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Background: To investigate the survival outcomes of abdominal radical hysterectomy (ARH), laparoscopic 
radical hysterectomy (LRH), and vaginal-assisted laparoscopic radical hysterectomy (VALRH) in the 
treatment of cervical cancer patients.
Methods: This was a retrospective study. We collected the clinical data of 654 patients with cervical 
cancer (406 ARH, 172 LRH, and 76 VALRH), then compared the effects of different surgical methods on 
recurrence and survival.
Results: Total overall survival (OS) were no significant differences in three groups (P>0.05). Total disease-
free survival (DFS) was significantly higher in ARH group than in LRH group [hazard ratio (HR) =2.8, 95% 
confidence interval (CI): 1.199–3.607, P=0.004]; however, there were no significant differences between the 
VALRH (94.7%) and ARH (93.3%) groups. Subgroup stratification analysis showed that the overall recurrence 
rate in LRH group was significantly higher than that of the ARH groups for patients with a tumor size from ≥2 
to <4 cm, negative postoperative lymph nodes, and no postoperative adjuvant therapy (all P<0.05). However, 
in the subgroup with tumor sizes of ≥2, <4, and ≥4 cm, no matter whether the lymph nodes were positive or 
not, and those with no postoperative supplementary adjuvant therapy, LRH was associated with a significantly 
higher local pelvic recurrence rate than ARH (all P<0.05). No significant differences between VALRH and 
ARH in any of the subgroup analyses (all P>0.05). A Cox analysis indicated that LRH increased the risk of 
overall and local pelvic recurrence after surgery compared with ARH (HR =2.338, 95% CI: 1.186–4.661, 
P=0.014; HR =10.313, 95% CI: 2.839–37.460, P<0.001); however, no significant difference between VALRH 
and ARH (all P>0.05). Sensitivity analysis of surgeons did not change the conclusions.
Conclusions: Our analyses showed that the local pelvic recurrence rates and overall recurrence rates of 
LRH were significantly higher than ARH. VALRH could avoid tumor intraperitoneal exposure and achieve 
the same tumor prognosis as open surgery. By improving the standardization of minimally invasive surgery 
for early cervical cancer and paying close attention to the tumor-free concept, minimally invasive radical 
hysterectomy may achieve the same tumor outcome as open surgery.
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Introduction 

Cerv ica l  cancer  i s  a  very  common condi t ion  in 
gynecological oncology. Radical hysterectomy combined 
with pelvic lymph node dissection, is one of the main 
treatment methods for early cervical cancer (1). In addition 
to the traditional abdominal radical hysterectomy (ARH), 
several minimally invasive surgical methods have been 
developed in recent years, including transvaginal radical 
hysterectomy (VRH), which has gradually been replaced by 
laparoscopic radical hysterectomy (LRH) due to technical 
difficulties. LRH was first introduced in the 1980s and was 
rapidly promoted due to the fact that its long arm and visual 
amplification were highly advantageous for cervical cancer 
surgery. Another benefit of LRH is that it allows patients 
to avoid the huge trauma of surgery. LRH has become very 
popular in China, as one of the countries with a relatively 
high incidence of cervical cancer. The widespread application 
of LRH has led to a multitude of reports relating to technical 
advantages (2) and efficacy evaluation (3). However, in 
2018, the results of the Laparoscopic Approach to Cervical 
Cancer (LACC) trial reported by Ramirez et al. (4) showed 
that minimally invasive surgery was associated with higher 
recurrence and mortality rates, which caused significant 
concern in the academic community. Around the same 
time, Melamed et al. (5) published the results of the Real 
World Study (RWS), which reached the same conclusion 
as the LACC trial. Therefore, serious concerns were 
raised over the efficacy of minimally invasive surgery for 
cervical cancer. However, following the LACC trial, reports 
demonstrating that there was no difference in survival rates 
between invasive surgery and open surgery for patients with 
early cervical cancer were published (6,7). These reports, 
and the technical advantages of minimally invasive surgery, 
suggest that minimally invasive techniques could potentially 
be applied to patients with cervical cancer. Therefore, there 
is a clear need to investigate whether minimally invasive 
surgery for cervical cancer is feasible after improving the 
technical factors.

When analyzing the reasons underlying the poor survival 
outcomes associated with minimally invasive surgery for 
cervical cancer, one of the most significant issues is whether 
this technique can guarantee an intraoperative tumor-
free environment. The direct compression of cervical 
tumors by cup-shaped uterine manipulators (8,9) and 
vaginal dissection performed in a carbon dioxide (CO2) 
pneumoperitoneum environment to expose tumor cells 
(10,11), are factors that are believed to be directly related 

to the poor prognosis of patients undergoing minimally 
invasive surgery. Therefore, further evidence is needed 
to ascertain whether relevant corrective measures can 
enhance minimally invasive surgery for patients with 
cervical cancer and improve prognosis. VRH is a classical 
minimally invasive surgical method for patients with 
cervical cancer and was first reported by Dargent in 1994. 
This technique has recently attracted greater attention, 
along with laparoscopic pelvic lymph node resection 
(12). VRH has the advantage of achieving tumor-free 
surgery by using a vaginal cuff to close lesions, but is also 
associated with a long learning curve due to its retrograde 
anatomical pathway, which has reduced its clinical 
popularity. Compared with LRH, all operations including 
vaginal resection are performed under laparoscopy, while 
VRH is all performed in the vagina. Vaginal-assisted 
laparoscopic radical hysterectomy (VALRH) refers to lymph 
node dissection, complete ligamentectomy for radical 
hysterectomy until vaginal disjunction were performed 
under laparoscopy, then through the vagina to remove the 
residual sacral ligament and visico-cervical ligament, and 
complete radical hysterectomy was subsequently performed, 
which can not only play the minimally invasive advantages 
of laparoscopy, but also play the no tumor advantages of 
vaginal surgery. At the same time, the operation through 
the vagina is less and the difficulty is lower than VRH. In 
our center, open surgery, laparoscopic surgery, and vaginal 
surgery are all being developed in a balanced manner for 
patients with early-stage cervical cancer. In order to simplify 
vaginal surgery and facilitate surgery transmission, we have 
performed VALRH since 2015, which has now become one 
of our conventional techniques. 

At present, there are very few publications relating to this 
particular technique, The comparative analysis of VALRH, 
ARH and LRH in the treatment of cervical cancer has not 
been reported. In this study, we retrospectively collected 
clinical and follow-up data from patients who underwent 
radical cervical cancer surgery, including ARH, LRH, and 
VALRH. We then conducted an efficacy evaluation and 
survival analysis in an effort to investigate the feasibility 
of using minimally invasive techniques for patients with 
cervical cancer. Herein, we provide an evaluation of this 
surgical method and evaluate its efficacy for the surgical 
treatment of patients with early-stage cervical cancer. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6450/rc).

https://atm.amegroups.com/article/view/10.21037/atm-21-6450/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6450/rc
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Methods 

Study design

We retrospectively collected data from patients with 
cervical cancer who were admitted to the Liaoning Cancer 
Hospital & China Medical University Cancer Hospital 
(Shengyang, China) between March 2016 and June 2019. 
Inclusion criteria: (I) anthological types including squamous 
cell carcinoma, adenocarcinoma, and adenosquamous cell 
carcinoma; (II) all patients conformed to the indications of 
radical hysterectomy; (III) Eastern Cooperative Oncology 
Group (ECOG) performance score of 0 or 1; and (IV) 
postoperative follow-up data were available. Also, we 
excluded 130 patients based on the following exclusion 
criteria: (I) patients who received preoperative irradiation or 
neoadjuvant chemotherapy; (II) patients who selected non-
surgical treatment methods; (III) cases where postoperative 
adjuvant treatment was not standard and loss to follow-up; 
or (IV) patients with other forms of malignant tumor. All 
surgeons in our team are skilled in the surgical methods 
carried out. 

According to the surgical methods deployed, the patients 
were divided into three groups: VALRH, LRH, and ARH. 

Of these, 406 patients underwent ARH, 172 underwent 
LRH, and 76 underwent VALRH (Figure 1). Classic surgery 
was performed in LRH and ARH. The surgical methods of 
VALRH were performed as follows: (I) Laparoscopy surgery: 
the entire operation was carried out using a laparoscope. We 
used a cup-shaped uterine manipulator instead of a uterine 
manipulator, as far as possible, to reduce squeezing of the 
tumor. Lymphadenectomy was performed by laparoscopy. 
Specifically, a long arm and high magnification were used to 
perform complete ligamentectomy for radical hysterectomy 
until vaginal disjunction. (II) Transvaginal surgery: tissue 
forceps were used to mark the vaginal wall to indicate 
a sufficient length for vaginal resection (see Figure 2). 
Hemostatic water (1:100,000 epinephrine solution) was 
injected into the full layer of the vaginal mucosa. Next, 
the full layer of the vaginal mucosa was cut open, and by 
using interrupted sutures, the vaginal wall was closed like 
a sleeve, and the neoplastic foci were also closed (Figure 3). 
Sharp and blunt dissection was performed ventrally, and 
the residual sacral ligament and visico-cervical ligament 
were removed, and complete radical hysterectomy was 
subsequently performed (Figure 4). The vagina and 
peritoneum were sutured with full-thickness annular sutures 

865 patients accept surgical treatment due to cervical 
cancer during March 2016 and June 2019

LRH:172 patients ARH:406 patients VALRH:76 patients

Inclusion criteria:
(I) anthological types including squamous cell carcinoma, adenocarcinoma, and 

adenosquamous cell carcinoma; 859 Included
(II) all patients conformed to the indications of radical hysterectomy; 848 Included
(III) eastern Cooperative Oncology Group performance score was 0 or 1; 845 Included
(IV) postoperative follow-up data was available. 784 Included

Exclusion criteria:
(I) the patient received preoperative irradiation or neoadjuvant chemotherapy; 5 Excluded
(II) the patient selected non-surgical treatment methods; 2 Excluded
(III) postoperative adjuvant treatment was not standard and loss to follow-up; 109 Excluded
(IV) the patient had other forms of malignant tumor; 14 Excluded

Figure 1 Study flow chart. LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, vaginal-assisted 
laparoscopic radical hysterectomy.
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through the vagina; the sutures were then combined at the 
12 and 6 clock points to ensure smooth pelvic drainage, and 
the operation was completed (Figure 5).

Data collection 

All clinical datasets were complete, including age, stage, tumor 
size, histologic subtype, differentiation, infiltration, lymph 
vascular space invasion (LVSI), vaginal resection, lymph node 
metastasis, and adjuvant therapy, and the pathological diagnosis 
was confirmed. The final follow-up date was the 31st January 
2021, and the median follow-up was 38 months. Medical 
information reviews, hospital follow-up, and telephone follow-
up were conducted at the same timepoint to ensure that the 
survival outcome at follow-up was accurate. After surgery, all 
patients were followed-up every 3 months for 2 years, and then 
every 6 months thereafter. Follow-up evaluations included 
survival status, recurrence time, recurrence site (local pelvic 
recurrence or distant recurrence), time of death (if applicable), 
and cause of death (tumor-related deaths or non-tumor deaths, 
if applicable).

Statistical analysis

Patients undergoing ARH were used as the control group, 
while LRH or VALRH were used as the experimental 
groups .  Data  analys i s  was  carr ied out  with IBM 
SPSS Statistics version 26 (Chicago) Continuous variables 
were analyzed by Analysis of Variance (ANOVA). The Chi-
squared test or Fisher’s Z correction exact test were used 
as appropriate to compare categorical variables. Overall 
survival (OS) and disease-free survival (DFS) were calculated 
by the Kaplan-Meier method and compared using the log-
rank test. Multivariate analysis was performed using the 
Cox proportional hazards model. The results are presented 
as hazard ratios (HRs) with 95% confidence intervals (95% 
CIs). P values <0.05 were considered statistically significant. 
To exclude the decisive influence of individual surgeons on 
the overall outcome, we also performed sensitivity analysis. 
During this process, we eliminated patients from each 
surgeon one at a time, and then analyzed the differences 
between the three surgical styles. All tests were two-sided, 
and the results were considered statistically significant if 
P<0.05.

Ethical statement

All procedures performed in this study involving human 

Figure 2 The vaginal wall was marked by tissue forceps.

Figure 3 The vaginal wall was closed like a sleeve.

Figure 4 The residual sacral ligament and visico-cervical ligament 
were removed.

Figure 5 The specimens were removed surgically.

file:///D:/%e4%b8%ad%e6%96%87%e4%b9%a6/1B020-%e8%82%ba%e7%99%8c%e7%b2%be%e5%87%86%e5%8c%bb%e5%ad%a6/javascript:;
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participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by ethics board of Cancer Hospital of China Medical 
University (No. 2020G0322). Individual consent for this 
retrospective analysis was waived.

Results 

In total, 865 individuals with cervical cancer underwent 
surgical treatment during that period. We included 784 
patients according to the criteria. Our analysis showed 
that compared with the ARH group, patients in the LRH 
group were younger, diagnosed with an earlier clinical 
stage, had smaller lesions, and had lower requirements for 
supplementary adjuvant therapy after surgery (all P<0.05). 
Furthermore, compared with the ARH group, patients in 
the VALRH group were younger, were diagnosed with an 
earlier clinical stage, had a greater extent of squamous cell 
carcinoma of the pathological type, had a longer length of 
vaginal resection, and had less need for adjuvant therapy 
after surgery (all P<0.05). For LRH vs. ARH and VALRH 
vs. ARH, we found that there were no significant differences 
in body mass index (BMI), degree of differentiation, depth 
of infiltration, positive rate of LVSI, positive rate of vaginal 
margin, or positive rate of lymph node metastasis (all 
P>0.05) (Table 1).

Survival outcomes

Overall analysis
The median follow-up was 38 months. Among the 654 
patients, 27 cases died (4.2%), including 20 cases in the 
ARH group (20/406, 4.9%), four cases in the LRH group 
(4/172, 2.3%), and three cases in the VALRH group 
(3/76, 3.9%). There was no significant difference in the 
OS rate (all P>0.05, HR =1.538, 95% CI: 0.899–2.633, 
PLRH vs. ARH =0.144; HR =0.771, 95% CI: 0.229–2.569, 
PVALRH vs. ARH =0.676) (Table 2, Figure 6A). A total of  
55 patients (55/654, 8.4%) had a recurrence, including 
27 patients (27/40, 6.7%) in the ARH group, 24 patients 
(24/172, 14.0%) in the LRH group, and four patients (4/76, 
5.3%) in the VALRH group. The DFS rate in the ARH 
group was significantly higher than that in the LRH group 
(HR =2.8, 95% CI: 1.199–3.607, P=0.004); however, there 
was no significant difference between the VALRH and 
ARH groups (HR =1.321, 95% CI: 0.462–3.777, P=0.880) 
(Table 2, Figure 6B).

Of the 55 patients who had a recurrence, 28 patients had 

distant recurrence and 27 patients had pelvic recurrence. 
In the ARH group, 21 patients had distant recurrence and 
10 patients had pelvic recurrence. In the LRH group, four 
patients had distant recurrence and 20 patients had pelvic 
recurrence. In the VALRH group, three patients had distant 
recurrence and one patient had pelvic recurrence. There 
was a significant difference in the pelvic recurrence rate 
of LRH vs. ARH (HR =11.894, 95% CI: 4.060–34.843, 
P<0.001), and no significant difference in the distant 
recurrence rate between these two groups (HR =1.226, 
95% CI: 0.137–10.985, P=0.078). There was no significant 
difference in distant and pelvic recurrence rates of VALRH 
vs. ARH (HR =0.402, 95% CI: 0.139–1.162, P=0.855;  
HR =0.672, 95% CI: 0.202–2.238, P=0.514) (Table 2, 
Figure 6C,6D).

Subgroup analysis
There were no significant differences in overall, pelvic, and 
distant recurrence rates for LRH vs. ARH and for VALRH 
vs. ARH patients in subgroups with a tumor size <2 cm (all 
P>0.05). Compared with ARH, LRH had a higher overall 
recurrence rate (P<0.05) in the tumor sizes ≥2, <4, lymph 
nodes negative, and without adjuvant therapy groups. Also, 
LRH had a higher local pelvic recurrence rate (P<0.05) in 
the tumor sizes ≥2, <4, and ≥4 cm groups, irrespective of 
whether the lymph nodes were positive or not and whether 
adjuvant therapy was used. There was no difference in the 
distant recurrence rate of LRH compared to ARH among 
any of the subgroups (P>0.05). Furthermore, there were no 
significant differences in mortality, overall recurrence rate, 
local recurrence rate, and distant recurrence rate between 
the VALRH and ARH groups (P>0.05) (Table 3, Figure 7).

Cox proportional-hazards models analysis

Next, we used Cox proportional-hazards models to compare 
the survival outcomes between the three groups adjusted for 
age, BMI, FIGO stage, tumor size, LVSI, margins, lymph 
node metastases, and adjuvant therapy (Table 4). LRH 
surgery was identified as a high-risk factor for postoperative 
recurrence (HR =2.338, 95% CI: 1.186–4.661, P=0.014) and 
local pelvic recurrence (HR =10.313, 95% CI: 2.839–37.46, 
P<0.001) (Table 4).

Sensitivity analyses

A total of nine surgeons operated on the 654 included 
patients. Sensitivity analysis was performed to examine 
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Table 1 Baseline characteristics of the patients

Characteristic ARH (N=406) LRH (N=172) VALRH (N=76)
P

LRH/ARH VALRH/ARH

Age (year) 51.7±0.9 47.1±1.4 48.7±1.5 <0.001 <0.001

BMI 24.3±0.3 23.9±0.5 23.6±0.6 0.197 0.122

International Federation of Gynecology 
and Obstetrics (FIGO) stage, N (%)

<0.001 <0.001

IB1 202 (49.8) 126 (73.2) 54 (71.0)

IB2 72 (17.7) 18 (10.5) 8 (10.5)

IIA1 98 (24.1) 21 (12.2) 7 (9.2)

IIA2 34 (8.4) 7 (4.1) 7 (9.2)

Tumor size, N (%) 0.002 0.070

<2 cm 41 (10.1) 21 (12.2) 9 (11.8)

≥2, <4 cm 251 (61.8) 124 (72.1) 52 (68.4)

≥4 cm 114 (28.1) 27 (15.7) 15 (19.7)

Histologic subtype, N (%) 0.964 <0.001

Squamous-cell carcinoma 352 (86.7) 147 (85.5) 60 (78.9)

Adenocarcinoma 41 (10.1) 19 (11.0) 13 (17.1)

Adenosquamous carcinoma 13 (3.2) 6 (3.5) 3 (3.9)

Differentiation, N (%) 0.715 0.602

G1 22 (5.4) 11 (6.4) 6 (7.9)

G2 227 (55.9) 102 (59.3) 42 (55.3)

G3 104 (25.6) 33 (19.2) 17 (22.4)

Not reported 53 (13.1) 26 (15.1) 11 (14.4)

Infiltration, N (%) 0.464 0.242

≤1/2 185 (45.6) 78 (45.3) 0.464 0.242

>1/2 211 (52.0) 81 (47.1)

Not reported 10 (2.4) 13 (7.6)

LVSI, N (%) 0.651 0.072

+ 301 (74.1) 125 (72.7) 52 (68.4)

− 105 (25.9) 47 (27.3) 24 (31.6)

Vaginal resection (cm)* 2.3±0.1 2.1±0.2 2.8±0.2 0.087 0.018

Vaginal margin, N (%) 0.273 0.108

+ 2 (0.5) 2 (1.2) 1 (1.3)

− 404 (99.5) 170 (98.8) 75 (98.7)

Lymph node metastasis, N (%) 0.415 0.317

+ 77 (19.0) 28 (16.3) 17 (22.4)

− 329 (81.0) 144 (83.7) 59 (77.6)

Adjuvant therapy, N (%) 0.034 0.041

Yes 264 (65.0) 98 (57.0) 43 (56.6)

No 142 (35.0) 74 (43.0) 33 (43.4)

*, postoperative pathological measurement. LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, 
vaginal-assisted laparoscopic radical hysterectomy; BMI, body mass index; LVSI, lymph vascular space invasion. 
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the robustness of our results. During this process, we 
eliminated patients from each surgeon one at a time and 
analyzed the differences between the three surgical styles. 
The outcome measures were local pelvic recurrence (PR), 
distant recurrence (DR), and overall recurrence. Our 
conclusions did not change following this analysis. LRH 
had a higher pelvic recurrence rate and a poorer DFS than 
ARH, but there were no differences between VALRH and 
ARH. These differences in survival outcomes may be due to 
the surgical approach itself (Figure 8).

Discussion

With the popularization of minimally invasive techniques, 
minimally invasive surgery for cervical cancer has gradually 
become a commonly applied approach. Numerous previous 

studies have reported similar outcomes between LRH and 
open surgery (13,14). However, two studies published in 
the New England Journal of Medicine in 2018 represented a 
significant turning point. One prospective and multicenter 
randomized clinical trial (RCT), reported by Ramirez  
et al. (4) and carried out at the Anderson Research Center, 
showed that a minimally invasive surgery group had a 
higher local recurrence rate and a lower DFS and OS 
than open surgery. Subsequently, Melamed et al. (5) from 
Harvard University published another large data study, 
the Real World Study (RWS) using data derived from the 
National Cancer Database and National Cancer Institute 
of the United States. Their results suggested that with the 
development of laparoscopic cervical cancer surgery in 
2006, the overall survival rate of cervical cancer exhibited a 
downward trend. However, these two studies did not explain 

Table 2 Overall survival and recurrence in each group (N, %)

Characteristic ARH LRH VALRH

Mortality rate 4.9 (20/406) 2.3 (4/172) 3.9 (3/76)

Overall recurrence rate 6.7 (27/406) 14.0 (24/172) 5.3 (4/76)

Distant recurrence rate 5.2 (21/406) 2.3 (4/172) 3.9 (3/76)

Pelvic recurrence rate 1.5 (6/406) 11.6 (20/172) 1.3 (1/76)

LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, vaginal-assisted laparoscopic radical 
hysterectomy.

Figure 6 Overall estimates of OS and DFS. (A) OS; (B) DFS; (C) pelvic recurrence; (D) distant recurrence. OS, overall survival; DFS, 
disease-free survival. LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, vaginal-assisted laparoscopic 
radical hysterectomy.
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why minimally invasive surgery was associated with shorter 
survival outcomes, and there were also some controversies 
and limitations. In addition, cervical cancer patients recover 
faster and have less pain after LRH surgery, indicating that 
many cancer patients can avoid the problems associated 
with huge surgical trauma. The comprehensive harm 
caused by open surgery, such as the huge incision and long-
term exposure of the abdominal organs, as well as internal 
syndrome, infection syndrome, and blood transfusion risk, is 
far greater than that caused by laparoscopy (15). Therefore, 
we should not completely deny the benefits of minimally 
invasive surgery for patients, but rather attempt to identify 
the possible causes for the high local recurrence rate, low 
DFS, and low OS after minimally invasive surgery, and how 
to avoid these issues.

Some studies have reported that after avoiding the 
exposure of tumors in the pelvic cavity, the prognosis of 
laparoscopic surgery can be consistent with that of open 
surgery (16). By reviewing the procedure used for LRH 
surgery, we believe that the tumor exposure caused by 
vaginal amputation in the open state of laparoscopic surgery 
may violate the requirement of the tumor-free concept in 
malignant tumor surgery, thus resulting in an increased local 
recurrence rate for laparoscopic surgery, thereby leading 
to a low OS. VALRH, as a combination of laparoscopic 
and vaginal minimally invasive techniques, avoids tumor 
exposure by transvaginal closure of the lesion, which can 
make up for the exposure of the tumor by laparoscopically 
open vaginal dissection. The long arm amplification 
provided by laparoscopic surgery also makes up for the 
technical difficulties caused by the poor field of vision and 
retro-level anatomy in vaginal surgery. VALRH cannot 
only meet the principle of no tumor but also involve the 
technical advantages of laparoscopy. Studies have suggested 
that the use of a uterine manipulator can promote the 
micrometastasis of tumor cells (8,9). However, most cervical 
cancer patients with a normal uterine size and good mobility 
require dissection surgery, and a uterine manipulator is not 
necessary. Intraoperative suspension and the auxiliary pull 
arm technology provided by VALRH can completely replace 
the uterine manipulator (7). Studies have also suggested that 
laparoscopic surgery may further promote the implantation 
and metastasis of tumor cells due to the presence of CO2 
circulating in the pneumoperitoneum (10,11). However, 
Lin et al. stimulated cervical cancer cells in vitro in a CO2 
pneumoperitoneum environment and observed significantly 
increased proliferation ability after a short period of 
proliferation inhibition. However, there was a reduction T
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Figure 7 Estimates of OS and DFS for different subgroups. (A) Tumor size <2 cm; (B) tumor sizes ≥2, <4 cm; (C) tumor sizes ≥4 cm; (D) 
positive lymph nodes; (E) negative lymph nodes; (F) adjuvant therapy; (G) no adjuvant therapy. LRH, laparoscopic radical hysterectomy; ARH, 
abdominal radical hysterectomy; VALRH, vaginal-assisted laparoscopic radical hysterectomy; OS, overall survival; DFS, disease-free survival.
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Table 4 Cox proportional-hazards models analysis

Characteristic
LRH vs. ARH VALRH vs. ARH

HR 95% CI P HR 95% CI P

Overall recurrence 2.338 1.186–4.661 0.014 0.791 0.263–2.380 0.676

Distant recurrence 0.709 0.230–2.182 0.549 0.634 0.173–2.321 0.492

Pelvic recurrence 10.313 2.839–37.46 <0.001 1.343 0.136–13.232 0.800

Death 0.770 0.247–2.406 0.653 0.820 0.232–2.898 0.758

LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, vaginal-assisted laparoscopic radical 
hysterectomy; HR, hazard ratio; 95% CI, 95% confidence interval.

Figure 8 Sensitivity analysis for each surgeon. Each marker point represents the P value reanalyzed following the exclusion of patients from 
each surgeon one at a time. The results showed that no single surgeon had a significant impact on the final study conclusion. During this 
process, we eliminated patients from each surgeon one at a time and analyzed the differences between the three surgical styles. Considering 
that all VALRH procedures were performed by surgeon E, and all patients of surgeon E underwent VALRH, we would be unable to 
compare VALRH with the other surgical styles if surgeon E was excluded. Therefore, surgeon E was not included in the sensitivity 
analysis. LRH, laparoscopic radical hysterectomy; ARH, abdominal radical hysterectomy; VALRH, vaginal-assisted laparoscopic radical 
hysterectomy; PR, pelvic recurrence; DR, distant recurrence.
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in their invasion, migration, and adhesion ability, although 
there were no significant correlations with CO2 pressure (17). 
Studies of endometrial cancer have confirmed that CO2 
circulating in the pneumoperitoneum does not increase 
the risk of tumor recurrence and death (18), and therefore 
provides a certain basis for the application of laparoscopic 
surgery in cervical cancer. Based on these studies, we believe 
that VALRH may be used for radical surgery in cervical 
cancer patients by meeting the requirements of non-
tumor exposure and minimally invasive operation, and thus 
reduce the technical difficulty of surgery without affecting 
the prognosis of patients and avoiding significant surgical 
trauma.

To further verify this speculation, we selected patients 
who received LRH, VALRH, and ARH in our hospital 
between March 2016 and June 2019. The surgeons were 
all experienced chief physicians in oncology hospitals. 
The overall operation format and postoperative adjuvant 
therapy were standardized and balanced, the patient follow-
up information was complete, and the overall mortality 
was 4.2%. The results were consistent with that of LACC, 
which indicated that the patients selected in this paper 
were satisfied with the combined treatment of cervical 
cancer based on surgery. In this study, the mortality rate 
of ARH was higher than that of LRH and VALRH, but 
the difference was not statistically significant. The main 
reason is that the ARH group had later FIGO stage, larger 
cervical lesions, higher incidence of LVSI and lymph node 
metastasis, leading to lower overall survival rate of the ARH 
group. Compared with ARH, LRH had a higher pelvic 
local recurrence rate, although there was no significant 
difference in distant recurrence between the two groups. 
However, due to a significant increase in pelvic recurrence 
rate, the DFS of LRH was shorter than ARH, which was 
consistent with the findings of the LACC experiments (4). In 
this study, the prognosis of patients in the VALRH surgery 
group was comparable with that of those in the ARH group, 
which confirmed our hypothesis. There were no significant 
differences in the overall recurrence rate, local recurrence 
rate, distant recurrence rate, or survival rate between the 
VALRH and ARH groups, thus indicating that VALRH 
could precisely avoid the disadvantages of total laparoscopic 
surgery. VALRH directly targets lesions and creates a closed 
tumor vaginal cuff, thereby ensuring the safety of a 3 cm 
resection range, which avoids tumor exposure caused by 
vaginal opening in laparoscopic operations. Furthermore, 
VALRH does not require a spiral uterine manipulator and 
reduces tumor contact and extrusion, thus reducing the risk 

of tumor micrometastases (19-21). 
A previous retrospective study reported similar results for 

laparoscopic-assisted vaginal extensive hysterectomy. The 
surgery was performed within the vagina to cuff- package 
lesions and avoided the extrusion of tumors by a spiral 
uterine manipulator, thus achieving the same oncological 
prognosis as open surgery (22,23); our data concurred 
with these previous results. However, laparoscopic-assisted 
vaginal extensive hysterectomy requires transvaginal 
removal of the uterine ligament and free the ureteral. 
This makes the operation more difficult as there are high 
technical requirements, which means that there is a long 
learning curve for the surgeon and more intraoperative 
complications, thus limiting the clinical application of 
this technique. In contrast, when using VALRH, we only 
need to cut the vaginal edge and there is less transvaginal 
operation. Moreover, this surgery is not technically difficult 
and is therefore more suitable for clinical promotion. We 
also conducted sensitivity analysis for different operators 
and reached a consistent conclusion, even after excluding 
the influence of the surgical experience of different 
operators, which further confirmed the stability of our 
data. This provides us with a confident basis from which to 
carry out prospective clinical trials to validate our current 
findings. 

In view of the lack of stratified prognostic data for both 
the LACC and RWS studies, as well as the comprehensive, 
authentic, and reliable follow-up data provided by this 
study, we also conducted subgroup analysis and found 
that when the lesion was <2 cm, there was no statistical 
significance in the overall recurrence rate, distant 
recurrence rate, and local pelvic recurrence rate between 
LRH vs. ARH and VALRH vs. ARH. Limited by the fact 
that, as a tumor specialized hospital, there were relatively 
few earlier cases and fewer recurrent patients, this study 
could not confirm the differences in the prognosis of 
tumor patients with a lesion <2 cm based on the three 
surgical methods. Of course, this does not exclude the fact 
that patients at an earlier stage are suitable for routine 
total laparoscopic surgery. When lesions were ≥2, <4 cm, 
postoperative lymph nodes were negative, and there was 
no postoperative auxiliary treatment group, the overall 
recurrence and local recurrence rates of LRH were higher 
than ARH. When lesions were ≥4 cm, postoperative lymph 
nodes were positive, and auxiliary treatment was provided 
postoperatively, LRH also failed to avoid a higher local 
recurrence rate in the pelvis compared to ARH. There was 
also no difference in the distant recurrence rate, further 
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confirming that local tumor exposure or compression may 
promote local recurrence. These findings were consistent 
with previous reported research (24-27). However, there 
was no difference in the outcomes between VALRH and 
ARH, further demonstrating that improved techniques 
may mean that minimally invasive surgery could be applied 
more to patients with cervical cancer. However, more 
prospective clinical trials are needed to further verify the 
efficacy of laparoscopic surgery in patients with cervical 
cancer, especially for “low-risk” patients, so as to improve 
the indications for minimally invasive surgery and the strict 
control of operative methods for early cervical cancer. This 
could allow more patients with cervical cancer to benefit 
from minimally invasive surgery.

There are still some limitations to this study that need 
to be considered. Firstly, our data was obtained from a 
single-center and our study was retrospective. Therefore, 
more prospective and multi-center studies are needed 
to further verify the efficacy of VALRH for the surgical 
treatment of cervical cancer. Also, the median follow-up 
interval in our study was short; therefore, longer follow-
up analysis is still needed. Due to the number of cases, the 
safety of laparoscopic surgery for “low-risk” patients with 
early cervical cancer could not be fully demonstrated in the 
subgroup with a tumor diameter <2 cm. Further studies and 
additional data are now needed for confirmation. 

Laparoscopic surgery for cervical cancer faces huge 
challenges and some scholars have highlighted suggestions 
for improving the concept of disease-free surgical  
options (28). VALRH cannot only meet the principle 
of no tumor but also involve the technical advantages of 
laparoscopy, moreover, its minimally invasive advantage 
is not possessed by ARH, but it requires the surgeon 
master certain vaginal operation skills. In view of the poor 
prognosis suffered by LRH, the great surgical trauma 
challenge of ARH and the minimally invasive and tumor-
free advantages of VALRH, we compared the effects of 
three surgical methods on recurrence and survival of 
cervical cancer, found that VALRH had the same prognosis 
with ARH and better than LRH, our findings provide proof 
for this concept and suggest that VALRH can solve the 
problems created by total laparoscopic surgery and tumor 
exposure by improving survival outcomes and reducing the 
local recurrence rate. Therefore, for patients with early 
cervical cancer, regardless of the size of cervical lesions, 
VALRH surgery can be selected. The prognosis is similar to 
ARH and surgical trauma can be reduced, which is worthy 
of clinical application.
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