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Purpose: To evaluate Ki67 expression and prognostic value during neoadjuvant chemotherapy (NACT) in advanced epithelial
ovarian cancer (EOC).

Patients and Methods: 95 patients with advanced EOC receiving NACT followed by interval debulking surgery (IDS) were
available for tissue samples from matched pre- and post-therapy specimens. The expression of Ki-67 was evaluated by immunohis-
tochemistry and classified by percentage of stained cells. The optimal cutoff values of the Ki67 were assessed by receiver operating
characteristic analysis. Kaplan-Meier analysis, the Log rank test, and Cox regression analysis were carried out to analyze survival.
Results: Post-NACT Ki67 was an independent prognostic factor for recurrence by univariate (HR: 1.8, 95% CI: 1.1-3.0, P-value:
0.023) and multivariate (HR: 1.88, 95% CI: 1.08-3.26, P-value: 0.025) analysis. Residual disease >1cm (HR: 2.69, 95% CI: 1.31-5.54,
P-value: 0.0070) and pre-treatment CA125 > 1432 U/mL (HR: 2.00, 95% CI: 1.13-3.55, P-value: 0.017) were also independent risk
factors for progression-free survival (PFS) in multivariate analysis. Post-NACT Ki67 > 20% was an independent risk factor for PFS,
however, baseline Ki67 and Ki67 change did not suggest prognostic significance. In patients with high CA125, the median PFS for
patients with high postKi67 (median PFS: 15.0 months, 95% CI: 13.4-16.6 months) was significantly (P-value: 0.013) poorer
compared to patients with low postKi67 (median PFS: 30.0 months, 95% CI: 13.5-46.5 months).

Conclusion: Post-NACT Ki67 > 20% was an independent factor associated with poorer PFS in patients with advanced-stage EOC
undergoing NACT followed by IDS. The combination of post-NACT Ki67 and pretreatment CA125 could better identify patients with
poorer PFS in NACT-administered patients.
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Introduction

Epithelial ovarian cancer (EOC) is the fifth-leading cause of cancer-related deaths in women worldwide and the
most lethal gynecologic malignancy.! Owing to the lack of specific symptoms and screening methods,” approxi-
mately 75% of patients are diagnosed at an advanced stage. The 5-year survival rate at the advanced stage is below
30%, contributing to the high death-to-incidence rate.> BRCA1/2 germline mutations are the strongest known
genetic risk factors for EOCs and can be used for counseling regarding expected survival, as carriers usually
respond better to platinum-based chemotherapies. However, only 6%-15% if EOC patients are diagnosed with
BRCA mutations, Therefore, the search for an easily accessible, low-cost, reproducible biomarker represents an
urgent need in clinical practice.”

Primary debulking surgery (PDS) followed by chemotherapy has become the standard of care in advanced EOC since
the 1980s.” For stage IIIC or IV EOC, PDS is preferred if there is a high likelihood of achieving cytoreduction to < 1 cm
with acceptable morbidity. However, women with a high perioperative risk profile or a low likelihood of achieving
cytoreduction to < 1 cm of residual disease should receive neoadjuvant chemotherapy (NACT).®®
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Epithelial ovarian cancer lacks effective screening and monitoring biomarkers.> CA125 and HE4 have been reliable
biomarkers in the diagnosis and prediction of epithelial ovarian cancer.” "' The level of serum CA125 was found to be
related to clinical stage and survival.'*'* However, the value of this marker in clinical practice has remained controversial.

Ki67, encoded by the MKI67 gene, acts as a surfactant, dispersing chromosomes and enabling independent chromo-
some motility.'* Tt is widely used as a proliferation marker in basic research and cancer prognosis.'>'® Posttreatment
Ki67 levels provide prognostic information for patients with hormone-receptor-positive breast cancer and residual
disease after neoadjuvant chemotherapy.'” Nevertheless, the role of Ki67 in ovarian cancer prognosis is limited and
controversial. Few studies have investigated the value of Ki67 measured after neoadjuvant chemotherapy.'® 2’

This study aimed to examine the changes of Ki67 in ovarian cancer specimens during treatment with NACT to
evaluate its possible clinical impact. We assumed Ki67 would be a useful biomarker to personalize the care for NACT-

treated patients with advanced ovarian cancer.

Material and Methods

Patients and Study Design

This retrospective cohort study was conducted at the First Affiliated Hospital of Chongqing Medical University. Data
were collected retrospectively through the electronic case system and followed up regularly through the medical record
system or telephone.

The present study complied with the Declaration of Helsinki and was approved by the Chongqing Medical University
Ethics Committee (Ethics approval number: 2020-674).

A list of patients with primary, previously untreated, histologically-confirmed epithelial ovarian, fallopian tube, or
primary peritoneal cancers who underwent tumor biopsy at the first affiliated hospital of Chongqing Medical University
between December 2014 and March 2022 was generated from our institutional registry (N=351). The following inclusion
criteria were considered: 1) Advanced-stage (FIGO Stage III or IV) ovarian, fallopian tube, or primary peritoneal cancer
which was diagnosed by exploratory surgery or paracentesis with pathological evidence; 2) received neoadjuvant
chemotherapy and completed interval debulking surgery (IDS); 3) patients who completed standard treatment and
were followed up regularly. Exclusion criteria were applied as follows: 1) patients without eligible surgical specimens
were available for the evaluation of the Ki-67 immunostaining (N=204); 2) patients without standard surgical treatment
or complete chemotherapy (N=33); 3) patients with other malignant tumors (N=2), patients who who were lost to follow-
up or with missing medical records (N=17). Thus, a total of 95 patients were included as research subjects. All patients
provided their written informed consent.

Outcomes include recurrence, progression-free survival (PFS), and overall survival (OS). Progression-free survival
was defined as the time from diagnosis to the first tumor relapse or progression. Overall survival was defined as the
interval from diagnosis to death from epithelial ovarian cancer or to the last observation for surviving patients. The
diagnosis of recurrence was based on radiological imaging with/without elevation of tumor markers.

Immunohistochemistry

The postoperative specimens of all patients were immediately fixed with formalin tissue fixative and sent to the
Pathology Laboratory Center of Chongqing Medical University within 20 minutes for embedding, sectioning, H&E
staining, and immunohistochemical analysis by uniform standards. Immunohistochemical results of Ki67 were indepen-
dently evaluated by two experienced pathologists and recorded as the percentage of positively stained tumor cells.
Pathologists’ assessment for the proportion of positive tumor cells were considered to be consistent if the proportion
differed <10%; If the initial assessment was considered to be inconsistent (the proportion differed >10%), then the results
were re-evaluated (unblinded) and a consensus reached. Interpretation of Immunohistochemistry: five high-power fields
were randomly observed in the most active tumor area (“hottest spot” of tumor), tumor cells with strong nuclear
immunostaining were defined as positive cells, 100 tumor cells were evaluated in each field, and the average positive
percentage (0-100%) was calculated in five fields. Ki67 was expressed as the percentage of positive tumor cells
(0-100%).
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Statistical Methods

Categorical variables are presented as frequencies and percentages. Continuous variables are presented as mean + standard
deviation (SD) if normally distributed and median and range if not normally distributed. Restricted cubic spline (RCS) curves
were used to confirm whether the variable meets the application conditions of Cox proportional hazards: PH assumption and
linearity. Univariate and multivariate analyses were realized by the Cox proportional-hazards model. The optimal threshold of
the positive percentage of Ki67 was determined by the receiver operating characteristic curve (ROC). Progression-free
survival was performed with the Kaplan-Meier method and a Log rank test was used to compare Kaplan-Meier curves.
A P-value of <0.05 was considered to reject the null hypothesis. The R 4.3.2 project (https://www.r-project.org/) and SPSS
26.0 (IBM Statistics, Chicago, IL, USA) software were used for statistical analysis of the data.

Results

Clinical and Pathological Characteristics

Ninety-five cases were included in the study (Table 1). The median patient age at diagnosis was 56 years (range: 36—79).
The majority of tumors were high-grade serous histology (82, 86.3%), with rare cases of others. The majority of cases
originated from either the ovary or fallopian tube (79, 83.2%), with 16.8% (16 cases) originating from the peritoneum.
All cases were FIGO stage III (75, 78.9%) or IV (20, 21.1%). Residual disease was observed in 43 (45.3%) patients,
measured <I cm in 29 (30.5%) participants, and >1 cm in the other 14 participants (14.7%). Median pre-treatment serum
CA-125 level (The CA125 in the following text refers to the pre-treatment serum CA125 level) at diagnosis was 1432 U/
mL (range: 44.7-23,778.0). And median pre-treatment serum HE4 level at diagnosis was 475 pmol/L (range: 27—67,340).
Recurrence occurred in 68 patients (71.6%), and death occurred in 36 patients (37.9%). For Ki67, the median primary

Table | Baseline Clinical Characteristics

No. patients N=95
Age median (min.-max.) 56(36-76)
Histology, n (%)
High-grade serous 82 (86.3%)
Others® 13(13.7%)
Primary site, n (%)
Ovary/Fallopian tube 79(83.2%)
Peritoneum 16(16.8%)
Stage, n (%)
1] 75(78.9%)
v 20(21.1%)
Residual disease, n (%)
No gross residual disease 52(54.7%)
<l cm 29(30.5%)
>| cm 14(14.7%)

CA 125 (U/mL), median (min. - max.) | 1432(44.7-23,778.0)
HE4 (pmol/L), median (min. - max.) 475(27-67,340)

Recurrence status, n (%)

Recurrence 68(71.6%)
Dead 36(37.9%)
Primary.Ki6é7, median (min. - max.) 60(0-90)
Post.Ki67, median (min. - max.) 20(0-80)

Ki67.change, median (min. - max.)® 30(—60 - 90)

Notes: *Others including low grade serous (3, 3.1%), clear cell carcinoma (2,

2.1%), carcinosarcoma (I, 1.1%), malignant Brenner (I, 1.1%) and serous
carcinoma, not otherwise specified (6, 6.3%). °Ki67.change=Primary.Ki67 -
Post.Ki67.
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Ki67 at biopsy (PrimaryKi67) was 60% (range: 0-90%). The median post-NACT Ki67 at IDS (PostKi67) was 20%
(range: 0-80%).

Univariate and Multivariate Analysis of Progression-Free and Overall Survival

We tested the proportionality assumption of the Cox PH model (Figure S1), and that all variables met the proportionality
assumption. We used RCS to flexibly model and visualize the relation of Ki67 with recurrence, and that Ki67 met the
linear assumption (P for non-linearity >0.05, Figure S2).

Univariate analysis showed that only higher postKi67 was associated with poorer PFS (P=0.023) (Table 2). None of
the other variables were significant for PFS. The result demonstrated that the postKi67 is a risk factor for PFS (HR 1.8,
95% CI 1.1-3.0, P=0.023). The multivariate analysis revealed (Table 2) that residual disease >1cm (HR 2.69, 95% CI
1.31-5.54, P=0.007), pre-treatment CA125 >1432 U/mL (HR 2.00, 95% CI 1.13-3.55, P=0.017), and postKi67 (HR
1.88, 95% CI 1.08-3.26, P=0.025) were all the independent risk factors for PFS. These Results were not translated in the
death analysis (Table S1). None of the variables were significant for OS.

The Optimal Positive Threshold of Ki6é7 Associated with Recurrence
Univariate and multivariate analysis confirmed that postKi67 was an independent prognostic factor for recurrence in
EOC. Furthermore, the ROC curve revealed that the optimal positive threshold of postKi67 for predicting recurrence was
17.5% (AUC = 0.7226; sensitivity = 83.3%; 1-specificity = 64.2%) (Figure 1a). According to the distribution character-
istics of Ki67 and the convenience for clinical application, we selected 20% as the cut-off value. Patients with postKi67
index >20% and <20% were defined as High-postKi67 group and Low-postKi67 group, respectively. Comparison
between the two groups showed that high-postKi67 expression was significantly associated with HGSOC (P=0.033)
and Ki67 decrease < 30% (median) (P=<0.001). There is no difference between two groups in PrimaryKi67 (Table 3).
The median PFS for patients with high postKi67 (median PFS 18.0 months; 95% CI 14.4-21.6) was significantly
(P=0.021) poor compared to patients with low postKi67 (median PFS 29.0 months; 95% CI 15.3-42.7) (Figure 1b). In
OS analysis, the difference is not statistically significant between high postKi67 group (median OS 57.0 months; 95% CI
43.2-70.7) and low post Ki67 group (median OS 75.0 months; 95% CI 46.0-103.9) (Figure 1c).

Combination of Pre-Treatment CA125 and Post-NACT Ki67 Stratified Prognosis

No residual tumor (RO) after PDS is the most important prognostic factor for survival.*!

CA125 is the most commonly
used serum biomarker in epithelial ovarian cancer.'® Our results also showed that residual disease (R2), pre-treatment
serum CA125 (>median), and postKi67 (>20%) were all risk factors for PFS of EOC patients. To further illustrate the
clinical value of postKi67 for predicting recurrence in EOC, the ROC curve and area under the curve (AUC) were used to

compare the predictive performance of various predictive markers and their combinations.

Table 2 Univariate and Multivariate Analysis of Factors Predicting Ovarian Cancer Recurrence

Variables Univariate Analysis Multivariate Analysis
Odds Ratio | 95% Cl | P-value | Odds Ratio | 95% CI P-value

Age (256 vs <56) 0.65 0.40-1.1 | 0.084 0.55 0.31-0.99 | 0.048
Primary site (peritoneum vs ovary) | I.I 0.59-2.1 | 0.77 1.13 0.54-2.33 | 0.75
Histology (HGSOC vs others) 1.1 0.53-2.1 | 0.88 0.49 0.22-1.10 | 0.083
Stage (IV vs Il 0.52 0.27-1.0 | 0.060 0.47 0.23-0.96 | 0.039
Residual (R2, R1+ RO) 1.6 0.84-29 | 0.16 2.69 1.31-5.54 | 0.0070
CAI125 (21432 vs <1432) 1.5 0.95-2.5 | 0.080 2.00 1.13-3.55 | 0.017
HE4 (2475 vs <475) 1.2 0.75-2.0 | 0.42 1.05 0.62—-1.76 | 0.86
Primary.Ki67 (260 vs <60) 0.82 0.51-1.3 | 041 - - -
Post.Ki67 (220 vs <20) 1.8 1.1-3.0 | 0.023 1.88 1.08-3.26 | 0.025
Ki67.change (230 vs <30) 0.69 0.43-1.1 | 0.13
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Figure | The optimal cut-off value of postKié67 for predicting recurrence. (a)The ROC curve of postKié7 for predicting recurrence. The area under the curve at “black dot”
is the largest, which suggests the optimal threshold of positive percentage of Ki67 is 17.5% (AUC = 0.7226; sensitivity = 83.3%; |-specificity = 0.642%).
Notes: Grey line: reference line; black line: the ROC curve of postKié7. Progression-free survival curve (b) and Overall survival curve (c) of low-Kié7 and high-Kié7 group.

From Figure 2, the following key results can be drawn: 1. The AUC of Ki67 (AUC=0.738) was greater than other
single predictors, including pathological parameters residual (AUC=0.685) and CA125 (AUC=0.609). 2. Ki67 combined
with classical molecular indicators (pre-treatment serum CA125) can improve predictive performance (AUC=0.794).

As shown in Figure 1, higher postKi67 (postKi67 index >20%) was significantly associated with poorer PFS in patients
with advanced-stage EOC undergoing NACT followed by IDS. CA125, as an extensively studied tumor marker, can be

Table 3 Comparison of Clinic Pathological Parameters Between Low-postKié7
Group and High-postKi67 Group

Variables Low-postKi6é7 Group | High-postKi67 Group | P-value
<20 (n=40) 220 (n=55)
Age 0.615
<56 21(52.5%) 26(47.3%)
=56 19(47.5%) 29(52.7%)
Primary site 0.884
Ovary/Fallopian tube | 33(82.5%) 46(83.6%)
Peritoneum 7(17.5%) 9(16.4%)
Histology 0.033
HGSOC 31(77.5%) 51(92.7%)
Others 9(22.5%) 4(7.3%)
Stage 0.189
n 29(72.5%) 46(83.6%)
v 11(27.5%) 9(16.4%)
Residual 0.215
RO 26(65.0%) 26(47.3%)
R1 10(25.0%) 19(34.5%)
R2 4(10.0%) 10(18.2%)
(Continued)
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Table 3 (Continued).

Variables Low-postKié7 Group | High-postKi6é7 Group | P-value
<20 (n=40) 220 (n=55)

CAI25 0.246
<1432 17(42.5%) 30(54.5%)
21432 23(57.5%) 25(45.5%)

HE4 0.457
<475 18(45.0%) 29(52.7%)
2475 22(55.0%) 26(47.3%)

PrimaryKi67 0.418
<60 17(42.5%) 28(50.9%)
260 23(57.5%) 27(49.1%)

Kié7change <0.001
<30 6(15.0%) 40(72.7%)
230 34(85.0%) 15(27.3%)

easily detected from serum before surgery. We further calculated the association of the combination of pre-treatment CA125
level and post-NACT Ki67 with OS and PFS. As shown in Figure 3, we stratified the population according to initial
CA125. In patients with high pre-treatment CA125 (>median), the median PFS for patients with high postKi67 (median
PFS 15.0 months; 95% CI 13.4-16.6) was significantly (P=0.013) poor compared to patients with low postKi67 (median
PFS 30.0 months; 95% CI 13.5-46.5) (Figure 3a). In patients with low CA125, the difference is not statistically significant
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Figure 2 The ROC curve of various predictive markers and their combinations for predicting recurrence.
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Figure 3 Kaplan—Meier progression-free survival curve of CA125-High (a) and CA125-Low (b) of low-Kié7 and high-Ki67 group. Kaplan—Meier overall survival curve of
CAI25-High (c) and CAI125-Low (d) of low-Ki67 and high-Ki67 group.

between the high postKi67 group (median PFS 21.0 months; 95% CI 13.8-28.2) and low postKi67 group (median PFS 29.0
months; 95% CI 10.8-47.1) (Figure 3b).There was no difference in OS analysis (Figure 3¢ and d). These findings implied
that the combination of pre-treatment CA125 and post-NACT Ki67 can stratify PFS well.

Discussion

In EOC patients with advanced stage, high risks of complications, or who have been evaluated for potentially
unsatisfactory PDS, neoadjuvant chemotherapy followed by IDS is not only effective but also safer.*** Though EOC
initially responds to treatment, the recurrence rate is pretty high. Emerging techniques such as proteomics have advanced
the dissection of underlying molecular signaling events and uncovered new predictive and therapeutic markers to
improve the prognosis of ovarian cancer. However, only a select few biomarkers have been FDA approved, especially
in EOC, due to the paucity of validation tools from their discovery in the lab to implementation in the clinical setting.****
Therefore, it is important to fully investigate the clinical risk factors for recurrence to better predict the prognosis of EOC
undergoing NACT followed by IDS, and then provide individualized guidance for patients.

Ki67 has been widely used as a tumor marker, while its use in ovarian cancer remains controversial and ambiguous.
Early reports indicated the prognostic significance of baseline Ki-67 of primary tumors and observed poorer survival
rates in highly proliferative ovarian cancers. As reported by Anttila et al,>* high Ki67 (> 20%) was associated with poor
0S. And Khouja et al*® reported that high Ki67 (> 10%) was associated with poor PFS in stage III ovarian cancer. Yet, an
11-year cohort study of Chinese patients reported that low Ki67 expression (< 40%) in HGSOC is significantly associated
with platinum resistance and decreased PFS.?® EOC appears to be a heterogeneous disease with different clinical
outcomes, which can be divided into two main categories: relatively indolent type I and biologically aggressive type
I1.%7 Studies on the value of Ki67 in neoadjuvant chemotherapy for EOC are limited. A comparison of 40 individual
paired results from pretreatment and posttreatment samples revealed that rather than the baseline level, an increased Ki67
after chemotherapy was associated with poorer PFS.'® A study with 13 cases confirmed that the Ki67-decrease and the
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lower post-NACT Ki67 were independent factors associated with favorable PFS.? In addition, Heayn et al'® reported
that post-NACT ki67>20% was a risk factor for OS, with 123 post-neoadjuvant chemotherapy samples.

Our study had a larger sample size of 95 fully paired pretreatment and posttreatment samples. Our results showed that
post-NACT Ki67 > 20% was an independent risk factor for PFS. However, baseline Ki67 and Ki67-change did not
suggest prognostic significance. Ki67 had no prognostic difference in OS in our results. Our results highlighted the
importance of Ki67 after neoadjuvant chemotherapy. In addition, the combination of post-NACT Ki67 and pretreatment
CAI125 can better stratify and identify patients with poor PFS, thus providing individualized treatment strategies.

This study has certain limitations. The retrospective design in a single institution was one of the shortcomings of the
present study. Then, the relatively short follow-up period made it difficult to assess whether there was a difference in
overall survival. Moreover, there is no unified standard procedure for the interpretation of parameter Ki67. The “hot spot”
method of assessment was used in this study, which was also applied in most similar studies.”® Also, the immunohis-
tochemical scoring of KI67 is subjective to a certain extent. Despite the joint scoring by two experienced pathologists in
this study, there will still inevitably be a certain degree of inter-observer bias. Finally, although the sample size was
among the largest compared to other similar studies, it still needs to be verified by a multi-center prospective experiment.

Conclusion

In summary, post-NACT Ki67 > 20% was an independent factor associated with poorer PFS in patients with advanced
stage EOC undergoing NACT followed by IDS. Baseline Ki67 of primary tumor did not suggest prognostic significance.
And the combination of post-NACT Ki67 and pretreatment CA125 can better identify patients with poorer PFS.

Abbreviations

EOC, epithelial ovarian cancer; PDS, primary debulking surgery; IDS, interval debulking surgery; NACT, neoadjuvant
chemotherapy; PFS, progression-free survival; OS, overall survival; ROC, receiver operating characteristic curve; AUC,
area under the curve.
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