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Abstract

Background.—Tumor infiltrating lymphocytes (TILs) confer a survival benefit among ovarian
cancer patients; however, little work has been conducted in racially diverse cohorts.

Methods.—The present study investigated racial differences in the tumor immune landscape and
survival of age- and stage-matched Non-Hispanic Black and Non-Hispanic White women with
high-grade serous ovarian carcinoma (HGSOC) enrolled in two population-based studies (n=121
in each racial group). We measured TILs (CD3+), cytotoxic T-cells (CD3+CD8+), regulatory
T-cells (CD3+FoxP3+), myeloid cells (CD11b+), and neutrophils (CD11b+CD15+) via multiplex
immunofluorescence. Multivariable Cox proportional hazard regression was used to estimate the
association between immune cell abundance and survival overall and by race.

Results.—Overall, higher levels of TILs, cytotoxic T-cells, myeloid cells, and neutrophils

were associated with better survival in the intratumoral and peritumoral region, irrespective of
tissue compartment (tumor, stroma). Improved survival was noted for T-regulatory cells in the
peritumoral region and in the stroma of the intratumoral region, but no association for intratumoral
T-regulatory cells. Despite similar abundance of immune cells across racial groups, associations
with survival among Non-Hispanic White women were consistent with the overall findings,

but among Non-Hispanic Black women, most associations were attenuated and not statistically
significant.

Conclusions.—Our results add to the existing evidence that a robust immune infiltrate confers
a survival advantage among women with HGSOC; however, Non-Hispanic Black women may not
experience the same survival benefit as Non-Hispanic White women with HGSOC.

Impact.—This study contributes to our understanding of the immunoepidemiology of HGSOC in
diverse populations.

INTRODUCTION

Ovarian cancer is the deadliest gynecological malignancy in the U.S., with only 49%
of women with ovarian cancer surviving five years after diagnosis (1). Marked health
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disparities in ovarian cancer exist by race, where Black women have the highest mortality
to incidence ratio and the worst survival of all racial/ethnic groups (1,2). Moreover,

Black women with ovarian cancer have not experienced the steady improvement in
survival rates over time as have White women (3). Although prognostic factors such as
receipt of guideline-adherent treatment, access to care, comorbidities, and stage have been
investigated as contributing causes to the disparate survival rates by race, these factors do
not completely account for the disparity (4—7). Thus, additional approaches investigating
biologic determinants of disparities in ovarian cancer are critically needed.

Accumulating evidence indicates that ovarian tumors are immunogenic and harbor a host

of immune cells within the tumor microenvironment (8-11). Tumor infiltrating lymphocytes
(TILS) are present in tumor islets of more than half of ovarian cancer patients and are
associated with favorable outcomes alone or in combination with other immune cells (8,11-
15). Immune cells contributing to tumor immune evasion, such as T-regulatory cells or
tumor-associated macrophages, have been associated with poor tumor characteristics and
worse outcomes in ovarian cancer (16-18). So far, the investigation of the ovarian tumor
immune microenvironment has been conducted in study populations of primarily White
women, and only one prior study in Black women investigated two immune checkpoint
proteins in ovarian cancer (19). With known differences in immune responses between
racial and ethnic groups (20,21), we examined the hypothesis that differences in tumor
microenvironment immune cell abundance may contribute to differences in overall survival
by race among Non-Hispanic Black and Non-Hispanic White women with the most
common and one of the deadliest histotypes of ovarian cancer (22), high-grade serous
ovarian carcinoma (HGSOC).

MATERIALS AND METHODS

Study population

This study includes two population-based case-control studies, the African-American
Cancer Epidemiology Study (AACES) (23) and the North Carolina Ovarian Cancer Study
(NCOCS) (24), that have been previously described (23,24). Briefly, AACES enrolled 593
African-American women diagnosed with epithelial ovarian cancer during December 2010
— December 2015 and 752 controls from eleven geographic areas in the U.S. (Alabama,
metropolitan Detrioit, Georgia, Illinois, Louisiana, New Jersey, North Carolina, Ohio, South
Carolina, Tennessee, and Texas). The NCOCS was conducted from 1999 through 2008

and enrolled 958 women with epithelial ovarian cancer and 1,056 controls residing in 48
counties in North Carolina. In both studies, formalin-fixed paraffin embedded tumor blocks
were procured from the facility where the primary debulking surgery was completed, and

a centralized expert pathology review was conducted to confirm diagnosis, histology, and
grade. First-line treatment was abstracted from medical records or collected from cancer
registries in AACES, and for NCOCS, medical record abstractions were completed on a
subset of cases that were treated at two large hospital systems in North Carolina. Vital
status and follow-up information has been updated annually. Written informed consent
was obtained from AACES and NCOCS participants, and both studies were conducted in
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accordance with the U.S. Common Rule and approved by the relevant institutional review
boards.

In the present study, we restricted to HGSOC tumors to limit contributions of disease
heterogeneity by histotype (13). We also restricted to women that were treatment-naive at
the time of debulking surgery as chemotherapy has been shown to induce changes to the
tumor immune landscape (25). To control for age and stage in the study design, 130 HGSOC
tumors from Non-Hispanic Black women were matched to 130 Non-Hispanic White with
HGSOC (1:1 match) by five-year age group and stage at diagnosis (localized/regional,
distant).

Multiplex immunofluorescence

To measure immune cell abundance, multiplex immunofluorescence staining was completed
using the Opal™ chemistry and multispectral microscopy Vectra system (Akoya
Biosciences; Marlborough, MA). Whole tumor sections were stained for seven fluorophore-
labeled markers: DAPI, pancytokeratin (PCK), CD3, CD8, FoxP3, CD11b, and CD15
(Figure 1, Panel A). DAPI and PCK are markers of tissue and cell segmentation. CD3 is a
marker of overall tumor-infiltrating lymphocytes (TILs), and CD8 and FoxP3 are markers
of TIL subsets, cytotoxic and regulatory T-cells, respectively. CD11b identifies myeloid
cells, and CD15 in combination with CD11b identifies polymorphonuclear myeloid-derived
suppressor cells (PMN-MDSCs). As the majority of the PMN-MDSCs are neutrophils, we
used CD15+CD11b+ as a proxy for neutrophils. Stained slides were scanned, and image
capture and analysis was performed using Akoya Biosciences Inform and Spotfire software.
A pathologist selected six regions of interest (ROIs) for image analysis (Figure 1, Panel

B); three from the intratumoral region and three from the peritumoral region (~90% or ~40—
50% tumor content by morphology and PCK expression, respectively). The ROls are 20X
magnification with an image size of 1348 (width) x 1008 (height) pixels at a resolution of
0.5 microns per pixel. Quality control steps were completed to remove any ROIs with poor
DAPI staining quality or atypical/non-specific staining that would result in inaccurate cell
quantification. Because of this, nine women (and their corresponding match) were removed
from subsequent analyses, resulting in a sample size of 121 Non-Hispanic Black and 121
Non-Hispanic White women with HGSOC.

Immune cell abundance

We created categories for immune cell abundance to use for downstream analyses. For

the more abundant cell types (CD3+, CD3+CD8+, CD3+FoxP3+), we used a cut-off of

1% (<1%, =1%), while for the cell types with a larger proportion of zero positive cells
(CD11b+, CD11b+CD15+), we examined these markers as presence vs. absence. This step
was completed first at the ROI-level, but also at the patient-level, where the immune cell
abundance measures were averaged across the intratumoral and peritumoral ROIls separately
and then categorized according to the average.

Two approaches were used to collectively characterize the immune cells. First, we identified
immune signatures using model-based clustering (mclust R package) (26) on the normalized
immune cell abundance measures (using the scale function in R) in the tumor and stroma
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from the intratumoral and peritumoral ROIs. The optimal number of signatures was
determined by mclust from the Bayesian Information Criterion. Second, we applied the
immunoscore that has been developed and validated in colorectal cancer (27,28) to the
present study. The immunoscore is determined by quantifying the density of CD3+ and
CD8+ cells at the tumor center and the invasive margin and scoring these densities from low
to high (low: £25%, intermediate: >25 to 70%, high: >70%). We used the intratumoral ROIs
as a proxy for the tumor center and the peritumoral ROIs as a proxy for the invasive margin.

Statistical analyses

We assessed the concordance of percent tumor and stroma as well as immune cell positivity
across the intratumoral and peritumoral ROIs using intraclass correlation coefficients (ICC).
Hierarchical clustering and heatmaps of the square root transformed and standardized
(according to the median and median absolute deviation to account for outliers and

data skewness) abundance data in the tumor and stroma were generated separately for
intratumoral and peritumoral ROIs using the ComplexHeatmap package in R and annotated
according to race. We used Wilcoxon rank-sum tests and chi-square tests to examine
differences in immune cell abundance by race. Due to the number of tests, we used adjusted
p-values (g-values) to control the false discovery rate and correct for multiple comparisons.

Follow-up time was calculated as the time from interview to death or date of last contact.
Cox proportional hazard regression models were used to estimate hazard ratios (HRS)

and 95% confidence intervals (Cls) for the association of immune cell abundance with

risk of all-cause mortality using a repeated measures framework where the ROIls were
clustered by patient using the cluster option in coxph in R. We additionally investigated the
association of the immune signatures and immunoscore with risk of all-cause mortality. We
adjusted models for the matching variables, age (continuous, years) and stage (localized,
regional, distant), and included race (Non-Hispanic Black, Non-Hispanic White) when
modelling the overall study population. Heterogeneity in the associations by race was
assessed using cross-product interaction terms for each immune marker and race. We tested
the proportional hazards assumption by evaluating Schoenfeld residuals for each covariate
individually and collectively. No violations of proportional hazards were observed for the
models examining the clustering approaches; however, stage and CD3+FoxP3+ violated
the proportional hazards assumption for the models of abundance. Therefore, we included
stage as a strata term in the models to allow for different baseline hazard fuctions by

stage. Since we were interested in estimating HRs for CD3+FoxP3+, we used accelerated
failure time models with a Weibull distribution. The parameter estimates and standard errors
(SE) were then transformed to HRs and 95% Cls using the following formulas: HR =

(=1 X P X BCD3FoxP3) gnd 95% C| = o~ X P X (BCD3FoxP3 % (1.96 X SECD3FoxP3) \where

pis the scale parameter and Bepsroxes and SEcpsroxes are the parameter estimate and SE,
respectively, for the association between CD3+FoxP3+ and risk of mortality.

Three sensitivity analyses were conducted. As self-reported race and ethnicity may not
be entirely concordant with genetic ancestry (29), we used available genetic data on

232 women to estimate the proportion of intercontinental ancestry using 2,318 ancestry
informative markers via the FastPop R package (30,31). We repeated the race-stratified

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2022 November 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Peres et al. Page 6

analyses additionally adjusting for the proportion of African, Asian, and European ancestry.
We also repeated the analyses adjusting for other prognostically relevant inflammatory-
related exposures, including self-reported body mass index (BMI) one year prior to
diagnosis (<25, 25-29, 30-35, and =35 kg/m?), smoking status (never, former, current
smoker), and a history of diabetes (yes, no). To assess whether treatment impacted our
findings, we additionally adjusted for debulking status (optimal [<1cm of residual disease]
or suboptimal debulking [=1cm of residual disease]) among the subset of women with
available data (n=172; 500 intratumoral ROIs and 485 peripheral ROIs). For women

with missing debulking status, we used CA-125 values after the last cycle of adjuvant
chemotherapy as a proxy for debulking status (32—34) where available (<35 optimal
debulking, =35 suboptimal debulking). While other first-line treatment-level characteristics
were collected, we did not adjust for these variables as neoadjuvant chemotherapy status was
used to determine study inclusion, and all but two women received adjuvant chemotherapy.

Data availability

The data that support the findings of this study are available upon reasonable request from
the corresponding author.

RESULTS

Study population characteristics

The median age at diagnosis was 57.8 years and most patients had distant stage disease
(78%) (Table 1). Compared to Non-Hispanic White women, Non-Hispanic Black women
had a higher BMI (26.5 vs. 31.7 kg/m?, respectively; £<0.001), were more likely to have
a history of diabetes (5% vs. 23%, respectively; £<0.001), and were more likely to be
suboptimally debulked (10% vs. 30%, respectively; £<0.001).

Consistency across ROls

Across 242 HGSOC tumors, 706 intratumoral ROIs and 689 peritumoral ROIs were
examined. The average proportion of tumor cells present across the intratumoral ROIs was
86% (14% stroma) and 43% (57% stroma) across the peritumoral ROIs. There was high
consistency in the percent tumor across the intratumoral and peritumoral ROIs for each
participant (ICC=0.83, 95% CI=0.81-0.86 and ICC =0.81, 95% CI=0.78-0.84, respectively).
Generally, the ICCs were moderate to excellent for immune cell abundance across the ROIs
(ICCs ranging from 0.42 to 0.95; Supplemental Table 1).

Immune cell abundance

Stromal CD3+ cells were the most prominent immune cell type in both the intratumoral

and peritumoral ROIs (Figure 2, Panel A), averaging 6.4% CD3+ stromal cells in the
intratumoral ROIs and 10.8% in the peritumoral ROIs (Supplemental Table 2). No clustering
pattern in immune cell abundance by race was observed in Figure 2. Non-Hispanic Black
women had a slightly lower abundance of some of the T-cells compared to Non-Hispanic
White women, but only the racial differences in stromal CD3+CD8+ in the peritumoral
ROIs remained statistically significant after multiple test correction (Figure 2, Panel B
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and Supplemental Table 2; g-value=0.02 for continuous and g-value=0.04 for categorical
measurement of stromal CD3+CD8+).

Clustering analysis revealed five immune signatures, which range in immune cell
involvement from low (Signature 1) to high (Signature 5). Supplemental Figure 1 provides
the distribution of each immune cell in the tumor and stroma stratified by the immune
signatures. About 15% of the women were in Signature 5 (Supplemental Table 2). The
application of the immunoscore to HGSOC showed that a fifth of the study population
(21%) had a high immunoscore (e.g., higher CD3+ and CD3+CD8+ levels in the tumor core
and invasive margin). For both the immune signatures and the immunoscore, no differences
were observed by race.

Survival analysis

During up to 20 years of follow-up (median, 4.3 years), there were 176 deaths (73%)
overall. Higher vs. lower levels of overall TILs were associated with better outcomes in both
the intratumoral and peritumoral ROIs (HR=0.68, 95% C1=0.53-0.88 and HR=0.73, 95%
Cl=0.55-0.97, respectively) and these associations were similar irrespective of tumor/stroma
(Table 2). Similarly, a survival benefit was observed for cytotoxic T-cells in the intratumoral
ROIs. In the peritumoral region, better survival was observed for higher levels of cytotoxic
T-cells in the tumor (HR=0.69, 95% C1=0.52-0.92) but a weaker association was found for
overall cytotoxic T-cells (HR=0.81, 95% C1=0.62-1.04) and in the stroma (HR=0.82, 95%
ClI=0.63-1.08). In the intratumoral ROIs, improved survival was noted for higher levels of
T-regulatory cells in the stroma (HR=0.69, 95% CI1=0.49-0.96), and although the magnitude
of the association with survival was similar for T-regulatory cells overall and in the tumor,
the associations were not statistically significant. In the peritumoral ROIs, better outcomes
were observed for higher levels of T-regulatory cells overall and within the tumor and
stroma. Presence of myeloid cells and neutrophils were associated with better outcomes
regardless of the tissue compartment and type of ROI.

Among Non-Hispanic White women, 93 deaths (77%) occurred during up to 20 years of
follow-up (median, 4.5 years), and among Non-Hispanic Black women, 83 deaths (69%)
occurred during up to 17 years of follow-up (median, 4.0 years). Stratifying by race revealed
similar associations to the findings in the overall study population for Non-Hispanic White
women; however, in Non-Hispanic Black women, the associations for TILs, cytotoxic
T-cells, and T-regulatory cells were attenuated and not statistically significant (Table 3).

For example, higher levels of overall CD3+ cells in the intratumoral ROIs were associated
with better survival among Non-Hispanic White women (HR=0.58, 95% C1=0.41-0.82) but
the association was weaker among Non-Hispanic Black women (HR=0.80, 95% CI=0.55—
1.18). The associations of myeloid cells and neutrophils in the intratumoral ROIs with
survival were similar among Non-Hispanic Black and White women, but the pattern of the
associations among Non-Hispanic Black women being slightly weaker and not statistically
significant was present for these immune cell types in the peritumoral ROIs. However, no
statistically significant interactions between immune cell abundance and race were observed.

The immune signature with the highest vs. lowest immune cell involvement (Signature 5 vs.
1) was associated with a lower risk of mortality (HR=0.47, 95% C1=0.25-0.88) as was a
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high vs. low immunoscore (HR=0.54, 95% C1=0.33-0.87). These inverse associations with
survival were similar among Non-Hispanic White women, but among Non-Hispanic Black
women, these associations were attenuated and not statistically significant (Table 4).

Sensitivity analysis

Among women who self-reported as Non-Hispanic White, the mean proportion of European
ancestry was 97.9%, and for women who self-reported as Non-Hispanic Black, the mean
proportion of African ancestry was 80.2% (Supplemental Figure 2). Additionally adjusting
for ancestry proportions in the models resulted in similar findings and our conclusions
remained the same (Supplemental Table 3). Likewise, our results were consistent with the
main findings when adjusting for inflammatory-related exposures (Supplemental Table 4).
After restricting to women with available treatment data, we observed that adjustment for
debulking status resulted in slightly attenuated HRs but the conclusions remained the same
(Supplemental Table 5).

DISCUSSION

Among Non-Hispanic Black and White women with HGSOC, we observed a range of
immune cell abundance patterns, with a high infiltrate of T-cells and myeloid cells present in
~15% of HGSOC tumors. Higher levels of most of the studied immune cell types conferred
a survival advantage irrespective of tissue and ROI location. The exception to this was
cytotoxic T-cells overall and in the stroma of the peritumoral region and T-regulatory cells
overall and in the tumor of the peritumoral region where a non-statistically significant
inverse association with survival was present. Despite similar immune cell abundance across
racial groups, the associations with survival among Non-Hispanic White women were
similar to the overall findings, but among Non-Hispanic Black women, associations were
attenuated and not statistically significant.

The known survival benefit of TILs and cytotoxic T-cells among ovarian cancer patients
was also noted in the present study. However, we observed slightly weaker associations for
cytotoxic T-cells in the peritumoral region. Investigations of the prognostic significance of
T-cell populations in ovarian cancer often focus on intratumoral T-cells and do not always
differentiate the tissue compartment (tumor, stroma). Similar to the present study, Sato et

al. (12) and Han, et al. (35) observed no association with survival for stromal TILs or
peritumoral TILs in ovarian cancer. Our data also indicated that a subset of women had
tumors with an accumulation of cytotoxic T-cells in the periphery without infiltration into
the tumor core, also known as immune-excluded tumors (36). As these excluded cytotoxic T-
cells cannot infiltrate the tumor core to exert antitumor activity, the weaker associations with
survival for peritumoral cytotoxic T-cells may be due, in part, to these immune-excluded
tumors. These findings emphasize the importance of the tissue compartment of immune cell
populations when investigating survival.

Despite similar abundance of T-cells in Non-Hispanic Black and White women, the survival
advantage observed for high TILs, cytotoxic T-cells, and immunoscore was attenuated

in Non-Hispanic Black women. However, no statistically significant differences in the
associations with survival were observed by race. We speculate with a few explanations
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for these findings. It is possible that the small sample size could have impacted our precision
and ability to detect small effect sizes among Non-Hispanic Black women. Likewise,
unmeasured confounders, particularly prognostically relevant comorbidities not collected

in both studies that differ in prevalence by race (e.g., heart disease, hypertension), could also
bias our results. For known confounders, we used a matched design to ensure comparability
across race for age and stage, and also noted consistent findings after performing sensitivity
analysis adjusting for debulking status, inflammatory-related exposures, and genetic
ancestry. Alternatively, our findings could be due to a higher proportion of exhausted T-cells
among Non-Hispanic Black vs. White women. This could result in a lower proportion of T-
cells contributing to antitumor activity, negating the survival benefit typically observed with
a robust T-cell infiltrate. A recent study by Yao, et al. (37) showed a higher prevalence of an
exhausted CD8+ T-cell phenotype among Black vs. White breast cancer patients, which was
also associated with worse outcomes. Additionally, other prognostically relevant immune
cells not measured in this study, particularly B-cells (15), may be present in the tumor
microenvironment or co-localized with T-cells at different levels in Non-Hispanic Black vs.
White women. BRCA1/2 mutation status has also been associated with tumor immunity
(38) and differs in prevalence across race and ethnicity among ovarian cancer patients (39).
Among 209 women in the present analysis with BRCA1/2 mutation status, Non-Hispanic
Black women had a higher prevalence of pathogenic BRCAZ mutations compared to
Non-Hispanic White women (8% vs. 0%, respectively; £=0.004), but no differences were
observed in pathogenic BRCA1 mutation prevalence by race (5% vs. 9%, respectively;
P=0.2). Immune cell abundance did not differ by BRCA1/2 pathogenic mutation prevealence
except for slightly less neutrophils in the intratumoral region among BRCAI pathogenic
mutation carriers vs. non-carriers. However, the association of neutrophils with survival

in the intratumoral region was consistent with the overall findings after adjusting for
BRCA1 mutation status (HRtota) = 0.48, 95% CI1=0.35-0.66, HRNon-Hispanicwhite=0-45,
95% CI1=0.29-0.66, HRNon-HispanicBlack=0.53, 95% CI1=0.33-0.85). Thus, it is unlikely that
BRCA mutation status is the cause of the observed differences by race in the present
analysis. Additional work characterizing the T-cell population (e.g., exhausted, activated),
investigating other potentially co-localized immune cell types, replicating these findings in a
large sample size, and a full accounting of confounders is needed.

We observed a survival advantage for women with higher levels of T-regulatory cells in

the invasive margin and the stroma of the tumor core, but the inverse association with
survival was not statistically significant for intratumoral T-regulatory cells. T-regulatory cells
promote tumor growth and progression via impairment of effector immune cell responses
(40). A recent meta-analysis showed that T-regulatory cells were associated with poor
outcomes for most solid tumors (41); however, the literature is inconsistent in ovarian cancer
(16,42-47). Even though our findings are consistent with some of the studies in ovarian
cancer (44-47), they contradict the known immunosuppressive function of T-regulatory cells
and may be attributable to a few factors. The association with survival may differ according
to patient or clinical characteristics as two ovarian cancer studies noted better survival for
higher levels of T-regulatory cells among specific patient subgroups, women with advanced
stage disease (44) and HGSOC (45). While FoxP3 is considered the most reliable marker
for T-regulatory cells, some studies show that it is also expressed by other lymphoid,
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myeloid, and epithelial cells (48). Thus, the better prognosis could be due to staining of not
only suppressive T-regulatory cells, but also effector cells that confer antitumor activity. T-
regulatory cells in the tumor core have been the focus of most research without investigation
of the peritumoral region or differentiating the tissue compartment of the immune cells
(tumor vs. stroma). Hermans, et al. (46) also reported better outcomes among ovarian cancer
patients with stromal T-regulatory cells peripherally located around the tumor center and
observed that these stromal T-regulatory cells were part of lymphoid structures, which have
been associated with better outcomes in ovarian cancer (15). Therefore, it is possible that the
observed associations are reflective of other unmeasured, co-localized immune cells where
the T-regulatory cells are a passenger but not independently associated with outcomes.

Our data show that the presence of myeloid cells, especially neutrophils, was associated with
better survival. Myeloid cells include many immune cell types (e.g., macrophages, dendritic
cells, neutrophils) that can have diverging impacts on outcomes. Neutrophils display both
antitumor and protumorigenic activity, yet a recent meta-analysis of tumor-associated
neutrophils in cancer patients observed worse overall and progression-free survival for
higher levels of intratumoral neutrophils (49). As we used PMN-MDSCs as a proxy for
neutrophils and PMN-MDSCs generally support tumor progression (50), it is likely that

our findings reflect neutrophil populations displaying antitumor activity. Future work should
deeply characterize the various myeloid subsets to better understand their prognostic impact.

This study is strengthened by the inclusion of data and biospecimens from well-established
population-based studies and the use of multiplex immunofluorescence to simultaneously
and objectively measure abundance and co-localization of immune cells. Despite these
strengths, the limitations of our study should be considered. To address the potential of a
bias due to ROI selection, we randomly selected a subset of tumors (n=19) and repeated
the image analysis for the more abundant immune cell types (CD3+, CD3+CD8+) in the
entire invasive margin to compare to the peritumoral ROIs. We found high correlations

(r ranging from 0.81 to 0.86) for the abundance of CD3+CD8+ and CD3+, except for
stromal CD3+ which was lower at 0.61. The studied immune cell types are a fraction

of the immune cells in the tumor microenvironment and do not capture the complexity

of immune cell interactions in tumors. While we differentiated the tissue compartment of
immune cells and assessed both the intratumoral and peritumoral regions, measurements of
immune cell abundance do not fully take into account the spatial contexture of the tumor
microenvironment. The present study did not have cause of death or recurrence information
for all participants; thus, we could not examine associations with ovarian cancer-specific or
progression-free survival.

This study is the first, to our knowledge, to investigate racial differences in tumor

immunity and survival of women with HGSOC. We add to the existing evidence that a
robust immune infiltrate confers a survival advantage among women with HGSOC. The
observed associations were consistently in the inverse direction for Non-Hispanic Black
and White women but the associations were weaker among Non-Hispanic Black women.

A more complete accounting of patient characteristics and a deep characterization of

T-cell populations as well as other co-localized immune cell types is needed to better
understand the reasons for these observed racial differences. Moreover, further investigation
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is warranted to replicate these findings in a large, external cohort of diverse HGSOC
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Image analysis of multiplex immunofluorescence panel. A) HGSOC tissue section stained

for the seven-marker multiplex immunofluorescence panel. Each marker has a fluorophore
that is identified individually (6 panels on the right) and then merged (left panel). B)
Example of the ROI selection for intratumoral and peritumoral ROIs.

HGSOC: high-grade serous ovarian carcinoma, ROI: region of interest, PCK: pan-
cytokeratin, CD: cell differentiation, INTRA: intratumoral, PERI: peritumoral.
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Heatmap of the average immune cell abundance in the tumor and stroma compartments in
the intratumoral (Panel A) and peritumoral (Panel B) ROIs annotated by race. Immune cell
abundance was standardized by the median and median absolute deviation.
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Patient characteristics overall and by race

Table 1.

Overall (N=242)

Non-Hispanic Black (N=121)

Non-Hispanic White (N=121)

Patient characteristics Mean (SD) or n (%) Mean (SD)or n (%) Mean (SD) or n (%) p-value
Age at diagnosis
Continuous, years 57.8 (8.9) 57.7(9.1) 57.9 (8.8) 0.9
<50 years 44 (18) 22 (18) 22 (18) >0.9
50-59 years 101 (42) 51 (42) 50 (41)
60-69 years 69 (29) 34 (28) 35(29)
>70 years 28 (12) 14 (12) 14 (12)
Stage 0.11
Localized 31(13) 12 (10) 19 (16)
Regional 22 (9) 15 (12) 7 (6)
Distant 189 (78) 94 (78) 95 (79)
Body mass index a
Continuous, kg/m? 29.1(8.0) 31.7 (9.0) 26.5 (6.0) <0.001
<25 kg/m? 88 (37) 26 (22) 62 (52) <0.001
25-29 kg/m? 64 (27) 32 (27) 32(27)
30-34 kg/m? 41 (17) 28 (23) 13 (11)
>35 kg/m? 47 (20) 34 (28) 13 (11)
Unknown 2 1 1
Smoking status 0.5
Never smoker 120 (50) 56 (46) 64 (53)
Former smoker 91 (38) 47 (39) 44 (36)
Current smoker 31 (13) 18 (15) 13 (11)
Diabetes <0.001
No 208 (86) 93 (77) 115 (95)
Yes 34 (14) 28 (23) 6 (5)
Genetic ancestry
African ancestry 0.42 (0.41) 0.80 (0.12) 0.01 (0.02) <0.001
European ancestry 0.57 (0.41) 0.17 (0.12) 0.98 (0.03) <0.001
Asian ancestry 0.02 (0.02) 0.03 (0.03) 0.01 (0.02) <0.001
Unknown 10 2 8
Debulking Status b <0.001
Optimal 138 (80) 57 (70) 81 (90)
Suboptimal 34 (20) 25 (30) 9 (10)
Unknown 70 39 31
Adjuvant chemotherapy 0.2
No 2(1) 2(3) 0(0)
Yes 169 (99) 77 (97) 92 (100)
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Overall (N=242) Non-Hispanic Black (N=121)  Non-Hispanic White (N=121)
Patient characteristics Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) p-value
Unknown 71 42 29

SD: standard deviation.
aCaIcuIated from self-reported height and weight one year prior to diagnosis.
bOptimaI debulking status is defined as no gross residual disease or <1cm of residual disease from cytoreductive surgery. Suboptimal debulking

status is defined as = 1cm of residual disease from cytoreductive surgery. For cases with unknown debulking status, CA-125 following adjuvant
chemotherapy was used as a proxy for debulking status, where CA-125 < 35 was categorized as optimal and CA-125 > 35 as suboptimal.
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Table 4.

Adjusted hazard ratios and 95% confidence intervals for the association of immune cell abundance clustering
approaches with risk of all-cause mortality overall and by race

Overall Non-Hispanic Black Non-Hispanic White

Clustering approaches ~ Cases(Deaths)  HR (9505 c1)® Cases(Deaths) {R (95% c1)®  Cases(Deaths)  HR (95% 1)@

Immune signatures
Signature 1 22 (19) 1.00 (Referent) 13 (11) 1.00 (Referent) 9(8) 1.00 (Referent)
Signature 2 30 (24) 1.05 (0.57, 1.92) 15 (12) 1.00 (0.44, 2.32) 15 (12) 1.19 (0.48, 2.93)
Signature 3 69 (54) 1.09 (0.64, 1.86) 37 (28) 1.26 (0.62, 2.57) 32 (26) 0.87 (0.38, 1.99)
Signature 4 82 (55) 0.69 (0.40, 1.17) 32 (19) 0.89 (0.42, 1.92) 50 (36) 0.52 (0.24, 1.15)
Signature 5 35 (20) 0.49 (0.26, 0.92) 22 (11) 0.64 (0.28, 1.51) 13 (9) 0.34 (0.13, 0.90)
Immunoscore
Low 62 (46) 1.00 (Referent) 33 (25) 1.00 (Referent) 29 (21) 1.00 (Referent)
Intermediate 126 (98) 1.06 (0.75, 1.51) 62 (43) 1.14 (0.69, 1.89) 64 (55) 0.95 (0.57, 1.60)
High 50 (28) 0.56 (0.35, 0.90) 24 (13) 0.68 (0.35, 1.33) 26 (15) 0.45 (0.23, 0.91)

ROI: region of interest, HR: hazard ratio, Cl: confidence interval, CD: cell differentiation.

aModeIs are adjusted for age at diagnosis (years) and stage (localized, regional, distant). The models in the overall study population are additionally
adjusted for race (Non-Hispanic Black, Non-Hispanic White).
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