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Introduction

The majority of patients with epithelial ovarian cancer 
(EOC) are diagnosed at the stage of advanced disease 
that has spread beyond the ovaries to cause peritoneal 
carcinomatosis (PC), which accounts for the highest 
mortality of all gynecologic cancers (1,2). Even after the 

standard treatment of advanced EOC, in which optimal 
debulking surgery is usually followed by intravenous 
platinum/taxane-based chemotherapy (3), 75% of the 
patients still develop recurrence and present with PC (4), 
which is the most difficult obstacle to EOC treatment 
progress.
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Over the past three decades, aggressive cytoreductive 
surgery (CRS) plus hyperthermic intraperitoneal 
chemotherapy (HIPEC) has  been developed as  a 
comprehensive treatment package integrating multivesicular 
resections to remove macroscopic residual tumors, and 
HIPEC eradicates residual cancer cells after CRS. As 
a new treatment strategy for EOCPC, the efficacy of 
CRS+HIPEC has been confirmed by several studies (5) and 
is considered one of several acceptable options for women 
with stage 3 EOC by NCCN experts at present. However, 
there are few high-quality clinical trials comparing 
conventional debulking surgery vs. CRS+HIPEC to treat 
the long-term outcomes of advanced EOC patients.

This study applies a propensity score matching (PSM) 
analysis method to eliminate confounding factors from 
clinicopathological variables to compare the efficacies 
between conventional debulking surgery and CRS+HIPEC 
in patients with EOCPC. We present the following article 
in accordance with the STROBE  reporting checklist 
(available at https://dx.doi.org/10.21037/tcr-20-3233).

Methods

Study population

A total of 200 ovarian cancer patients with FIGO stage III/
IV underwent surgeries at the Department of Peritoneal 
Cancer Surgery in Beijing Shijitan Hospital from May 
2004 to November 2019. Patients were divided into a 
conventional debulking surgery group (the control group) 
and a CRS+HIPEC group (the study group) according to 
the initial treatments by diagnosis. Patients with any of 
the following features were excluded from this analysis: 
(I) follow-up <1 month and (II) diagnosis of nonepithelial 
ovarian cancer, such as ovarian germ cell carcinoma, 
ovarian gonadal sex cord stromal tumor, and metastasis, 
including Krukenberg tumor and other clinicopathological 
types. Our final study population included 186 patients 
(Figure 1). 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and the 
Harmonized Tripartite Guideline for Good Clinical 
Prac t i ce  f rom the  Internat iona l  Conference  on 
Harmonization. All patients enrolled completed this 
informed consent form. All data in this retrospective study 
were analyzed anonymously, and the study was approved 
by the Beijing Shijitan Hospital ethics board [(approve 
number is 2019(07)].

Debulking surgery procedures

The traditional therapy strategy for advanced EOC is 
primary debulking surgery combined with platinum- 
and taxane-derived intravenous chemotherapy (IV) and 
intraperitoneal chemotherapy (IP) (6,7). The scope of the 
surgery included hysterectomy with bilateral adnexectomy + 
greater omentum resection + appendectomy (for mucinous 
carcinoma) + pelvic lymph node dissection + para-aortic 
lymph node dissection. Optimal debulking surgery was 
defined based on the criteria of the Gynecologic Oncology 
Group (GOG). For residual disease (RD), RD0 indicates 
no macroscopic residual disease after debulking surgery; 
RD1 indicates that the largest residual tumor is ≤1 cm; 
and RD2 indicates residual tumor >1.0 cm. Both RD0 
and RD1 represent complete debulking. Patients with 
RD2 are considered to have incomplete debulking. The 
postoperative adjuvant therapies were at the discretion 
of the treating physicians, and these treatment strategies 
include IV, IP, IV and IP chemotherapies; targeted therapies 
such as bevacizumab and apatinib; and pelvic radiotherapy 
for patients with pelvic lymph node metastasis and/or large 
tumor residuals.

CRS+HIPEC procedures

Full abdominal exploration was performed through a 
midline xiphoid-pubic incision after general anesthesia to 
record the invasion degree, ascites, volume and location of 
the primary tumor and the peritoneal cancer index (PCI). 
The maximal CRSs were performed. The extent of CRS 
was determined by Sugarbaker’s criteria on the complete 
cytoreductive (CC) surgery score. CC0 indicates no 
residual peritoneal disease after CRS; CC1, residual disease  
≤2.5 mm in diameter; CC2, residual tumor between 2.5 mm 
and 2.5 cm; and CC3, residual tumor >2.5 cm in diameter 
or the presence of a sheet of unresectable tumor nodules (8).

After CRS, open HIPEC was implemented with cisplatin 
120 mg + mitomycin C 30 mg or docetaxel/paclitaxel 
120 mg + cisplatin 30 mg, each dissolved in 3,000 mL of 
heated saline at 43 ℃ for 60 min. Then, gastrointestinal 
anastomoses or stomata were made. Patients received 
adjuvant chemotherapy after the operation, including IV 
and IP.

Follow-up

All patients were regularly followed up once every  

https://dx.doi.org/10.21037/tcr-20-3233
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Figure 1 Flow chart of patient selection. Of 200 patients, 14 patients with non-epithelial ovarian cancer and follow-up <1 month were 
excluded, and the remaining 186 patients were matched. Patients were assigned to the study and control groups according to the initial 
treatment after diagnosis. The two treatment strategies were compared for efficacy.

200 patients with ovarian 
cancer
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2 patients 
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3 months for the first 2 years, every 6 months for years 3 
to 5, and every year thereafter for detailed information on 
disease status. The follow-up package included physical 
examination, serum tumor marker levels including 
carbohydrate antigen 125 (CA 125, normal range: 0– 
35 U/mL), carbohydrate antigen 199 (CA 199, normal 
range: 0–37 U/mL), and carcinoembryonic antigen (CEA, 
normal range: 0–5 ng/mL), and imaging examination, with 
the most recent follow-up on November 30, 2019.

The primary endpoints of this study were overall 
survival (OS) and progression-free survival (PFS). OS was 
defined as the time interval from the first surgery to tumor-
related death or the last follow-up. PFS was calculated 
from the date of surgery until the last follow-up, including 
the following criteria: first, the patients who underwent 
surgery-based curative comprehensive treatment developed 
any clinical manifestations; second, the CA 125 level rose 

again after surgery; third, the medical imaging discovered 
any mass in the operation field; and finally, the biopsy 
confirmed the diagnosis.

Statistical analysis

Data analysis including PSM was performed with IBM 
SPSS Statistics 24, R version 3.1.0 & PS Matching package 
version 3.04 according to Thoemmes et al. (9). To reduce 
the variability and heterogeneity among the patients and 
to reduce the selection bias, a PSM model was applied 
to calculate the following covariates: age, performance 
status (KPS) score, histopathology, tumor differentiation, 
chemotherapy, radiotherapy, targeted therapy, and 
immunotherapy. Patients treated with CRS+HIPEC 
were matched at a ratio of 1:2 with patients treated with 
conventional debulking surgery using the nearest neighbor 
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method based on the PSM with a caliper of 0.1.
Continuous variables were reported as medians 

(interquartile ranges) and compared with the Mann-
Whitney U test after the study for skewness, as appropriate. 
Categorical variables were expressed as proportions and 
percentages and were compared with univariate analysis, the  
χ2 test and Fisher’s exact method. Survival analysis is shown 
as the median value with a 95% confidence interval and was 
compared with the log-rank test.

Results

Baseline characteristics of the patients

The median follow-up was 19.9 (1.8–121.5) months, and 
no patients were lost. Before matching, a total of 186 
EOCPC patients with FIGO stage IIIC and IV disease 
were included, with 71 patients (38.2%) who underwent 
CRS+HIPEC (the study group) and 115 patients (61.8%) 
who underwent conventional debulking surgery (the 
control group) in the initial treatment. The median 
age was 58 years (22–87 years), the median KPS was 80 
[50–100], and the median PCI was 19 [1–39]. According 
to the classification of the histological types, 163 patients 
had serious carcinoma (87.6%), 10 patients had mucinous 
carcinoma (5.4%), and 13 patients had other types (7.0%). 
For the tumor differentiations, 20 cases (10.8%) were well 
differentiated, while 166 cases (89.2%) had intermediate-
poor differentiation. The baseline parameters of the patients 
are shown in Table 1. Before matching, the KPS score in the 
study group was significantly lower than that in the control 
group (P=0.015). The numbers of cycles in the IV (P=0.002) 
and radiotherapy (P=0.031) groups were significantly less 
than those in the control group. Moreover, the differences 
in tumor differentiation between the two groups were 
significant (P=0.028). To reduce heterogeneity and selection 
bias, the PSM model was calculated at a ratio of 2:1. There 
were no differences in KPS score, tumor differentiation, 
number of IVs or radiotherapy between the two groups 
after matching (P>0.05) (Table 1, Figure S1).

Overall survival

After matching at a ratio of 2:1, a total of 133 patients 
were included for the final analysis, which was assigned to 
80 (60.2%) patients in the control group and 53 (39.8%) 
patients in the study group. At the end of the study, 9 

(9/53, 17.0%) patients were deceased, and 44 (44/53, 
83.0%) patients were alive in the study group. Meanwhile, 
28 (28/80, 35.0%) patients were deceased and 52 (52/80, 
65.0%) patients were alive in the control group (Figure 2A), 
with significant differences in survival rate between the two 
groups (P=0.02). The median OS was 87.3 months [95% 
confidence interval (CI), not reached] in the study group, 
which was significantly longer than that in the control group 
[25.2 months (95% CI, 21.7–28.6, P=0.002 with the log-
rank test)] (Figure 2B). The 1-, 2-, 3-, 4-, and 5-year survival 
rates in the study group vs. the control group were 88.3% 
vs. 73.2%, 76.4% vs. 59.8%, 70.0% vs. 36.7%, 70.0% vs. 
36.7% and 46.7% vs. 18.3%, respectively (Figure 2C). The 
5-year survival rate in the study group was 2.5 times that of 
the control group (46.7% vs. 18.3%, respectively, P=0.003), 
and the 3- and 4-year survival rates were 1.9 times that of 
the control group (70.0% vs. 36.7%, respectively, P=0.016), 
though the 1- and 2-year survival rates were similar between 
the two groups (P>0.05).

Subgroup analysis of patients who underwent optimal/
complete CRS

Patients who achieved CC0-1 in CRS+HIPEC or RD0-
1 in conventional debulking surgery were defined as 
having complete cytoreduction. After matching, CC0-
1 was achieved in 42 (42/53, 79.2%) patients in the study 
group, and 13 (13/42, 31.0%) had recurrence. RD 0-1 was 
achieved in 59 (59/80, 73.7%) patients in the control group, 
and 26 (26/59, 44.1%) had recurrence. The recurrence 
rate between the two groups was significantly different 
(P=0.035) (Figure 3A). The median PFS was 19.6 months 
(95% CI, 12.6–26.5 months) in the study group, which 
was significantly longer than that in the control group  
[10.1 months (95% CI, 7.6–12.7 months, P=0.007 with the 
log-rank test)] (Figure 3B).

Subgroup analysis of the patients who underwent 
incomplete CRS

CC 2-3 in CRS+HIPEC and RD2 in conventional debulking 
surgery represented incomplete CRS. After matching, 11 
(11/53, 20.8%) patients were CC2-3 in the study group, 
and 21 (21/80, 26.3%) patients were RD2 in the control 
group; however, there were no differences between the study 
and control groups in regard to OS (25.9 vs. 12.1 months, 
respectively, P=0.082). The median OS of CC 0-1 was  

https://cdn.amegroups.cn/static/public/TCR-20-3233-supplementary.pdf
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Table 1 Demographic and baseline characteristics of patients

Parameters n
Before PSM

P value no.
After PSM

P value
Study group Control group Study group Control group

Total no. 186 71 115 133 53 80

Age (year) 0.140 1.000

≤58 94 31 63 65 26 39

>58 92 40 52 68 27 41

Histological type 0.118 0.943

Serous 163 65 98 124 49 75

Mucous 10 1 9 2 1 1

Others 13 5 8 7 3 4

Tumor differentiation 0.028 0.600

Well differentiation 20 3 17 125 50 75

Intermediate-poor differentiation 166 68 98 8 3 5

KPS score 0.015 0.217

≤80 105 32 73 67 23 44

>80 81 39 42 66 30 36

IV 0.002 1.000

Yes 177 63 114 131 52 79

No 9 8 1 2 1 1

IP 0.364 1.000

Yes 85 29 56 69 27 42

No 101 42 59 64 26 38

IV+IP 0.074 0.568

Yes 58 28 30 41 18 23

No 128 43 85 92 35 57

Radiotherapy 0.031 1.000

Yes 170 69 101 130 52 78

No 16 2 14 3 1 2

Targeted therapy 0.580 0.677

Yes 148 55 93 102 42 60

No 38 16 22 31 11 20

Immunotherapy 0.744 1.000

Yes 176 68 108 126 50 76

No 10 3 7 7 3 4

PSM, propensity score matching; KPS, Karnofsky’s performance scoring; IV, intravenous chemotherapy; IP, intraperitoneal chemotherapy.
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Figure 3 Progression-free survival analysis. (A) There was a significant difference in the recurrence rate between the two groups (P=0.035). (B) 
The median PFS rates were 19.6 months (95% CI, 12.6–26.5 months) in the study group and 10.1 months (95% CI, 7.6–12.7) in the control 
group (P=0.007).

Control group	 Study group
0	 12	 24	 36	 48	 60	 72	 84	 96	 108	 120

Months

PFS of two groups

Groups	 Case no.	 mOS	 95% CI
Study group	 42	 19.6	 12.6–26.5
Control group	 59	 10.1	 7.6–12.7

P=0.007

Group
Control group
Surgery group
Control group-censored
Study group-censored

C
um

 S
ur

vi
va

l

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0

50.0% 

40.0% 

30.0% 

20.0% 

10.0% 

0.0%

Recurrent rate of two groups

31.00% 

41.00% 

P=0.035

BA

Figure 2 Overall survival. (A) Survival rate between the two groups; (B) median overall survival between the two groups; (C) the 1- to 5- 
year survival rates in the study group were 88.3%, 76.4%, 70.0%, 70.0%, and 46.7%, respectively, while they were 73.2%, 58.9%, 36.7%, 
36.7%, and 18.3% in the control group, showing significant differences between the two groups.
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103.3 months (95% CI, 86.0–120.7 C months) in the study 
group, which was significantly longer than that of RD 0-1 in 
the control group [46.2 months (95% CI, 30.0–62.3 months, 
P=0.020 with the log-rank test)] (Figure 4).

Discussion

Our study provides data from patients who were assigned 
to undergo CRS+HIPEC and conventional debulking 
surgery for the initial therapy strategy of advanced EOC. 
The current studies focused on CRS+HIPEC are mostly 
limited to retrospective cohorts or single-group trials, 
are heterogeneous with regard to combined inclusions of 

primary and recurrent diseases and lack unbiased data.
Here, we adopted PSM to analyze the data, the purpose 

of which was to validate the technique as a tool for 
balancing the baseline variables between two groups. It 
is crucial to include all known variables and confounders 
that may impact treatment allocation and postmatching 
analysis to demonstrate a very balanced population. At the 
beginning of this study, univariate analysis was conducted 
to quantify preoperative heterogeneity, which built the basis 
of our PSM method. Moreover, a matched data set ratio 
of 2:1 was utilized to measure tumor differentiation, KPS 
score, number of IVs and radiotherapy in the two groups. 
Finally, OS and PFS analyses based on CC were conducted. 



3711Translational Cancer Research, Vol 10, No 8 August 2021

© Translational Cancer Research. All rights reserved.   Trransl Cancer Res 2021;10(8):3705-3715 | https://dx.doi.org/10.21037/tcr-20-3233

Figure 4 OS analysis in patients in the two groups who underwent complete and incomplete cytoreduction. (A) The median OS rates in the 
CC 0-1 and R0-1 groups. (B) The median OS rates in the CC 2-3 and RD2 groups. OS, overall survival.
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After excluding confounding factors, the efficacies of 
CRS+HIPEC and conventional debulking surgery were 
analyzed and discussed.

In essence, by comparing long-term survival, we were 
able to evaluate whether CRS+HIPEC, as a comprehensive 
therapy strategy, justifies the routine treatment of advanced 
EOC. The results showed that the OS in CRS+HIPEC 
was 87.3 months (over 7 years), which was longer than 
that in conventional debulking surgery. However, the 
survival rate in CRS+HIPEC was 18% higher than that 
in conventional debulking surgery. The 3- and 4-year 
survival rates of CRS+HIPEC were 1.9 times higher than 
those of conventional debulking surgery (70.0% vs. 36.7%, 
respectively), and the 5-year survival rate was 2.5 times 
higher than that of conventional debulking surgery (46.7% 
vs. 18.3%, respectively), which was an increase of 28.4%. 
All of these results indicated that patients with advanced 
EOC who underwent CRS+HIPEC could achieve a higher 
survival rate than conventional debulking surgery.

The more extensive surgery to minimize tumor burden 
is the determination of the success of CRS+HIPEC and 
conventional debulking surgery, which is an independent 
prognostic factor for patients with advanced EOC. Because 
of the different excision extensions from CRS+HIPEC and 
conventional debulking surgery, the criteria of evaluation 
for complete CRS were also different (2,10). To compare 
the OS and PFS from different surgery strategies, subgroup 
analysis was performed after matching. The results showed 
that the recurrence rate of CC0 patients who underwent 
CRS+HIPEC was 1.4 times lower than that of RD 0-1 

patients who underwent conventional debulking surgery 
(31.0% vs. 44.1%, respectively), which was a decrease of 
13.1%. Moreover, the median PFS in CRS+HIPEC was 
9.5 months longer than that in conventional debulking 
surgery. OS was also determined between the two therapies 
and was defined as incomplete CRS for patients who did 
not reach CC 0-1 and RD 0-1. Additionally, the subgroup 
analysis showed that the median OS in CRS+HIPEC was 
87.3 months (over 7 years) (Figure 4A,B), which was longer 
than that in conventional debulking surgery. It was further 
verified that CRS+HIPEC has a long-term survival benefit 
for patients and has become an indispensable treatment 
measure in both widespread metastasis and late-stage 
tumors.

Since 1980, many studies have reported that complete 
CRS is combined with platinum- and taxane-based 
systemic chemotherapy as the standard first-line treatment 
of advanced EOC (11-13). By undergoing this mode of 
treatment, the natural course of advanced EOC was 22.3–
46.4 months, the 5-year survival rate was approximately 
30%, 75% of patients relapsed after the initial traditional 
treatment strategy (14,15), and the median PFS was 6.1 to 
20.0 months (11–13,16-18). However, the median OS in 
CRS+HIPEC was 22.0 to 74.0 months, the 5-year survival 
rate was 24.5% to 56.5%, the mortality rate was 22.0% 
to 43.0%, and the median PFS was 12.5–57.5 months for 
patients with recurrence after initial treatments (1,19-31)  
(Table 2). Of special note, the OS and PFS in our study 
were significantly better than those reported in the 
literature, which was supposed to be the main reason why 
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our research group focused on CRS+HIPEC, which is a 
new comprehensive prevention and treatment technology 
for PC, to investigate preclinical and clinical studies on 
the feasibility, efficacy, and safety of this multidisciplinary 
treatment approach in animal models and clinical settings 
since 2003. Standardized surgery and procedures could 
be helpful to achieve strict CC0, which is an independent 
prognostic index for PC patients.

In the current study, we evaluated HIPEC as a single 
IP administration strategy during surgery, which improved 
the distribution of heated chemotherapy in the abdominal 
cavity, enhanced the survival rate and reduced the 
recurrence rate.

Conclusions

In summary, our findings have confirmed that there are 
more advantages of CRS+HIPEC in the OS and PFS of 
patients with advanced EOC than standard treatments. 
Although the PSM balances baseline data of variables in 
two groups, the strength of the evidence is still weak in a 
randomized controlled study. These results have accurately 
demonstrated the clinical practice that CRS+HIPEC is an 
indispensable comprehensive treatment strategy for patients 
with advanced EOC. In addition, the standardized operation 
and evaluation system is able to provide distinctive survival 
benefits.
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Figure S1 Jitter plot of propensity score matching (PSM). (A) Scatter diagram of PSM. Data were skewed distributed before PSM but were 
balanced after matching. (B) Histogram of PSM. The data distribution in the two groups was heterogeneous before PSM but homogeneous 
after matching. (C) Histogram of standardized differences. Large discreteness of data before PSM but were concentrated after matching.
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