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SUMMARY

Upfront treatment for patients with advanced high-grade serous ovarian cancer (HGSOC) includes a multi-
hour cytoreductive surgery. Although the procedure is necessary for maximal tumor cytoreduction, under-
standing of the biology of systemic and intratumoral responses induced by surgical cytoreduction is limited.
Through analysis of matched tumor and normal tissues and peripheral blood collected at multiple time points
during cytoreductive surgery in patients with HGSOC, we demonstrate that surgery leads to rapid induction
of systemic inflammatory response and activation of inflammatory signaling in the tumor and normal tissue,
with interleukin-6 emerging as a dominant inflammatory pathway. A parallel study in a syngeneic murine
HGSOC model recapitulated these findings and demonstrated accelerated tumor growth in response to sur-
gery. This study highlights the previously unappreciated impact of specimen collection timing on the tumor
signaling networks and provides insights into stress pathways activated by surgery, generating rationale for

perioperative therapeutic interventions to reduce protumorigenic effects.

INTRODUCTION

Ovarian cancer (OC) is one of the most lethal gynecologic malig-
nancies in the United States, with an estimated 12,740 deaths in
2024." Patients often present with advanced-stage disease due
to a lack of effective screening, vague symptom onset, and peri-
toneal spread of the disease throughout the abdominopelvic
cavity. For patients with advanced OC, the upfront treatment
paradigm includes cytoreductive surgery and systemic chemo-
therapy with a platinum-doublet regimen. Because of the perito-
neal spread of the disease, cytoreductive surgery often requires
multiple hours and involves resection of the gynecologic organs
and upper abdominal disease including omentum and possible
splenectomy and/or bowel resection.

Although cytoreductive surgery remains necessary in the up-
front treatment of advanced-stage OC, increasing evidence
indicates that any surgical intervention is associated with periop-
erative stress that involves paracrine and neuroendocrine
response; this increases proangiogenic factors, suppresses
antitumor immunity, and facilitates malignant cell invasion, which

ultimately has the potential to facilitate tumor growth and metas-
tases.’® In animal cancer models, Auer et al. have performed
elegant studies on the impact of surgery on murine cancers,*°
demonstrating that surgical interventions lead to profound sup-
pression of innate immune function (specifically natural killer
[NK] cells) in the postoperative period, which correlate with
increased development of metastases.” A variety of human clin-
ical studies have reported accelerated growth of residual tumors
after cytoreductive surgery, typically linked to increased protu-
morigenic cytokines and upregulation of numerous tumorigenic
pathways.” "’

Several studies have suggested that perioperative changes in
peripheral plasma cytokines may play a role in tumorigen-
esis.®'>"® Secord et al. demonstrated that postsurgical inflam-
matory cytokine interleukin-6 (IL-6) in plasma may predict thera-
peutic benefit from bevacizumab when combined with
carboplatin and paclitaxel in the GOG 218 trial in patients with
newly diagnosed OC.'*'® Stone et al. assessed the impact of
paraneoplastic thrombocytosis in patients with OC and demon-
strated that increased levels of thrombopoietin and IL-6 fueled

oot iScience 28, 112317, May 16, 2025 © 2025 The Author(s). Published by Elsevier Inc. 1

uuuuu

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://twitter.com/AaronPraissMD
https://twitter.com/DmitriyZamarin
mailto:dmitriy.zamarin@mssm.edu
https://doi.org/10.1016/j.isci.2025.112317
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2025.112317&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

¢? CellPress

OPEN ACCESS

Serum collection at 0, 4, and 24 hours

Primary cytoreductive surgery

iScience

Figure 1. Methodology for human subject
tissue and plasma collection and cohort
selection

(A) Experimental design for human subject tumor/
normal tissue and plasma collection during and
after primary cytoreductive surgery for advanced-
stage high-grade serous ovarian cancer.

(B) CONSORT (Consolidated Standards of Re-
porting Trials) flow chart of high-grade serous
ovarian cancer case selection and downstream
| analyses. FFPE, formalin-fixed paraffin-embedded;

Cytokine analysis
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| g H&E, hematoxylin and eosin; IHC, immunohisto-
24 hours chemistry, HGSOC, high-grade serous ovarian
cancer.

Tumor and normal tissue collection at 0 and 4 hours

Immunohistochemistry
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Consecutive patients with
presumed advanced stage
ovarian cancer undergoing
primary cytoreductive
surgery at our institution
between June 2018 and
March 2022 (n=51)

multi-hour procedure to perform serial
sampling of matched tumors and normal
biospecimens, which allowed us to control
for biospecimen timing, site, and post-
collection processing during primary cyto-
reductive surgery (PCS) for high-grade
serous OC (HGSOC). We performed
orthogonal analyses in a genetically engi-
neered HGSOC murine model driven by
myc amplification and Tp53 and Brcal
deletion (MPB). We sought to assess the
impact of laparotomy on the evolution of
intratumoral and systemic inflammatory
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response in patients, define the impact of
surgery on tumor growth and long-term tu-
mor microenvironment in animal models,
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therapeutic strategy to counter the protu-
morigenic stress response. Through this
work, we demonstrate that surgery leads
v to rapid induction of systemic inflamma-
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from all 3 time points (n=18)

tory response and activation of inflamma-
tory signaling in the tumor and normal tis-

Immunohistochemical
analysis on tumor/normal
FFPE specimens (n=10)

tumor growth.'® Retrospective data also suggest that modula-
tion of perioperative stress in OC through therapeutic interven-
tions could be associated with improved outcomes. A retrospec-
tive analysis by Tseng et al. demonstrated independently
associated improved progression-free and overall survival in pa-
tients with OC who received perioperative epidural anesthesia
compared to those who did not."”

Despite these findings, translational data pertaining to the
impact of surgical intervention and stress on actual tumors and
normal tissues remain limited, particularly in OC. Published tran-
scriptional profiling datasets, such as those from The Cancer
Genome Atlas (TCGA) for OC and other cancers, do not take into
account the exact time at which the tumor biospecimen was
collected after the initial incision and the potential heterogeneity
in post-resection tumor processing (e.g., time to flash freezing),
which makes it impossible to study how surgery impacts tumor
biology. To overcome this challenge, we took advantage of the
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sue, leading to accelerated tumor growth
in animal models. Our study provides in-
sights into intratumoral signaling pathways
activated by surgery, generating rationale for perioperative thera-
peutic interventions to reduce the protumorigenic effects.

RESULTS

Surgical intervention leads to upregulation of
inflammatory signaling pathways in HGSOC

Biopsies of tumor tissue and normal peritoneum were collected
shortly after initial incision (TP1) and 3-4 h into the surgery
(TP2). Tumor specimens were collected from the same anatomic
site to minimize the potential impact of inter-site heterogeneity
(Figure 1). RNA-sequencing analysis performed on HGSOC and
normal specimens collected immediately after laparotomy (TP1)
and 3—4 h (TP2) into cytoreductive surgery from 10 patients re-
vealed a marked upregulation of a number of genes in both tumor
and normal tissue samples (Figure 2A). Hierarchical clustering of
the top upregulated genes showed that samples from the same
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time points rather than from the same patients were clustered
together (Figure 2A), implying that the observed transcriptomic
changes were likely due to surgery rather than intra-patient tumor
heterogeneity. All genes shown in the heatmap play a role in
cellular stress response, and upregulation among these genes in-
dicates a multi-factorial tumor cell stress response during cytore-
ductive surgery (Figure 2A)."®'® Kyoto Encyclopedia of Genes and
Genomes pathway analysis of differentially expressed genes in tu-
mor and normal tissues from TP1 to TP2 revealed marked upregu-
lation of pathways related to inflammatory response, such as
those involved with cytokine—cytokine receptor interaction and a
variety of infectious/autoimmune conditions (Figure 2B). We found
both tumor and normal samples to be enriched for the genes
related to inflammatory response, with IL-6 being one of the
most upregulated genes in samples collected at TP2 compared
with samples collected at TP1 (p < 0.0001) (Figure 2C).

To determine whether the observed changes in gene expres-
sion were potentially driven by changes in the tumor and normal
tissue microenvironment, we assessed the overall levels of
T cells (CD3*) and myeloid/NK cells (CD16") in the TP1 and
TP2 samples by IHC. We observed no significant change in per-
centages of CD3* or CD16" cells among tumor samples
collected at the start of surgery and 3-4 h into surgery and a
modest decrease in CD16" cells in normal samples collected
over the same time (Figure S2).

Surgery leads to systemic inflammatory response in
patients with HGSOC

Changes in transcriptional profiles in HGSOC and normal tissue
samples without significant changes in the tumor microenviron-
ment suggested that these effects were potentially driven by
systemic mediators released in response to surgery. Thus, we
assessed the changes in peripheral cytokine concentrations
over the course of surgery and at 24 h. We observed increases
in several cytokines, most notably IL-6, IL-8, and vascular endo-
thelial growth factor A (VEGF-A), with a concomitant decrease in
interferon gamma (IFNYy), IL-1B, tumor necrosis factor alpha
(TNF-a), and lamina-associated polypeptide 1 (LAP-1) (Fig-
ure 2D). Notably, the changes in plasma cytokine concentrations
were consistent across patients during surgery and at 20-24 h
postoperatively (Figure 2D).

Surgical interventions promote tumor progression in
murine cancer models and lead to immune dysfunction
in the tumor microenvironment

Overall, the abovementioned findings demonstrated that surgical
intervention generates a systemic inflammatory response and

iScience

activation of inflammatory and potentially oncogenic signaling
in tumors as early as 4 h after the initial surgical incision. Based
on these observations, we hypothesized that such a systemic in-
flammatory response could potentially have protumorigenic ef-
fects on the minimal residual cancer remaining after surgery. To
formally evaluate this in a low-tumor-burden setting, we took
advantage of a newly developed syngeneic model of HGSOC
driven by myc amplification and deletion of TP53 and BRCA1
(MPB),?° and we randomized the mice bearing low peritoneal tu-
mor burden to laparotomy vs. no intervention (Figure 3A). MPB
cells were stably transduced with luciferase, which enabled
in vivo monitoring of peritoneal tumor burden. We found that lap-
arotomy was associated with accelerated tumor growth as as-
sessed by bioluminescence imaging (Figures 3B, 3C, and S3).
Given the accelerated tumor growth, we hypothesized that sur-
gery has a long-term impact on the composition and/or pheno-
typic states of immune cells in the tumor microenvironment.
Although this impact cannot be readily assessed in patients
(due to tumor removal), we evaluated this in the animal MPB
OC model by collecting the tumors eight days after laparotomy.
Flow cytometry analysis of the mouse tumors in the laparotomy
group revealed a statistically significant increase in tumor-infil-
trating CD45* immune cells, including NK, CD4, and CD8 cell
subsets, compared to the tumors of mice not undergoing laparot-
omy (Figure 3D). When focusing on the phenotypic states of the
immune cells, however, we observed a decrease in NK cell acti-
vation (as evidenced by granzyme B expression) and an increase
in PD-1 expression by tumor-infiltrating CD4* and CD8" T cells,
consistent with increased T cell dysfunction (Figure 3D). More-
over, we noted decreased CD8" T cell activation, as evidenced
by lower expression of the inducible T cell co-stimulator marker
(Figure 3D).

IL-6R blockade partially restores tumor control in the
setting of surgical intervention

To determine whether the increased IL-6 we observed in patients
was paralleled by findings in mice, we compared IL-6 levels in
mouse plasma pre-surgery and at 24 h. We observed a significant
postoperative increase in median plasma IL-6 cytokine concen-
tration (pg/uL) in mice that underwent laparotomy compared to
those that did not (o < 0.0001) (Figure 4A). Given that IL-6 was
one of the dominant genes upregulated in the human tumor sam-
ples as well as one of the dominant upregulated cytokines in both
humans and mice, we next sought to determine whether IL6R
blockade could potentially reverse the protumorigenic effects of
surgery. We performed laparotomies on ovarian-tumor-bearing
mice and treated them perioperatively with IL-6R-blocking

Figure 2. Tumor and normal tissue transcriptomic and plasma cytokine changes in patients with high-grade serous ovarian cancer un-

dergoing cytoreductive surgery

(A) Hierarchical clustering of genes differentially expressed between high-grade serous ovarian cancer specimens from time of incision (0 h; TP1, black) and 4 h
into surgery (TP2, blue). Clustered heatmap comparing upregulated genes from normal specimens from 0 h (N1, black) and 4 h (N2, blue).

(B) GSEA for tumor and normal specimens from 0 h to 4 h. *p < 0.05; **p < 0.01.

(C) Volcano plot of differentially expressed genes in high-grade serous ovarian cancer tumor specimens and normal specimens from 0 h to 4 h.

(D) Human plasma cytokine concentrations (pg/mL) from the start of surgery (blue), during surgery (3—4 h after laparotomy; red), and postoperatively (20-24 h after
laparotomy; green). One-way analysis of variance with Dunnett’s multiple comparisons test used for comparisons between sTP2 or sTP3 and sTP1, respectively.
Data are represented as mean with standard error of mean. *p < 0.05; *p < 0.01. FC, fold change; GSEA, gene set enrichment analysis; IL, interleukin; KEGG,
Kyoto Encyclopedia of Genes and Genomes; ns, not significant; VST, variance-stabilizing transformation.
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Murine ovarian cancer cell line Figure 3. Surgical interventions promote tumor pro-
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Figure 4. IL-6 receptor blockade partially
restores tumor control in the setting of sur-
gical intervention

(A) Pre- and postoperative plasma IL-6 cytokine
concentration (pg/ulL) for mice with ovarian can-
cers undergoing laparotomy or not. We used the
Mann-Whitney test to compare plasma IL-6 con-
centration of mice undergoing laparotomy or not.
(B) Experimental design.

(C) Representative experiment: graphical repre-
sentation of bioluminescence by luciferin uptake
in ovarian cancer tumors in mice undergoing
laparotomy treated with either control IgG or
anti-IL6R antibody, by total flux (p/s). We also
compared bioluminescence by luciferin uptake in
ovarian cancer tumors in mice not undergoing
laparotomy treated with either control IgG or anti-

B Murine ovarian cancer cell line IL6R antibody, by total flux (p/s). We used Mann-
g‘(’”:gssrﬁ 53%' iﬁcfulz?;;asteed) Whitney U test to compare mean area under the
p 9 y curve between the two groups. Data are repre-
sented as mean with standard error of mean.
*p < 0.05. IL, interleukin; IL-6R, interleukin-6 re-
(:») ceptor; ns, not significant.
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antibody or control immunoglobulin G (IgG) (Figure 4B). Although
IL-6R blockade had no effect on growth of tumors in mice that did
not undergo laparotomy, blockade of IL-6R resulted in partial
restoration of tumor control in animals who underwent laparotomy
(Figures 4C and S4).

DISCUSSION

Multi-site analyses of HGSOC performed by our group have pre-
viously demonstrated substantial inter-site heterogeneity in im-
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ronment with potential to promote tumor-

igenesis.”®1"222% The dilemma of per-

forming necessary cytoreductive surgery

for tumor debulking with the possible
pro-tumorigenic systemic effects of multi-hour, stress-inducing
surgery has been previously described in various solid tu-
mors.®'"1617:23 |n HGSOCs and normal tissue specimens
collected throughout PCS, we show that surgery leads to induc-
tion of inflammatory stress signatures at the transcriptional level
and in peripheral blood, with IL-6 emerging as a dominant inflam-
matory pathway. Although our study had too few cases to
perform meaningful outcomes assessments, prior work has
demonstrated the prognostic value of plasma IL-6 concentration
in patients with ovarian cancer.’*'® Additional studies in the
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neoadjuvant chemotherapy setting have also demonstrated a
correlation between tumor upregulation of IL-6 and chemo-
therapy or platinum resistance.?*?° Although it is not known if
upregulation of intratumoral and peripheral IL-6 during cytore-
ductive surgery contributes to subsequent chemotherapy resis-
tance, additional evaluation of anti-cytokine therapeutics during
or in the immediate perioperative time and its impact on subse-
quent chemo-resistance is warranted.'”?62%

In our study, we observed only a modest reduction in tumori-
genesis after perioperative treatment with anti-IL-6R antibody in
the murine model. The lack of complete tumor growth inhibition
could be attributed to several factors, including the importance
of IL-6 in MPB model tumorigenesis and potentially other factors
contributing to tumorigenesis aside from increased peripheral
and intratumoral IL-6.%1%22°32 Other murine model studies
have demonstrated the benefit of IL-6 blockade in tumorigen-
esis.?? In a syngeneic murine model of acute lymphoblastic leu-
kemia, Bent et al. have demonstrated that IL-6 knockout mice
treated with doxorubicin completely clear leukemic cells, with
most mice undergoing T-cell-dependent anti-leukemia immune
responses.'® In xenograft models including an OC cell line,
Zhong et al. have demonstrated that MEDI5117 (a human mono-
clonal antibody that potently binds and neutralizes human IL-6)
inhibits tumor growth.®®> At the transcriptomic level, they also
demonstrated downregulation of SOCS3 (suppression of cyto-
kine signaling 3) mRNA by MEDI5117, which is typically induced
by IL-6, IL-10, and IFNy cytokines.** Kim et al. similarly reported
that selective knockdown of IL-6R or inhibition with IL-6-neutral-
izing antibody suppressed the stimulatory effects of ascites on
OC invasion.® These studies, in line with our results, generate a
rationale for further studies of anti-IL-6 treatment in reducing sur-
gical-stress-induced tumorigenesis in the perioperative period.

In addition to an increase in plasma IL-6 levels, we have also
observed an increase in IL-8 and VEGF-A throughout PCS and
20-24 h after PCS, highlighting that blockade of additional path-
ways may be necessary to reverse perioperative stress-related
tumorigenesis.®*** In an in vitro human OC model, Zhang et al.
demonstrated the effectiveness of co-targeting the IL-6 and
IL-8 pathways with bazedoxifene and SCH527123 treatment.>®
Auer et al. have also shown the ability to reverse postoperative
NK cell dysfunction with anti-transforming growth factor B
(TGF-B) immunotherapeutics in patients undergoing surgery for
colorectal cancer.°® Lastly, Dijkgraaf et al. reported on the
feasibility, safety, and evidence of immune activation with
administration of tocilizumab (IL-6R blockade) alongside carbo-
platin and pegylated liposomal doxorubicin in patients with
recurrent OC.*° Alongside other cytokine changes, our study
demonstrates increased PD-1 expression in tumor-infiltrating
T cells, suggesting a potential increase in T cell dysfunction in
the tumor microenvironment after laparotomy (Figure 3D).
Although PD-1/PD-L1 inhibitors alone have not shown tremen-
dous benefit in ovarian cancer treatment, our results neverthe-
less generate rationale for perioperative PD-1/PD-L1 blockade
in combination with other strategies.

Aside from anti-cytokine mechanisms to reduce postoperative
tumorigenesis, studies in various animal models and human
early phase clinical trials have investigated other anti-stress or
anti-cancer therapeutics in the perioperative period.''?%4°
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Auer et al. have demonstrated that low-molecular-weight hepa-
rins can effectively reduce metastatic burden and decrease
tumor growth in preclinical animal models of solid tumor malig-
nancies.*' In a clinical trial, however, there was no improvement
in disease-free or overall survival in patients with colorectal can-
cer undergoing surgical resection receiving extended periopera-
tive anticoagulation with tinzaparin vs. in-patient prophylaxis
alone.*>*® Perioperative beta-blockade has also been investi-
gated as an anti-stress mechanism in patients with breast and
colorectal cancers, with favorable changes in prometastatic
and proinflammatory transcription factors in excised breast can-
cer and colorectal cancer tissue and a notable improvement in
disease-free survival in patients with colorectal cancer.?®?"*4
A randomized controlled feasibility trial for patients with
advanced-stage HGSOC is now open at MSK (the PRESERVE
trial; NCT05429970) that utilizes various anti-stress methods.
Further clinical trials are warranted for patients with OC to help
clinicians understand the safety and possible benefits of periop-
erative stress pathway blockade.

In summary, our findings indicate that laparotomy induces an
intratumoral and peripheral inflammatory response in patients
with HGSOC and accelerates tumor growth in mice. Our study
provides important insights into the stress pathways activated
by surgery and generates rationale for perioperative therapeutic
interventions to reduce the protumorigenic effects of surgery and
thereby optimize the outcomes of cytoreductive surgery.

Limitations of the study

Our study is limited by the small sample size of the overall num-
ber of human subjects included. Thus, these results are explor-
atory and hypothesis generating. However, despite the small
sample size, we observed a consistent signal among the murine
and human results, indicating the tumorigenic effect of laparot-
omy and potential for perioperative therapeutic blockade to
reduce these effects. Further investigation of perioperative
stress blockade in humans is needed to understand the effect
on laparotomy-induced tumorigenesis. Moreover, our work
only assessed tumors of patients undergoing primary cytoreduc-
tive surgery to study a homogeneous group of chemo-naive tu-
mors, and comparison to tumors exposed to neoadjuvant
chemotherapy and then interval cytoreductive surgery would
be of clinical interest. Lastly, although our study only focused
on the immune factors, there are additional biological systems
at play in the tumorigenic sequelae after laparotomy that warrant
further evaluation.
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Materials availability
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Data and code availability
o RNAseq data have been deposited at Synapse and are currently
available:
O Tumor RNAseq data: https://doi.org/10.7303/syn64364142
O Normal RNAseq data: https://doi.org/10.7303/syn64364380
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e This paper does not report original code.
o Any additional information required to reanalyze the data reported in this
paper is available from the lead contact upon request.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

InVivoMADb anti-mouse IL-6R BioxCell Cat#BE0047; RRID: AB_1107588

InVivoMAD rat IgG2b isotype control, BioxCell Cat#BE0090; RRID: AB_1107780

anti-keyhole limpet hemocyanin

Zombie-NIR dye BioLegend Cat#423106; RRID: unknown

CD45-BUV563
CD3-APC/Fire810
CD4-BUV805
CD8a-BUV615
NK1.1-BUV661

BD Biosciences
BioLegend

BD Biosciences
BD Biosciences
BD Biosciences

Cat#565710; RRID: AB2722550

Cat#100267; RRID: AB_2876392
Cat#612900; RRID: AB_2827960
Cat#613004; RRID: AB_2870272
Cat#741477; RRID: AB_2870942

CD11b-BV510 BioLegend Cat#101245; RRID: AB_2561390
I-A/I-E-SparkBlue550 BioLegend Cat#107661; RRID: AB_2876418
CD86-SB702 Invitrogen Cat#67-086-282; RRID: AB_2717155
PDL1-BV480 BD Biosciences Cat#568589; RRID: unknown
ICOS-PE Invitrogen Cat#12-9942-82; RRID: AB_466274
PD-1-BV785 BioLegend Cat#135225; RRID: AB_2563680
FoxP3-PerCP-eF710 Invitrogen Cat#46-5773-82; RRID: AB_914351
Granzyme B-APC Invitrogen Cat#GRBO05; RRID: AB_2536539
CD16 [Clone 2H7] Leica Cat# CD16-L-U; RRID: unknown
CD3 [Clone LN10] Leica Cat# PA0553-U; RRID: unknown
Biological samples

Human: high-grade serous ovarian This paper

cancer tissue samples

Human: high-grade serous ovarian This paper

cancer blood samples

Mouse: cell cultures This paper

Mouse: blood samples This paper

Chemicals, peptides, and recombinant proteins

1% penicillin/streptomycin Gibco Cat# 15-070-063

10% fetal bovine serum Gemini Biosciences Cat# S11150

RPMI 1640 medium Corning Cat# 10-041-CV

Percoll 40% Sigma-Aldrich Cat# P1644

Liberase TL Roche Cat# 05401020001

DNAase 1 Roche Cat# 10104159001

Critical commercial assays

Custom ProcartaPlex Multiplex Panel
ProcartaPlex Human Basic Kit
LAP Human ProcartaPlex Simplex Kit

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific

Assay ID: MXUG37A
Cat#EPX010-10420-901
Cat#EPX010-12065-901

Deposited data

Tumor RNAseq data
Normal RNAseq data

Synapse
Synapse

https://doi.org/10.7303/syn64364142
https://doi.org/10.7303/syn64364380

Experimental models: Cell lines

MPB Murine Ovarian Cancer cell line

Scott Lowe Lab at MSKCC

Paffenholz et al.”®

Source: https://doi.org/10.1073/
pnas.2117754119
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Experimental models: Organisms/strains

Mouse: C57BL/6 (Taconic) female mice, Taconic https://www.taconic.com/products/
6-8 weeks old mouse-rat/standard-strains-and-

stocks/black-6-b6ntac

Software and algorithms

GenomicAlignments package in Bioconductor Lawrence et al.”’ https://bioconductor.org/packages/
release/bioc/html/Genomic
Alignments.html

DESeq?2 package Love et al.”® https://bioconductor.org/packages/
release/bioc/html/DESeqg2.html

HALO Image Analysis Platform Indica Labs https://indicalab.com/halo/#

FlowJo Tree Star Inc. https://www.flowjo.com/

GraphPad Prism version 9.0 GraphPad https://www.graphpad.com/

IVIS-SPECTRUM Imaging system Revvity https://www.revvity.com/category/

in-vivo-imaging

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Human subjects

Patients undergoing PCS for presumed advanced-stage HGSOC were consented to tissue and blood collection and storage under
an Institutional Review Board (IRB)-approved protocol at Memorial Sloan Kettering Cancer Center (MSK). Analyses were performed
under a separate IRB-approved biospecimen protocol. From June 2018 to March 2022, 51 consecutive patients with OC had tumor
and normal tissue and/or peripheral blood collected. Patients were adult female patients over 18 years old with newly diagnosed
advanced stage high grade serous ovarian cancer. We excluded patients from additional tissue and plasma analyses if the final pa-
thology of their tumors did not demonstrate HGSOGC, if there was incomplete collection of specimens/blood, or if there was low tumor
cell content in collected specimens (Figure 1, Tables S1 and S2). Experimental groups: RNA sequencing of fresh frozen tumor/normal
specimens (n = 10), serum cytokine analysis (n = 18), immunohistochemical analysis on dtumor/normal formalin fixed paraffin
embedded specimens (n = 10). (Table S2).

Murine model and cell lines

Six to 8-week-old C57BL/6 (Taconic) female mice were inoculated peritoneally with 1 million MYC-amplified, TP53-mutant, BRCAT-
mutant (MPB) HGSOC cells expressing firefly luciferase, kindly provided by Dr. Scott Lowe’s lab at MSK.?® The MPB cell line is a
flexible non-germline-based mouse model that recapitulates the genetic, histological, and molecular features of human HGSOC,
which allows us to study genetic and molecular changes during tumorigenesis in immunocompetent mice.?° The cell line has not
been authenticated. Cells were cultured in RPMI medium supplemented with 10% fetal bovine serum and 1% penicillin/strepto-
mycin, and we maintained the cells in a 5% CO, atmosphere at 37°C. The cell line was routinely tested for mycoplasma contamina-
tion. All experiments with the cells were carried out between passage 3 to 8 (at 75-80% confluence).

METHOD DETAILS

Tissue and plasma collection

Biopsies of tumor tissue and normal peritoneum were collected shortly after initial incision (time point, TP1) and 4 h into the
surgery (TP2). Tumor specimens were collected from the same anatomic site to minimize the potential impact of inter-site het-
erogeneity (Figure 1A). Half of each specimen was immediately snap frozen at the time of collection, and the other half was
formalin fixed and paraffin embedded (FFPE). Peripheral blood was collected just prior to incision (sTP1), 4 h after incision
(sTP2), and 24 h after laparotomy (sTP3) in an ethylenediaminetetraacetic tube. Within 1 h of collection, the blood sample
was centrifuged at 2,000 rpm for 10 min, and then we centrifuged the supernatant at 16,000 rpm for 10 min. Supernatant
was removed and frozen at —80°C.

RNA sequencing and gene expression analysis

A pathologist reviewed hematoxylin and eosin-stained sections from the tumor and normal tissue FFPE blocks to define the percent-
age of neoplastic cells within tumor samples and to verify that normal samples lacked neoplastic cells. Only normal tissues devoid of
any neoplastic cells and only tumor samples with >50% neoplastic cells were included. Total RNA was extracted from tumor and
matched normal tissues using RNA-Bee and was sequenced using polyA PE50 RNA following validated protocols at MSK’s
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Integrated Genomics Operation, as previously described.*>**° In brief, STAR RNA-seq was used to align RNA sequencing reads to
the GRCh37 human genome and then GenomicAlignments package in Bioconductor was used to count mapped single-end reads
from transcripts.*”*° To further transform read counts, variance-stabilizing transformation method in the DESeq2 package was uti-
lized for evaluating gene expression and visualization.*® Differentially expressed genes between TP1 and TP2 were identified using
p < 0.05 and at least 2-fold change with DESeq2, which uses a negative binomial distribution to model the read counts and account
for overdispersion of the count data in RNA-seq. With DESeqg2, Wald test was used for hypothesis testing and for estimation of the
p value for each gene; the p values were further adjusted to control for false-discovery rate using the Benjamin-Hochberg procedure
across the genes. Gene set enrichment analysis was performed for identification of enriched pathways in the Kyoto Encyclopedia of
Genes and Genomes database using clusterProfiler according to log2 fold change values.®"

Immunohistochemistry

Immunohistochemical analyses on tumor and normal FFPE sections were performed to quantify the infiltration with T cells (CD3 [Leica,
Clone LN10]) and CD16* myeloid cells and NK cells (CD16 [Vector, Clone 2H7]).°~°° For multiplex immunohistochemistry (IHC) image
analysis, HALO Image Analysis Platform was utilized (Indica labs, USA) using representative slides and the entire slide was analyzed.
Percentage of CD3~and CD16-positive cells out of all cells was calculated for both TP1 and TP2.

Cytokine analysis

Cytokine analysis of blood samples was performed using Luminex Multiplex Assay for 18 patients with available frozen plasma from
all three timepoints (sTP1, sTP2, and sTP3). We measured plasma levels of key cytokines (IL-6, IL-1b, IL-8, IL-10, IFNg, TNFa, and
TGFb latency-associated peptide [LAP-1]) using human cytokine immunobead panels (Procartaplex multiplex assay, Thermo Fisher
Scientific, Waltham, MA) coupled with a multiplex assay (involving xMAP technology, Luminex). Each sample was run in triplicate and
average plasma cytokine levels for each plasma timepoint were plotted.

Laparotomy procedure experimental design

On day 5-6 after tumor cell inoculation, mice underwent the intervention of a midline laparotomy (1-2 cm) or no laparotomy. Lapa-
rotomy procedure was performed under the approved Institutional Animal Care and Use Committee (IACUC) guidelines and all
personnel involved in performing the procedure were appropriately trained.

Description of murine laparotomy procedure

Prior to the laparotomy procedure, mice received 0.5 mg/kg buprenorphine and 2 mg/kg meloxicam subcutaneous injections, and
then isoflurane inhaled anesthetic. Following confirmation that a suitable anesthetic plane had been attained (no response to stim-
ulation), we applied sterile eye lubricant to both eyes to prevent corneal drying during the procedure. We shaved the mouse abdomen
with electric clippers and cleaned with betadine and 70% isopropyl alcohol. The laparotomy procedure consisted of a 1-2-cm midline
vertical incision, including the peritoneum. We inspected the abdomen to ensure no damage to visceral organs and then closed the
peritoneum with 5-0 Vicryl sutures and the skin with surgical staples. Post-procedure, we then observed the mouse in a warm envi-
ronment, and 24 h post-procedure we re-evaluated the mice and administered 2 mg/kg meloxicam subcutaneous injection. Then, 48
and 72 h after the procedure, we also observed the mice to ensure appropriate recovery. The mice that did not undergo laparotomy
did not receive any anesthetic or meloxicam injections.

Experimental drug protocol

Mice received intraperitoneal injection of either 400 pg of anti-IL-6 receptor (IL6R) antibody (/nVivoMAb anti-mouse IL6R, clone 15A7,
BioxCell) or 400 ng of control IgG (InVivoMAb rat IgG2b isotype control, anti-keyhole limpet hemocyanin, clone LTF-2, BioxCell) 24 h
prior to laparotomy/no laparotomy, 24 h post-intervention, and then weekly for 2 weeks.

Tumor burden bioluminescence protocol

The IVIS-SPECTRUM Imaging system was prepared for use according to IACUC guidelines. Animals were placed into the anesthesia
induction chamber and anesthetized with 3% isoflurane. When the animals reached a sufficient level of anesthesia, they were intra-
peritoneally injected with 200 pL of 150 mg/kg luciferin and were moved from the induction chamber to the image acquisition cham-
ber with ongoing anesthesia via nose cone. Luminescence acquisition was performed as described in the instrument’s operating
manual (PerkinElmer) and average radiance (p/s/cm?/sr) and total flux (p/s) was obtained for each mouse.

Plasma collection and cytokine analysis

Using a retro-orbital blood collection technique, mouse blood was obtained 24 h pre-procedure and 24 h post-procedure. For cyto-
kine analyses, Luminex Multiplex Assay was used for both timepoints. Plasma levels of key cytokines were measured using mouse
cytokine immunobead panels (Procartaplex multiplex assay, Thermo Fisher Scientific, Waltham, MA) coupled with a multiplex assay
(involving xXMAP technology, Luminex). Each sample was run in duplicate and average plasma cytokine level for each plasma time-
point was obtained.
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Flow cytometry

After tumor isolation, the samples were manually diced and were digested using DNAse (Sigma) and Liberase (Roche) for 30 min at
37°C. The digested samples were passed through 70-um strainers and centrifuged using Percoll 40% to remove debris. Cells were
washed in phosphate-buffered saline, incubated in Fc-blocking buffer (PBS with 2.42G2 antibody) for 15 min, and stained using
panels of extracellular and intracellular antibodies (Table S3). Stained cells were analyzed using the 5-laser Cytek Aurora spectral
flow cytometer (Cytek Biosciences). FlowdJo software (Tree Star Inc.) was used for data analysis. The gating strategy for analysis us-
ing FlowJo is demonstrated in Figure S1.

QUANTIFICATION AND STATISTICAL ANALYSIS

Data are presented as means and standard error of the mean. For IHC data, Wilcoxon matched-pairs signed-rank test was used to
compare TP1 and TP2 percent change of CD3 and CD16 for normal and tumor specimens, separately. For human cytokine data, one-
way analysis of variance comparisons between sTP1 and sTP2 or sTP3 were performed. For mouse bioluminescence data, the
calculated mean area under the curve of total flux (p/s) for the mice in each cohort (i.e., laparotomy vs. no laparotomy) was used
to compare the groups. Statistical comparisons for the cytokine and flow cytometry data were performed using the Mann-
Whitney test, and p < 0.05 was considered significant. For differential expression analysis, p values were obtained using the Wald
test and were further adjusted to correct for the false-discovery rate using the Benjamin-Hochberg procedure. Both p < 0.05 and
fold change >2 were used to define differentially expressed genes. Statistical analyses were performed using GraphPad Prism
version 9.0 (GraphPad Software Inc., http://graphpad.com).

ADDITIONAL RESOURCES

This work is not part of or involving a clinical trial.
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