBAQ 9EE-YOA

s50f auabida | yug-e9 ueueAQ 05E-YOA
$50] Y948 40 Y748 ON-2 UBUBAQ 95-YOA
ss0j anjauabida | y7g-e3 UBLBAQ Z55-YOA
uoneINW | JHgG-B3 UBUBAQ L7E-YOA

$50j anjauabida | y9g-e9 UBLBAQ 85-YOA
UORelAL | 7}g-29 UBUBAD6.¢-YOA
UOeINW | ¥9HE-ed UBUBAQ 62¢-YOA

$50f anjauabida | y9yg-ea UBLBAQ™£95-YOA
$s0f pauabida | -2 UeEAQ ¥RE-YOA
UoRE}IW 7yg-B3 UBUBAQ G0E-YOA

$50f d3auabida | yJ4g-29 UBUBAQ FhE-YOA
$50| Z¥Q48 40 |G ON-9 UUEAQ ™ 0§Z-YOA
$5012Y48 40 }YOH ON-29 UBUEAQ #7-YOA
$50] ZYONE J0 | YOG ON-E9 UEUBAQ 6}¢-YOA
$50| 7YD¥8 40 Y748 ON-B9 UBUBAQ ™ L6Z-YOA
§50] }¥OYq [e90AINb3-83 UBLEAQ 605 YOA
UONeINW | 9YG-9 UBUBAQ £6Z-YOA

$s0 jauabida | y9g-ea UeUBAQ ShE-YOA
$50| 2YOH8 40 |YOHG ON-9 UBUBAQZ/6-YOA
UOReINW | 9¥E-ed UBUBAQ E8Z-YOA

$50f aljauabida | y9ug-ea UBUBAQ §L|-YOA
$50| ajauabida | y9g-e9 UBUBAQ™L}Z-YOA
UONeINW | ¥9Yg-e) UBUBAQ”6EZ-YOA
UoNeINW Z§9NE-e UBUBAQ E8}-YOA

ss0 2jauabida | ¥9g-ea UeWBAQ " 02-YOA
UOREINL | YONE-2) UEUEAQ 98)-YOA
UONeINW 7§9HG-eI UBUBAQ Z)Z-YOA

s50f anjauabida | \y7g-e9 UBUEAQ |9} YOA
UOReIN | ¥OYE-E UBUBAQ £7Z-YOA

§50| 20¥8 40 Y948 ON-B9 UBLBAQ G5 )-YOA

Figure 3 Hierarchical clustering of 34 high-grade serous carcinomas. Unsupervised hierarchical clustering based on 4192 filtered genes
separates the carcinomas into two main groups, indicated as groups A and B on the dendrogram. The accompanying heatmap shows the

expression profiles across the 4192 filtered genes, which cluster into five main groups (gene clusters 1-5) on hierarchical clustering

analysis. The heatmap is a visual representation of the data with the x axis corresponding to the tumor specimens and the y axis

corresponding to the genes. The level of gene expression in a tumor specimen for a specific gene relative to the mean expression level for

that gene across all samples is shown colorimetrically from bright green (lowest gene expression) to bright red (highest gene expression).

Gray color indicates missing data point (spot that did not fulfill the filtering criteria).
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Table 4 Immune response genes identified by SAM analysis to be significantly upregulated in CD8 positive tumors

Symbol Name

APOBEC3G Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3G
B2M f2-microglobulin

BST2 Bone marrow stromal cell antigen 2

C3 Complement component 3

C4A Complement component 4A (Rodgers blood group)

C4B Complement component 4B (Childo blood group)

CD74 CD74 molecule, major histocompatibility complex, class II invariant chain
CFB Complement factor B

ISG15 ISG15 ubiquitin-like modifier

IFI6 Interferon, o-inducible protein 6

GBP1 Guanylate-binding protein 1, interferon-inducible, 67 kDa
GBP2 Guanylate-binding protein 2, interferon-inducible

GBP3 Guanylate-binding protein 3

HLA-A Major histocompatibility complex, class I, A

HLA-DMA Major histocompatibility complex, class II, DM-«

HLA-DMB Major histocompatibility complex, class II, DM-f

HLA-DPA1 Major histocompatibility complex, class II, DP-a1

HLA-DPB1 Major histocompatibility complex, class II, DP-f1
HLA-DQA2 Major histocompatibility complex, class II, DQ-o2
HLA-DQB2 Major histocompatibility complex, class II, DQ-f2

HLA-DRA Major histocompatibility complex, class II, DR-«

HLA-E Major histocompatibility complex, class I, E

HLA-F Major histocompatibility complex, class I, F

IF127 Interferon, o-inducible protein 27

IF130 Interferon, y-inducible protein 30

IF135 Interferon-induced protein 35

IFIH1 Interferon induced with helicase C domain 1

IFIT1 Interferon-induced protein with tetratricopeptide repeats 1
IFIT2 Interferon-induced protein with tetratricopeptide repeats 2
IFIT3 Interferon-induced protein with tetratricopeptide repeats 3
IL15 Interleukin 15

IL32 Interleukin 32

IL6R Interleukin 6 receptor

OAS1 2',5'-Oligoadenylate synthetase 1, 40/46 kDa

OAS2 2'-5'-Oligoadenylate synthetase 2, 69/71kDa

OAS3 2'-5'-Oligoadenylate synthetase 3, 100 kDa

PSMB8 Proteasome subunit, f-type, 8

PTPN22 Protein tyrosine phosphatase, nonreceptor type 22 (lymphoid)
RGS1 Regulator of G-protein signaling 1

SECTM1 Secreted and transmembrane 1

TAP1 Transporter 1, ATP-binding cassette, subfamily B (MDR/TAP)
TAP2 Transporter 2, ATP-binding cassette, subfamily B (MDR/TAP)
TNFSF10 Tumor necrosis factor (ligand) superfamily, member 10
VAV1 Vav 1 oncogene

lymphocytes, unlike the carcinomas in group B (17
of 24 contained intraepithelial CD8" tumor-infil-
trating lymphocytes), with the difference being
statistically significant (P<0.05). Thus, the tumors
characterized by higher level expression of a range
of immune response related genes are consistently
positive for CD8* T cells.

SAM analysis was subsequently performed to
identify genes that are differentially expressed
between carcinomas that are positive and negative
for intraepithelial CD8" tumor-infiltrating lympho-
cytes. The results of the significance analysis of
microarrays are shown in Supplementary Table 4
(false discovery rate <0.05). Gene Ontology Term
Finder analysis of the significantly upregulated
genes identified in the CD8* carcinomas by sig-
nificance analysis of microarrays revealed a signifi-
cant enrichment of genes involved in immune
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response (corrected P-value <0.05), which are listed
in Table 4.

Discussion

Beyond the most basic clinical predictors of out-
come (stage, debulking status, etc), ovarian cancers,
and in particular high-grade serous ovarian cancers
(the most commonly diagnosed histological subtype
of ovarian cancer) have not been further subdivisible
into prognostic categories. In this study, the use of a
large, independent, population-based cohort of
ovarian cancer cases debulked to microscopic
residual disease provides definitive results on the
prognostic significance of immune infiltration in a
population of patients with intermediate-risk ovar-
ian cancer, and defines novel associations of T-cell



infiltration with ovarian cancer histologic subtype.
Furthermore, we describe for the first time the
association between the presence of T-cell infiltra-
tion and BRCA loss, suggesting a possible link to
molecular mechanisms of genetic instability.

Prior work has demonstrated that high-grade
serous tumors are frequently associated with BRCA
mutation or epigenetic loss.”® We observed a signi-
ficant association between intraepithelial tumor-
infiltrating lymphocytes and BRCA mutation or
epigenetic loss. Therefore, we have established a
novel association between intraepithelial T cells,
serous ovarian cancer histology, and BRCA mutation
status. Similar observations have been made in
medullary and atypical medullary breast carcino-
mas, which are also associated with BRCA1 muta-
tion and are characterized by a dense lymphocytic
infiltrate;?3-2° these breast cancers are noted for their
relatively favorable prognosis despite being high
grade, with numerous mitoses. Similarly, colorectal
cancers with microsatellite instability are charac-
terized by tumor-infiltrating lymphocytes and also
carry a relatively favorable prognosis in spite of
being higher grade.?* Whether the presence of
immune infiltration is itself the mechanism respon-
sible for the improvement in prognosis or it simply
represents an epiphenomenon of other molecular
processes linked with better clinical outcomes
remains unknown.

We demonstrate that all immune cells covary with
one another, possibly clarifying why multiple T-cell
markers have been associated with clinical out-
comes in ovarian cancer in previous studies.'®®
Like Zhang et al,'® we demonstrate (in two separate
laboratories using independent testing and analysis)
that intraepithelial CD3 " tumor-infiltrating lympho-
cytes correlate with disease-specific survival in
serous ovarian carcinomas. Likewise, we have
confirmed the results of two recent studies®'' by
demonstrating that intraepithelial CD8* tumor-
infiltrating lymphocytes correlate with disease-spe-
cific survival in the entire study cohort (including
all stages and histologies), as well as in the subset of
serous ovarian carcinomas. We have demonstrated
that the best marker of immune infiltration (from the
panel of immune markers chosen for this study) is
CD8, as it is the only marker to significantly predict
outcome on multivariate analysis.

Our observation that CD8 is superior to CD3 as a
marker of immune cell infiltrates highlights the fact
that we do not yet know what the best marker of a
prognostically significant immune response in ovar-
ian cancer will prove to be. Unsupervised hierarch-
ical clustering analysis separated 34 cases of high-
grade serous carcinoma into two groups (A and B),
one of which was characterized by expression of a
set of genes involved in immune response, antigen
processing and presentation, and T-cell activation. It
is likely that a marker or combination of markers
superior to CD8 will be discovered, particularly
when the mechanism underlying the correlation
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between immune response and patient outcome is
better understood.

In conclusion, we have validated that the pre-
sence of intraepithelial CD8* T-cells correlates with
improved clinical outcomes in a large cohort of
ovarian cancer patients. This association is particu-
larly linked to the serous histology, and this is an
important molecular subdivision of this histological
subtype. We also observed that intraepithelial
tumor-infiltrating lymphocytes were associated with
BRCA mutation or epigenetic loss, suggesting a
possible link to chromosomal instability within
tumors. Further studies are needed to understand
the underlying molecular pathways responsible for
this association between intraepithelial tumor-infil-
trating lymphocytes and favorable prognosis.
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