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Simple Summary: Neoadjuvant chemotherapy (NACT) followed by surgery is recommended for advanced
high-grade serous ovarian cancer (HGSOC) patients, who are not suitable candidates for primary debulking
surgery (PDS). However, a precise and objective prognostic index validated for the NACT outcomes is still
lacking. In this study, we analyzed 139 advanced HGSOC patients receiving NACT and found chemotherapy
response score (CRS) and neutrophils-to-lymphocyte ratio (NLR) are independent risk factors for
chemotherapy response and survival. We developed an ovarian neoadjuvant chemotherapy prognostic index
(ONCPI), integrating blood markers and histopathology, and found it to be a significant index for predicting
NACT outcomes in patients with advanced HGSOC. Altogether, these findings highlighted the role of ONCPI
score in guiding personal treatment.

Abstract: Background: A prognostic index validated for the outcomes of advanced high-grade serous ovarian
cancer (HGSOC) patients with neoadjuvant chemotherapy (NACT) is still lacking. We therefore developed an
ovarian neoadjuvant chemotherapy prognostic index (ONCPI) to enhance predictive accuracy. Methods: We
analyzed clinicopathologic feature of advanced HGSOC patients receiving platinum-based NACT. Blood
inflammatory composite markers were calculated and binary-transformed by optimal cutoffs. The omental
hematoxylin and eosin (H&E) stained slides were selected for the assessment of chemotherapy response score
(CRS). Logistic regression analyses and Cox proportional hazard regression model were utilized to develop a
prognostic index. Results: Multivariate analysis showed that CRS and neutrophils-to-lymphocyte ratio (NLR)
are independent risk factors for platinum-chemotherapy response. Meanwhile, Kaplan-Meier and Cox
regression analysis revealed that CRS score was significantly correlated with PFS and OS, and NLR-high
patients was associated with poor OS. We further developed an ONCPI model based on the CRS score and
NLR level. Survival analysis suggested that patients with score 0 and 1 of ONCPI were significantly associated
with improved PFS and OS. Conclusions: The ONCPI score emerges as a significant prognostic marker for
predicting NACT outcomes in advanced HGSOC patients. Its integration into clinical practice and risk-
stratified trial design is conceivable.
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Introduction

Primary debulking surgery (PDS) followed by platinum-based chemotherapy has been globally
approved as the standard treatment for high-grade serous ovarian cancer (HGSOC) and is considered
as a crucial treatment approach for this patient population [1]. However, in cases of unresectable
disease and high perioperative risk, neoadjuvant chemotherapy (NACT) followed by interval
debulking surgery (IDS) has been recommended in clinical practice guidelines for advanced HGSOC
patients [2]. Despite the initial high response rate to chemotherapy, there is still a proportion of
patients who eventually experience relapse [3]. Therefore, there is a growing need for markers and
prognostic factors to evaluate treatment outcomes.

Various tumor and hematological markers have been used to predict the prognostic risk in
patients with advanced HGSOC [4,5]. Some blood inflammatory composite markers have been
extensively studied for their predictive value in HGSOC, aiding in predicting patients' survival,
treatment response, and recurrence [6,7]. Parameters like the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and systemic
inflammation index (SII) are commonly employed [8,9]. Increasing evidences indicated that the
presence of an inflammatory microenvironment significantly impacts the malignant characteristics
of tumors by regulating biological processes involved in their development [10]. Uncontrolled
inflammation can promote tumor growth, which may be reflected in changes in blood inflammatory
markers, explaining why even early-stage diagnosed and treated HGSOC patients have poor
outcomes [7]. Thus, evaluating inflammatory responses is crucial for prognosticating HGSOC.
Additionally, the chemotherapy response score (CRS) has been established as a pathology index that
aids in determining prognosis and guiding decision-making in epithelial ovarian cancer [11]. The
CRS system as a simple and reproducible histopathological grading system was firstly proposed by
Bohm et al [12]. Based on 2019 ESMO ovarian cancer guidelines, the three-tiered CRS system was
recommended for advanced patients receiving NACT to assess chemotherapy response and predict
survival outcomes [13]. To put it simple, CRS 1 suggests minimal chemotherapy response,
characterized by few fibroinflammatory changes. CRS 2 indicates moderate response with visible
tumor cells and degenerative changes. CRS 3 signifies near-complete response with few scattered
tumor foci and significant degeneration-associated changes [14]. Recent research has shown that
patients with a complete chemotherapy response have significantly better survival rates compared
to those with a partial or no response [14]. Although these prognostic markers are associated with
improved oncological outcomes, a more precise and objective system based on validated prognostic
markers for the neoadjuvant setting is essential.

In the present study, we developed an ovarian neoadjuvant chemotherapy prognostic index
(ONCPI) model to predict prognostic value in advanced HGSOC patients who underwent NACT
followed by resection based on objective histopathological and blood parameters that can be readily
evaluated in routine clinical practice.

Materials and Methods

Patients

This single-center, retrospective study was conducted at the Department of Obstetrics and
Gynecology, Sun Yat-sen Memorial Hospital of Sun Yat-sen University in Guangzhou, China.
Patients were enrolled with advanced HGSOC receiving platinum-based neoadjuvant chemotherapy
(NACT) before interval debulking surgery (IDS) and postoperative adjuvant chemotherapy from July
2013 to March 2022. This study was reviewed and approved by the Institutional Review Board of Sun
Yat-sen Memorial Hospital (SYSKY-2023-600-01). Eligible patients were selected based on the
following inclusion criteria: 1) confirmed diagnosis of HGSOC by two experienced pathologists; 2)
clinical stage III-IVB according to the 2018 International Federation of Gynecology and Obstetrics
(FIGO) guideline; 3) Eastern Cooperative Oncology Group (ECGO) performance status of 0 to 1; 4)
no prior anti-cancer therapy; 5) receiving > 3 cycles of platinum-based NACT followed by IDS; and
6) complete pre-treatment blood test results and clinical and imaging data. Patients with other
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pathological types, without NACT or IDS, incomplete pre-treatment data, or lost to follow up were
excluded from the study. A total of 139 patients met the eligibility criteria were included in the study.

Clinical Characteristics and Laboratory Testing

This study enrolled patients with advanced HGSOC who met the inclusion criteria mentioned
above. The enrolled patients received NACT in a 3-week cycle for > 3 cycles, followed by IDS upon
completion of NACT. Various clinicopathologic variables, including age, FIGO 2018 clinical stage,
histologic grade, Eastern Cooperative Oncology Group (ECOG) score, body mass index (BMI), and
routine laboratory parameters were collected retrospectively from medical records. The routine blood
tests and tumor marker measurements, including CA125, HE4, and inflammation-related serum
biomarkers including neutrophils, lymphocytes, monocytes, fibrinogen, and platelets, were
conducted within 3 days before initial NACT. From these measurements, several ratios were
calculated, including neutrophils-to-lymphocyte ratio (NLR), monocytes-to-lymphocyte ratio (MLR),
fibrinogen-to-lymphocyte ratio (FLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-
inflammation index (SII = platelet count x NLR). Progression free survival (PFS) was calculated from
the date of the first NACT until disease progression or death due to any cause. Similarly, overall
survival (OS) was calculated from the date of the first NACT administration until death due to any
cause. Patients who had not experienced progression nor death at the data cutoff date in Dec 2022
were considered as censored at the time of the last follow-up.

Radiological and Pathological Response Evaluation

Radiographic responses were evaluated with computed tomography (CT) before and after
NACT by a radiologist who was blinded to the clinical information of patients. The response
evaluation was conducted according to the Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.1). For pathological evaluation, the resected specimens were stained with haematoxylin and
eosin (H&E) and reviewed independently by two gynecologic pathologists, both of whom were blind
to clinical data and each other’s results. Consensus was reached for the evaluation of all cases. The
pathology slide obtained from the site of omentum, which was usually with most viable tumor, was
selected for CRS assessment according to the three-tiered CRS system recommended by 2019
European Society for Medical Oncology (ESMO) ovarian cancer guidelines [15]. Briefly, the CRS score
is summarized as follows: CRS 1: No or minimal tumor response. CRS 2: Incomplete tumor response.
CRS 3: Complete or near-complete response with almost no residual tumor.

Statistical Analysis

Categorical variables were described with proportions and compared using either Chi-square
test or Fisher exact test. Continuous variables were described with medians (range), medians with
interquartile range (IQR) or mean with standard deviation (SD) and estimated by Student’s t-test or
Mann Whitney U test if applicable. The optimal cutoff values for blood test results were determined
using the Receiver Operating Characteristic (ROC) curve according to Youden index, and
subsequently transformed into binary variables. For NLR, the optimal cutoff value was set at 3.61.
Univariate and multivariate logistic regression analysis were employed to identify independent risk
factors for patients’ response to platinum chemotherapy. Survival analyses were conducted using
Cox proportional hazard regression model and Kaplan—-Meier method. The reported P value in this
paper were two-tailed and considered statistically significant when less than or equal to 0.05. All
statistical analyses were performed with the GraphPad Prism software 8 (GraphPad Software Inc.,
San Diego, CA) and IBM SPSS Statistics for Windows, version 26.0 (IBMCorp., Armonk, N.Y., USA).
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Results

Baseline Clinicopathological Characteristics of Advanced HGSOC Patients

The present study retrospectively enrolled 465 patients with advanced ovarian cancer at the
Department of Obstetrics and Gynecology, Sun Yat-sen Memorial Hospital (Guangzhou, China) from
July 2013 to March 2022. The exclusion criteria were as follows: other pathological types (n = 53),
without NACT or IDS (n =251), incomplete pre-treatment data (n = 10), and lost to follow up (n=12).
Finally, 139 advanced HGSOC patients who received NACT with complete clinicopathological
information were included (Figure 1). In the Table 1, the median age of the 139 patients was 57 years
(range, 32-75 years). The Body Mass Index (BMI) was 22.2 + 3.7 kg/cm?. Eastern cooperative oncology
group (ECOG) score was 0 in 116 patients (83.5%), and 1 in 23 patients (16.5%). Moreover, there were
50 (35.9%) patients with CRS 1, 20 (20.9%) patients with CRS2 and 60 (43.2%) patients with CRS3. 119
(85.6%) underwent 3 cycles of NACT and most patients were clinical FIGO 2018 III stage. After
NACT, treatment efficacy was assessed per NCCN guidelines. For primary tumor, 115 (82.7%)
patients who relapse 6 months or more after initial chemotherapy are termed platinum-sensitive.
However, 24 (17.3%) patients whose disease recurs in less than 6 months were classified as platinum-
resistant. More importantly, the median follow-up time was 41 months (interquartile range (IQR), 27-
58 months) with 51.1% (71/139) patients experiencing recurrence and 23.0% (32/139) death. The
median platinum-free interval (PFI) time was 12.8 months (IQR, 7.3-24.9 months) and median
progression-free survival (PFS) and overall survival (OS) were 20.2 months (IQR, 12.7-30.5 months)
and 30.5 months (IQR 20.6-44.5 months) respectively.

Assessed for eligibility (N = 465)

Excluded (N =326)

e Other pathological types (N =53)

e Without NACT or IDS (N = 251)

e Incomplete pre-treatment data (N = 10)
e Lost to follow up (N =12)

Included (N = 139)

Figure 1. Flowchart of patient selection.

Table 1. Baseline clinical characteristics of advanced HGSOC patients.

Characteristics N=139
Age, years, median (range) 57 (32-75)
BMI, kg/cm?, Mean + SD 222 +3.7
ECOG score, n (%)
0 116 (83.5)
1 23 (16.5)
CRS, n (%)

CRS1 50 (35.9)
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CRS2 29 (20.9)
CRS 3 60 (43.2)
NACT cycles, n (%)
=3 119 (85.6)
>3 20 (14.4)
FIGO 2018 stage, n (%)
III 84 (60.4)
v 55 (39.6)
Response to platinum therapy, n (%)
Sensitive (PFI > 6months) 115 (82.7)
Resistant (PFI < 6months) 24 (17.3)
Recurrence, n (%)
Yes 71 (51.1D
No 68 (48.9)
Death, n (%)
Yes 32 (23.0)
No 107 (77.0)
Follow-up time, mo, median (IQR) 41 (27.0-58.0)
PFI, mo, median (IQR) 12.8 (7.3-24.9)
PFS, mo, median (IQR) 20.2 (12.7-30.5)
OS, mo, median (IQR) 30.5 (20.6-44.5)

BMI = Body Mass Index; CRS = Chemotherapy response score; ECOG = Eastern cooperative oncology group;
IQR = Interquartile range; NACT = Neoadjuvant chemotherapy; OS = Overall survival; PFI = Platinum-free
interval; PFS = Progression-free survival.

CRS and NLR Level as Risk Factors for Efficacy of Platinum-Based Chemotherapy

To identify the independent risk factors for the efficacy NACT treatment, we further analyzed
the correlation between clinicopathological features, laboratory data, and NACT response in
advanced HGSOC patients (Table 2 and Figure S1). To enhance clinical value and statistical
convenience, the optimal cutoff values for blood test results were calculated by ROC curve based on
Youden index and then transformed into binary variables. The optimal cutoff values defined are
displayed in Table S1. Univariate analysis demonstrated that CRS score (95% CI: 0.215-0.683, p =
0.001), neutrophils (95% CI: 1.125-6.924, p = 0.027), and NLR level (95% CI: 1.151-11.152, p = 0.028)
were associated with response to the platinum-based chemotherapy. Moreover, in the multivariate
analysis, the CRS score (95% CI: 0.226-0.742, p = 0.003) and NLR level (95% CI: 1.025-13.913, p = 0.046)
remained correlated with the chemotherapy efficacy indicating that both CRS score and NLR level
emerged as risk factors for platinum-based chemotherapy resistance in advanced HGSOC patients.

Table 2. Univariable and multivariable logistics regression of response to platinum chemotherapy.

Characteristics Univariable analysis Multivariable analysis
Pvalue OR 95% CI Pvalue OR 95% CI
Age, years, (> 60 vs < 60) 0.167 0.475 0.165-1.366
BMI, kg/cm?, mean + SD 0176 0909  0.791-1.044
ECOG score, (1 vs 0) 098  1.011 0.310-3.292
CRS, (3vs2vs1) 0.001* 0.383  0.215-0.683 0.003  0.410 0.226-0.742
NACT cycle, (>3 vs =3) 0.678  1.289 0.388-4.284
CA125, U/mL, (High vs Low) 0525 1438  0.470-4.401
HE4, pmol/L, (High vs Low) 0278  4.750  0.285-79.169
Neutrophils, 10"9/L, (High vs
Low)
Monocyte, 10"9/L, (High vs
Low)

0.027*  2.791 1.125-6.924

0.089  2.198 0.886-5.451
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. ,
Lymphocyte, 10°9/L, (High ) o1» (1049 0373-2415

vs Low)

Platelet, 10"9/L, (Highvs 17, 1048 07445100

Low)
Fibrinogen, g/L, (Highvs 196 1860 0.726-4.766

Low)

NLR, (High vs Low) 0.028* 3582 1.151-11152  0.046 3776  1.025-13.913

MLR, (High vs Low) 0075 2283  0.920-5.667
PLR, (High vs Low) 0210 1973  0.681-5.712
FLR, (High vs Low) 0127 3250  0.714-14.795
SII, (High vs Low) 0070  2.658  0.922-7.663

BMI = Body Mass Index; CRS = Chemotherapy response score; ECOG = Eastern cooperative oncology group;
OR = Odd ratio; NACT = Neoadjuvant chemotherapy; NLR = Neutrophil-to-lymphocyte ratio; PLR = Platelet-
to-lymphocyte ratio; MLR = Monocyte-to-lymphocyte ratio; FLR = Fibrinogen-to-lymphocyte ratio; SII =
Systemic immune-inflammation index. *Characteristics with p value < 0.05 obtained from univariate logistic

regression analysis were included in multivariate analysis.

Given the pivotal roles suggested by our aforementioned analyses in NACT efficacy, we
incorporated a waterfall plot of platinum-free interval, alongside individual patient profiles, to
further explore the relationship between key risk factors and NACT treatment (Figure 2). We found
that 66.6% of platinum-resistant patients corresponded to CRS 1, while 48.7% of platinum-sensitive
patients were CRS 3 (Figure 3A). However, no discernible correlation emerged between CRS and
clinical characteristics of advanced HGSOC patients (Figure 3B-D). We assessed CRS in platinum-
free interval level for two representative cases (Case 1: platinum-resistant and Case 2: platinum-
sensitive) (Figure 3E). These results further demonstrated that CRS score had the promising
predictive value for platinum-based chemotherapy response. Moreover, we evaluated the
relationship between the NLR level and the context of distinct clinicopathological factors in our
cohort. High NLR level has previously been linked to poor long-term survival in various solid
tumors. Consistently, our findings showed that patients with platinum-resistant tended to have high
NLR, whereas patients with low NLR level were more likely to be platinum-sensitive (Figure 4A).
Interestingly, NLR level was associated with the CRS score. The higher NLR in CRS1 than CRS3
suggested that the high inflammatory conditions could lead to no response to NACT treatment
(Figure 4B). However, there was no correlation between the NLR level and the clinical characteristics
of advanced HGSOC patients (Figure 4C-F). Overall, these results collectively underscore the robust
predictive value of CRS and NLR level for platinum-based chemotherapy response in advanced
HGSOC patients.
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Figure 2. Waterfall diagram of clinical information of advanced HGSOC patients.
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Figure 3. CRS is associated with the response to platinum chemotherapy. Distribution of patients
with advanced HGSOC based on the correlation between CRS and different clinical characteristics,
such as the (A) response to platinum chemotherapy, (B) FIGO 2018 stage, (C) age at diagnosis and
(D) ECOG score. (E) Left side of the pictures are the CT images of platinum-resistant and platinum-
sensitive patients before and after neoadjuvant chemotherapy, which are the coronary abdominal
and pelvic scans, and the cross-sectional pelvic scans including the arterial phase (upper) and
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venous phase (lower) (the red dotted areas are tumor lesions). Right side of the pictures are the
pathological images (x40, x100) of the H&E stained slides of the omentum corresponding to the
patient after neoadjuvant chemotherapy (the yellow dotted areas are the residual tumor cells).
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Figure 4. Associations of NLR with clinicopathologic feature in advanced HGSOC patients. (A)
The level of NLR was positively correlated with the resistance to platinum-based chemotherapy, but
negatively correlated with the (B) CRS score. Distribution of patients with advanced HGSOC based
on correlation between the level of NLR and different clinical characteristics, such as the (C) NACT
cycles, (D) age at diagnosis, (D) FIGO 2018 stage and (E) ECOG score.

CRS and NLR Level as Robust Prognostic Index after NACT in Advanced HGSOC Patients

Numerous studies have linked chemotherapy-induced resistance to unfavorable outcomes in
advanced HGSOC patients [16,17]. Although our data has indicated that CRS and NLR level are
independent risk factors for the efficacy of platinum-based chemotherapy, their prognostic
significance in advanced HGSOC patients remains uncertain. Univariate and multivariate analyses
of PFS using the Cox proportional hazards model are detailed in Table 3 and Figure S2. Univariate
analysis revealed that CRS (p = 0.000, HR = 0.535, 95% CI: 0.407-0.705), neutrophils count (p = 0.008,
HR = 1.883, 95% CI: 1.178-3.009) and NLR (p = 0.026, HR = 1.788, 95% CI: 1.072-2.982) significantly
associated with shorter PFS. Multivariable analysis confirmed only the association between CRS and
inferior PFS (p = 0.000, HR = 0.528, 95% CI: 0.400-0.699). Similarly, in univariate analysis of OS, the
CRS (p = 0.000, HR = 0.408, 95% CI:1.882-9.419), neutrophils count (p = 0.000, HR = 4.210, 95% CI =
1.178-3.009), fibrinogen concentration (p = 0.026, HR =2.280, 95% CI: 1.105-4.704), NLR (p = 0.002, HR
= 9.304, 95% CI: 2.219-39.001) and SII (p = 0.002, HR = 3.101, 95% CI: 1.511-6.361) corrected with
inferior OS. These variables were then entered into a multivariable Cox hazards model. The analyses
showed that the CRS (p = 0.004, HR = 0.518, 95% CI: 0.331-0.810) and NLR (p = 0.012, HR = 6.463, 95%
CI: 1.510-27.670) were the independent prognostic factors for OS in the advanced HGSOC patients
(Table 4 and Figure S3).
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Table 3. Univariable and multivariable Cox regression analysis: hazard ratios (HR) for progression-
free survival (PFS).

Characteristics Univariable analysis Multivariable analysis
Pvalue HR 95% CI Pvalue HR 95% CI
Age, years, (>60 vs < 60) 0457 0.824  0.494-1.373
BMI, kg/cm?, mean + SD 0464 0975 0.911-1.043
ECOG score, (1 vs 0) 0399 1296  0.710-2.367
CRS, (3vs2vs1) 0.000* 0.535 0.407-0.705  0.000 0.528  0.400-0.699
NACT cycle, (>3 vs =3) 0406 0.732  0.351-1.528

CA125, U/mL, (Highvs Low)  0.839  1.070  0.557-2.056
HE4, pmol/L, (High vs Low) 0767  1.349  0.186-9.774

AN )
Neutrophils, 10°9/L, (High vs = joe+ 1883 1.178-3.009

Low)
" .
Monocyte, 10°9/L, (Highvs oo | 006 0.621-1.636
Low)
" .
LymphocyterLi“);/L' (Highvs 0403 0812 04981324

Platelet, 10"9/L, (High vs Low) 0.867  1.042  0.644-1.686
Fibrinogen, g/L, (High vs Low) 0.054 1.646  0.991-2.735

NLR, (High vs Low) 0.026* 1.788  1.072-2.982
MLR, (High vs Low) 0935 1.020  0.629-1.655
PLR, (High vs Low) 0946 1.018 0.613-1.689
FLR, (High vs Low) 0326 1367  0.732-2.554

SII, (High vs Low) 0252 1.341  0.812-2.215

BMI = Body Mass Index; CRS = Chemotherapy response score; ECOG = Eastern cooperative oncology group;

NACT = Neoadjuvant chemotherapy; NLR = Neutrophil-to-lymphocyte ratio; PLR = Platelet-to-lymphocyte

ratio; MLR = Monocyte-to-lymphocyte ratio; FLR = Fibrinogen-to-lymphocyte ratio; SII = Systemic immune-
inflammation index. *Characteristics with p value <0.05 obtained from univariate Cox regression analysis were

included in multivariate analysis.

Table 4. Univariable and multivariable analysis: hazard ratios (HR) for overall survival (OS).

Characteristics Univariable analysis Multivariable analysis
Pvalue HR 95% CI Pvalue HR 95% CI
Age, years, (>60 vs < 60) 0.893 0950  0.446-2.020
BM]I, kg/cm?, Mean + SD 0.692 0.979  0.880-1.089
ECOG score, (1 vs 0) 0.555 1309  0.536-3.194
CRS, (3vs2vs1) 0.000* 0.408 0.259-0.644  0.004 0.518 0.331-0.810
NACT cycle, (>3 vs =3) 0.903  1.068 0.372-3.060

CA125, U/mL, (Highvs Low) 0965 0977  0.336-2.838
HE4, pmol/L, (High vs Low) 0.198  3.768 0.500-28.382
Neutrophils, 10"9/L, (High vs
Low)
Monocyte,10"9/L, (High vs Low) 0473 1301  0.635-2.666
Lymphocyte, 10"9/L, (High vs
Low)
Platelet, 10M9/L, (High vs Low) 0.751  0.889  0.431-1.833
Fibrinogen, g/L, (High vs Low) 0.026* 2280  1.105-4.704

0.000* 4.210 1.882-9.419

0364 0715 0.347-1.474

NLR, (High vs Low) 0.002* 9.304 2.219-39.001  0.012 6.463  1.510-27.670
MLR, (High vs Low) 0.520 1.268 0.615-2.614
PLR, (High vs Low) 0.737  1.143  0.523-2.498

FLR, (High vs Low) 0.060 3974 0.945-16.710
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SII, (High vs Low) 0.002*  3.101 1.511-6.361
BMI = Body Mass Index; CRS = Chemotherapy response score; ECOG = Eastern cooperative oncology group;
NACT = Neoadjuvant chemotherapy; NLR = Neutrophil-to-lymphocyte ratio; PLR = Platelet-to-lymphocyte
ratio; MLR = Monocyte-to-lymphocyte ratio; FLR = Fibrinogen-to-lymphocyte ratio; SII = Systemic immune-
inflammation index. *Characteristics with p value <0.05 obtained from univariate Cox regression analysis were

included in multivariate analysis.

Kaplan-Meier survival curves, categorized by CRS and NLR level, were further examined. PFS
curves revealed disparities among CRS1, CRS2, and CRS3 subgroups (Figure 5A). Consistent with
these findings, patients with CRS1 or CRS2 (on a 3-tiered system) correlated with notably shorter
overall survival compared to CRS3 (Figure 5B). Notably, patients with CRS3 demonstrated
significantly improved PFS and OS compared to those with CRS1 and CRS2. Additionally, high NLR
level was significantly associated with poor PES (p =0.0048, HR =1.876, 95% CI=1.169-3.012) and OS
(p=0.0007, HR =9.123, 95% CI = 4.465-18.640) (Figure 5C-D). emphasized the prognostic importance
of CRS1/2 scores and elevated NLR levels, indicating their robust prognostic value in advanced
HGSOC patients receiving NACT. Consequently, we propose an integration of these metrics, aiming
to develop a clinically useful scoring index for predicting outcomes of platinum-based chemotherapy
in advanced HGSOC patients.
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Figure 5. Progression-free survival (PFS) and overall survival (OS) analysis based on CRS and
NLR level. Kaplan - Meier survival curves of all advanced HGSOC patients stratified by CRS and
NLR level for (A, C) progression-free survival (PFS) and (B, D) overall survival (OS), respectively.

Combined CRS and NLR as New Prognostic Index for NACT Outcomes in Patients with Advanced HGSOC

Given the robust prognostic nature of both CRS score and NLR level, we speculated that their
combination could offer insights into NACT treatment resistance among advanced HGSOC patients,
leading to the development of an ovarian neoadjuvant chemotherapy prognostic index (ONCPI).
ONCPI scoring was established: low NLR (< 3.61) received 0, high NLR (> 3.61) received 1 and CRS1,
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CRS2, CRS3 corresponded to 2, 1, 0, respectively. Therefore, the ONCPI scoring ranged from 0 to 3.
To summarize: Score 0: low NLR (£ 3.61) + CRS3; Score 1: low NLR (< 3.61) + CRS2 or high NLR (>
3.61) + CRS3; Score 2: low NLR (<3.61) + CRS1 or high NLR (> 3.61) + CRS2; Score 3: high NLR (>3.61)
+ CRS1. Of the 139 evaluated patients, 27 (36%) had score 0 of ONCPI, 46 (49%) had score 1 of ONCP],
28 (49%) had score 2 of ONCPI and 38 (15%) had score 3 of ONCPIL. Median PFS was 28.1 months
(IQR, 17.2 to 41.4 months), 25.6 months (IQR, 15.1 to 33.2 months), 15.6 months (IQR, 12.0 months to
25.1 months) and 13.1 months (IQR, 9.6 months to 21.6 months) for the ONCPI score of 0, 1, 2, 3,
respectively (p<0.001). In addition, Median OS was 40.5 months (IQR, 27.7 months to 51.8 months),
30.5 months (IQR, 22.7 months to 45.4 months), 29.6 months (IQR, 20.1 months to 42.6 months) and
24.2 months (IQR, 12.0 months to 38.4 months) for the ONCPI score of 0, 1, 2, 3, respectively (p<0.001)
(Table 5). Kaplan-Meier survival curve showed that patients with ONCPI score of 0 and 1 have a
significantly improved PFS and OS compared with the score of 2 and 3 (Figure 6). These findings
indicated that incorporating CRS with NLR as ONCPI predictive model could be a promising
diagnostic tool to identify the outcomes in advanced HGSOC patients responsive to NACT treatment.

A B
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Figure 6. Progression-free survival (PFS) and overall survival (OS) analysis based on ONCPI score.
Kaplan - Meier survival curves of all advanced HGSOC patients stratified by Index and ONCPI
score for (A progression-free survival (PFS) and (B) overall survival (OS), respectively.

Table 5. Progression-free survival and overall survival of advanced HGSOC patients based on

ONCPI score.
ONCPI score
Characteristics ONCPI Score ONCPI Score ONCPI Score of ONCPI Score of
of 0 (n=27) of 1 (n=46) 2 (n=28) 3 (n=38)
PFS
. 0.222 (0.102-  0.320 (0.174- 0.754 (0.413-
H % CI 1 [Refi
azard ratio (95% CI) 0.482) 0.589) 1.376) [Reference]

PES, median,mo o0 1 170.41.4) 256(151332) 156 (120-25.1) 131 (9.6-21.6)

(IQR)
Log-rank p value <0.001
(O
. o 0.223 (0.088-  0.143 (0.534-
Hazard ratio (95% CI) NA 0.567) 0.230) 1 [Reference]
OS, median, mo (IQR) 40.5 (27.7-51.8) 30.5 (22.7-45.4) 29.6 (20.1-42.6) 24.2 (12.0-38.4)
Log-rank p value <0.001

NA = Not available; ONCPI = Ovarian cancer Neoadjuvant Chemotherapy Prognosis Index; PFS = Progression-
free survival; OS = Overall survival.
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Discussion

NACT is a common approach in treating ovarian cancer patients with advanced disease or when
upfront surgery is unfeasible or unsafe [3,18]. Growing evidence endorses the application of NACT
in advanced HGSOC patients, potentially leading to improved both PFS and OS [19,20]. However,
patient outcomes still fall short of satisfactory. In light of this, we conducted a retrospective study to
identify the independent prognostic markers in advanced HGSOC patients who underwent NACT
followed by IDS.

Multivariate analysis unveiled a significant association between CRS (3 vs 2 vs 1) and NLR (high
NLR > 3.61 vs low NLR < 3.61) with platinum-based chemotherapy efficacy. The chemotherapy
response is typically evaluated using established scoring systems, such as CRS [1]. In our cohort,
CRS1, CRS2, and CRS3 accounted for 35.9%, 20.9%, and 43.2% of patients, respectively. Notably,
68.6% of platinum-resistant patients progressed to CRS1, while 48.7% of platinum-sensitive patients
exhibited CRS3. Survival analyses further indicated that CRS significantly correlated with PFS and
OS. These results demonstrated that the CRS might be an appropriate predictor. As we know, NLR
was defined as a readily available and cost-effective biomarker assessing the balance between
neutrophils and lymphocytes in the blood [21]. It also was recognized as a potential prognostic
marker in various cancers, including HGSOC [22]. Previous studies have indicated that elevated NLR
level before or during NACT might be associated with a poorer prognosis in ovarian cancer patients
[23,24], as higher NLR are often indicative of systemic inflammation, promoting tumor growth,
invasion, metastasis, and resistance to chemotherapy [22,24]. We found that patients with platinum-
resistant tended to have high NLR level, whereas patients with low NLR level were more likely to be
platinum-sensitive, which was consistent with the results of previous studies. Although the
independent prediction of NLR level was not confirmed in multivariate analysis for PFS, low NLR
significantly extended OS. Therefore, NLR can serves as a key piece of information to aid clinical
decision-making. These findings supported the conclusion that CRS and NLR level might be potential
independent prognostic factors for NACT-treated advanced HGSOC patients. However, in our
study, nearly 29.6% CRS 1 patients were recognized as platinum-sensitive, and some of them had a
favorable prognosis, suggesting limited CRS prediction. Thus, a precise, validated, neoadjuvant-
specific system is needed.

Our analysis highlighted a significant relationship between NLR and CRS in predicting patient
prognosis. Interestingly, CRS1 patients demonstrated higher NLR levels than CRS3 patients,
suggesting inflammatory status influenced NACT outcomes negatively. We therefore developed a
ONCPI score, a combined index integrating NLR and CRS to predict prognostic value in
neoadjuvant-treated advanced HGSOC patients. Previous studies have explored various combined
indexes to predict the prognosis of ovarian cancer, typically integrating NLR with tumor and
hematological markers or radiological data, such as the CA-125, PLR, SII and PET/CT or MRI
characteristics [5,24,25]. Although these combined indexes have demonstrated their influence on
disease progression and response to treatment, it is rare to find an index that encompasses both blood
inflammatory composite markers and pathology index in specific patients. Therefore, the ONCPI
score offers a novel approach by providing a more comprehensive and intuitive assessment of the
host immune status and the tumor response to platinum-based chemotherapy. This index holds
potential benefits for risk stratification, treatment decision-making, and identification of advanced
HGSOC patients who may benefit from more aggressive therapeutic strategies or additional follow-
up care.

Despite these promising findings, our study has several limitations. Firstly, this is a single-center
retrospective analysis, which may introduce selection bias and limit the generalizability of the results.
Additionally, the relatively limited sample size might impact the statistical power and precision of
the findings. Therefore, further validation in larger prospective studies is warranted to establish the
predictive value of the ONCPI score in a broader patient population.
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Conclusions

In conclusion, our study highlights the significance of CRS score and NLR level as independent
prognostic factors. Moreover, we have successfully devised a prognostic index for advanced HGSOC
patients undergoing NACT, which distinctly reflects patient outcomes using these readily available
clinical parameters. The utilization of the ONCPI score has the potential to greatly inform the design
of future clinical trials and facilitate personalized treatment strategies.
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