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Abstract

Objective This study compares survival of four different surgical approaches including ARH, LRH, RRH and VRH for early-

stage cervical cancer in order to define the best effects and survivals for patients. Design Retrospective study. Setting The First

Medical Center of the PLA General Hospital. Population 238 women diagnosed early-stage cervical cancer between January

2013 and December 2017 and followed up until September 2020. Methods All patients with early-stage cervical cancer were

retrospective collected in the first medical center of the PLA general hospital. Disease free survival (DFS) and overall survival

(OS) were calculated using Kaplan-Meier’s method, and survival curves were compared using log-rank test. Main outcome

measures Outcomes were the comparison of patients’ DFS and OS between the four different radical hysterectomy approaches.

Results The intraoperative blood loss and postoperative exhaust time of LRH, RRH and VRH groups are better than that in

ARH group. The total 5-year OS was significant difference among the four groups. However, the difference of 5-year DFS was

not statistically significant among the four groups. Furthermore, patients with early-stage cervical cancer had a significantly

better DFS and OS in ARH and RRH groups than that in LRH and VRH groups. Conclusions This retrospective study

demonstrated that both ARH and RRH obtained higher rate of 5-year DFS and 5-year OS compared with LRH and VRH for

early-stage cervical cancer, and the survival outcomes between ARH and RRH were similar. Keywords Cervical cancer, ARH,
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Abstract

Objective This study compares survival of four different surgical approaches including ARH, LRH, RRH
and VRH for early-stage cervical cancer in order to define the best effects and survivals for patients.

Design Retrospective study.

Setting The First Medical Center of the PLA General Hospital.

Population 238 women diagnosed early-stage cervical cancer between January 2013 and December 2017
and followed up until September 2020.

Methods All patients with early-stage cervical cancer were retrospective collected in the first medical center
of the PLA general hospital. Disease free survival (DFS) and overall survival (OS) were calculated using
Kaplan-Meier’s method, and survival curves were compared using log-rank test.

Main outcome measures Outcomes were the comparison of patients’ DFS and OS between the four
different radical hysterectomy approaches.

Results The intraoperative blood loss and postoperative exhaust time of LRH, RRH and VRH groups are
better than that in ARH group. The total 5-year OS was significant difference among the four groups.
However, the difference of 5-year DFS was not statistically significant among the four groups. Furthermore,
patients with early-stage cervical cancer had a significantly better DFS and OS in ARH and RRH groups
than that in LRH and VRH groups.

Conclusions This retrospective study demonstrated that both ARH and RRH obtained higher rate of 5-
year DFS and 5-year OS compared with LRH and VRH for early-stage cervical cancer, and the survival
outcomes between ARH and RRH were similar.

Keywords Cervical cancer, ARH, LRH, RRH, VRH, survival.

Tweetable abstract

The survival outcomes between ARH and RRH were similar.

Introduction

Cervical cancer (CC) is one of the most important malignant tumors that threaten women’s lives and health
worldwide. There were approximately 570,000 new cases of CC worldwide in 2018 and 311,000 patients
dying of the disease.1, 2 About 90% of CC deaths occur in low- and middle-income countries, and the
mortality rate is estimated 18 times that of developed countries.3 The incidence of CC is 9.9/100,000 in
developed countries, ranking 11th in the incidence of cancer, and the mortality is 3.3/100,000, ranking 9th in
cancer-related mortality, while the incidence of CC is 15.7/100,000 in developing countries, ranking second
in cancer incidence, with a mortality of 8.3/100,000, ranking third in cancer-related mortality.4 Early-stage
cervical cancer is usually asymptomatic and can be detected by screening on physical examination. Most
outpatient patients have combined contact bleeding or abnormal vaginal bleeding and/or drainage.5 Surgery
and radiation therapy are preferred treatment for cervical cancer, and both treatments are thought to have
similar survival outcomes.6 However, patients with early-stage cervical cancer (2009 FIGO stage IA2-IB2)
are usually treated with radical hysterectomy.7

Laparoscopic surgery is the standard treatment for radical hysterectomy from 2014.8 Subsequently, the
NCCN recommended laparoscopic radical hysterectomy and robotic radical hysterectomy as the standard
procedure for radical hysterectomy.9Nevertheless, in phase III the laparoscopic approach to cervical cancer
(LACC) trial, minimally invasive surgery (MIS) was associated with lower rates of disease-free survival (DFS)
and overall survival (OS) than open surgery among women with early-stage cervical cancer.10, 11 These recent
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. findings are contradictory to the earlier referenced guidelines, which leads to widely controversial. Therefore,
in this study we summarized the case data of cervical cancer patients in a single center for 5 years (January
2013 to December 2017), and evaluated survivals of four different surgical approaches including abdominal
(ARH), laparoscopic (LRH), robotic-assisted (RRH) and vaginal (VRH) radical hysterectomy for early-stage
cervical cancer in order to define benefits of the different radical hysterectomy approaches.

Methods

Patient enrollment

Patients with early-stage cervical cancer (Stage IA2-IB2) who were treated in the Department of Obstetrics
and Gynaecology of the First Medical Center of the PLA General Hospital (PLAGH) were studied from
January 2013 to December 2017. All enrolled patients were treated surgically, grouped according to dif-
ferent surgical approaches. Patients fully understood the advantages and disadvantages of various surgical
treatments for cervical cancer before undergoing surgery, and voluntarily chose the surgical method.

Inclusion criteria

Patients with cervical cancer were diagnosed by cervical TCT, HPV, biopsy and/or conization. After ex-
amination by two (or more) gynecologists, patient was diagnosed as stage IA2, IB1, and IB2 using 2009
FIGO (International Federation of Obstetrics and Gynaecology) staging system.12 No neoadjuvant ther-
apy (chemotherapy or radiotherapy) was performed. The histologic types of pathology were squamous cell
carcinoma, adenocarcinoma and adenosquamous cell carcinoma. Patients underwent radical hysterectomy
which includes ARH, LRH, RRH and VRH with laparoscopic pelvic lymphadenectomy. Surgery, perioper-
ative management, related clinical decision-making and postoperative follow-up were executed by the same
medical team.

Exclusion criteria

We excluded patients with stage higher than IB2, those treated with neoadjuvant therapy (chemotherapy or
radiotherapy), those who did not undergo intact radical hysterectomy, those who treated radical radiotherapy,
those who were generally poor conditions or had severe diseases that could not tolerate anesthesia and surgery,
those who had other malignant tumors or infectious diseases that were difficult to control, and those whose
case data were incomplete.

Cohort selection

From January 2013 to December 2017, the First Medical Center of the PLA General Hospital diagnosed and
treated 517 patients with stage IA2-IB2 of cervical cancer, and a total of 238 cases were screened to satisfy
the above inclusion and exclusion criteria (Figure 1). Among them, 32 patients were included in ARH group,
61 patients were included in LRH group, 100 patients were included in RRH group, and 45 patients were
included in VRH group.

Measures

General information includes age, body mass index (BMI), clinical stage, pathological type. Perioperative
period indicators include intraoperative bleeding volume, operation time, blood transfusion rate, postoper-
ative exhaust time, postoperative hospital stay, number of lymph node resection, number of positive lymph
nodes, length of vaginal wall removal, hospitalization cost, major complications. We analyzed DFS and OS.

Follow-up

History and physical examination are recommended every 3 months for 1 year, every 6 months for another
2 years, and then annually. The tests include blood routine, biochemistry, tumor biomarkers, vaginal stump
TCT and HPV, chest X-ray/chest CT, pelvic and abdominal CT/MRI or gynecological ultrasound, urinary
ultrasound, hepatobiliary pancreas and retroperitoneal lymph node ultrasound, PET-CT/MRI examination
when suspected recurrence.

3
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. Statistical analysis

SPSS 22.0 software was used for statistical analysis. The data are presented as means ±SD. One-way ANOVA
was used for comparisons among the four groups. A two-sided P -value < 0.05 was considered statistically
significant. The DFS and OS were graphing using GraphPad Prism 7.00, calculated using the Kaplan Meier
method, and survival curves were compared using log-rank test.

Results

Comparison baseline of four different radical hysterectomy approaches

We identified 517 patients who underwent radical hysterectomy for early-stage cervical cancer during inclu-
sion period. Of these, 238 patients (40.03%) were selected for primary analyses (Figure 1). The majority of
the patients had stage IB1 disease (89.92%). Tumour characteristics are summarized in Table 1. The ARH
group included 32 patients with mean age of 50.13 ± 8.89 years old and mean BMI of 25.42 ± 3.24 kg/m2,
of which 0 case (0.00%) for stage IA2, 31 cases (96.88%) for stage IB1, 1 case (3.13%) for stage IB2, 26
cases (81.25%) squamous cell carcinoma, 6 cases (18.75%) adenocarcinoma, 0 case (0.00%) adenosquamous
carcinoma, and 16 cases (50.00%) received postoperative adjuvant therapy. Sixty-one patients were enrolled
in the LRH group with 48.97 ± 8.59 years old of mean age, 24.06 ± 2.81 kg/m2 of mean BMI, of which 5
cases (8.20%) for stage IA2, 52 cases (85.25%) for stage IB1, 4 cases (6.56%) for stage IB2, 49 cases (80.33%)
squamous cell carcinoma, 11 cases (18.03%) adenocarcinoma, 1 case (1.64%) adenosquamous carcinoma, and
33 cases (54.10%) received postoperative adjuvant therapy. The RRH group included 100 patients with 48.64
± 9.89 years old of mean age, 24.12 ± 3.50 kg/m2 of mean BMI, of which 5 cases (5.00%) for stage IA2, 91
cases (91.00%) for stage IB1, 4 cases (4.00%) for stage IB2, 89 cases (89.00%) squamous cell carcinoma, 11
cases (11.00%) adenocarcinoma, 0 case (0.00%) adenosquamous carcinoma, and 55 cases (55.00%) received
postoperative adjuvant therapy. The VRH group included 45 patients with 46.04 ± 8.16 years old of mean
age, 24.15 ± 3.23 kg/m2 of mean BMI, of which 3 cases (6.67%) for stage IA2, 40 cases (88.89%) for stage
IB1, 2 cases (4.44%) for stage IB2, 40 cases (88.89%) squamous cell carcinoma, 4 cases (8.89%) adenocar-
cinoma, 1 case (2.22%) adenosquamous carcinoma, and 22 cases (48.89%) received postoperative adjuvant
therapy. Whereas there was no statistical significance of the mean age, BMI, FIGO stage, histology and
postoperative adjuvant therapy in the four groups (P > 0.05).

Comparison results of perioperative indices in four groups of cases

Then we compared characteristics of perioperative periods in the four groups. Our data showed that there
was no significant difference in postoperative hospital stays, number of removed lymph nodes, number of
positive lymph nodes and resected length of vagina in the four groups (P > 0.05), while the differences of
mean surgery time, intraoperative blood loss, postoperative exhaust time and hospital cost were statistical
significance (P < 0.05), which were summarized in Table 2.

Additionally, the mean surgery time in ARH group was less than that in RRH group [(182.31 ± 55.75) vs
(212.32 ± 57.13) min, P = 0.013], the VRH group was less than the ARH group, LRH group and RRH group,
respectively [(139.11 ± 36.54) vs (182.31±55.75) & (184.34 ± 35.31) & (212.32 ± 57.13) min, P < 0.01].
Intraoperative blood loss in ARH group was more than that in LRH group, RRH group and VRH group,
respectively [(712.50 ± 407.59) vs (224.43 ± 191.89) & (109.80 ± 92.98) & (216.67 ± 176.78) ml, P< 0.01],
while RRH group was less than LRH group and the VRH group, respectively (P < 0.01 and P = 0.027).
Postoperative exhaust time in LRH group was less than that in ARH group [(1.85 ± 0.70) vs (2.28±0.77)
day, P = 0.013], whereas there was no significant difference among other groups (P> 0.05). Hospital cost in
RRH group was more than that in ARH group, LRH group and VRH group, respectively [(6.66 ± 1.32) vs
(4.54 ± 1.21) & (3.71 ± 1.41) & (3.12 ± 1.09) ×104,P < 0.01], while ARH group was more than LRH group
and VRH group, respectively (P = 0.021 and P < 0.01).

Comparison of survivals in four different surgical approaches

The mean follow-up time of all patients was 1697 days (range 1302 to 2055 days), and the interquartile
spacing between 25% and 75% was 1290 days and 2054 days, and the median follow-up time was 1639 days

4
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. (4.49 years), which 5-year DFS was 89.00% (95% CI 88.21%-89.81%), and 5-year OS was 91.13% (95% CI
90.07%-92.20%). Five-year DFS of ARH was 96.88%, 5-year DFS of LRH was 81.99% (95% CI 83.21%-
86.56%), 5-year DFS of RRH was 91.38% (95% CI 93.03%-94.48%), and 5-year DFS of VRH was 87.27%
(95% CI 87.85%-91.47%). The total DFS curve of the four groups using Log-rank test was no significant
difference (P= 0.061) (Figure 2A). However, DFS in LRH group was shorter than that in ARH group (P =
0.0294) (Figure S1A). DFS in RRH group was better than that in LRH group (P = 0.0442) (Figure S1D).

Furthermore, 5-year OS of ARH was 96.88% (95% CI 96.38%-97.37%), 5-year OS of LRH was 82.45% (95%
CI 87.17%-92.00%), 5-year OS of RRH was 94.18% (95% CI 96.95%-97.23%), and 5-year OS of VRH was
91.49% (95% CI 95.42%-96.74%). The total OS curve of the four groups using Log-rank test was statistically
significant (P = 0.015) (Figure 2B). Additionally, OS in LRH group was shorter than that in ARH group (P
= 0.0305) (Figure S2A). OS in RRH group was better than that in LRH group (P = 0.0055) (Figure S2D).
Nevertheless, the difference between other groups was not statistically significant (P > 0.05).

Discussion

Main findings

This study analyzed clinical data of early-stage cervical cancer treated by four different surgical approaches
(ARH, LRH, RRH and VRH groups) in a single center of our hospital for 5 years, and we noted that the
difference of DFS was not statistically significant among the four groups. However, LRH and VRH were
associated with shorter OS than ARH and RRH. Therefore, this study showed that not all the survival
outcome indicators of MIS are inferior to ARH, RRH can obtain similar survival outcome as the ARH.
Furthermore, the intraoperative blood loss and postoperative exhaust time of the three MIS are better than
that in ARH. The intraoperative blood loss in RRH is the least, but hospital cost is highest.

Strengths and limitations

The standard approach for radical hysterectomy is open abdominal approach. According to the Guidelines,
radical hysterectomy could be performed via open surgery and MIS. However, recent retrospective reviews
and prospective observational studies demonstrated that MIS were associated with lower rate of DFS and
OS than open surgery for cervical cancer patients. Controversially, robotic-assisted MIS obtained similar
oncologic outcomes compared with open surgery. Therefore, the clinical advantages of robotic-assisted MIS
for the treatment of cervical cancer remain to be confirmed. This study is the first retrospective analysis
to compare clinical characteristics and survivals of ARH, LRH, RRH and VRH simultaneously in a single
center by the same medical team. Based on our study results, we demonstrated that both ARH and RRH
obtained higher rate of 5-year DFS and 5-year OS compared with LRH for early-stage cervical cancer, and
the survival outcomes between ARH and RRH were similar.

There are several limitations in this study. First of all, we collected 517 patients to analysis the oncological
outcomes of different radical hysterectomy approaches. However, based on the inclusive and exclusive criteria,
we excluded approximate half of the whole data, which might decrease credibility of this result. Another
major limitation was that each group enrolled different number of cases, especially ARH group (n=32) and
RRH group (n=100), leading to deficiency of results on statistical difference.

Interpretation

Radical hysterectomy is the standard procedure for the treatment of early-stage cervical cancer (FIGO 2009
IA2-IB stage). Since researchers reported the first case of laparoscopic radical cervical cancer,13 laparoscopic
surgery and robotic surgery have been widely used in the treatment of cervical cancer patients and have
been reported in many relevant clinical studies.14-16 Most studies focus on perioperative conditions such as
intraoperative blood loss, postoperative hospital stay, postoperative exhaust time, and survival outcomes.
Previous retrospective analysis results have shown that neither laparoscopic approach nor robotic-assisted
laparoscopic approach reduces patients’ 5-year progression free survival (PFS) and OS compared with ab-
dominal approach.17, 18 The LACC trial provided a definitive comparison of MIS and ARH including 631
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. patients with early-stage cervical cancer in 33 medical centers worldwide, and the results showed no si-
gnificant difference in the occurrence of intraoperative complications and serious adverse events in the two
groups. Additionally, 4.5-year PFS and 3-year OS in MIS group were significantly lower than that in ARH,
and the recurrence rate of early-stage cervical cancer patients who underwent MIS (15.6% robotic surgery)
was approximate four times of ARH.19 Nevertheless, controversies remain as to whether bias in the study
due to case selection, surgeon level and duration of recruited time. Whether the heterogeneity of the two
MIS approaches had an impact on the conclusions is worth pondering. A multicenter study from Canada
included 958 cases of cervical cancer in 10 years (2006-2016) (including 485 cases in the open surgery group
and 473 cases in the MIS group), and 5-year follow-up showed that the open surgery group was significantly
better than the MIS group. However, the laparoscopic surgery accounted for 89.6% of the MIS group and
10.4% of robotic surgery.20 A retrospective study from China analyzed the complications of open surgery
(n=12956) and laparoscopic surgery (n=5491) from 2004 to 2015, and the results showed that the incidence
of intraoperative and postoperative complications in laparoscopic surgery was significantly higher than that
of open surgery (5.55% vs 2.76%).21 Therefore, NCCN, FIGO, and ESGO have updated their guidelines
and unanimously recommended ARH as the standard surgical modality for patients with early-stage cervical
cancer.22-24 On the contrary, clinical data from the Memorial Sloan Kettering Cancer Center showed that
there was no significant difference in survival outcomes from MIS (90% robotic surgery) and open surgery
for patients with cervical cancer, while complication rates for MIS were significantly reduced.25 Another
study of 1125 cervical cancer patients in Denmark from 2005 to 2017, of which 595 were MIS (94.9% robotic
surgery), showed that the 5-year disease-specific survival rate (95.9% vs.94.1%) and recurrence rate (6.3%
vs.8.2%) in the MIS group were non-inferior compared with the control group.26 A meta-analysis related to
robotic surgery, laparoscopic surgery, and open surgery for cervical cancer showed that robotic surgery had
advantages over open surgery in terms of bleeding, duration, lymphadenectomy, average hospital stays, and
complications intra- and post- operation.27

Currently, an international multicenter randomized control trial (Robot-Assisted Approach to Cervical Can-
cer, NCT03719547) evaluate the efficacy of robotic surgery and open surgery is underway in China.28 In
addition, although there is limited research on vaginal surgery for cervical cancer, it is still one of surgical
treatment options for patients with early-stage cervical cancer. Thus, in this study we analyzed the clinical
data of patients with early-stage cervical cancer who underwent ARH, LRH, RRH and VRH in a single
center by the same medical team for 5 years, compared the perioperative indicators and survival outcomes.

Conclusion

In this retrospective study, we demonstrated that there was no statistical significance of the mean age, BMI,
FIGO stage, histology and postoperative adjuvant therapy among ARH, LRH, RRH and VRH groups. Five-
year DFS in LRH group was shorter than that in ARH and RRH groups. The total 5-year OS curve of the
four groups was statistically significant. Additionally, 5-year OS in ARH and RRH groups was better than
that in LRH group. The survival outcomes between ARH and RRH were similar for patients with early-stage
cervical cancer.
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Figure legends

Figure 1. The CONSORT (Consolidated Standards of Reporting Trials) diagram. Patients with early-stage
cervical cancer who underwent radical surgery from January 2013 to December 2017.

Figure 2. (A) Disease free survival (DFS). (B) Overall survival (OS).
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