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Abstract
Objective  To evaluate the safety and efficacy of laparoscopic radical hysterectomy (LRH) for cervical cancer, in terms of 
morbidity and short-term oncologic outcome following LRH’s introduction into Japan.
Methods  We conducted a retrospective analysis of patients with early-stage cervical cancer (FIGO staging IA2, IB1, and 
IIA1) who underwent LRH from Dec 2014 to Dec 2016. We assessed the morbidity, overall survival (OS) and recurrence-
free survival (RFS), and prognostic factors for RFS.
Results  A total of 251 patients were included from 22 facilities across Japan. There were 8 cases of stage IA2 cervical 
cancer, 226 of IB1, and 17 of IIA1. The median operating time was 343 min and the median blood loss was 190 ml. Two 
patients (0.8%) had a postoperative complication with a Clavien–Dindo classification of grade 3 or higher. After a median 
follow-up time of 15.6 months, the 2-year RFS was 87.4%, and the 2-year OS was 97.8%. When the 2-year RFS rate was 
compared with whether the patient pathologically had tumors of less than 2 cm, versus 2 cm or more, the RFS was 95.8% 
and 80.4%, respectively. Multivariate analysis found that tumor size and the route of lymph node removal were independent 
prognostic factors for recurrence.
Conclusion  When LRH was first introduced into Japan, we found that the route of lymph node removal was an independent 
prognostic factor for recurrence in addition to large tumors (≥ 2 cm). Our results suggest that prognosis may be secured by 
paying attention to the lymph node removal route.
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TLRH	� Total laparoscopic
TRRH	� Total robotic radical hysterectomy
MIS RH	� Minimally invasive surgery for radical 

hysterectomy
OS	� Overall survival

Introduction

Radical hysterectomy (RH) is the accepted best treatment for 
early-stage cervical cancer. Various RH techniques have been 
utilized, based predominantly around an open radical hyster-
ectomy (ORH), but more recently many retrospective studies 
have indicated the safety and feasibility of using laparoscopic 
radical hysterectomy (LRH). In the appropriately selected 
cervical cancer patient, LRH has proven benefits over ORH, 
including significant reductions of blood loss, pain, duration of 
hospital stay and wound complications, among other benefits 
[1]. However, there have been only a few studies comparing 
LRH and ORH regarding long-term recurrence and survival 
rates [2–4].

In 2018, the results of the Laparoscopic Approach to Car-
cinoma of the Cervix (LACC) were reported [5]. The study 
found that, compared to ORH, total laparoscopic RH (TLRH) 
and total robotic RH (TRRH) seemed to be associated with 
higher recurrence rates and worse overall survivals. Most 
previous studies of the safety and efficacy of LRH had been 
retrospective examinations of single-facility results, with the 
authors usually being seasoned laparoscopic surgeons, which 
might have skewed their results [6–8]. Significant concerns 
were immediately raised world-wide over the oncological 
safety of any minimally invasive surgery (MIS) for RH.

Unexpectedly at almost the same timing as the LACC 
report, in 2018, LRH first became a national-insurance-paid 
procedure in Japan. We set out to conduct a first of its kind 
in-depth nation-wide multicenter evaluation of the safety 
and efficacy of LRH, as routinely conducted under real-life 
situations by trained surgeons. Our study looked at data from 
22 facilities nationwide involving 251 LRH conducted fol-
lowing LRH’s initial introduction into Japan. This period 
was concurrent with LRH being classified as an “advanced 
medical care procedure” for cervical cancer, but, impor-
tantly, prior to LRH becoming covered by national health 
insurance. We analyzed the data for perioperative compli-
cations and for oncological prognoses following the initial 
introduction period.

Methods

Study design and patients

This study was designed as a multi-institutional retrospec-
tive study of women with early-stage cervical cancer who 

underwent laparoscopic radical hysterectomy plus pelvic 
lymphadenectomy (LRH + PLN) from December 2014 to 
December 2016. We included only LRH for FIGO stage IA2, 
IB1, IIA1 cervical cancer, and only results from surgeons 
who completed three or more LRH surgeries during the 
study period. We excluded patients who received modified 
RH, or radiation or concurrent chemo-radiation therapy as 
their primary treatment, or who received neoadjuvant chem-
otherapy before the LRH.

Collected data and their definition

We collected patient, perioperative, and short-term progno-
sis data from medical records. The patient parameters col-
lected were: age, number of previous pregnancies and par-
ity, height, body weight, body mass index (BMI), operation 
time, perioperative blood loss, transfusion, type of surgery 
(i.e., nerve-sparing or ‘other’). Surgical data collected were: 
surgeon certification (endoscopic surgery and/or gyneco-
logic oncology), use of a uterine manipulator, type of col-
potomy, route of lymph node specimen removal, periopera-
tive complications, duration of hospital stay, readmission, 
FIGO stage, histopathologic subtype, pTNM classification, 
pathological tumor size, stromal invasion, lymphovascular 
space invasion, lymph node involvement and adjuvant ther-
apy. When utilized, adjuvant therapy consisted of concurrent 
chemoradiotherapy or chemotherapy.

Complications were subdivided into intraoperative and 
postoperative complications. Postoperative complications 
were further subdivided according to the Clavien–Dindo 
classification system into less than grade III (< III)—or 
grade III or higher (≥ III). Bladder dysfunction was defined 
as voiding difficulty requiring reinsertion of a Foley catheter 
or clean intermittent catheterization after 30 postoperative 
days.

Statistical analyses

Overall survival (OS) was defined as the time interval from 
initial surgery to death from any cause. Recurrence-free 
survival (RFS) was defined as the time from initial surgery 
to recurrence or cancer-related death, whichever occurred 
first. We considered RFS as being suitable for appraising 
the clinical value of the prognostic factors due to the rarity 
of deaths in this study.

Continuous and categorical variables were summarized 
by median (min–max) and frequency (percent), respectively. 
RFS was estimated using the Kaplan–Meier method. We 
performed comparisons using the log-rank test. The 95% 
confidence interval (CI) for a specific-time RFS rate was 
calculated using Greenwood’s formula. Univariate and 
multivariate analyses using the Cox proportional hazards 
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regression model were performed to calculate the hazard 
ratio (HR) and 95% CI for RFS.

For multivariate analysis, Model 1 included five pre-spec-
ified prognostic factors (tumor type, pN, tumor diameter, 
vascular invasion, and method for lymph node removal). 
Model 2 included only the tumor diameter and the method of 
lymph node removal; in Model 1, these variables had p < 0.1. 
A value of p < 0.05 for the two-sided test was considered to 
be significant. All statistical analyses were performed using 
SAS software (version 9.4; SAS Institute, Inc., Cary, NC, 
USA).

Ethics

This study conformed to the Ethical Principles for Medical 
Research Involving Human Subjects and was approved by 
the Institutional Review Board of the Japanese Gynecologic 
Oncology Group (No. 16152-4).

Results

The characteristics of the 251 LRH cases we examined are 
summarized in Table 1. The distribution of FIGO stages 
during this time period was eight cases of FIGO stage IA2 

(3.2%), 226 IB1 (90%) and 17 IIA1 (6.8%). During the 
same period, the number of cases of ARH open surgery at 
these participating institutions was seven IA2 (2.5%), 231 
IB1 (83.4%) and 39 IIA1 (14.1%). The median pathologi-
cal tumor diameter was 2.0 cm (range 0–7.7). R0 resec-
tion was achieved in all patients. The perioperative details 
are shown in Table 2. Median operating time was 343 min 
(range 159–742). Median blood loss was 190 ml (range 0–2, 
100). Intra- and post-operative complications are shown in 
Table 3. Main complications encountered following LRH 
consisted of vascular, bladder, ureteral, and obturator nerve 
injuries. Similar to what occurs during open laparotomy 
radical hysterectomy, the perioperative visceral injuries 
were predominantly related to the urinary tract. In 251 
cases, an intraoperative urinary tract injury occurred in 
three cases [bladder in two (0.8%), ureter in one (0.4%)]. 
Based on the Clavien–Dindo complication classification 
system, there were only 0.8% cases of postoperative com-
plications of grade III or higher, with a conversion rate of 
0.4%. The median follow-up for this retrospective study was 
15.6 months (range 1.0–33.2). During follow-up, 22 patients 
had a recurrence, of which three patients died of the disease. 
The location of tumor recurrence was divided amongst the 
vault, pelvis, abdomen, and distant and/or multiple sites. 
The distribution of recurrence sites was eight (36%) in the 

Table 1   Patient characteristics

LVSI Lymphovascular space involvement, BMI Body mass index, FIGO International Federation of Gyne-
cology and Obstetrics, CCRT​ Concurrent chemoradiotherapy, RT Radiotherapy

Variable (n = 251) Category

Age (year), median (range) 44 (23–78)
BMI (kg/cm2), median (range) 21 (14.7–32.5)
FIGO stage IA2 8 3.2%

IB1 226  90.0%
IIA1 17  6.8%

Histologic type Squamous cell carcinoma 143  57.0%
Adeno carcinoma 84  33.4%
Adenosquamous cell carcinoma 20 8.0%
Others 4 1.6%

Tumor diameter (cm), median (range) 2 (0–7.7)
Parametrial involvement Present 19 7.6%

Absent 232 92.4%
Resection margin involvement Present 0 0%

Absent 251 100%
Lymph node involvement Present 39 15.5%

Absent 212 84.5%
LVSI Present 107 42.6%

Absent 144 57.4%
Adjuvant treatment Yes 109 43.4%

No 142 56.6%
Type of adjutant treatment CCRT or RT 44 17.5%

Chemotherapy 65 25.9%
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vault, six (27%) in the pelvis, one (5%) in abdomen, two 
(9%) were distant from the primary tumor, and five (23%) 
patients had multiple sites of recurrence. The one- and 
two-year RFS rates were 92.4% (88.0–95.2), and 87.4% 
(80.0–92.2), respectively (Fig. 1B). The one- and two-year 
OS was 99.6% (96.9–99.9) and 97.8% (93.1–99.3) (Fig. 1, 
panels A, C, and E). Among the five pre-specified prognostic 
factors that we examined for Model 1, pT, tumor diameter 
and lymphovascular space invasion were found to be signifi-
cant factors for RFS by univariate analysis (Table 4). The 
multivariate model with these same five factors revealed 
that tumor diameter affected recurrence (HR, 3.82 [95% CI: 

1.06–13.80]) (Table 5, Model 1). In Model 2, this multivari-
ate model (Table 5) included factors with p < 0.1 in Model 1. 
The HR [95%CI] of tumor diameter and route of lymph node 
removal were, respectively, HR, 5.26 [95% CI 1.55–17.77] 
and 4.43 [1.02-19.20]. Kaplan–Meier curves were drawn for 
tumor diameter and route of lymph node removal (Fig. 1, 
panels D and F, respectively).     

Discussion

LRH for cervical cancer was found to have such significant 
advantages over traditional ORH that American, European, 
and several Asian countries neighboring Japan were quick 
to adopt LRH when it first appeared. However, LRH’s intro-
duction into Japan was delayed. Gynecological laparoscopic 
surgery in Japan began for reproductive medicine and benign 
gynecological diseases. LRH, a technically challenging pro-
cedure, was initially received with caution by gynecologic 
oncologists more comfortable with the traditional ORH 
approach.

Because of improvements in techniques and equipment, 
laparoscopic surgery for endometrial cancer was approved 
for use under insurance in Japan in 2014 and LRH for cervi-
cal cancer was simultaneously approved as an ‘advanced 
medical care’, a designation required before a procedure 
can receive official insurance coverage. In April of 2018, 
LRH was approved as a ‘surgery under insurance’. LRH is, 
thus, relatively new to Japan. The nationwide oncologic out-
come for LRH, especially during its critical implementation 
period, had never before been intensively examined.

The feasibility of a surgical technique can be evaluated 
by several factors: the operative data and the intraoperative 
and postoperative morbidities. Given that the retrieval of a 

Table 2   Summary of operative 
details

Variable (n = 251) Category

Operation time (min), median (range) 343 (159–742)
Blood loss (ml), median (range) 190 (0–2100)
Number of harvested LN, median (range) 32 (2–87)
Transfusion No 219  87.2%

Autologous transfusion 30 12.0%
Allogeneic blood transfusion 2 0.8%

Use of uterine manipulator, n (%) Yes 57 22.7%
No 194 77.3%

Route of lymph node retrieval, n (%) Trans abdominal 161 64.1%
Trans vaginal 90 35.9%

Route of uterine retrieval, n (%) Trans abdominal 1 0.4%
Trans vaginal 250 99.6%

Converted to laparotomy, n (%) Yes 1 0.4%
No 250 99.6%

Hospital stay (days), median (range) 13 (5–41)

Table 3   Intraoperative and postoperative complications

SSI surgical site infection
*Clavien-Dindo Classification≧Grade III

Intraoperative complications, n (%)

Vascular injury 3 (1.2%)
Obturator nerve injury 2 (0.8%)
Bladder injury 2 (0.8%)
Bowel injury 2 (0.8%)
Ureteral injury 1 (0.4%)
Postoperative complications* n (%)
Bladder dysfunction 64 (25.5%)
Lymphedema 3 (1.2%)
Lymph cyst 4 (1.6%)
Infectious lymph cyst 3 (1.2%)
SSI 7 (2.8%)
Vaginal dehiscence* 1 (0.4%)
Ileus 1 (0.4%)
Gait disturbance 1 (0.4%)
Rectovaginal fistula* 1 (0.4%)
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minimum of 20 pelvic lymph nodes is the gold standard for 
adequate lymphadenectomy [9], our patients were generally 
considered to have received better-than-adequate surgery 
because the median number of resected lymph nodes was 
32 and the positive surgical margin rate was 0% among the 
251 cases.

Even in experienced hands, LRH surgery is a relatively 
time-consuming procedure. From the systematic review by 
Wang et al., the mean operative time for LRH in other coun-
tries is 251.5 min (± 78.3), whereas ORH is 4% (11 min) 
shorter (240.0 min ± 85.1) [1]. In the present study, during 
the introduction period in Japan, the median operative time 
for LRH was 337.5 min. The longer duration is accounted for 

by the newness of LRH to most surgeons in the 22 facilities 
reporting here, so there was a cautious and steep learning 
curve.

Another nationwide multicenter study in Japan surveyed 
perioperative complications occurring after an open radi-
cal hysterectomy for clinical stage IB-IIB cervical cancer. 
Among their 693 patients, an intraoperative urinary tract 
injury occurred in 22 cases [bladder in 12 (1.7%), ureter 
injury in 10 (1.4%)], and a postoperative urinary tract fistula 
occurred in seven cases (1%)] [10]. In our study, an intraop-
erative urinary tract injury occurred in 1.2% of cases and no 
postoperative fistula occurred.

(A)
(C)

(B) (D)

Fig. 1   Kaplan–Meier analysis of overall survival and recurrence-free survival in patients with entire cohort (a, b), tumors < 2 cm or ≦ 2 cm (c, 
d) and transvaginal lymph removal (e, f)
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In our survey, 82.5% of the patients (207 of 251 
patients) were treated by a surgeon certified for conduct-
ing minimally invasive surgery and gynecologic oncology 
(Table 4). This, in addition to the painstaking time taken, 
would explain why the complication rate for LRH during 
this break-in period in Japan was so relatively low.

Regarding oncological prognosis, the median follow-
up period looking for recurrence was 15.6 months. This 
observation period is too short yet for a significant sta-
tistical analysis. According to our data, 22 patients had a 
recurrence during their observation period, three of whom 

died of the disease. Due to the short follow-up period, it 
is too early to derive an OS with any confidence from the 
small number of recurrence events thus far.

The one- and two-year RFS rates were 92.4% (88.0–95.2), 
and 87.4% (80.0–92.2), respectively (Fig. 1b). However, 
when the RFS rate at two years is compared with patients 
having larger tumor diameters, < 2 cm versus ≥ 2 cm, the 
difference was 95.8% versus 80.4%, respectively. Although 
the patients’ backgrounds might be different, the recurrence 
rate in our study is higher than that reported in the LACC 
trial, where the three-year RFS was 91.2%. Also, the 80.5% 
RFS for cases with a tumor two centimeters or larger was 
less than ideal when compared to existing ARH data of 
JCOG0806A (RFS at 5 year was 87.1% with a clinical tumor 
size of 2 cm <) [11]. Although our institutions performed 
these operations with varied experience and technique, we 
analyzed the risk factors for recurrence. Interestingly, from 
multivariate analysis, tumor size and route of lymph node 
removal were independent prognostic factors for recurrence.

Tumor diameter has long been known to be a risk factor 
for recurrence [11]. This is the first report that describes the 
lymph node removal route through the abdomen as being an 
independent risk factor for recurrence. Of the 22 recurrent 
cases, 21 were from cases of lymph node removal through 
abdomen and only one was through the vagina. Since there 
was no relationship between the site of recurrence and the 
lymph node removal route, and there is no case of recurrence 
at the trocar site, we are as yet unable to explain why the 
transabdominal removal route increases the risk of recur-
rence. However, surgical procedures, such as the lymph 
node removal route, are often consistent among surgeons 
and facilities, so we plan further investigations to elucidate 
the reason for this risk factor of recurrence by extending 
the observation period and examining the details of any 
surgical procedures which might have a relationship with 
tumor recurrence. Details of the surgical technique used in 
the LACC trial were not fully disclosed, so it is impossible 
for us to compare their results with ours. In our analysis, 
there is still the possibility that other specific LRH surgical 
techniques may be playing roles in the risk of recurrence.

The obvious elephant in the room is the fear, among 
surgeons who undergo MIS RH, that there are risks that 
an intraoperative manipulation of the tumor or a careless 
intracorporeal colpotomy might cause an inadvertent dis-
semination of tumor cells, the recurrence of which could 
compromise their survival [12].

Using PubMed and the search words “laparoscopic radi-
cal hysterectomy”, we reviewed all relevant papers published 
prior to the 2017 LACC report; the details of this review are 
shown in Table 6 [references 2, 3, 6, 16-39]. We excluded 
reports that lacked operative data or details of the procedure, 
were from the same author or institution, were a multicenter 
study, used preoperative chemotherapy or radiotherapy, used 

(E)

(F)

Fig. 1   (continued)
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Table 4   Univariate analyses for 
Recurrence-free Survival

HR Hazard Ratio, CI Confidence Interval, MIS Minimally Invasive Surgery
*Firth’s correction was performed. Bold type indicates that the p-value was < 0.10

Variable Category or unit n Univariate model (n = 251)

HR 95% CI p value

Age at first treatment One year 251 0.98 0.94–1.02 0.2414
BMI ≥20 155 1

<20 96 1.69 0.73–3.90 0.2188
Stage FIGO 2010* IA2 8 1

IB1 226 1.500 0.21–190.99 0.7847
IIA1 17 2.998 0.24–413.73 0.4943

Tumor type Adenocarcinoma 84 1
Squamous cell carcinoma 143 5.69 1.31–24.70 0.0203
Adenosquamous cell carcinoma 20 4.85 0.68–34.48 0.1146
Other 4 11.20 1.01–124.45 0.0493

pT Ia1, Ia2, Ib1, IIa1 212 1
Ib2, IIA2, IIb 39 4.14 1.77–9.72 0.0011

pT Ia1, Ia2,Ib1, IIa1 212 1
Ib2,IIA2 20 4.12 1.47–11.57 0.0072
IIb 19 4.17 1.35–12.95 0.0134

pN Absent 212 1
Present 39 2.19 0.85–5.61 0.1037

pM* Absent 249 1
Present 2 3.12 0.02–22.82 0.4400

Tumor diameter <2 cm 103 1
≥2 cm 140 4.91 1.45–16.60 0.0104

Stromal invasion ≤1/2 165 1
>1/2 86 1.32 0.56–3.09 0.5231

LVSI Absent 144 1
present 107 3.29 1.33–8.11 0.0097

Number of metastatic lymph nodes <2 228 1
≥2 23 1.83 0.54–6.22 0.3344

Number of harvested lymph nodes <20 40 1
≥20 211 1.25 0.37–4.24 0.7162

Ascites cytology* Not performed 99 1
Negative 149 0.71 0.31–1.63 0.4295
Positive 3 1.43 0.01–11.08 0.8127

Operation
Number of cases per facility >10 cases 190 1

≤10 cases 61 1.47 0.60–3.62 0.3987
Surgeon’s certification Gynecology Oncology and MIS 207 1

Other 44 1.05 0.35–3.12 0.9275
Operation time <360 min 139 1

≥360 112 1.33 0.57–3.10 0.5040
Bleeding volume 100 ml 251 0.93 0.74–1.19 0.5767
Use a manipulator Yes 57 1

No 194 1.18 0.43–3.21 0.7465
Colpotomy method Through vagina 36 1

through abdomen 214 1.60 0.37–6.83 0.5282
Uterus removal route* Through vagina 250 1

Through abdomen 1 3.58 0.03–26.57 0.3896
Lymph node removal route Through vagina 90 1

Through abdomen 161 4.13 0.95–17.88 0.0577
Intraoperative complication* Absent 241 1

Present 10 0.45 0.004-3.22 0.5815
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laparoscopy-assisted radical vaginal hysterectomy, used 
robot-assisted surgery, or reported on less than 20 cases. In 
the 27 papers that met our criteria, we also reviewed for the 
use of a uterine manipulator, the use of a cuff-closure tech-
nique, the presence or absence of vaginal manipulation, and 
details of the lymph node collection route [13].

From our review of papers published prior to the LACC 
report, we found that most surgeons were indifferent to the 
use of a manipulator or the method of vaginal incision—
almost all used a uterine manipulator and an intracorporeal 
colpotomy without creating a vaginal cuff to isolate the cer-
vical tumor. If particular laparoscopic surgical techniques, 
such as the use of a uterine manipulator and intracorporeal 
colpotomy, are in fact significantly affecting prognosis, then 
the use of an improved intracorporeal colpotomy proce-
dure might yet allow the MIS RH procedure to survive and 
evolve. The results of LACC trial provided a valuable oppor-
tunity to reconsider the LRH procedure. After the LACC 
report, promising results using the vaginal cuff-closure 
technique to isolate the cervical tumor were reported [14, 
15]. An investigation that is now in progress should clarify 
whether technical issues surrounding LRH, such as the isola-
tion of the cervical tumor during colpotomy, or the use of a 
uterine manipulator, can improve outcomes.

We acknowledge that our study has several limitations. 
First, it is a retrospective study and has a non-randomized 
design. Second, we have not been able to verify the precise 
surgical techniques used, i.e., the colpotomy method, or as 
to whether the surgeons choose the cuff-closure technique, 
or if they performed an intracorporeal colpotomy. Third, the 
mean of the duration of the follow-up period is thus too short 
for reaching any definitive conclusions about OS yet.

We believe that the primary strength of this study is 
that the data are from the early stages of the nation-wide 
introduction of LRH that have never before been inten-
sively investigated. Previous reports of LRH outcomes in 
other countries were conducted mostly by seasoned sur-
geons, so their results are unlikely to reflect the real-world 
experiences of the average surgeon as they begin their use 
of LRH. Our report reflects the multicenter, nation-wide 
experience of the early years of introducing LRH for cer-
vical cancer into Japan. Our data are valuable because it 
will provide real-world data concerning the real risks and 
benefits of LRH for other counties, as they begin introduc-
ing LRH.

In addition, we have already launched a supplementary 
survey, as JGOG 1081 s-A1, which includes a survey of 
details the surgical procedures used, such as the colpot-
omy technique and the specimen removal method with a 
longer follow-up period of our patient population. From 
such studies, we should be able to establish comprehensive 
guidance for LRH surgical techniques so as to improve 
outcomes for our patients.

Conclusion

When LRH was first introduced into Japan, we found that 
the routes of lymph node removal were independent prog-
nostic factors for recurrence in addition to large tumors 
(≧2 cm); our results suggest that prognosis may be secured 
by paying attention to the lymph node removal route.

Table 5   Multivariate analyses for Recurrence-free Survival

Model 1 is a full model. The model 2 included only tumor diameter and lymph node removal method, which these variables had p < 0.1 in model 
1
HR Hazard Ratio, CI Confidence Interval

Variable Category Model 1 (n = 243) Model 2 (n = 243)

HR 95% CI p-value HR 95% CI p-value

Tumor type Adenocarcinoma 1
Squamous cell carcinoma 3.54 0.74–16.86 0.1127
Adenosquamous cell carcinoma 4.59 0.61–34.72 0.1401
Other 9.90 0.79–123.89 0.0754

pN Absent 1
Present 1.36 0.50–3.71 0.5458

Tumor diameter <2 cm 1 1
≥2 cm 3.82 1.06–13.80 0.0406 5.26 1.55–17.77 0.0076

Vascular invasion Absent 1
Present 1.28 0.45–3.61 0.6403

Lymph node removal route Through vagina 1 1
Through abdomen 3.57 0.81–15.76 0.0933 4.43 1.02–19.20 0.0464
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