
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Li et al. BMC Cancer          (2024) 24:609 
https://doi.org/10.1186/s12885-024-12252-3

BMC Cancer

*Correspondence:
Hua Tu
zsdxth_627@163.com
Ming Chen
chenm229@mail.sysu.edu.cn

Full list of author information is available at the end of the article

Abstract
Background The modeled CA-125 elimination constant K (KELIM) is a potential marker of tumor chemosensitivity 
in ovarian cancer patients treated with neoadjuvant chemotherapy (NACT) before interval surgery. The objective of 
this study was to externally validate the KELIM (rate of elimination of CA-125) score in patients with high-grade serous 
ovarian cancer (HGSC) undergoing NACT and explore its relation to the completeness of IDS and survival.

Methods The study was based on a retrospective cohort of 133 patients treated for advanced HGSC, International 
Federation of Gynecology and Obstetrics (FIGO) stages III–IV, with neoadjuvant chemotherapy, folllowed by interval 
surgery, in two centres in China. CA-125 concentrations at baseline and during neoadjuvant chemotherapy were 
collected. We used standardized (std) KELIM for subsequent analysis. Clinicopathologic parameters were collected, 
and Kaplan‒Meier survival analyses were performed for PFS and OS.

Results KELIM was an independent predictor of the probability of complete surgery and survival in our cohort. 
The median std KELIM score of patients with complete surgery was significantly higher than that of patients 
with incomplete IDS (1.20 vs. 0.71, P < 0.001). Multivariate analysis showed that a std KELIM score ≥ 0.925 was an 
independent predictive factor for achieving complete resection (OR = 5.480; 95% CI, 2.409–12.466, P < 0.001) and 
better PFS (HR = 0.544; 95% CI: 0.349–0.849, P = 0.007) and OS (HR = 0.484; 95% CI: 0.251–0.930, P = 0.030).

Conclusions The tumor-primary tumor chemosensitivity, assessed by the modeled CA-125 KELIM, calculated during 
NACT, is a major parameter to consider for decision-making regarding IDS attempts and predicting patient survival.
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Background
Ovarian cancer, the fourth most common cause of can-
cer-related death among women, is diagnosed in 240,000 
women globally every year [1]. Traditionally, primary 
debulking surgery (PDS) followed by platinum-based 
chemotherapy is considered the standard treatment for 
advanced ovarian cancer. However, there are still some 
patients who could not benefit from this treatment. The 
National Comprehensive Cancer Network (NCCN) 
recommends neoadjuvant chemotherapy (NACT) fol-
lowed by interval debulking surgery (IDS) as a standard 
treatment option for patients with a low probability of 
complete cytoreduction after PDS or who are unable to 
undergo surgery because of medical problems [2]. The 
goal of IDS should be complete resection of the tumor 
(R0 resection). Therefore, preoperatively identifying 
those patients who will respond to NACT and might 
reach complete cytoreduction is of utmost importance.

To more precisely quantify the extent of tumor load 
after NACT, multiple predictive models and ranking sys-
tems have been proposed [3–7]. However, no universally 
accepted imaging reference standard exists for the pre-
diction of the completeness of surgery in HGSC. There 
is an urgent need for accurate, noninvasive predictors of 
the likelihood of complete cytoreduction and outcomes 
in patients with NACT to guide treatment decisions 
before preoperative patient selection.

Several blood-based markers have been proposed to 
predict prognosis in ovarian cancer, with CA-125 being 
the most widely known follow-up marker. The predictive 
values of CA-125 decline percentages during treatments 
were extensively investigated, with inconsistent out-
comes [8–12]. More recent approaches based on artificial 
intelligence and mathematical modelling are promising 
strategies to define the equations describing longitudi-
nal serum tumor marker kinetics during treatment and 
to subsequently extract modelled kinetic parameters 
expected to exhibit predictive values regarding treatment 
efficacy. The CA-125 KELIM (meaning CA-125 ELIMi-
nation rate constant K) is calculated with ≥ 3 CA-125 
measurements during the first 100 days of chemotherapy, 
aiming to predict tumor chemosensitivity. In a study by 
You et al., the KELIM score was an independent prog-
nostic factor for complete cytoreduction at interval sur-
gery in both univariable and multivariable models [13]. 
Bouvarel et al.also validated the predictive value of the 
KELIM score for complete IDS and prognosis in their 
cohort just a few days ago [14]. Thus, the KELIM score 
may be a predictive marker to identify patients who 
will likely be poor responders to NACT and help clini-
cal decision making regarding IDS and tailor adjuvant 

treatment in poor responders, including innovative ther-
apies targeting platinum resistance.

The aim of this retrospective study was to investi-
gate the efficacy of standardized (std) KELIM in HGSC 
patients receiving NACT and determine if std KELIM is 
predictive of complete resection at the time of IDS, PFS, 
OS; ultimately establishing its possible use as a prethera-
peutic predictor of tumor chemosensitivity.

Materials and methods
Patients and clinical data
This study was designed as an observational, multicentre, 
retrospective study. We searched our electronic medi-
cal record systems for all advanced EOC patients who 
received NACT followed by IDS at the First Affiliated 
Hospital of Sun Yat-sen University between January 2015 
and December 2022 and Sun Yat-sen University Cancer 
Center between January 2015 and December 2020.

The inclusion criteria were as follows: (1) patients 
pathologically confirmed as having FIGO stage III-IV 
primary high-grade serous ovarian cancer(HGSC); (2) 
treated with NACT followed by IDS consecutively in the 
First Affiliated Hospital of Sun Yat-sen University and 
Sun Yat-sen University Cancer Center; (3) patients with 
at least 1 abnormal CA-125 level (> 35 IU/ml) measured 
within 8 days before the first chemotherapy cycle and at 
least 3 CA-125 level determinations during NACT, allow-
ing construction of a semimechanistic model of CA-125 
kinetics; and (4) complete clinicopathological data.

Exclusion criteria were as follows: (1) other primary 
malignancies in other sites or second malignancies; (2) 
unavailable CA-125 level data or incomplete clinicopath-
ological data; and (3) loss of follow-up data.

The following clinical data were collected: age, ECOG 
score, FIGO stage, pathology, cycles of NACT, CA-125 
levels at diagnosis and prior to IDS, and HE4 levels at 
diagnosis and prior to IDS.

KELIM is the early modelling kinetic parameter in 
the mathematical modelling equation for longitudinal 
CA-125 kinetics during treatment. At least three available 
CA-125 values during the first 100 days of neoadjuvant 
chemotherapy were needed to calculate it. You et al. stan-
dardized KELIM to estimate KELIM’s predictive value for 
the possibility of complete IDS. As assessed in their pre-
vious studies, standardized (std) KELIM = KELIM/0.05. 
Std KELIM during NACT can be calculated at http://
www.biomarker-kinetics.org/CA-125-neo [13, 15]. We 
used std KELIM for subsequent analysis.

All patients received 3–5 cycles of platinum and tax-
ane-based NACT followed by IDS. During the study 
period, ovarian cancer patients received platinum-based 
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chemotherapy (paclitaxel 175  mg/m2 and carboplatin 
AUC = 5) after surgery. Patients with advanced tumors 
were required to receive at least six cycles. At completion 
of the surgery, the completeness of the cytoreduction was 
estimated as follows: R0 resection (no residual disease), 
R1 resection (residual nodules ≤ 1  cm) and R2 resec-
tion (residual nodules > 1  cm). Complete cytoreductive 
surgery was defined as R0, whereas incomplete surgery 
included R1 + R2.

Both recurrence and progression after treatment are 
based on imaging evidence (CT or MRI). Treatment-free 
interval (TFI) was defined as the time interval between 
the date of the last chemotherapy session to the date of 
disease progression. Progression-free survival (PFS) and 
overall survival (OS) were defined as the time interval 
between the date of the primary surgery to the date of 
first recurrence and death/last contact, respectively.

Follow-up
All patients were followed up after the end of adjuvant 
chemotherapy: every 3 months for the first 2 years, every 
6 months for the next 3 years, and then annually there-
after. At each follow-up, patients’ status was assessed by 
tumor markers such as CA125, abdominal and pelvic 
ultrasound, CT, MRI or PET-CT as appropriate. The last 
follow-up date was Oct 10, 2023.

Statistical analysis
The patient cohort was divided into a favorable group 
(patients who achieved R0 cytoreduction) and an unfa-
vorable group (patients who didn’t achieve R0 cytoreduc-
tion) based on the surgical outcome of IDS. As baseline 
characteristics, continuous variables were reported as 
medians (range) or means (± standard deviation, SD), 
while categorical variables were reported as total num-
bers and percentages (%) appropriately. The differences 
in characteristics between the two groups were assessed 
by t test, Mann‒Whitney U test or Chi-squared tests. 
Receiver operating characteristic (ROC) curve analysis 
was performed to determine the predictive value of std 
KELIM and select an optimal cutoff point by Youden 
index [maximum (sensitivity + specificity-1)]. A multi-
variate logistic regression model was performed to assess 
the predictive value of variables regarding the likelihood 
of complete IDS. The Kaplan‒Meier method was used to 
construct survival curves, and the log-rank test was used 
to compare survival rates. Univariate and multivariate 
Cox regression models were performed to evaluate pre-
dictors of PFS and OS.

ROC curve analysis, survival analysis and all figures 
were performed and created by using R (4.2.3) software. 
Other tests were performed by using IBM SPSS Statistics 
version 25. A two-sided p value < 0.05 was considered sta-
tistically significant.

Results
Patient and clinical characteristics
During the study period, 207 patient charts were 
reviewed, and 74 were excluded due to incomplete 
CA-125 variables during NACT or loss to follow-up 
(Fig. 1). The final cohort included 133 patients who met 
the inclusion criteria. The median follow-up time was 
33 months (range, 6–80.8 months). Eighty-six patients 
(64.7%) had recurrence, and 40 patients (30.1%) died.

The demographic parameters of the study population 
are shown in Table 1. All of the patients had high-grade 
serous adenocarcinoma. Complete cytoreduction was 
achieved in 90 patients (67.7%). Among the 43 patients 
who had incomplete CRS, 13 patients received R2 resec-
tion surgery despite surgical effort due to massive carci-
nomatosis on the small bowel or basal pleura or on the 
main artery on the liver.

There was no significant difference in age, ECOG 
score, FIGO stage, pathological type, cycles of NACT, 
CA125 levels at diagnosis or HE4 levels at diagnosis 
between patients who achieved R0 cytoreduction and 
non-R0 cytoreduction (P > 0.05). In the non-R0 group, 
patients had a lower median std KELIM score of 0.71 
(range, 0.37–1.80; IQR, 0.58), whereas those with a com-
plete CRS had a higher median std KELIM score of 1.20 
(range, 0.41–2.50; IQR, 0.63) (P < 0.001, Table 1). The dis-
tribution of std KELIM scores in the two patient groups 
is shown by the boxplot (Fig. 2).

Association between std KELIM score and complete 
cytoreduction in the NACT population
Predictors for incomplete CRS were determined by ROCs 
(Table 2). According to these analyses, the best predictor 
of incomplete CRS was std KELIM, with an AUC of 0.708 
(95% confidence interval [CI], 0.609–0.807). (Fig.  3). 
The maximum value of Youden index was 0.399, while 
sensitivity was 0.721 and specificity was 0.678. Accord-
ing to the Youden index, the cutoff point of std KELIM 
to predict complete cytoreduction was determined to be 
0.925. As shown in Table 3, a std KELIM score ≥ 0.925 
was validated as an independent predictive factor for 
achieving complete resection after multivariate analysis 
(OR = 5.480; 95% CI, 2.409–12.466, P < 0.001).

Association between std KELIM and survival in patients 
with IDS
The median PFS and OS in the cohort were 18.1 and 51.8 
months, respectively. In terms of survival, a std KELIM 
score ≥  0.925 was associated with longer median PFS 
and OS (22.1 vs. 15.4 months, P = 0.0076, Figs.  4A and 
57.1 vs. 42.8 months, P = 0.016, Fig. 4B) than a std KELIM 
score < 0.925.

In the multivariable analysis, after adjusting for age, 
ECOG score, stage, histology and NACT cycles, a std 
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KELIM score ≥  0.925 was an independent prognos-
tic factor for PFS (HR = 0.544; 95% CI: 0.349–0.849, 
P = 0.007) and OS (HR = 0.484; 95% CI: 0.251–0.930, 
P = 0.030)(Table 4).

Discussion
KELIM is a strong and reproducible prognostic marker 
in ovarian cancer that was developed and verified using 
data from over 12,000 patients who were carefully chosen 
for several large randomized clinical trials [16, 17].While 

Table 1 Demographic parameters in patients with HGSC undergoing neoadjuvant chemotherapy
Characteristics Overall population R0 Non-R0 P-value

(n = 133) (n = 90) (n = 43)
Age (Mean ± SD) 56.4 ± 10 55.7 ± 9.8 57.8 ± 10.4 0.251
ECOG (n, %) 0.215
0–1 93(69.9) 66(73.3) 27(62.8)

≥ 2 40(30.1) 24(26.7) 16(37.2)

FIGO stage (n, %) 0.337
Stage III 79(59.4) 56(62.2) 23(53.5)
Stage IV 54(40.6) 34(37.8) 20(46.5)
Cycles of NACT [Median(range)] 3(3,5) 3(3,5) 3(3,5) 0.178
CA125 at diagnosis (U/mL) [Median(range)] 1734.0(36.2,10000) 1672.6(36.2,10000) 2276.0(171.4,10000) 0.118
HE4 at diagnosis (pmol/L) [Median(range)] 619.3(3.5,6939.4) 577.4(3.5,5491) 722.2(44.1,6939.4) 0.437
Std KELIM [Median(range)] 1.00(0.37,2.50) 1.20(0.41,2.50) 0.71(0.37,1.80) <0.001
TFI (n, %) <0.001
<6 months 37(27.8) 16(13.3) 21(48.8)
≥ 6 months 96(72.2) 74(86.7) 22(51.2)
Recurrence (n, %) 0.001
Yes 86(64.7) 50(55.6) 36(83.7)
No 47(35.3) 40(44.4) 7(16.3)

Fig. 1 Flow chart illustratinging the patient inclusion
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the calculation of KELIM is available online, previous 
studies of std KELIM had mainly focused on Caucasian 
cohorts. Our study is the first analysis to explore the role 
of the std KELIM score as a predictor of primary tumor 
chemosensitivity in NACT of newly diagnosed advanced 

HGSC in Asian population. We confirmed the predictive 
value of KELIM for the possibility of complete resection 
at the time of IDS in HGSC patients in China, as well as 
its prognostic value on PFS and OS. These results dem-
onstrated that KELIM score was applicable to Asian pop-
ulation as well.

The complete cytoreduction rate was 67.7% in our 
cohort, which was consistent with the literatures [18, 
19]. A second study involving 2868 patients from ICON7 
and AGO-OVAR7 and 9 revealed that patients with a 
favorable KELIM had a significantly greater likelihood of 
achieving complete IDS in comparison to those with an 
unfavorable KELIM [20]. Our study also showed that the 
std KELIM score was a reliable biomarker in advanced 
ovarian cancer after NACT. The std KELIM score was 
significantly higher in those patients who achieved 
complete resection than in those who received incom-
plete resection (1.20 with complete surgery vs. 0.71 with 
incomplete surgery; P < 0.001).

The basis for KELIM being an indicator of the probabil-
ity of complete surgery might reflect the fact that KELIM 
is strongly associated with tumor primary chemo-sen-
sitivity. According to the results of the CHIVA random-
ized phase II trial, patients with favorable std KELIM had 
better PFS and OS, irrespective of the completeness of 
IDS [13]. These survival benefits with KELIM score were 
also observed in our present study. This suggests that 
platinum sensitivity has a great impact on survival [21]. 
In our study, the std KELIM score was associated with 
survival. A std KELIM score ≥ 0.925 was associated with 
longer median PFS and OS (PFS: 22.1 vs. 15.4 months, 
P = 0.0076; OS: 57.1 vs. 42.8 months, P = 0.016) than a 
KELIM score < 0.925. These results revealed that the bio-
logical characteristics of tumors and their sensitivity to 
chemotherapy may influence the feasibility of surgical 

Table 2 Receiver operator curves (ROCs) for possible predictors 
of complete cytoreductive surgery

P-value AUC (95%CI)
ECOG score 0.479 0.538 (0.430–0.646)
FIGO stage 0.416 0.544 (0.438–0.649)
Age 0.240 0.563 (0.458–0.669)
Cycles of NACT 0.236 0.564 (0.459–0.668)
Std KELIM <0.001 0.708 (0.609–0.807)

Table 3 Multivariate analysis regarding the likelihood of 
complete IDS (N = 133)

OR 95% CI P-value
Age(year) 0.648
< 56 REF

≥ 56 0.825 0.361–1.886

ECOG score 0.445
0–1 REF

≥ 2 0.707 0.290–1.722

FIGO stage 0.559
III REF
IV 1.281 0.557–2.945
Cycles of NACT 0.125
3 REF
>3 2.384 0.785–7.241
Std KELIM <0.001
< 0.925 REF

≥ 0.925 5.480 2.409–12.466

Fig. 3 Receiver operating characteristic curve demonstrating the predict-
able value of standardized (std) KELIM for complete cytoreduction. (Ab-
breviations: AUC, area under the curve.)

 

Fig. 2 The distribution of standardized (std) KELIM scores in the R0 group 
and non-R0 group
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resection and overall survival in patients with HGSC. 
Hence, patients with higher std KELIM scores may derive 
greater benefit from conventional cancer therapies, 
including platinum-based regimens and cytoreductive 
surgery. Conversely, individuals with lower KELIM scores 
may require novel strategies to enhance chemosensitivity 
and improve prognosis. Potential approaches for chemo-
sensitization, such as dose optimization with fractionated 
dose-dense chemotherapy or combination therapies like 
bevacizumab and cell cycle checkpoint inhibitors, should 
be explored in this patient population [15, 22, 23].

During our data collection, we also evaluated the pre-
dictive value of HE4 and found it did not correlate with 
surgical outcome, which was consistent with the litera-
tures [24, 25]. HE4 levels are easily influenced by many 

physiological factors, such as the menopausal status, age, 
glomerular filtration capacity, smoking habit and body 
mass index. These factors may lead to its poor predictive 
ability in ovarian cancer [26].

This study is a retrospective study with inherent biases, 
including selection bias and information bias. Although 
we enrolled patients in two large cancer centres, the 
sample size was limited since some patients with incom-
plete CA125 data during chemotherapy and incomplete 
survival data were excluded. Meanwhile, BRCA muta-
tion status was only assessable in 39.1% of patients in our 
cohort. 19 patients carried a BRCA mutation (BRCA1, 
14 patients; BRCA2, 3 patients; BRCA1 and BRCA2, 2 
patients). The low rate of BRCA results was due to the 
period of inclusion when the gene detection was not 

Table 4 Univariate and Multivariate analysis regarding for PFS and OS
Variables PFS OS

Univariate
P value

Univariate
HR(95%CI)

Multivariate
P value

Multivariate
HR(95%CI)

Univariate
P value

Univariate
HR(95%CI)

Multivariate
P value

Multivariate
HR(95%CI)

Age(year) 0.467 0.642 0.227 0.401
< 56 REF REF REF REF

≥ 56 1.170(0.766–1.787) 1.112(0.712–1.737) 1.472(0.786–2.757) 1.322(0.690–2.532)

ECOG score 0.899 0.836 0.478 0.548
0–1 REF REF REF REF
> 1 1.032(0.638–1.669) 1.057(0.627–1.780) 1.300(0.629–2.684) 1.260(0.592–2.683)
FIGO stage 0.576 0.676 0.224 0.359
III REF REF REF REF
IV 1.134(0.731–1.759) 1.104(0.694–1.755) 1.541(0.768–3.093) 1.403(0.680–2.892)
Cycles of 
NACT

0.523 0.391 0.508 0.509

3 REF REF REF REF
>3 0.825(0.457–1.490) 0.758(0.402–1.428) 0.745(0.312–1.780) 0.738(0.300-1.817)
Std KELIM 0.008 0.007 0.019 0.030
< 0.925 REF REF REF REF

≥ 0.925 0.550(0.354–0.855) 0.544(0.349–0.849) 0.460(0.241–0.878) 0.484(0.251–0.930)

Fig. 4 Kaplan-Meier curves of PFS (A) and OS (B) for patients according to standardized (std) KELIM (cut-off value = 0.925). (Abbreviations: PFS, progres-
sion-free survival; OS, overall survival.)
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routinely performed. Since the sample number was small, 
further exploration about the relationship of std KELIM 
and BRCA mutation was unable to carry out. We will 
enroll more patients to answer these questions in the 
future.

In conclusion, our study is the first analysis to confirm 
the role of the std KELIM score as a predictor of pri-
mary tumor chemosensitivity in NACT of newly diag-
nosed advanced HGSC in Asian population. We revealed 
that Chinese HGSC patients undergoing NACT with 
a std KELIM score ≥ 0.925 were more likely to achieve 
complete resection in IDS and have better PFS and OS 
in comparison to those with a std KELIM score < 0.925. 
The KELIM score can be a useful tool for predicting che-
mosensitivity, surgical outcomes and survival outcomes 
in such patients undergoing NACT and subsequent IDS 
and may assist in treatment decisions. Prospective cohort 
studies regarding the application of the KELIM score in 
ovarian carcinoma are needed.
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