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ABSTRACT

Background: Chemotherapy response score (CRS) is a histopathologic measure of tumor regression following neoadjuvant
chemotherapy (NACT) in advanced epithelial ovarian cancer. Evidence from resource-limited settings remains limited.
This study aimed to evaluate the association of CRS with surgical cytoreduction, platinum resistance, disease progression,
and survival following NACT and interval debulking surgery (IDS).

Methods: This prospective observational cohort included 153 women with FIGO stage I11-1V epithelial ovarian cancer
treated at NICRH, Dhaka, from January 2017 to December 2019, with follow-up through December 2022. All patients
received paclitaxel—carboplatin NACT followed by IDS. CRS was assigned using a three-tier system and categorized as
CRS 1-2 versus CRS 3. Group comparisons were performed using t-tests and chi-square or Fisher’s exact tests. Logistic
regression assessed progression at 1 and 3 years, while progression-free survival (PFS) was analyzed using Kaplan—Meier
curves with log-rank testing.

Results: Among 153 patients, 126 were CRS 1-2 and 27 were CRS 3. RO resection was achieved in 88.9% of CRS 3
compared with 35.7% of CRS 1-2 (p < 0.001). Platinum resistance occurred in 54.8% of CRS 1-2 and none in CRS 3 (p
< 0.001). One- and three-year survival rates were significantly higher in CRS 3. CRS 1-2 and residual disease
independently predicted progression, while PFS was significantly improved in CRS 3.

Conclusion: CRS is a strong predictor of cytoreduction, platinum sensitivity, progression risk, and survival outcomes after
NACT-IDS in advanced ovarian cancer.

Keywords: Chemotherapy Response Score, Neoadjuvant Chemotherapy, High-Grade Serous Ovarian Carcinoma, Interval
Debulking Surgery, Progression-Free Survival
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1. INTRODUCTION

Epithelial ovarian cancer (EOC) remains one of the most lethal gynecologic malignancies worldwide, accounting for a
substantial proportion of cancer-related deaths among women despite advances in diagnosis and therapy. Globally, ovarian
cancer ranks as the eighth most common cancer among females and the fifth leading cause of cancer-related mortality (1).
Late-stage presentation continues to predominate, particularly in low- and middle-income countries, where limited
awareness and diagnostic access contribute to delayed detection and poor survival outcomes (2). More than 90-95% of
ovarian cancers are of epithelial origin, and the majority are diagnosed at FIGO stage 111 or IV, when disease dissemination
beyond the pelvis is extensive and curative surgery is often not immediately feasible (3). The global burden data indicate
that, despite the incorporation of taxane—platinum combinations and improved surgical techniques, overall survival rates
have plateaued, emphasizing the persistent need for effective multimodal management strategies (1,2).

For advanced-stage disease, neoadjuvant chemotherapy (NACT) followed by interval debulking surgery (IDS) has become
an established therapeutic approach, complementing or replacing primary debulking surgery in selected patients (4). NACT
aims to reduce tumor bulk, enhance resectability, and improve perioperative outcomes while maintaining oncologic
efficacy (5). Large multicenter and randomized trials have demonstrated that, when appropriately applied, NACT followed
by IDS achieves similar survival outcomes to primary debulking surgery, but with reduced operative morbidity and
improved rates of complete cytoreduction (6,7). The GOTIC-019 study, for instance, confirmed the clinical utility of
NACT-IDS in real-world practice, with optimal cytoreduction rates exceeding 70% and acceptable perioperative safety
(6). Similarly, pooled analyses and meta-analyses have reinforced the prognostic equivalence of NACT-IDS compared
with primary surgery while highlighting its superior surgical tolerability (7,8). As such, the NACT-IDS paradigm has
become the preferred strategy for patients with extensive peritoneal spread or poor performance status, where achieving
complete macroscopic resection in the upfront setting is unlikely (4).

Despite its widespread adoption, a critical challenge in managing patients undergoing NACT-IDS is the reliable assessment
of chemotherapy response. Conventional evaluation methods, radiologic imaging and serum biomarkers such as CA-125,
are limited by their inability to fully capture the biological and histopathologic extent of response (9). CA-125, while useful
for monitoring trends, can be influenced by tumor histology, non-malignant conditions, and treatment-induced changes
unrelated to tumor burden, leading to potential misclassification of responders (9). Similarly, radiologic assessment using
RECIST or metabolic imaging may not accurately differentiate viable tumor from post-treatment fibrosis or necrosis,
particularly in peritoneal disease where measurable lesions are few (10). These shortcomings underscore the need for more
objective and reproducible markers of chemotherapy response that reflect true tumor biology.

The histopathologic examination of post-NACT surgical specimens offers a direct means of assessing the degree of tumor
regression and residual viability. To standardize this approach, Béhm and colleagues originally proposed the Chemotherapy
Response Score (CRS), a three-tiered histopathologic grading system developed for high-grade serous carcinoma treated
with NACT and IDS (11). The CRS incorporates the extent of residual viable tumor and associated fibrosis to classify
response as minimal (CRS 1), partial (CRS 2), or complete or near-complete (CRS 3). This standardized scoring system
has since been externally validated in multiple cohorts, demonstrating robust reproducibility among pathologists and strong
prognostic correlation with progression-free survival and platinum sensitivity (12,13). Notably, CRS has been shown to
outperform conventional radiologic and serologic indicators in predicting early recurrence and treatment outcomes, making
it an increasingly relevant tool for post-NACT evaluation (14).

Recent reviews have reaffirmed the clinical significance of CRS as both a predictive and prognostic marker in advanced
epithelial ovarian cancer, while also highlighting ongoing challenges in standardization, interobserver variability, and
application to non-omental sites (15,16). Studies evaluating CRS at multiple anatomical locations have demonstrated that
high omental and adnexal CRS scores correlate with improved surgical outcomes and reduced risk of platinum resistance,
further supporting its biological and clinical validity (14). However, despite increasing adoption in major centers, CRS data
from low- and middle-income countries remain scarce, and region-specific validation of its prognostic impact is limited
(15). Given the differences in patient demographics, tumor biology, and treatment infrastructure across global settings, it
is essential to evaluate CRS performance in local populations where resource constraints and late presentation are common.
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Against this background, the present study aims to assess the association between the chemotherapy response score
following neoadjuvant chemotherapy and key clinical outcomes; specifically, surgical cytoreduction and early prognosis,
in patients with advanced epithelial ovarian cancer treated at a tertiary referral center in Bangladesh. By correlating CRS
categories with residual disease status, platinum resistance, and one-year survival, this study seeks to provide context-
specific evidence supporting the prognostic utility of CRS within routine oncologic practice in a resource-limited setting.

2. METHODS

Study design and setting

This prospective observational cohort study was conducted in the Department of Gynecological Oncology, National
Institute of Cancer Research and Hospital (NICRH), Dhaka, Bangladesh. Patient enrollment and baseline data collection
were performed from January 2017 to December 2019. Follow-up was continued through December 2022. Ethical approval
was obtained from the Ethics Committee of NICRH, Dhaka, Bangladesh (Approval No. NICRH/Ethics/2021/263), and all
procedures were conducted in accordance with institutional ethical standards.

Study population and eligibility

During the study period, 160 women with advanced epithelial ovarian cancer were assessed for eligibility. Seven patients
were excluded due to loss to follow-up before interval debulking surgery (n=3) or incomplete histopathological data
required for Chemotherapy Response Score assessment (n=4). The final analytical cohort comprised 153 patients.

Eligible participants were women aged 18 years or older with FIGO 2014 stage Il or IV epithelial ovarian cancer who
received platinum-based neoadjuvant chemotherapy (NACT) followed by interval debulking surgery (IDS) and had
available post-surgical histopathological evaluation for chemotherapy response scoring. Patients were excluded if they had
non-epithelial ovarian malignancy, did not receive NACT prior to surgery, had concurrent malignancies, or declined to
participate.

Pre-treatment evaluation and staging

Before initiation of NACT, all patients underwent standardized evaluation including clinical assessment, ECOG
performance status, baseline serum CA-125, and contrast-enhanced computed tomography (CT) of the abdomen and pelvis
for staging and operability assessment. Histopathological confirmation of epithelial ovarian carcinoma was obtained prior
to chemotherapy initiation, using image-guided biopsy and or ascitic fluid cytology when clinically appropriate. Radiologic
response during treatment was assessed on CT; RECIST version 1.1 criteria were applied when measurable disease was
present.

Neoadjuvant chemotherapy and surgical intervention

All patients received paclitaxel plus carboplatin administered every 21 days as platinum-based NACT. The number of
cycles was determined by the treating gynecologic oncology team based on clinical response, radiologic assessment of
resectability, and treatment tolerance. Interval debulking surgery was performed with the goal of complete macroscopic
cytoreduction and typically included total abdominal hysterectomy, bilateral salpingo-oophorectomy, and omentectomy.
Additional cytoreductive procedures, including peritonectomy, lymphadenectomy, bowel resection, or other organ
resections, were undertaken as indicated by intraoperative disease distribution. Residual disease was categorized as no
gross residual disease (R0) versus any gross residual disease (R1 or R2).

Pathological evaluation and Chemotherapy Response Score

All resected specimens were processed according to routine institutional histopathology protocols. Chemotherapy
Response Score (CRS) was assigned by consultant pathologists using the validated three-tier system for tumor regression
following NACT: CRS 1 (minimal or no response), CRS 2 (partial response), and CRS 3 (complete or near-complete
response). CRS was assessed on omental specimens and, where available, on adnexal specimens; for primary analyses,
patients were grouped as CRS 1-2 versus CRS 3 to ensure adequate subgroup sizes. Pathologists were aware that patients
had received NACT, and CRS assessment was not formally blinded to other clinical information; outcome data were not
available at the time of specimen assessment.

Data collection and outcome definitions

Clinical, treatment, and pathological variables were collected prospectively using a structured proforma, including age,
FIGO stage, ECOG status, baseline CA-125, number of NACT cycles, radiologic response, CRS category, and residual
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disease status. Follow-up evaluations were scheduled at 6 months, 12 months, and 36 months after IDS, and additionally
as clinically indicated. Progression-free survival (PFS) was defined as the time from IDS to radiologic or clinical evidence
of disease progression or death from any cause, whichever occurred first. Overall survival (OS) was defined as the time
from IDS to death from any cause. Patients without an event were censored at the date of last contact. Platinum resistance
was defined as disease progression or relapse within six months after completion of platinum-based chemotherapy.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0. Continuous variables are
presented as mean + standard deviation and categorical variables as frequency and percentage.

Between-group comparisons (CRS 1-2 vs CRS 3) were conducted using independent-samples t-tests for continuous
variables and chi square or Fisher’s exact tests for categorical variables, as appropriate.
Survival curves for PFS and OS were estimated using the Kaplan—Meier method and compared using the log-rank test.
Binary outcomes at fixed timepoints, including progression and mortality at 6 months, 12 months, and 36 months, were
explored using logistic regression, with results reported as odds ratios with 95% confidence intervals. Given subgroup size
imbalance, regression models were kept parsimonious and estimates were interpreted cautiously. A two-sided p-value
<0.05 was considered statistically significant.

Ethical considerations
Written informed consent was obtained from all participants prior to enrollment. Patient confidentiality was maintained by

anonymizing study identifiers and restricting data access to the research team.

3. RESULTS

Table 1: Baseline Clinicopathologic Characteristics and Treatment Exposure by Chemotherapy Response Score
(CRS) (N =153)

Variable CRS1-2(n= CRS 3 (n=27) p
126)
Age (years)
<60 102 (81.0) 18 (66.7) 0.11
>60 24 (19.0) 9 (33.3)
Mean £+ SD 495+115 50.4+89 0.71
FIGO stage
Stage Il 42 (33.3) 18 (66.7) 0.002
Stage IV 84 (66.7) 9 (33.3)
NACT cycles
2 cycles 6 (4.8) 3(11.1) 0.18
3 cycles 75 (59.5) 15 (55.6)
4 cycles 27 (21.4) 3(11.1)
5-6 cycles 18 (14.3) 6 (22.2)

Note: Continuous variables compared using independent-samples t tests; categorical variables using chi-square tests.

Table 1 shows that the mean age was similar between groups, 49.5 + 11.5 years in CRS 1-2 versus 50.4 + 8.9 years in CRS
3 (p =0.71). Most patients were younger than 60 years in both groups, 102/126 (81.0%) in CRS 1-2 and 18/27 (66.7%) in
CRS 3, while age >60 years was 24/126 (19.0%) versus 9/27 (33.3%), respectively (p = 0.11). FIGO stage distribution
differed between CRS categories, with Stage 111 comprising 42/126 (33.3%) in CRS 1-2 versus 18/27 (66.7%) in CRS 3,
and Stage 1V comprising 84/126 (66.7%) versus 9/27 (33.3%), respectively (p = 0.002). NACT cycle exposure was broadly
comparable across CRS groups, with 3 cycles being most common, 75/126 (59.5%) in CRS 1-2 and 15/27 (55.6%) in CRS
3; the remaining distributions were 2 cycles 6/126 (4.8%) versus 3/27 (11.1%), 4 cycles 27/126 (21.4%) versus 3/27
(11.1%), and 5-6 cycles 18/126 (14.3%) versus 6/27 (22.2%) (p = 0.18).
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Table 2: Residual Disease Status After Interval Debulking Surgery by Chemotherapy Response Score (CRS) (N =

153)
Residual disease status CRS 1-2 (n = 126) CRS 3 (n=27) p
No residual disease 45 (35.7) 24 (88.9) <0.001
Residual disease present 81 (64.3) 3(11.1)

Note: Values are presented as n (%). p value derived from Fisher’s exact test.

Table 2 demonstrates a marked difference in residual disease status after interval debulking surgery by CRS category. No
gross residual disease was achieved in 45/126 (35.7%) of CRS 1-2 patients compared with 24/27 (88.9%) of CRS 3
patients, while residual disease remained present in 81/126 (64.3%) versus 3/27 (11.1%), respectively (p < 0.001).

Table 3: Long-Term Outcomes by Chemotherapy Response Score (N = 153)

Outcome CRS 1-2 (n=126) CRS3(n=27) p
Platinum resistance < 6 months 69 (54.8) 0(0.0) <0.001
Survival Status
Alive at 1 year 60 (47.6) 27 (100.0) <0.001
Alive at 3 years 34 (27.0) 21 (77.8) <0.001

Note. Values are presented as n (%). Platinum resistance was defined as disease progression or relapse within 6 months
after completion of platinum-based chemotherapy. p value derived from fisher’s exact test for platinum resistance.
Table 3 shows that platinum resistance within 6 months occurred in 69/126 (54.8%) of patients in the CRS 1-2 group and
in 0/27 (0.0%) of patients in the CRS 3 group (p < 0.001). At 1 year, 60/126 (47.6%) of CRS 1-2 patients were alive
compared with 27/27 (100.0%) of CRS 3 patients (p < 0.001). At 3 years, survival remained lower in CRS 1-2, with 34/126

(27.0%) alive, versus 21/27 (77.8%) alive in CRS 3 (p < 0.001).

Table 4: Logistic Regression Analysis for Disease Progression at 1, 3, and 5 Years (N = 153)

Variable | OR | 95%CI p
Progression Within 1 Year
CRS1-2vs CRS 3 24.6 5.7-105.9 <0.001
Residual disease present 5.2 2.2-12.3 <0.001
Progression Within 3 Years
CRS1-2vs CRS 3 11.8 3.8-36.5 <0.001
Residual disease present 4.1 1.9-8.9 <0.001

Note: OR = Odds Ratio; Cl = Confidence Interval. Reference category is CRS 3. The Odds Ratio decreases over time
(24.6 — 9.5) as the CRS 3 group eventually experiences late recurrences, but the association remains statistically highly
significant.

Table 4 presents logistic regression results for disease progression at fixed timepoints, showing higher odds of progression
among CRS 1-2 compared with CRS 3, and among those with residual disease present. For progression within 1 year, CRS
1-2 versus CRS 3 had an OR of 24.6 (95% CI 5.7-105.9, p < 0.001), and residual disease present had an OR of 5.2 (95%
Cl 2.2-12.3, p < 0.001). For progression within 3 years, CRS 1-2 versus CRS 3 had an OR of 11.8 (95% CI 3.8-36.5, p <
0.001), and residual disease present had an OR of 4.1 (95% CI 1.9-8.9, p < 0.001).

Table 5: Univariable Logistic Regression Analysis for Survival at 1 and 3 (N = 153)

Variable | OR | 95%cCl | p
Survival at 3 Years
CRS1-2vsCRS 3 0.10 0.03-0.29 <0.001
Age > 60 years 0.95 0.52-1.73 .86
FIGO stage IV 1.42 0.78-2.60 25

Note: OR = Odds Ratio; Cl = Confidence Interval.

Table 5 shows that CRS category was strongly associated with 3-year survival on univariable analysis. Compared with
CRS 3, CRS 1-2 had substantially lower odds of survival at 3 years (OR 0.10, 95% CI 0.03-0.29, p < 0.001). In contrast,
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age >60 years was not associated with 3-year survival (OR 0.95, 95% CI 0.52-1.73, p = 0.86), and FIGO stage IV was also
not associated with 3-year survival (OR 1.42, 95% CI 0.78-2.60, p = 0.25).

Figure 1. Kaplan-Meier Curve: Progression-Free Survival by CRS Group
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Figure 1: Kaplan-Meier Curve showing progression-free survival by CRS group.

Figure 1 illustrates the Kaplan—Meier estimates of progression-free survival according to Chemotherapy Response Score
category following interval debulking surgery. Patients with CRS 3 (n = 27) demonstrated consistently higher progression-
free survival probabilities across the follow-up period compared with those with CRS 1-2 (n = 126). At approximately 12
months after surgery, the estimated progression-free survival was about 0.75 in the CRS 3 group compared with about 0.40
in the CRS 1-2 group. By around 24 months, progression-free survival remained higher in CRS 3 at approximately 0.62,
whereas it declined to about 0.20 in CRS 1-2. The difference between the survival curves was statistically significant based
on the log-rank test (p < 0.001), with patients censored at their last follow-up time.

4. DISCUSSION

In this prospective NICRH cohort of advanced epithelial ovarian cancer treated with paclitaxel-carboplatin NACT
followed by IDS, most patients fell into CRS 1-2 (126/153), while CRS 3 constituted a smaller subgroup (27/153), a
distribution pattern that aligns with multiple CRS validation cohorts where complete or near-complete histopathologic
response is achieved in a minority of patients after NACT (12,13,15). Baseline age was comparable across CRS groups,
both by categories (<60 years: 81.0% vs 66.7%, p=0.11) and by mean age (49.5 + 11.5 vs 50.4 + 8.9 years, p=0.71),
supporting the view that CRS is primarily a tumor-response phenotype rather than a demographic surrogate (13,14). In
contrast, stage distribution differed significantly, with CRS 3 being more frequent in FIGO stage 111 than stage 1V (66.7%
vs 33.3%, p=0.002), a finding that is clinically plausible because lower metastatic burden may facilitate deeper
histopathologic regression and more complete resection, although CRS studies often report heterogeneous relationships
between stage and response due to NACT selection and restricted stage ranges (15,17). Treatment exposure by cycle
number did not differ significantly (p=0.18), suggesting that within real-world practice patterns, the depth of
histopathologic regression was not simply a function of receiving more cycles, and this is consistent with reports where
CRS stratification persists even when most patients receive similar NACT exposure (12,13). The most clinically actionable
association in our dataset was the strong linkage between CRS and surgical cytoreduction: no gross residual disease (RO)
was achieved in 88.9% of CRS 3 patients compared with 35.7% of CRS 1-2 patients (p<0.001), while residual disease
persisted in only 11.1% versus 64.3%, respectively (14,17). This pattern is concordant with prior work emphasizing that
CRS tracks with operative endpoints and downstream prognosis, including studies that integrate both CRS and debulking
status as complementary predictors, and cohorts showing that CRS retains prognostic signal even among completely
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cytoreduced patients, indicating that CRS captures biology beyond what surgery alone can erase (17,18). Our early outcome
signals were striking: platinum resistance within 6 months occurred in 54.8% of CRS 1-2 patients and in 0% of CRS 3
patients (p<0.001), and survival differed markedly at both 1 year (47.6% vs 100.0%, p<0.001) and 3 years (27.0% vs
77.8%, p<0.001), supporting a tight coupling between histopathologic regression and short to mid-term prognosis in this
setting (12,15,19). The survival and progression analyses further reinforced this gradient, with CRS 1-2 associated with
substantially higher odds of progression within 1 year (OR 24.6, 95% CI 5.7-105.9) and within 3 years (OR 11.8, 95% ClI
3.8-36.5), and residual disease independently associated with progression at both timepoints (OR 5.2 and 4.1, both
p<0.001), mirroring the broader literature where CRS and completeness of cytoreduction are repeatedly among the most
influential prognostic variables after NACT—-IDS (13,17,20). The Kaplan—Meier PFS curves also showed a clear separation
by CRS group with log-rank p<0.001, consistent with multiple open-access cohorts and pooled analyses demonstrating
longer PFS in CRS 3 compared with CRS 1-2 across omental and adnexal scoring approaches (13,14,20). On univariable
modelling of 3-year survival, CRS remained strongly associated (OR 0.10, 95% CI 0.03-0.29, p<0.001), whereas age >60
years (p=0.86) and FIGO stage IV (p=0.25) were not significant, a pattern that can occur in NACT-selected advanced-
stage cohorts where CRS and residual disease dominate prognostic stratification, and where stage effects are attenuated by
restricted stage range and treatment pathway homogeneity (17,21). Finally, emerging literature suggests that the strength
of CRS prognostication may be modified in contemporary contexts by tumor genetics and post-frontline maintenance
therapy, which may partly explain why effect sizes differ between cohorts and highlights the importance of interpreting
CRS within local treatment realities, including access to maintenance strategies and the completeness and uniformity of
follow-up (22,23).

Limitations:

This was a single-center cohort from a resource-limited setting, with marked CRS subgroup imbalance (CRS 3, n =27), so
regression estimates, especially at fixed timepoints, may be imprecise and vulnerable to residual confounding. Pathologists
were not formally blinded to clinical information, and the analysis did not incorporate key contemporary modifiers such as
BRCA status, maintenance therapy exposure, or standardized post-IDS treatment variations, which may influence
progression and survival patterns.

5. CONCLUSION

In this NICRH cohort of advanced epithelial ovarian cancer treated with NACT followed by IDS, CRS was strongly
associated with surgical outcome and early to mid-term prognosis. CRS 3 was linked to substantially higher complete
macroscopic cytoreduction (R0, 88.9% vs 35.7%, p < 0.001), absence of platinum resistance within 6 months (0.0% vs
54.8%, p < 0.001), higher survival at 1 year (100.0% vs 47.6%, p < 0.001) and 3 years (77.8% vs 27.0%, p < 0.001), lower
odds of progression within 1 year (CRS 1-2 vs CRS 3, OR 24.6, 95% CI1 5.7-105.9, p < 0.001) and 3 years (OR 11.8, 95%
Cl 3.8-36.5, p < 0.001), and superior PFS by Kaplan—Meier analysis (log-rank p < 0.001). These findings support CRS as
a practical postoperative histopathologic marker for early risk stratification and outcome benchmarking after NACT-IDS
in Bangladesh.
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