Chen et al. Journal of Ovarian Research (2025) 18:3 Journal of Ovarian Research
https://doi.org/10.1186/513048-024-01586-y

RESEARCH Open Access

®

Check for
updates

Association between cytokines
and progression-free survival in ovarian
cancer following CRS/HIPEC treatment

Chao-Yu Chen'?3, Ting-Yao Wang**, Jing-Lan Liu®, Yu-Che Ou'®”, Li-Wen Lee®®, Chien-Hui Hung?, Chuan-Pin Lee”"
and Jrhau Lung®'%'"*

Abstract

Background The benefit of cytoreduction with hyperthermic intraperitoneal chemotherapy (CRS/HIPEC) for
epithelial ovarian cancer (EOC) remains uncertain. This study investigated the relationship between serum cytokines,
particularly monocyte chemoattractant protein-1 (MCP-1), a key inflammatory mediator, and recurrence risk in EOC
patients undergoing CRS/HIPEC.

Methods From January 2018 to January 2023, serum cytokine levels were analyzed in 34 EOC patients (17 primary,
17 recurrent) before and after CRS/HIPEC using MILLIPLEX Magnetic Bead Panels. Cox proportional hazards regression
calculated adjusted hazard ratios (HRs) after controlling for clinical variables. Immunohistochemical (IHC) staining was
performed on tissue microarrays from 19 patients.

Results Higher 1-unit increment of MCP-1_Baseline were associated with increased recurrence risk within the first
year post-CRS/HIPEC (HR: 1.010, 95% Cl: 1.000-1.021). After one year, higher 1-unit increments of MCP-1_Post and
MCP-1_Change were associated with increased recurrence risk. Lower IL-13 change and higher GROa change were
associated with better progression-free survival (PFS) (p=0.002 and p=0.025, respectively). IHC analysis showed a
trend towards worse PFS within the first year for patients with MCP-1 expression in tumor tissue (HR: 3.252, p=0.264).
Conclusion Cytokines, particularly MCP-1, may help predict PFS following CRS/HIPEC in EOC patients and could
inform postoperative treatment decisions. Further research is needed to confirm these findings and explore clinical
applications.
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Introduction

Epithelial ovarian cancer (EOC) is a leading cause of
death in gynecological malignancies, with over 75% of
patients diagnosed at an advanced stage due to its subtle
onset and lack of early symptoms, leading to high mor-
bidity and mortality [1]. Notably, circulating pro- and
anti-inflammatory cytokine levels during cancer treat-
ment may serve as valuable prognostic indicators [2].
Patients with EOC in a remission after chemotherapy
have been reported to have lower serum levels of IL-8
and IL-10 compared to those with recurrence and metas-
tasis after treatment [3]. Cytokines within the tumor
microenvironment exhibit paracrine activity, with fibro-
blasts secreting elevated levels of IL-6, IL-8, MCP-1, and
GROa. These cytokines can influence the proliferation of
ovarian cancer cells [4].

One treatment for peritoneal carcinomatosis is cyto-
reductive surgery (CRS) combined with hyperthermic
intraperitoneal chemotherapy (HIPEC), where chemo-
therapeutic agents are heated to 41-43 °C and applied
directly to residual cancer cells, enhancing their effect
through hyperthermia [5]. However, the effectiveness of
CRS/HIPEC in managing advanced EOC, with its dif-
fuse peritoneal spread and recurrence, remains debate
[6-8]. Clinical factors like platinum resistance, multiple
relapses, and ascites, may predict poorer outcomes in
recurrent EOC, but accurate prognostication remains
challenging [9]. Identifying effective biomarkers is crucial
for better predicting prognosis in EOC patients undergo-
ing CRS/HIPEC.

The relationship between circulating cytokines and
CRS/HIPEC is significant because heat and surgery can
trigger an inflammatory response. A study investigating
circulating cytokines found that CRS/HIPEC was asso-
ciated with the release of profound circulating danger-
associated molecular patterns, which could potentially
elicit an immune response and induce an immune-sup-
pressed state [10]. The increase in temperature has been
shown to lead to increased expressions of pro-inflamma-
tory Thl cytokines (IFN- and TNF-) and anti-inflamma-
tory Th2 cytokines (IL-4 and IL-5), as well as IL-10 [11].

While CRS/HIPEC has shown promise in treating peri-
toneal carcinomatosis compared to conventional che-
motherapy alone, particularly in improving local disease
control, there is limited literature discussing the asso-
ciation between circulating immunoprofiles in EOC and
CRS/HIPEC. Previous observational studies have demon-
strated that CRS/HIPEC can trigger significant cytokine
responses [10], but research has been limited to measure-
ments of both baseline and post-CRS/HIPEC markers
and correlating clinical characteristics. Notably, there is a
critical gap in identifying reliable prognostic biomarkers
for EOC patients undergoing CRS/HIPEC, which could
help optimize patient selection and treatment strategies.
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We hypothesized that CRS/HIPEC may affect the levels
of inflammatory cytokines, and that this could be used to
predict progression-free survival (PFS) after CRS/HIPEC.
Therefore, we conducted this observational study to ana-
lyze expressions of circulating cytokines in patients with
ovarian cancer who were treated with HIPEC and had
complete clinicopathologic data and adequate follow-up.

Patients and methods

Study design and population

This study was conducted at Chang Gung Memorial Hos-
pital, Chiayi, Taiwan, from January 2018 to January 2023.
Serum specimens and clinical data were prospectively
collected and retrospectively examined for serum cyto-
kines, and their correlations with clinical information
were analyzed. We enrolled patients diagnosed with pri-
mary or recurrent EOC who were scheduled to undergo
CRS/HIPEC for indications including: [1] neoadjuvant
chemotherapy followed by interval debulking surgery and
HIPEC, and [2] recurrent ovarian cancer with planned
secondary CRS and HIPEC.

The exclusion criteria were: [1] age below 20 or above
75 years; [2] preoperative Eastern Cooperative Oncol-
ogy Group (ECOGQG) performance status>2; [3] patients
undergoing palliative HIPEC for ascites control without
curative intent; and [4] patients in whom optimal debulk-
ing surgery could not be achieved.

This study received approval from the Institutional
Review Board of Chang Gung Memorial Hospital
(approval code 202001607A3), and it met the guidelines
set by the Helsinki Declaration. Written informed con-
sent was obtained from all enrolled patients.

CRS/HIPEC procedure

All participants underwent a standardized CRS/HIPEC
procedure performed by a multidisciplinary team (MDT)
[12]. CRS was performed via a midline laparotomy. Post
CRS, HIPEC was administered using the closed method
with a Performer™ HT intraperitoneal hyperthermia
system (RanD Biotech, Medolla, Italy). The perfusate
comprised a mixture of normal saline and pentastarch
(Haes-steril, 60 mg/mL, Meda, Sweden) at a concentra-
tion of 10% (3:1). The perfusate was administered at a
dose of 2 L/m? of body surface to achieve effective dis-
tribution within the peritoneal cavity. Chemotherapy
infusion began once an intra-abdominal temperature
of 41-43 °C had been reached, and HIPEC lasted for
60 min. After completion of HIPEC, the intra-abdominal
chemotherapy drugs were drained.

The HIPEC regimen was chosen based on the patient’s
clinical status. For individuals with primary or platinum-
sensitive recurrence, a HIPEC regimen based on cisplatin
was used. For those with platinum-resistant recurrence, a
HIPEC regimen not based on cisplatin was used.
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Study protocol and circulating cytokine measurements
The patients were recruited into the study within 1
month before their scheduled surgery after undergoing a
comprehensive review by the MDT. Preoperative recruit-
ment ensured timely enrollment, and pretreatment blood
samples were routinely collected either during the pre-
operative evaluation or at the induction of anesthesia. A
second blood sample was obtained on postoperative day
7. After collection, the samples were centrifuged at 2,600
x g for 8 min at 22 °C, and then immediately frozen and
stored at -80 °C until further analysis.

CA-125 was routinely determined in all patients.
In addition, with informed consent, extra serum was
obtained for future research purposes. Customized MIL-
LIPLEX MAP Human Cytokines/Chemokines/Growth
Factor Magnetic Bead Panels (Millipore Corp., Billerica,
MA) were used to assess a panel of candidate cytokine
and chemokine concentrations. Cytokines that exhibited
very low or undetectable concentrations in the patients
were excluded from subsequent analysis. This selection
process ensured a focus on cytokines with concentrations
that were relevant when analyzing their association with
the studied outcomes. The change in cytokine expression
(cytokine_Change) represented the difference between
post-CRS/HIPEC and baseline data, calculated as the
post-CRS/HIPEC value minus the baseline value.

Clinical data collection

The case manager meticulously documented compre-
hensive patient-related information, operative details,
postoperative outcomes, and pathology, all of which
were thoroughly evaluated by the MDT committee. The
patient data collected included demographics, pre-exist-
ing comorbidities such as diabetes, hypertension, and
hepatitis, ECOG performance status, cancer type and
disease status (primary or recurrence, histological type
and grade, and peritoneal carcinomatosis index (PCI)
[13]), and CRS/HIPEC parameters (chemotherapy regi-
men, perfusate, cytoreduction time, duration, blood loss,
intraoperative blood transfusion, completeness cytore-
duction (CC) score [13], and perioperative temperature).

Immunohistochemical (IHC) staining and tissue microarray
(TMA)
Tissue specimens were obtained from individu-
als enrolled under the IRB-approved protocol
(202202169A3C601) and provided by the Research
Specimen Processing Laboratory, Chang Gung Memorial
Hospital, Chiayi. TM As were prepared from these speci-
mens by the hospital’s histology lab, with each TMA con-
taining two independent 1.5 mm cores per tumor.

IHC was performed on the TM As using the Leica Bond
MAX automated immunostainer to evaluate GROa,
CXCR2, MCP-1, and CCR2« expression. Sections were
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first treated with 3% hydrogen peroxide to block endog-
enous peroxidase activity. They were then incubated with
the following primary antibodies: anti-GROa (Abcam
ab86436, 1:200 dilution); anti-CXCR2 (Proteintech Cat
no: 20634-1-AP, 1:200 dilution); anti-MCP-1 (Abcam
ab9669, 1:200 dilution); and anti-CCR2a (Proteintech Cat
no: 16153-1-AP, 1:400 dilution). Subsequently, sections
were labeled with horseradish peroxidase-conjugated
secondary antibodies. Protein visualization was achieved
using 3,3'-diaminobenzidine as a chromogen.

TMA slides were scanned using the Hamamatsu Nano-
Zoomer S360 MD Digital Slide Scanner System at 40x
magnification, with a resolution of 0.23 um per pixel. The
expression levels of the studied markers were evaluated
based on staining intensity (scoring with 0, 1, 2, and 3).

Statistical analysis

The patients’ characteristics were presented as mean with
standard deviation (SD) and median with interquartile
range (IQR) for continuous variables, and count with
percentage for categorical variables. Survival curves for
overall survival (OS) and PFS were estimated using the
Kaplan-Meier method, and log-rank tests were used for
comparisons based on disease status before CRS/HIPEC
or expression levels of biomarkers.

Adjusted hazard ratios (HRs) were calculated using
Cox proportional hazards regression, along with their
corresponding 95% confidence intervals (Cls), to assess
the association between each pre-/post-treatment or
change in cytokine concentration and disease progres-
sion. Time to progression was defined as the number of
days between the date of CRS/HIPEC and the date of
recurrence, death, or the end of follow-up.

The regression models were adjusted for predetermined
confounders, including age at CRS/HIPEC, pre-CRS/
HIPEC body mass index (BMI), PCI, CC score, disease
status before CRS/HIPEC (primary or recurrence), and
FIGO stage at diagnosis. Associations between biomark-
ers and recurrence within 1 year and beyond 1 year post
CRS/HIPEC were examined using interval-specific HRs
(95% Cls). IHC expression was calculated by Wilcoxon
Rank-Sum Test. Statistical analyses were performed using
SAS 9.4 (SAS Inc., Cary, NC) and R 4.2.3 (R Foundation
for Statistical Computing, Vienna, Austria) software.
Given our sample size, we acknowledge potential biases
that might affect our findings: selection bias due to the
single-center nature of the study, and possible confound-
ing bias despite our adjustment for known prognostic
factors. These biases could impact our study conclusions
by limiting the generalizability of our findings to broader
patient populations. To minimize these potential biases,
we utilized standardized laboratory procedures, and mul-
tivariate analyses adjusting for key clinical variables. All
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statistical tests were two-sided, and a Pvalue<0.05 was
considered statistically significant.

Results

Study population and measurements of circulating
cytokines

The analysis included 34 patients diagnosed with EOC
who successfully completed the study. Table 1 and 2
shows their demographic characteristics, baseline clinical
data, and parameters related to CRS/HIPEC. The median
age of the participants upon study entry was 54.3 years

Table 1 Patients' characteristics
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(IQR: 47.5 to 63.4 years). Of the 34 patients, 17 had pri-
mary disease and 17 had recurrent disease. Among the
recurrent cases, 10 were classified as platinum-resistant
and 7 as platinum-sensitive prior to CRS/HIPEC. Most
patients (91.2%) maintained good performance status
(ECOG 0-1). Most of the cases (23/34, 67.6%) had serous
carcinoma histology, with 76.5% being high-grade (G3)
tumors and 73.5% FIGO stage 3. Furthermore, 38.2% of
the patients had undergone more than two lines of che-
motherapy before CRS/HIPEC. The median CA-125 level
was 35.8 U/mL (IQR: 13.8 to 117.2 U/mL), and there was

Characteristics

All patients (N=34)

Age, years
Mean (SD)
Median (IQR)

BMI,

Mean (SD)
Median (IQR)

ECOG, N (%)
0
1
2

HTN, N (%)
No
Yes

DM, N (%)
No
Yes

FIGO, N (%)

1
3
4

Histology, N (%)
Serous
Endometrioid
Clear cell
Other®

Tumor Grade, N (%)
Grade 1
Grade 2
Grade 3

Disease status, N (%)
Primary
Recurrent

Previous chemotherapy (lines), N (%)
1
>2

CA-125(U/mL)
Mean (SD)
Median (IQR)

544 (10.6)
54.3 (47.5-63.4)

229(3.6)
22.5(19.7-25.3)

9 (26.5%)
22 (64.7%)
3(8.8%)

30 (88.2%)
4(11.8%)

30 (88.2%)
4(11.8%)

5(14.7%)
25 (73.5%)
4(11.8%)

23 (67.6%)
3 (8.8%)
3(8.8%)
5(14.7%)

5(14.7%)
3 (8.8%)
26 (76.5%)

17 (50.0%)
17 (50.0%)

21 (61.8%)
13 (38.2%)

88.9(113.6)
358(138-117.2)

2. other: mucinous, undifferentiated carcinoma

SD, standard deviation; IQR, interquartile range; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group performance status; HTN, hypertension; DM,

diabetes mellitus; FIGO, International Federation of Gynecology and Obstetrics
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Table 2 CRS/HIPEC parameters and oncologic outcome
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Characteristics

All patients (N=34)

HIPEC regimen- Cisplatin use, N (%)
No
Yes

PCl score
Mean (SD)
Median (IQR)

CC Score, N (%)
0
1

Retroperitoneal LN metastasis, N (%)
No
Yes

Liver metastasis, N (%)
No
Yes

Recurrence, N (%)
No
Yes

Recurrent site, N (%)
No recurrence
Intraperitoneal
Extraperitoneal
Both

10 (29.4%)
24 (70.6%)

12.5(8.9)
12 (5-20)

25 (73.5%)
9 (26.5%)

31(91.2%)
3(8.8%)

28 (82.4%)
6 (17.6%)

11 (32.4%)
23 (67.6%)

11 (32.4%)
16 (47.1%)
1(2.9%)

6 (17.6%)

HIPEC, hyperthermic intraperitoneal chemotherapy; PCl, peritoneal carcinomatosis index; CC, completeness cytoreduction; LN, lymph node

no significant difference between the primary and recur-
rent patients (16.7 U/mL vs. 69.5 U/mL, p=0.06). Details
regarding the CRS/HIPEC parameters are provided in
Table 2. The median PCI was 12 (IQR: 5 to 20), and 25
of the 34 patients (73.5%) achieved CCO, indicating suc-
cessful optimal cytoreduction despite substantial tumor
burden. In addition, 3 patients (8.8%) had retroperitoneal
lymph node metastasis, while 6 patients (17.6%) had liver
metastasis and underwent liver tumor resection.

Table 3 shows the measurements of circulating cyto-
kines before (cytokine_Baseline), after (cytokine_Post)
CRS/HIPEC and cytokine_Change. Among the measured
cytokines, MCP-1 showed an increase (median change:
12.1 pg/mL), IL-13 demonstrated elevation (median
change: 3.5 pg/mL), GROa exhibited minimal change
(median change: 1.1 pg/mL), while MDC displayed a
marked decrease (median change: -105.1 pg/mL) after
CRS/HIPEC. No significant differences in cytokine levels
were observed between the primary and recurrent cases
(Supplementary Table 1).

Oncologic outcomes, and survival analysis of recurrence,
death, and biomarkers

The median follow-up duration was 29.4 months (IQR:
16.0 to 44.1 months). In the entire cohort, the median
PFS was 16.7 months (95% CI: 7.4—44.1 months), show-
ing a more rapid decline in the recurrent group compared
to the primary group (Fig. 1A). The median OS was not

reached, indicating that more than 50% of patients were
still alive at the last follow-up (Fig. 1C). The patients with
primary EOC had a significantly longer median PFS com-
pared to those with recurrent EOC (58.7 months [8.7-c0]
vs. 11.7 months [95% CI: 4.0-17.7], p=0.014), with a haz-
ard ratio of 2.844 (95% CI: 1.196-6.761). As of October
31, 2023, 23 patients had experienced disease recurrence,
of whom 11 died due to the disease. The recurrence pat-
tern included 16 cases of intraperitoneal recurrence, 1
case of extraperitoneal recurrence, and others exhibit-
ing both intraperitoneal and extraperitoneal recurrence
(Table 2). Fourteen patients experienced recurrence
within 1 year, of whom 5 had primary EOC and 9 had
recurrent EOC.

Patients were classified as having high or low cyto-
kine levels based on whether their values were above or
below the median, respectively. Higher IL-13_Change
was associated with worse PFS (HR: 7.890, p=0.002,
Fig. 2C), while higher GROa_Change was associated
with better PFS (HR: 0.255, p=0.025, Fig. 2D). Addition-
ally, patients with lower baseline and post-treatment lev-
els of MCP-1 showed a trend towards improved PFS (HR:
2.731, p=0.082 and HR: 2.799, p=0.074, respectively)
(Fig. 2A and B), though these differences approached but
did not reach statistical significance. These findings sug-
gested the potential prognostic value of these cytokines
in predicting disease progression and outcomes in EOC
patients undergoing CRS/HIPEC.
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Table 3 Measurement of biomarkers before and after CRS/HIPEC
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Cytokines Mean (SD) Median (IQR)
GROa
Baseline 20.2 (28.7) 13.7(5.0,18.0)
Post 21.5(37.7) 11.2(5.9,18.0)
Change 1.2(18.0) 1.1(-3.3,3.0)
IL-6
Baseline 6.5 (19.8) 15(06,2.7)
Post 7.5(94) 33(14,94)
Change 1.0(18.2) 22(0.1,6.3)
-8
Baseline 2001.8) 16(09,24)
Post 2.2(1.6) 1.8(1.1,26)
Change 0.22.1) 0.5(-03,1.0)
I-12
Baseline 36.0 (19.6) 33.9(21.2,529)
Post 36.7 (19.7) 32.0(22.7,47.6)
Change 0.7 (14.9) 09(-54,79)
I-13
Baseline 47.7 (36.3) 40.8 (25.5,59.8)
Post 56.8 (35.6) 50.7 (31.7,79.4)
Change 9.1 (32.5) 35(-7.7,14.1)
I-27
Baseline 1426.3 (914.8) 1194.2 (739.4,1804.9)
Post 1646.7 (806.2) 13134 (1020.6, 2069.7)
Change 2204 (669.1) 288.2 (-261.3,681.0)
IP-10
Baseline 2214 (169.2) 181.0 (140.2, 265.8)
Post 160.5 (72.7) 149.3 (103.5,220.0)
Change -60.9 (169.2) -514(-994,6.1)
MCP-1
Baseline 205.3(95.2) 185.8(119.9,286.1)
Post 2504 (193.4) 223.5(133.0,271.3)
Change 45.1(177.6) 12.1 (-14.1,65.7)
MDC
Baseline 311.5(156.7) 2819 (206.1,403.8)
Post 190.7 (108.2) 160.3 (123.9,231.6)
Change -120.8 (174.4) -105.1 (-200.3, -43.0)

SD, standard deviation; IQR, interquartile range; CRS/HIPEC, cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy

Baseline: the measurements of cytokines before CRS/HIPEC; Post: the measurements of circulating cytokines after CRS/HIPEC; Change: the change in cytokines
represents the difference between post-CRS/HIPEC and baseline data, calculated as the post-CRS/HIPEC value minus the baseline value

We further performed subgroup analysis in supple-
mentary. When examining platinum sensitivity, plat-
inum-resistant patients showing higher IL-13_Post
levels (65.9 vs. 37.5 pg/mL, p=0.063) and greater IL-13
Change (21.4 vs. 2.3 pg/mL, p=0.079) (Supplementary
Table 3). In the platinum-resistant group, patients with
high IL-13_Change had significantly shorter 1-year PFS
compared to those with low IL-13_Change (median PFS:
4.2 vs. 11.3 months, p=0.024) (Supplementary Fig. 1).
For histological subtype analysis, non-serous carcinoma
patients having high IL-13_Change demonstrate longer
PFS compared to those with low levels (median PFS: 44.1
vs. 8.7 months, p=0.031) (Supplementary Tables 4 and

Supplementary Fig. 2). When stratifying by CA-125 lev-
els (35 U/mL cutoff), patients with lower CA-125 showed
significantly higher baseline IL-12 levels (45.0 vs. 27.9 pg/
mL, p=0.012), and persisted post-treatment (42.9 vs. 31.2
pg/mL, p=0.081) (Supplementary Table 5). In patients
with CA-125235 U/mL, high MDC_Post levels were
associated with improved PFS (median PFS: 16.7 vs. 7.4
months, p=0.042) (Supplementary Fig. 3).

Associations between 1-unit increments of cytokines and
time to recurrence

We used extended Cox models with time-varying coef-
ficients to analyze the relationship between changes in
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cytokine levels and the risk of recurrence. These analyses
were conducted separately for two time periods: within 1
year after CRS/HIPEC and beyond 1 year. The results are
presented as interval-specific HRs with corresponding
95% ClIs in Table 4 and Supplementary Table 2.

In the unadjusted model (Supplementary Table 2),
several cytokines showed significant associations with
recurrence risk within the first year post-CRS/HIPEC:
each unit increase in IL-8_ Post levels was associated with
a 37.6% increase in recurrence risk (HR: 1.376, 95% CI:
1.007-1.881); each unit increase in IL-13_Change was
associated with a 1.7% increase in recurrence risk (HR:
1.017, 95% CI: 1.002—-1.033); and each unit increase in
baseline MCP-1_Baseline levels was associated with
a 0.6% increase in recurrence risk (HR: 1.006, 95% CI:
1.001-1.012).

After adjusting for potential confounders (age, BMI,
PCI score, CC score, disease status, and FIGO stage),
the multivariate model (Table 4) revealed: within the

first year post-CRS/HIPEC: each unit increase in base-
line MCP-1_Baseline levels was independently associ-
ated with a 1.0% increase in recurrence risk (adjusted
HR: 1.010, 95% CI: 1.000-1.021); and each unit increase
in MDC_Change was independently associated with a
2.2% decrease in recurrence risk (adjusted HR: 0.978,
95% CI: 0.960-0.996). Additionally, beyond the first year
post-CRS/HIPEC: each unit increase in MCP-1_Post lev-
els was independently associated with a 1.3% increase
in recurrence risk (adjusted HR: 1.013, 95% CI: 1.001—
1.025); and each unit increase in MCP-1_Change was
independently associated with a 2.3% increase in recur-
rence risk (adjusted HR: 1.023, 95% CI: 1.003-1.043).
Notably, the effects observed within the first year were
not significant beyond 1 year, and vice versa. This time-
dependent variation in prognostic value suggests differ-
ent biological mechanisms may be dominant at different
phases of follow-up.
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Fig. 2 Kaplan-Meier curves for progression-free survival of the patients, stratified based on their median cytokine levels. (A) and (B) represent patients
with higher and lower levels of MCP-1_Baseline and MCP-1_Post, respectively. (C) and (D) show patients with higher and lower levels of IL.-13_Change
and GROa_Change, respectively. The patients were stratified as high if their cytokine values were above the median, and as low if their values were below

the median

Markers expressed on IHC of TMA

Among the 34 patients, 19 met the IRB criteria with
informed consent and provided paraffin-fixed tissue for
TMA preparation and IHC evaluation. These 19 cases
comprised 10 primary ovarian cancer tumors and 9
tumors from peritoneal metastatic sites.

To examine the expression patterns of GROa and
MCP-1, we performed IHC staining on sections from
primary ovarian tumors (#=10) and metastasized tumors
(n=9). GRO« expression was significantly higher in fibro-
blasts surrounding the cancer cells compared to the can-
cer cells themselves (median [range]: 2 [0-3] vs. 0 [0-2],
p<0.001). Figure 3a illustrates two representative cases
with contrasting PFS outcomes, clearly demonstrating
the differential expression patterns in tumor and stromal
compartments. H&E staining and IHC results for GROa
and MCP-1 are shown for a patient with favorable PFS

(>3 vyears, high-grade serous carcinoma) and a patient
with unfavorable PFS (<1 year, clear cell carcinoma).
GRO« expression was predominantly observed in stro-
mal fibroblasts (thin arrows), with minimal or absent
staining in ovarian cancer cells (bold arrows) in both
cases (Fig. 3a, panels B and E).

Of the 19 patients, 5 had PFS<1 year, and 14 had
PES>1 year. MCP-1 expression was categorized as
absent (score 0) or present (score 1-3). We observed
a trend towards lower PES in the first year for patients
with MCP-1 expression (HR: 3.252, p=0.264). Interest-
ingly, MCP-1 expression differed between the two rep-
resentative cases, with no expression in the favorable
PFES case (Fig. 3a, panel C) and strong expression (2+in
80% of cancer cells) in the unfavorable PES case (Fig. 3a,
panel F). However, GRO« expression in stroma or tumor
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Table 4 Associations between 1-unit increment of cytokines and time to recurrence
<1year >1year

Biomarkers (pg/mL) aHR (95% Cl) P aHR (95% Cl) P
GROa

Baseline 1.022 (0.987-1.058) 0219 0.997 (0.960-1.035) 0.862

Post 1.005 (0.971-1.039) 0.784 0.997 (0.970-1.026) 0.850

Change 0.965 (0.917-1.015) 0.165 0.992 (0.916-1.075) 0.852
IL-6

Baseline 1.016 (0.987-1.046) 0.283 1.654 (0.616-4.440) 0318

Post 0.982 (0.886-1.089) 0.737 1.031 (0.936-1.136) 0.531

Change 0.977 (0.945-1.010) 0.177 0.884 (0.715-1.094) 0.257
IL-8

Baseline 1.377 (0.948-1.999) 0.093 0.781 (0.356-1.713) 0.538

Post 1.334(0.879-2.023) 0.176 0.795 (0.406-1.560) 0.506

Change 0.886 (0.621-1.263) 0.503 0.908 (0.305-2.701) 0.862
IL-12

Baseline 1.042 (0.988-1.100) 0.132 0.984 (0.943-1.026) 0451

Post 1.058 (0.994-1.126) 0.079 0.983 (0.936-1.033) 0.503

Change 1.012 (0.955-1.072) 0.690 1.013 (0.926-1.109) 0.776
IL-13

Baseline 0.990 (0.950-1.031) 0.615 1.029 (0.992-1.067) 0.123

Post 1.021 (0.992-1.050) 0.153 1.022 (0.989-1.056) 0.199

Change 1.022 (0.997-1.047) 0.090 0.995 (0.950-1.041) 0.815
IL-27

Baseline 1.001 (1.000-1.002) 0.201 1.000 (0.999-1.002) 0.622

Post 1.001 (1.000-1.002) 0.234 0.998 (0.996-1.000) 0.137

Change 1.000 (0.998-1.001) 0.856 0.999 (0.997-1.000) 0.069
IP-10

Baseline 1.001 (0.998-1.005) 0.392 0.993 (0.979-1.008) 0.343

Post 0.999 (0.987-1.012) 0912 1.029 (0.991-1.068) 0.139

Change 0.999 (0.996-1.002) 0414 1.013 (0.997-1.030) 0.110
MCP-1

Baseline 1.010 (1.000-1.021) 0.050 0.998 (0.984-1.013) 0.827

Post 1.001 (0.998-1.004) 0.534 1.013 (1.001-1.025) 0.032

Change 1.000 (0.996-1.004) 0.943 1.023 (1.003-1.043) 0.025
MDC

Baseline 1.003 (0.996-1.011) 0372 0.994 (0.987-1.001) 0114

Post 0.992 (0.979-1.004) 0.188 0.995 (0.985-1.004) 0.280

Change 0.978 (0.960-0.996) 0.019 1.002 (0.996-1.007) 0576

Cl, confidence interval;

aHR, adjusted hazard ratio. Hazard ratio was calculated using Cox's proportional hazard model and adjusted for age, BMI, PCl score, CC score, disease status and

FIGO. Bold for Pvalue<0.05

did not show a significant effect on PFS in the first year
(Fig. 3b).

Discussion

In this study, we observed a significant association
between MCP-1 levels and an increased HR for recur-
rence, both within and beyond 1 year after CRS/ HIPEC.
Lower baseline levels of MCP-1 showed a trend towards
better PFS. In addition, the patients with lower IL-13_
Change and higher GROo«_Change had significantly
improved PFS. These findings indicate that serum cyto-
kines may play a role in predicting PFS following CRS/

HIPEC in patients with EOC and help to discuss the
postoperative maintenance treatment in selected high-
risk patients.

Advances in immuno-oncology have improved our
understanding of the immunological landscape of EOC.
Cytokines, a diverse group of proteins including growth
factors, interferons, and chemokines, are essential to var-
ious physiological processes, and they play critical roles
in cancer development and the maintenance of malignant
phenotypes. Serum cytokine levels may reflect the sys-
temic immunological interactions in cancer patients [14],
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Fig. 3 (a) Representative IHC staining for GROa and MCP-1 in ovarian cancer tissues. Panels A-C: Patient with favorable survival (high-grade serous
carcinoma, PFS > 3 years). Panels D-F: Patient with unfavorable survival (clear cell carcinoma, PFS < 1 year). A and D: H&E staining. B and E: GROa staining,
predominantly in stromal fibroblasts (thin arrows) with minimal expression in tumor cells (bold arrows). C and F: MCP-1 staining. (b) Kaplan-Meier curves
for progression-free survival of the 19 TMA cases, stratified by IHC marker expression. (A) MCP-1 expression in tumor cells. (B) GROa expression in tumor
cells. (C) GROa expression in fibroblasts
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and previous cytokine studies in patients with EOC have
aimed to identify diagnostic or prognostic markers.

In this study, we compared the levels of nine cytokines
in patients with EOC associated with serum, and identi-
fied significant markers related to PFS after CRS/HIPEC.
One such marker of interest was MCP-1, also known as
chemokine (CC-motif) ligand 2 (CCL2), which belongs
to the family of CC chemokines. Chemokines are key
mediators orchestrating complex tumor-stromal interac-
tions during metastasis through simultaneously recruit-
ing immune cells and directly influencing tumor cell
behavior [15]. MCP-1 plays a key role in inflammation as
it attracts or enhances the expressions of other inflam-
matory factors or cells. In tumor biology, both tumor
cells and stromal cells produce MCP-1, which recruits
macrophages to the tumor microenvironment in various
cancers, thereby contributing to invasion, migration, and
metastasis [16]. Previous research has highlighted the
role of MCP-1 in promoting ovarian cancer progression
and metastasis by activating the mitogen-activated pro-
tein kinase (MEK)/extracellular signal-regulated kinase
(ERK) pathway [17]. Initial unadjusted analyses identified
associations between MCP-1, IL-8, and IL-13 with early
recurrence after CRS/HIPEC, suggesting a coordinated
inflammatory cascade. Through the MEK/ERK pathway,
IL-8 works in concert with MCP-1 via interconnected
signaling mechanisms [15], while IL-13 adds an immuno-
modulatory dimension to this network [18], potentially
altering the post-surgical inflammatory environment.
This integrated cytokine response to surgical stress and
hyperthermia may identify patients at higher risk for
early recurrence.

Despite its significance, clinical data regarding circu-
lating MCP-1 levels in EOC show some contradictory
results. While circulating MCP-1 has been shown to be
elevated in ovarian cancer patients across all stages com-
pared to healthy controls [19], some researchers have
found no significant correlation between serum MCP-1
levels and survival outcomes. These discrepancies
might be attributed to differences in study populations
and treatment modalities. In our study, we found that
increased MCP-1_Baseline levels correlated with a higher
adjusted HR for PFS and a trend towards worse PFS with
higher MCP-1_Baseline or MCP-1_Post levels, suggest-
ing that higher MCP-1 levels may be associated with a
higher risk of recurrence following CRS/HIPEC. Further-
more, few studies have reported an increase in MCP-1
levels following hyperthermia. In a series of six cases
of primary ovarian cancer, elevated MCP-1 levels were
detected in ascites samples after CRS/HIPEC [20]. Simi-
larly, another study reported increased urinary MCP-1
levels after intravesical hyperthermia in patients with
bladder cancer [21]. In the present study, our multivari-
ate analysis demonstrated that MCP-1 levels at different

Page 11 of 13

timepoints (baseline for early recurrence, post-treatment
for late recurrence) and MDC changes remained signifi-
cant predictors of recurrence, even after adjusting for
the common ovarian cancer survival factors (age, BMI,
disease status, FIGO stage) [22, 23] and critical HIPEC
prognostic indicators (CC score and PCI) [13]. These pat-
terns suggest cytokines could serve as biomarkers for risk
stratification. Further investigations into the response of
MCP-1 to hyperthermia are warranted.

In addition to MCP-1, we also found that lower levels of
GRO«_Change were significantly associated with worse
PFES. The observed changes in cytokine levels may reflect
the inflammatory response elicited by CRS/HIPEC. The
dissemination of peritoneal cancer cells is influenced
by CXC chemokines in the progression of EOC [24].
C-X-C motif chemokine ligand 1 (CXCL1), also known
as GROq, is a member of the CXC chemokine subfamily,
and acts as a ligand for CXCR2. Higher serum GRO« lev-
els have been associated with resistance to carboplatin in
patients with high-grade serous ovarian carcinoma [25].
However, it is important to note that the observed find-
ings may also be related to the effects of heat. CXC che-
mokines are considered to belong to the family of heat
shock proteins, and their expressions can be enhanced
by febrile-range hyperthermia [26]. In addition, a mouse
model reported a higher level of GROu« after HIPEC
[27]. During surgical procedures, hyperthermia and sur-
gery can significantly affect levels of inflammatory cyto-
kines, and these effects may persist for several days after
the operation [28]. These changes may be due to physi-
ological responses to major surgery and heat, as well as
interventions such as blood transfusions. We collected
baseline data and data on postoperative day 7, provid-
ing insights into the long-term dynamics of inflamma-
tory cytokines. Our results suggest that a reduced GRO«
response to CRS/HIPEC may be linked to greater resis-
tance to treatment, indicating a need for further research.

Our TMA and IHC findings provide preliminary
insights into the local tumor microenvironment, com-
plementing our serum cytokine data. The trend of lower
PES in the first year associated with MCP-1 expression
in tumor tissues aligns with our serum analysis, rein-
forcing MCP-1’s potential prognostic value. Notably, we
observed higher GROa expression in stromal fibroblasts
compared to cancer cells. The distinct distribution of
chemokines between stromal and tumor compartments
highlights the complex interplay within the tumor micro-
environment where stromal cells can serve as key sources
of factors that promote cancer progression [15]. This
observation is consistent with Park et al’s findings on
the crucial role of epithelial-stromal communication via
the CXCL1-CXCR2 axis in ovarian cancer progression
[4]. While preliminary due to limited sample size, these
tissue-based results offer promising directions for future
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research into cytokines’ roles in ovarian cancer progres-
sion and their potential as therapeutic targets.

Our analysis revealed that patients with recurrent EOC
demonstrated significantly worse PFS compared to pri-
mary disease, aligning with previous observations of
more aggressive tumor biology in recurrent cases [22].
Despite this marked difference in clinical outcomes,
baseline cytokine levels showed no significant differ-
ences between primary and recurrent cases, leading us
to adjust for disease status and other clinical variables
in subsequent analyses. The differential expression pat-
terns of cytokines across subgroups provided valuable
prognostic insights, particularly IL-13’s association with
worse outcomes in platinum-resistant disease and its
varying prognostic significance across histological sub-
types. The relationship between IL-12 levels and CA-125
status further suggests potential interactions between
traditional tumor markers and the immune microenvi-
ronment. While these findings offer promising directions
for personalized prognostication, validation in larger
cohort studies is needed before clinical implementation.

This study has several strengths, including its novel
focus on cytokine profiles in EOC patients undergo-
ing CRS/HIPEC, longitudinal data collection enabling
comprehensive assessment of cytokine dynamics, and
integration of serum and tissue-based analyses. The
meticulous collection of clinical parameters and main-
tenance of a prospective database likely minimized bias.
However, limitations include the relatively small and
heterogeneous sample size, which limits generalizability,
and our single-institution design, which may not reflect
practices and outcomes at other centers. The single post-
operative cytokine measurement, which may not capture
the full immune response dynamics. Despite efforts to
control confounding factors, unmeasured variables may
influence results. These findings provide valuable insights
into potential prognostic biomarkers for EOC patients
undergoing CRS/HIPEC, but larger, multi-center stud-
ies with more homogeneous populations and multiple
postoperative measurements are needed to confirm and
extend these results.

In conclusion, our findings suggest that MCP-1 may
be a significant predictor of recurrence risk after CRS/
HIPEC in patients with EOC. Furthermore, changes in
GRO«a and IL-13 levels may indirectly reflect the bio-
logical behavior and PES of ovarian cancer. Future stud-
ies could investigate cytokine profiles in ovarian cancer
cell lines and explore the tumor microenvironment under
heat shock conditions. Additionally, further research is
needed to clarify the association between the cytokin-
ome and responses in serum, ascites, and peritoneum
to HIPEC treatment. Such investigations can improve
our understanding of the underlying mechanisms and
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treatment strategies for patients with EOC undergoing
CRS/HIPEC.
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