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Abstract

Objectives—Epithelial ovarian cancer (EOC) typically presents with advanced disease. Even
with optimal debulking and response to adjuvant chemotherapy, the majority of patients will have
disease relapse. We evaluated cytokine and chemokine profiles in ascites at primary surgery as
biomarkers for progression-free survival (PFS) and overall survival (OS) in patients with
advanced EOC.

Methods—Retrospective analysis of patients (n =70) who underwent surgery at Roswell Park
Cancer Institute between 2002-12, followed by platinum-based chemotherapy.

Results—The mean age at diagnosis was 61.8 years, 85.3% had serous EOC, and 95.7% had
stage 1B, 1IC, or IV disease. Univariate analysis showed that ascites levels of tumor necrosis
factor (TNF)-a were associated with reduced PFS after primary surgery. Although the ascites
concentration of interleukin (IL)-6 was not by itself predictive of PFS, we found that stratifying
patients by high TNF-a and high IL-6 levels identified a sub-group of patients at high risk for
rapid disease relapse. This effect was largely independent of clinical prognostic variables.
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ons—The combination of high TNF-a and high IL-6 ascites levels at primary surgery

predicts worse PFS in patients with advanced EOC. These results suggest an interaction between

ascites TN
EOC, and

F-a and IL-6 in driving tumor progression and resistance to chemotherapy in advanced
raise the potential for pre-treatment ascites levels of these cytokines as prognostic

biomarkers. This study involved a small sample of patients and was an exploratory analysis;
therefore, findings require validation in a larger independent cohort.
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Introduction

Ovarian cancer is the leading cause of death from gynecological malignancies. Based on
American Cancer Society estimates, 21,980 new cases of ovarian cancer and 14,270 deaths
are expected in the U.S. in 2014 [1]. Epithelial ovarian cancer (EOC) is by far the most
common type of ovarian cancer, and among these tumors, serous EOC is the most common
subtype. The majority of patients present with advanced disease, and even with optimal
debulking and response to adjuvant therapy, relapse of disease is expected. In an analysis of
1,895 patients with stage 111 EOC treated with primary surgery followed by standard
adjuvant chemotherapy, the median progression-free survival (PFS) was 17 months and the
median overall survival (OS) was 45 months [2]. However, there is substantial variability in
PFS among women with the same disease stage. Validated prognostic factors for advanced
EOC principally rely on age, performance status, residual tumor volume following primary
surgery, and tumor histology [2, 3]. Serum CA-125 at diagnosis and changes in levels
following treatment have also been used as outcome markers [4]. It is a priority to develop
novel pre-treatment prognostic markers that will identify patients who are likely to have a
poor response to standard platinum-based chemotherapy who might be considered for
investigational protocols.

There is growing recognition that immune responses in the tumor microenvironment are
both prognostic biomarkers and potential targets for therapeutic modulation. The critical role
of immune surveillance in EOC was demonstrated by correlation of survival with tumor-
infiltrating lymphocytes (TILs) [5]. However, the tumor microenvironment in EOC is
inflammatory, characterized by myeloid cell accumulation and expression of pro-
inflammatory cytokines and chemokines, while also being immunosuppressive [6-10].
Ascites from patients with EOC inhibited T cell receptor-induced NF-kB and NFAT
signaling in tumor-associated T cells [6]. Infiltrating regulatory T cells (Tregs) abrogate T
cell-driven anti-tumor immunity. Intraepithelial CD8* TILs and a high CD8*/Treg ratio
were associated with favorable prognosis in patients with EOC [11]. Tumor cells and
macrophages in the tumor microenvironment produce CCL22, which mediates trafficking of
Tregs to the tumor and poorer prognosis in EOC [12]. Accumulation of H4-expressing
macrophages in the tumor environment can impede T cell responses and correlate with more
rapid tumor recurrence in EOC [13, 14]. Myeloid-derived suppressor cells (MDSCs) also
accumulate in the ascites of patients with advanced EOC [7, 10]. In addition to being
obstacles to antitumor immunity, tumor-infiltrating myeloid cells can release matrix
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Methods

metalloproteinases and pro-angiogenic factors (e.g., vascular endothelial growth factor) as
part of a wound repair response that can promote tumor invasion and spread [15].

As much as one third of patients with EOC present with ascites at initial diagnosis and the
majority have ascites with relapse [16]. The etiology of ascites production is multi-factorial
including lymphatic obstruction, increased vascular permeability and secretion of soluble
factors by tumor and activated mesothelial cells [16]. Understanding the interaction of
ascites constituents, including the cellular populations and soluble factors (e.g., cytokines,
chemokines, pro-angiogenic factors, proteases, products of necrosis) may yield important
knowledge about mechanisms that drive tumor progression that can be potential prognostic
biomarkers and therapeutic targets.

A number of studies have shown correlations between ascitic cytokine profiles and outcome
in patients with EOC [17-20]. In general, these studies involved small numbers of patients,
and did not examine the interaction between cytokines in predicting PFS. We therefore
began our analysis with a straightforward univariate analysis of levels of a panel of
cytokines and chemokines in ascites collected at primary surgery for advanced EOC. The
inflammatory mediators we examined were specifically selected based on their known
biological roles in myeloid cell recruitment and activation. Based on the univariate results,
we performed additional modeling of interactions between cytokine levels using pairwise
comparisons. We found an interaction between ascites TNF-a and IL-6 levels such that high
levels (> 50t percentile) of both cytokines were highly predictive of rapid disease
recurrence following primary surgery.

Patients and ascites collection

This study was approved by the Institutional Review Board of Roswell Park Cancer
Institute, Buffalo, NY, and was in compliance with federal and state requirements. All
participants gave informed consent to use samples for research. Ascites was collected from
70 patients newly diagnosed with ovarian, primary peritoneal, and fallopian tube carcinoma
at the time of primary surgery (2002-2012). All cases were reviewed by a pathologist.
Staging was based on the 2014 International Federation of Gynecology and Obstetrics
(FIGO) criteria, and grade was based on the Shimizu/Silverberg system, with high grade
defined as grades 2 or 3 [21]. Ascitic fluid was obtained at the time of initial cytoreductive
surgery and centrifuged at 5009 for 15 minutes. Supernatants were stored at —80°C until
assayed. All samples were deidentified.

Electronic medical records were retrospectively reviewed and baseline demographic and
clinico-pathologic data were collected for all patients. Postoperatively, patients underwent
adjuvant platinum-based chemotherapy, and were observed for an average of 35 months.
The primary endpoint was PFS, which was defined as the time from primary surgery until
disease recurrence or death. Overall survival was defined from the day of diagnosis to the
date of the last follow-up or death.
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Cytokine measurements

Cytokine concentrations in undiluted ascites specimens were determined using human
cytokine/chemokine magnetic bead kit (EMD Millipore, St Charles, MO) by Luminex
multiplex assay at the Roswell Park Cancer Institute Flow Cytometry and Imaging facility.
We selected a panel of cytokines and chemokines involved in the expansion, recruitment,
and activation of macrophages and neutrophils: G-CSF, GM-CSF, IL-1f, IL-6, IL-17A,
TNF-q, IL-8/CXCL8, MCP-1/CCL2, MCP-3/CCL7, MDC/CCL22, MIP-1a/CCL3, MIP-1p/
CCL4, and VEGF. The detection thresholds were 1.2 — 7.5 pg/ml for pro-inflammatory
cytokines and colony-stimulating factors (G-CSF, GM-CSF, IL-1B, IL-6, IL-17A, TNF-a);
3.5-17.5 pg/ml for chemokines (IL-8/CXCL8, MCP-1/CCL2, MCP-3/CCL7, MDC/
CCL22, MIP-1a/CCL3, MIP-1B/CCL4); and 40 pg/ml for the pro-angiogenic factor, VEGF.
Average values from duplicate wells per samples are presented. Levels of IL-6 and MCP-1
in all samples were also evaluated by standard ELISA since levels of IL-6 and MCP-1 in
several samples exceeded the upper assay limit of the Luminex platform. Anti-human 1L-6
mAb (mouse capture Ab) with biotinylated anti-human IL-6 pAb (goat detection Ab) and
anti-human MCP-1 mAb (mouse capture Ab) with biotinylated anti-human MCP-1 pAb
(goat detection Ab) (R & D System, Minneapolis, MN) were used in ELISA.

Statistical analysis and clinical correlation

Results

Because concentration levels are strongly right-tailed, our univariate analysis of cytokine/
chemokine association with overall survival and PFS regression models used the rank of
each cytokine to provide a non-parametric analysis via Cox’s regression model.
Subsequently, we stratified the level of each cytokine at the observed median value to form
low and high level sets. Where appropriate, we have presented median survival times and
tested the difference between survival curves via the log-rank test. Association between
cytokine/chemokine risk categories and continuous clinical variables were tested by
ANOVA, and categorical variables were analyzed by chi-square test. We considered a
p<0.05 level of significance and interval estimates are 95% CI. We initially performed a
univariate analysis to identify those cytokines and chemokines that correlated with PFS.
Based on the univariate results, we analyzed pairwise combinations to evaluate interactions
between cytokines and chemokines in predicting PFS. All analyses were performed in the
R3.1.2 statistical programming environment.

Univariate association between cytokines and prognosis

Baseline clinical characteristics and response to therapy for all of the subjects are
summarized in Table 1. While most of the cytokines were detected in all samples, IL-17A
(41/70, 59%) and IL-B (52/70, 74%) had greater than 50% non-detection rates and were
excluded from further analysis. The frequency of non-detection of GM-CSF, MCP-3, and
MIP-1f in ascites samples was 20% (14/70), 3% (2/70), and 4% (3/70), respectively.
Cytokine levels were defined as high or low based on the observed median. We tested the
univariate association of each cytokine with PFS and OS. Only TNF-a had a significant
association with worse OS (HR= 2.8, 95% CI: 1.1-7.0, p= 0.0255) and PFS (HR=2.9, 95%
Cl: 1.2-6.7, p=0.0154); the Cox model-based curves in Figure 1 are the Breslow estimated
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survival functions at the 25t and 75t quantiles (29.5 and 53.8 pg/ml, respectively). These
results imply that the clinical magnitude is mild when TNF-a levels are considered
continuously. These effects were not significant after multiple testing correction. Notably,
there was no univariate relationship with survival for IL-6 (OS, p=0.779; PFS, p=0.510) or
IL-8 (OS, p=0.691; PFS, p=0.933).

Pairwise associations between TNF-a, IL-6, and IL-8

Stratifying patients into high and low groups based on the median of each of IL-6, IL-8 and
TNF-a, we considered the combined levels of IL-6 and IL-8; of IL-8 and TNF-a; and of
IL-6 and TNF-a. The median PFS and OS are shown in Table 2 where each subsection
reflects a different way to classify all 70 patients. Notably, we observed strong deleterious
PFS trends for patients with high ascites levels of any combination of IL-8 or IL-6 with
TNF-a. These stratifications are likely detecting the same set of 13 patients who express
high levels of all three cytokines: these 13 patients had a shortened PFS interval (median 6.0
versus 15.0 months) and a shorter OS time (median 16.7 versus 30.2 months) (Table 2). We
did not perform additional multivariate analysis of combinations of = 3 cytokines and
chemokines because of the small group sizes. Because of the significant OS and PFS
associations, we consider the stratification defined by low IL-6, and high IL-6 split by TNF-
a level for further study.

PFS and survival analysis in relation to subsets of ascites levels of IL-6 and TNF-a

Association

Patients who had high ascites levels of both IL-6 and TNF-a had shorter PFS intervals
versus all other patients (median 6.2 versus 15.2 months, log-rank p=0.00015) but the threat
to median overall survival was transient (25.0 versus 30.2 months, log-rank p=0.0278) as
there was a comparatively small reduction in overall survival. Conversely, high IL-6 patients
with low TNF-a had similarly improved median PFS (18.1 versus 9.2 months, log-rank
p=0.0101) and a durable increase in overall survival (48.4 months, log-rank p=0.016) (Table
2).

Given a high ascites level of IL-6, patients with high or low TNF-a had the strongest
differences in OS (48.4 vs. 25 months, log-rank p=0.0175) and PFS (18.1 vs 6.2 months,
p=0.000193) (Figure 2). The PFS curves were well-ordered and the differences appear after
8 months where the high IL-6 and high TNF-a subset decreased rapidly to 22% progression-
free at 10 months versus 72% for the high IL-6 and low TNF-a subset. For overall survival,
prognosis for the IL-6 high subsets was not distinct at 10 months (89% TNF-a low versus
72% TNF-a high, Z-test p=0.098), but a significant difference was observed by 30 months
(TNF-a high 28% versus 66%, Z-test p=0.0092).

between IL-6- and TNF-a-defined risk sets and clinical factors

Stratifying patients by high IL-6 levels identified a strong prognostic effect for TNF-a.
Table 3 describes the stratification of patients into IL-6low, IL-6high/TNF-alow, and IL-6-
high/TNF-ahigh level groups and their association with clinical factors. Of the clinical
variables, stage varied little in this data (all but 3 patients were stage I11B/C or V).
Approximately 90% of tumors were high grade (2 or 3) in all 3 groups, but the IL-6high/
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TNF-alow group had a lower proportion of grade 3 histology (Chi-square p=0.03). No other
cytokines were associated with the IL-6/TNF-a subgroups.

Discussion

We evaluated the prognostic value of cytokine and chemokine profiles in ascites of patients
undergoing primary surgery for advanced EOC. The panel of cytokines and chemokines was
selected based on their importance to myeloid cell accumulation and phenotypes. Univariate
analysis showed that ascites levels of TNF-a were associated with reduced PFS after
primary surgery. Although the ascites concentration of IL-6 was not by itself predictive of
PFS, we found that high TNF-a and high IL-6 ascites levels correlated with rapid disease
relapse. In contrast, all other groups (TNF-ahigh/IL-6low, TNF-alow/IL-6high, and TNF-
alow/IL-6low) had similar durations of PFS. These results suggest an interaction between
ascites TNF-a and IL-6 in driving tumor progression in advanced EOC. We did not observe
a consistent interaction of these cytokine strata with clinical variables (e.g., age, stage,
histology, and optimal tumor debulking). Additional exploratory analysis, including
multivariate models with clinical variables, showed trends to interactions between levels of
TNF-q, IL-6, and IL-8. In each of these interactions, high ascites levels of two or all three of
these cytokines correlated with reduced PFS. In each of these scenarios, median PFS after
surgery ranged between 6.0 — 6.5 months, versus a median of 11.1 — 18.1 months in all other
strata (Table 2). If confirmed in a larger independent cohort, pre-treatment ascites levels of
these cytokines will be useful prognostic biomarkers for rapid tumor recurrence and
resistance to standard chemotherapy.

Tumor-derived factors are capable of activating macrophages, leading to production of pro-
inflammatory cytokines, including TNF-a and IL-6, to generate an inflammatory
microenvironment that promotes metastatic growth [22]. Conversely, these same cytokines
can activate other pathways that augment anti-tumor immunity, an illustration of the “two
faces” of inflammatory mediators in tumor progression. It is therefore not surprising that
conflicting reports exist regarding the potential protective versus deleterious role of
inflammatory mediators during cancer. TNF-a production in the ovarian cancer
microenvironment has been recognized for decades, with tumor-infiltrating macrophages
likely to be the major source [23]. In ex vivo studies, exogenous TNF-a stimulated ovarian
tumor cells to produce TNF-a and to proliferate [24]. Charles et al. [25] showed that TNF-a
production in the ovarian cancer microenvironment increased myeloid cell recruitment in an
IL-17-dependent manner, and promoted tumor progression in mice. In patients with
advanced ovarian cancer, treatment with infliximab (anti-TNF-a antibody) reduced IL-1R
and 1L-23R expression in CD4*CD25" cells isolated from ascites, and reduced plasma IL-17
levels [25]. Our findings differ from those of Bamias et al. [26] who reported that in patients
receiving first-line chemotherapy, ascites TNFa levels >35 pg/ml were associated with
improved PFS. They observed an inverse relationship between ascites TNF-a levels and
accumulation of CD4+*CD25%(hi) cells, a population that includes Tregs [26].

Members of the IL-6 family of cytokines are highly up-regulated in several cancers and are
considered to be key links between inflammation, tumorigenesis and metastasis [27].
Conversely, IL-6 can enhance anti-tumor immunity by augmenting activation, proliferation
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and survival of lymphocytes and their trafficking to the tumor and draining lymph nodes
[28]. Yigit et al. [20] noted a positive correlation between IL-6 concentration in ascites and
residual disease after debulking. In addition, IL-6 levels were higher at recurrence compared
to primary advanced disease. In another study, IL-6 levels in ascites correlated significantly
with ascites volume and initial tumor size, but not with survival [29]. In contrast, Lane et al.
[17] reported that ascites 1L-6 levels predicted shorter PFS in patients with EOC. Soluble
IL-6-receptor-a stimulated IL-6 trans-signaling in endothelial cells, and increased ascites
levels of soluble IL-6-receptor-a correlated with poor prognosis in patients with ovarian
cancer [30]. In addition to its local effects in the tumor microenvironment, tumor-derived
IL-6 can stimulate paraneoplastic thrombocytosis in patients with advanced EOC that, in
turn, is associated with poor prognosis [31]. The therapeutic potential of targeting IL-6 and
downstream signaling has been shown in mouse models of ovarian cancer [30, 31].

Although we did not observe a prognostic influence of ascites IL-6 by itself, we identified a
putative interaction between IL-6 and TNF-a. Patients with both high TNF-a and high IL-6
ascites levels had significantly shorter PFS than other groups. All members of the TNF
superfamily exhibit pro-inflammatory activity, in part through activation of NF-xB. They
regulate numerous signaling pathways that modulate inflammation, proliferation, apoptosis,
and angiogenesis that can affect tumor progression and metastasis [32]. IL-6 signals through
the IL-6 receptor and gp130 to initiate JAK2/STAT3 signaling [33, 34]. STAT3 activation
has been implicated in stimulating stem cell-like characteristics in ovarian tumor cells
associated with chemotherapy resistance [35]. In addition, tumor-derived products can
activate STAT3 signaling in myeloid cells that can lead to inhibition of DC maturation and
stimulation of MDSC development [36-39]. Potentially, the dual effects of TNF-a and IL-6
on activation of NF-xB and STATS3, respectively, promote tumor growth [40].

Our study has a number of limitations. This study involved a small sample of patients and
was an exploratory analysis, i.e., we did not pre-specify a specific effect (positive or
negative) of individual cytokines or paired cytokines on PFS. In addition, we divided
patients into high and low cytokine groups based on values above or below the median,
respectively; this division is arbitrary and is not designed to model all of the cytokine
interactions that can influence PFS. Our results were limited to patients treated at a single
center. Thus, our results should be considered hypothesis-generating, and findings require
validation in a larger independent cohort. In addition, the correlative design of our study
does not permit conclusions about immunologic mechanisms affecting tumor progression. If
our results are confirmed in a larger independent cohort, they would establish ascites TNF-a
and IL-6 as novel prognostic biomarkers that may be combined with standard clinical
variables as a composite prognostic signature, and would provide additional support for
evaluating these cytokines as therapeutic targets in patients with advanced EOC.
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Model based estimates for pre-treatment ascites TNF-a levels at the 25t percentile (29.5
pg/ml) and 75™ percentile (53.75 pg/ml). TNF-a concentration had a significant association
with worse OS (HR= 2.8, 95% CI:1.1-7.0, p= 0.0255) and PFS (HR=2.9 95%Cl:1.2-6.7

p=0.0154).
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Figure 2.
High TNF-a and high IL-6 ascites levels correlated with worse OS and PFS. The median

concentrations of TNF-a and IL-6 were 38.5 pg/ml and 4741.6 pg/ml, respectively. In
contrast, all other groups (TNF-ahigh/IL-6low, TNF-alow/IL-6high, and TNF-alow/
IL-6low) had similar outcomes.
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Clinical characteristics and outcomes of patients with advanced ovarian cancer(n=70)

Median Age

62 (range 21-85)

%

Advanced Stage I11B-1V 68 97.14
Grade 1 6 8.57
Grade 2 11 15.71
Grade 3 53 75.71
Serous All grades 55 78.57
Gradel 2 3.64

Grade2 8 14.54

Grade3 45 81.82

Non-serous 6 8.57
Clear Cell 2 2.86

Endometrioid 1 1.43

Mucinous 3 4.29

Mixed 9 12.86
Optimal Debulking, <lcm 53 75.71

Platinum sensitive response

n=36 (51.4%)

Median OS from time of
primary surgery

26.7 months
(range 24.0-44.0)

Median PFS from time of
primary surgery

11.6 months
(range 7.3-16.3)
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Table 2

Association or pre-treatment pairwise combinations of ascites cytokine levels on PFS and OS in months

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

(n=70)

IL-8 and IL-6 n  PFS (p=0.732) OS (p=0.779)
IL-8low/IL-6low 22 15.2(6.7-19.1) 26.1(17.9-49.1)
IL-8low/IL-6high 13 144(45-NA)  34.0(23.2-NA)
1L-8high/IL-6low 12 11.1(7.8-NA)  24.6 (13.1-NA)
1L-8high/IL-6high 23 6.5(5.7-18.6) 27.8(14.3-67.6)

TNF-a and IL-8 n  PFS (p=0.090) OS (p=0.223)
TNF-alow/IL-8low 19 15(5.1-26.2)  26.3 (17.9-NA)
TNF-alow/IL-8high 16 15 (7.8-NA) 40.1 (19-NA)
TNF-ahigh/IL-8low 16 15(6-19.7)  26.7 (24.3-NA)
TNF-chigh/IL-8high 19  6.3(5.6-12.1) 16.7 (13.2-56.2)

TNF-a and IL-6 n  PFS (p<0.001) OS (p=0.044)
TNF-alow/IL-6low 17  11.2(5.7-16.6) 25.4 (14.3-55.2)
TNF-alow/IL-6high 18 18.1(12.0-NA)  48.4(26.5-NA)
TNF-ahigh/IL-6low 17  16.3 (9.4-NA)  26.1 (18.4-NA)
TNF-ahigh/IL-6high 18  6.2(5.3-12.1) 25(13.2-34)

n  PFS (p=0.001) OS (p=0.039)

All 3 high 13 6.0(5.32-NA)  16.7 (6.31-NA)

All other combinations 57  15.0 (9.4-17.1)  30.2 (25.4-48.4)

NA: estimate does not drop below; p-values are 4-group log-rank tests; Italic = individually significant log-rank p<0.05
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Table 3

Page 16

Baseline characteristics and outcomes in patients with advanced ovarian cancer in relation to pre-treatment

TNF-a and IL-6 ascites levels

I1L-6 low IL-6 high/TNF-a low  IL-6 high/TNF-a high  p-value
Number of patients 34 18 18
Mean age in years 64.5 57.8 60.7 p=0.135
Grade 1 3 1 1 p=0.030
2 3 7 1
3 27 9 15
Serous % 85.3 66.7 71.8 p=0.266
<lcm residual disease %0  75.8 77.8 77.8 p=0.981
0OS, Months 26.1(17.9-49.1) 48.4(26.5-NA) 24.0 (13.2-34.0) p=0.018
PFS, Months 13.8(9.0-17.1)  18.1 (11.9-NA) 6.2(5.3-12.1) p<0.001

NA: survival estimate does not reach 50%; Italic added for emphasis
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