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Simple Summary: Minimally invasive radical hysterectomy is contraindicated in early stage cervical
cancer cases because of poor prognosis. The no-look no-touch technique (NLNT) eliminates intra-
operative tumor spillage and may improve survival outcomes. We evaluated oncologic outcomes of
laparoscopic radical hysterectomy performed using NLNT. We compared the outcomes of abdominal
radical hysterectomy and NLNT using inverse probability of treatment weighting. We found no signifi-
cant differences in disease-free survival between the groups, even in patients with tumor sizes ≥ 2 cm.
We also studied NLNT’s non-inferiority to abdominal radical hysterectomy by evaluating heterogeneity
between the results of the Laparoscopic Approach to Cervical Cancer (LACC) trial and those of our
study. We did not observe significant heterogeneity, although there was a trend toward a lower hazard
ratio in our study compared with the non-inferiority margin in the LACC trial. Laparoscopic radical
hysterectomy using NLNT is a plausible alternative surgical treatment for early stage cervical cancer.

Abstract: We evaluated oncologic outcomes of laparoscopic radical hysterectomy using the no-look no-
touch technique (NLNT). We analyzed patients with early stage (IA2, IB1, and IIA1, FIGO2008) cervical
cancer treated between December 2014 and December 2019. The primary endpoint was disease-free
survival (DFS). We compared the outcomes of the abdominal radical hysterectomy (ARH) and NLNT
groups using a Cox model with inverse probability of treatment weighting (IPTW), according to propen-
sity scores. We also evaluated NLNT’s non-inferiority to ARH using an evaluation of heterogeneity
between the results of the Laparoscopic Approach to Cervical Cancer (LACC) trial and our study. ARH
and NLNT were performed in 118 and 113 patients, respectively. The median follow-up duration was
3.2 years. After IPTW adjustment, the 3-year DFS rates (NLNT 92.4%; ARH 94.0%) and overall survival
rates did not differ significantly between the groups. Furthermore, the 3-year DFS rates for patients
with tumor sizes ≥ 2 cm in the NLNT (85.0%) and ARH (90.3%) groups did not differ significantly. No
significant heterogeneity was observed between the LACC trial and our study (I2 = 60.5%, p = 0.111),
although there was a trend toward a lower hazard ratio in our study. Laparoscopic radical hysterectomy
using NLNT provides a favorable prognosis for early stage cervical cancer.

Keywords: cervical cancer; laparoscopic surgery; minimally invasive surgery; radical hysterectomy;
tumor spillage; no-look no-touch technique
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1. Introduction

Radical hysterectomy is the standard surgical approach for women with early stage
uterine cervical cancer and is associated with a 5-year disease-free survival (DFS) rate
of >80% [1–4]. For decades, minimally invasive radical hysterectomy (MIRH), including
laparoscopic surgery, was adopted to treat cervical cancer [5–10]. However, in 2018, the
Laparoscopic Approach to Cervical Cancer (LACC) trial, a phase 3, multicenter, random-
ized study, revealed that MIRH was associated with poor prognosis compared with open
abdominal radical hysterectomy (ARH); the risks of recurrence and death were four and
six times higher, respectively [11]. Several subsequent large population analyses and a
high-quality meta-analysis of observational research produced results corroborating the
LACC trial [12–18]. ARH is now the recommended standard based on those findings, and
MIRH is only performed in limited cases, including low-risk cervical cancer cases [1,2].
However, the exact cause of poor survival after MIRH remains unknown. Additionally,
the studies mentioned above did not assess the quality control of the surgical procedure,
making it difficult to interpret the results.

Intraoperative tumor spillage during laparoscopic surgery for various malignant
tumors is highly concerning [19–26]. Among patients with cervical cancer, intraperitoneal
tumor exposure during minimally invasive surgery was associated with a significantly
poorer prognosis [26]. Therefore, tumor spillage owing to surgery-related factors (including
tumor exposure under the pneumoperitoneum and intraoperative perforation or direct
manipulation of the tumor) may cause cancer cell dissemination during laparoscopic
surgery [27,28].

Previous studies, including our own, showed that intraoperative tumor spillage was
a prime concern, and strategies aimed at limiting tumor interference when performing
MIRH, including avoidance of tumor spillage using methods such as the no-look no-
touch technique (NLNT) [29–31], were associated with improvements in cervical cancer
DFS rates. However, these retrospective studies did not adjust for confounding factors.
Interestingly, an observational study of 693 patients [18], which did include propensity
score analysis, found that MIRH with protective vaginal closure resulted in oncologic
outcomes similar to those of ARH (hazard ratio (HR): 0.63, 95% confidence interval (CI):
0.15–2.59). However, these data were limited, as only 43 participants underwent MIRH
with a protective procedure. Altogether, whether the oncologic outcomes of patients
undergoing MIRH using techniques to avoid tumor spillage are truly equivalent to those
undergoing ARH, remains inconclusive.

This cohort study, with propensity score analysis, aimed to compare the survival out-
comes of patients who underwent laparoscopic radical hysterectomy (LRH) for early stage
cervical cancer using NLNT with those who underwent ARH. Moreover, we evaluated
NLNT’s non-inferiority to ARH using the evaluation of heterogeneity between the results
of the Laparoscopic Approach to Cervical Cancer (LACC) trial and our study.

2. Materials and Methods
2.1. Study Design and Endpoints

We conducted a cohort study to compare oncologic outcomes between patients who
underwent ARH and LRH using NLNT for early stage cervical cancer between December
2014 and December 2019 at the Japanese Foundation for Cancer Research. The institutional
review board at our institution approved this study (approval date: 21 July 2020, protocol
no. 2020-1087), and all patients provided informed consent for this trial. We obtained
patients’ clinical and pathological data by conducting chart reviews. Some patients in
the current investigation were included in our previous study, where 163 patients who
underwent radical hysterectomy between 2014 and 2017 in our hospital were evaluated [29].

The primary endpoint was DFS, defined as the time from surgery to detection of the
first disease recurrence by imaging or death from any cause. The secondary endpoint
was overall survival (OS), defined as the time from surgery to end for any reason. Data
of patients with no evidence of recurrence or death were censored on the date of the last
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follow-up. Finally, we assessed the extent of heterogeneity between the LACC trial and our
study to evaluate non-inferiority.

2.2. Participants

Patients who met the following criteria were included: (i) had previously untreated
cervical cancer (those who underwent diagnostic conization could be included); (ii) were
at clinical stages IA2, IB1, and IIA1, based on the revised 2008 International Federation of
Gynecology and Obstetrics staging system; (iii) had histologically confirmed cervical cancer,
including squamous cell carcinoma, adenocarcinoma, and adenosquamous carcinoma; and
(iv) underwent type III radical hysterectomy and pelvic lymphadenectomy (per the Piver–
Rutledge–Smith classification) performed by board-certified gynecologic oncologists.

Patients underwent either ARH or LRH, based on their choice, following preoperative
consultation and discussions regarding their diagnosis with gynecologists. All NLNT
procedures were conducted by a single board-certified surgeon using the same proto-
cols (H.K.). We excluded patients who underwent LRH without NLNT and those who
received preoperative radiation therapy, concurrent chemoradiation therapy, or neoadju-
vant chemotherapy.

2.3. Treatment Procedures and Follow-Up

Procedures, outcomes (including the extent of resection), and postoperative course of
LRH using NLNT have been described previously [29]. NLNT comprises four steps aimed
at preventing tumor cell spillage: (i) creation of the vaginal cuff (Figure 1A), (ii) manipula-
tion of the uterus without inserting an intra-uterine manipulator (Figure 1B), (iii) minimal
handling of the uterine cervix, and (iv) bagging the specimen.
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diameter of ≥4 cm, and/or ≥50% myometrial invasion) received chemotherapy; (ii) patients 

Figure 1. Concept of the “no-look no-touch” technique (A) before (left) and after (right) the creation
of the vaginal cuff. Before the laparoscopic procedure, we created a cuff to isolate the tumor from
the operative field. We placed a trocar (marked with a yellow circle) to prevent it from touching the
tumor. (B) Manipulation of the uterus without insertion of a uterine manipulator. We use the forceps
through the trocar placed in the posterior vaginal fornix to manipulate the uterus by handling the
thread around the uterine body.

The need for adjuvant therapy was based on pathological findings, as follows: (i) pa-
tients with intermediate risks (i.e., lymphovascular involvement, tumors with a large
diameter of ≥4 cm, and/or ≥50% myometrial invasion) received chemotherapy; (ii) pa-
tients with high risks (i.e., positive surgical margins and/or ≥3 metastatic lymph nodes)
received concurrent chemoradiation therapy; and (iii) patients with 1–2 lymph node metas-
tases and/or paracolpium invasion received chemotherapy alone. However, two patients
in the ARH group received adjuvant radiotherapy according to their preference and/or at
the discretion of their treating physician.
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After completing the treatment, routine follow-up examinations were performed as
per the clinical standard of practice: a pelvic examination was conducted, a tumor marker
profile was obtained every 3 months, and computed tomography was performed annually.

2.4. Patient-Related Variables

We compared the following variables between patients who underwent ARH and
LRH using NLNT: age, body mass index (kg/m2), history of diagnostic conization, his-
tological subtype, tumor diameter, presence of vaginal tumor extension, operative time,
estimated blood loss, intraoperative and postoperative complications, length of hospital
stay, pathological tumor stage, lymphovascular invasion, tumor invasion depth, surgical
margin status, type of adjuvant therapy, DFS, OS, and anatomical location of recurrence.
Intraoperative complications were defined as an injury to abdominal organs, including
the bladder, ureter, intestines, great vessels, and nerves. Postoperative complications were
defined as events occurring up to postoperative day 30 that were classified as grade ≥2
(i.e., requiring pharmacological treatment other than grade 1 complications), according to
the Clavien–Dindo classification [32].

2.5. Statistical Analyses

We compared continuous variables using the Mann–Whitney U test and categorical
variables using Pearson’s chi-squared test. Moreover, we used the inverse probability of
treatment weighting (IPTW) method to adjust for confounding variables. IPTW method is
a statistical technique that uses propensity scores to calculate statistics standardized to a
group different from the original cohort; it helps obtain unbiased estimates of treatment
effect. Individual propensities for LRH using NLNT were calculated using a multivariable
logistic regression model that included age, body mass index, history of diagnostic coniza-
tion, histological subtype, preoperative tumor diameter, and presence of vaginal tumor
extension as explanatory variables. These factors comprised all clinical information that
could influence our preoperative decision making, regarding surgical procedures. Data for
each factor were available for all patients; therefore, there was no evidence of selection bias
when performing the IPTW method.

The 3- and 4.5-year DFS rates were estimated using the Kaplan–Meier method, and
95% CIs for the primary outcome were calculated using the Greenwood formula. Survival
curves were generated using the Kaplan–Meier method. Cox proportional hazard models
with or without IPTW, according to the propensity score, were used to estimate the HR
and 95% CIs for the treatment effect on DFS. Log-rank tests with and without IPTW were
used to compare the groups. The IPTW method was used for the primary analysis. We
performed subgroup DFS analyses according to tumor size (≥2 cm).

We evaluated the heterogeneity between the LACC trial and our study using the I2

statistic in which non-inferiority was judged based on whether the upper limit of the 95%
CI was lower than the margin. Two investigators (N.I. and N.K.) independently screened
the statistical analyses for quality control.

We used SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA), for survival
analysis and EZR software, version 1.41 (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), for all other statistical analyses. All reported statistical tests were two-
sided, with a significance level of 0.05.

3. Results
3.1. Patient Characteristics

Among 231 Japanese patients with early stage cervical cancer, 118 underwent ARH,
and 113 underwent LRH using NLNT. The median follow-up time was 3.2 years. Pa-
tient clinicopathologic characteristics are presented in Table 1. Patients were significantly
younger in the NLNT group (median, 42.0 years) than in the ARH group (46.5 years;
p = 0.001). Patients had smaller clinical tumor diameters in the NLNT group (median,
1.9 cm) than in the ARH group (2.5 cm; p = 0.013). Tumor stromal invasion (stromal inva-
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sion depth ≥1/2) rates were lower in the NLNT group than in the ARH group (37/113
(32.7%) vs. 60/118 (48.7%) patients; p = 0.008). Except for the type of adjuvant therapy
administered (p = 0.002), the remaining characteristics did not significantly differ between
the groups. Among patients with tumor size ≥ 2 cm in the NLNT and ARH groups,
there were significant differences in age (42.0 vs. 47.0 years; p = 0.004) and tumor-stromal
invasion rate (26/56 (46.4%) vs. 56/81 (69.1%) patients; p = 0.013), while there were no
significant differences in clinical tumor diameters (2.8 vs. 2.9 cm) and adjuvant therapy
type (p = 0.082; (Table S1, Supplementary Digital Content 1)).

Table 1. Clinicopathologic characteristics of all patients.

Patient
Characteristics ARH (n = 118) NLNT (n = 113) p-Value

Age (years) 46.5 (41–58.5) 42.0 (37–48.0) 0.001
BMI (kg/m2) 21.45 (20.1–23.8) 21.20 (19.2–23.6) 0.201

Tumor size (cm) 2.5 (1.5–3.0) 1.9 (0.0–2.8) 0.013
Vaginal invasion 0.085

Negative 105 (88.9%) 108 (95.6%)
Positive 13 (10.1%) 5 (4.4%)

Histological subtype 0.247
SCC 57 (48.3%) 55 (48.7%)
AC 33 (28.0%) 40 (35.4%)

ASC 28 (23.7%) 18 (15.9%)
Post-conization 0.733

No 98 (83.1%) 91 (80.5%)
Yes 20 (16.9%) 22 (19.5%)
pT 0.113
1a1 0 1 (0.9%)
1a2 1 (0.8%) 2 (1.8%)
1b1 83 (70.3%) 88 (77.9%)
1b2 10 (8.5%) 3 (2.7%)
2a1 10 (8.5%) 7 (6.1%)
2a2 2 (1.7%) 6 (5.3%)
2b 12 (10.2%) 6 (5.3%)
pN 0.316
N0 93 (78.8%) 95 (84.1%)
N1 25 (21.2%) 18 (15.9%)

Stromal invasion 0.008
<1/2 58 (51.3%) 76 (67.3%)
≥1/2 60 (48.7%) 37 (32.7%)

Parametrium invasion 0.316
Negative 107 (90.7%) 107 (94.7%)
Positive 11 (9.3%) 6 (5.3%)

Venous invasion 0.56
Negative 87 (73.7%) 79 (69.9%)
Positive 31 (26.3%) 34 (30.1%)

Lymphatic invasion 0.79
Negative 66 (55.5%) 66 (58.4%)
Positive 52 (44.5%) 47 (41.6%)

Cut margin 0.066
Negative 111 (94.1%) 112 (99.1%)
Positive 7 (5.9%) 1 (0.9%)

Adjuvant therapy 0.002
None 55 (46.6%) 63 (55.7%)

Radiation 2 (1.7%) 0
Chemotherapy 48 (40.7%) 49 (43.4%)

CCRT 13 (11.0%) 1 (0.9%)
Data are presented as medians (interquartile ranges) or N (%); ARH—abdominal radical hysterectomy; NLNT—
laparoscopic radical hysterectomy using no-look no-touch technique; BMI—body mass index; SCC—squamous
cell carcinoma; AC—adenocarcinoma; ASC—adenosquamous carcinoma; CCRT—concurrent chemoradia-
tion therapy.
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3.2. Efficacy

The 3- and 4.5-year DFS rates did not significantly differ between the NLNT and
ARH groups (3-year DFS rate: 95.9% vs. 91.4%; 4.5-year DFS rate: 93.8% vs. 88.3%; HR:
0.522 (95% CI: 0.181–1.510; p = 0.223); Figure 2A). This difference between the groups
was maintained even after adjustment using the IPTW method, indicating well-balanced
covariates between the two groups (3-year DFS rate: 92.4% vs. 94.0%; 4.5-year DFS rate:
90.9% vs. 91.4%; HR: 1.283 (95% CI: 0.462–3.566; p = 0.841); Figure 2B). The 3- and 4.5-year
OS rates did not significantly differ between the two groups (3-year OS rate: 100.0%
vs. 98.2%; 4.5-year OS rate: 100.0% vs. 96.2%; p = 0.138; the HR could not be calculated
because there was no event in the NLNT group).
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Figure 2. Kaplan–Meier survival analyses in patients with early stage cervical cancer who underwent ARH vs. LRH
using NLNT. (A) Raw data of disease-free survival for all patients. (B) IPTW-adjusted data of disease-free survival for
all patients. (C) Raw data of disease-free survival for patients with tumor size > 2 cm in diameter. (D) IPTW-adjusted
data of disease-free survival for patients with tumor size > 2 cm in diameter. ARH—abdominal radical hysterectomy;
NLNT—laparoscopic radical hysterectomy using no-look no-touch technique; IPTW—inverse probability of propensity
score weighted; HR—hazard ratio; CI—confidence interval.

3.3. Subgroup Analysis

We further analyzed differences in DFS among patients with tumor sizes ≥ 2 cm. Four
(7.1%) and 11 (13.6%) patients in the NLNT and ARH groups, respectively, experienced
relapse; the 3- or 4.5-year DFS rates did not significantly differ between the NLNT and
ARH groups (3-year DFS rate: 91.5% vs. 87.7%; 4.5-year DFS rate: 91.5% vs. 83.6%; HR:
0.581 (95% CI: 0.184–1.833; p = 0.349); Figure 2C). This difference was maintained after
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IPTW adjustment (3-year DFS rate: 85.0% vs. 90.3%; 4.5-year DFS rate: 85.0% vs. 86.8%;
HR: 1.155 (95% CI: 0.390–3.418; p = 0.780); Figure 2D).

3.4. Comparison with the Non-Inferiority Margin in the LACC Trial

We assessed the heterogeneity between the results of the LACC trial and those of our
study (Figure 3). In the LACC trial, the HR of minimally invasive surgery to open surgery
for disease recurrence or death owing to cervical cancer was 3.74 (95% CI: 1.63–8.58),
which was not inferior according to the predefined non-inferiority margin of 1.791 that
was converted from the percentage point of −7.2 of the DFS rate. Significant heterogeneity
between the two studies was not observed (I2 = 60.5%; p = 0.111). The upper limit of the
95% CI of the HR in all patients and patients with tumor size ≥ 2 cm was not lower than
the non-inferiority margin in the LACC trial. The HR of patients with tumor sizes < 2 cm
could not be calculated because the ARH group had no relapses.
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Figure 3. Comparison of heterogeneity between patients in the LACC trial and those in our study;
hazard ratios with 95% confidence intervals for relapse among patients who underwent minimally
invasive surgery (compared with patients who underwent open surgery). The size of the diamond is
proportional to the inverse of the square of the standard error. The vertical dotted line is equivalent
to the non-inferiority margin used in the LACC trial converted to the hazard ratio, which has a value
of 1.791. The hazard ratio in patients with tumor size < 2 cm in diameter could not be calculated
because no relapses occurred among patients in the ARH group. LACC—Laparoscopic Approach
to Cervical Cancer (trial); JFCR—Japanese Foundation for Cancer Research; NLNT—laparoscopic
radical hysterectomy using the no-look no-touch technique; HR—hazard ratio.

3.5. Perioperative Characteristics

Patient perioperative characteristics are presented in Table 2. The NLNT group had
significantly shorter operation times (median, 293 vs. 375 min; p < 0.001), less blood loss
(120 vs. 490 mL; p < 0.001), and shorter hospital stays (14 vs. 18 days; p < 0.001) than
the ARH group. There were no significant differences in intraoperative or postoperative
complications between the groups: one patient in each group had an intraoperative compli-
cation (both were bladder injuries); nine in the ARH group had postoperative complications
(peritonitis [n = 4], ileus [n = 1], delayed urinary tract injury [n = 1], pulmonary embolism
[n = 1], symptomatic lymphatic cyst [n = 1], and delayed colon perforation [n = 1]); and
four in the NLNT group had postoperative complications (peritonitis [n = 2], ileus [n = 1],
and delayed urinary tract injury [n = 1]). No conversions occurred in the NLNT group.
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Table 2. Perioperative characteristics.

Perioperative
Characteristics ARH (n = 118) NLNT (n = 113) p-Value

Operative time (min) 375 (330–458.5) 293 (260–330) <0.001
Blood loss (mL) 490 (320–840) 120 (75–210) <0.001
Intraoperative
complications 1.000

Yes 1 (0.8%) 1 (0.9%)
No 117 (99.2%) 112 (99.1%)

Postoperative
complications 0.254

Yes 9 (7.6%) 4 (3.5%)
No 109 (92.4%) 109 (96.5%)

Hospital stay (days) 18 (16–21) 14 (13–16) <0.001
Data are presented as medians (interquartile ranges) or N (%), ARH, abdominal radical hysterectomy; NLNT—
laparoscopic radical hysterectomy using the no-look no-touch technique.

Regarding the anatomical location of the first recurrences in patients in the ARH
group, relapses were observed at the vaginal stump [n = 2], vaginal mucosa [n = 1], regional
lymph nodes [n = 3], distant lymph node [n = 1], lungs [n = 2], omentum [n = 1], and spine
[n = 1]. On the other hand, in the NLNT group, the patients experienced relapse at the
vaginal stump [n = 2], regional lymph nodes [n = 2], pelvic cavity [n = 1], and lungs [n = 2]
(Table 3).

Table 3. Characteristics of patients with relapse.

Patient Procedure Tumor Size (cm) Histology pTNM Adjuvant Therapy Recurrent Site DFS (Months)

1 ARH 2.9 ASC pT1bN0M0 None Vaginal stump 3.3
2 ARH 3.5 SCC pT1b1N1M0 Chemotherapy Spine 5.6
3 ARH 2.1 ASC pT1b1N1M0 Chemotherapy Omentum 6.1
4 ARH 3.7 SCC pT2a1N1M0 Chemotherapy PLN 8.1
5 ARH 6.5 ASC pT1b2N1M0 Chemotherapy PLN 10.9
6 ARH 3.2 ASC pT2bN1M0 Chemotherapy PLN, PAN 15.1
7 ARH 4.6 SCC pT1b2N1M0 Chemotherapy Vagina 16.5
8 ARH 4.7 SCC pT1b1N0M0 None Vaginal stump 16.8
9 ARH 4.4 AC pT2bN1M0 CCRT Distant LN 32.7
10 ARH 5.0 ASC pT2bN1M0 CCRT Lung 40.2
11 ARH 2.5 AC pT1b1N0M0 None Lung 48.9
12 NLNT 2.2 ASC pT1b1N0M0 None Vaginal stump 6.7

13 NLNT 4.7 SCC pT2bN1M0 Chemotherapy Vaginal stump,
PLN 8.5

14 NLNT 4.5 ASC pT1b2N1M0 Chemotherapy Lung 12.0
15 NLNT 4.0 ACC pT2a2N0M0 None Lung 23.2

16 NLNT 1.5 AC pT1b1N0M0 None Pelvic cavity,
PAN 37.4

ARH—abdominal radical hysterectomy; NLNT—laparoscopic radical hysterectomy using no-look no-touch technique; SCC—squamous
cell carcinoma; AC—adenocarcinoma; ASC—adenosquamous carcinoma; CCRT—concurrent chemoradiation therapy; PLN—pelvic lymph
node; PAN—paraaortic lymph node; LN—lymph node; DFS—disease-free survival.

4. Discussion

In this cohort study, we compared oncologic outcomes between patients who under-
went ARH and LRH, using NLNT for early stage cervical cancer. Our data revealed no
difference in survival outcomes between patients who underwent ARH and LRH using
NLNT. Conversely, our results did not show non-inferiority similar to the LACC trial
results. Additionally, heterogeneity was not significant between the LACC trial and our
study, although I2 was moderately large. This result suggested that the proper prognosis
caused by MIRH shown in the LACC trial may not apply to all MIRHs.
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Although worse outcomes have been reported following MIRH than those following
ARH [11–17], there is almost no information regarding surgery-specific factors associated
with poor prognosis. The reason for the poor prognosis was thought to be the surgical
technique, including tumor spillage in the surgical field. The concept of NLNT is to
prevent the potential risks of the procedure, which are (i) creation of the vaginal cuff,
(ii) manipulation of the uterus without inserting an intra-uterine manipulator, (iii) minimal
handling of the uterine cervix, and (iv) bagging the specimen. In some studies, including
NLNT, the outcomes of patients who underwent MIRH with precautions against tumor
spillage did not differ from those of patients who underwent ARH [18,29–31].

However, besides caveats, including small sample sizes and retrospective designs, the
studies had a selection bias that caused an imbalance in patient distribution between the
ARH and MIRH groups. Since the publication of the LACC trial, patients preoperatively
determined to have low-risk cervical cancer were generally assigned to the MIRH group.
Our study overcame these limitations by including a large sample size and incorporating
propensity score adjustments and prospective observations, based on the definitive follow-
up protocol. Under these conditions, the oncologic outcomes between the two groups
were similar. Therefore, our study provides evidence that patient prognosis following LRH
using NLNT is comparable to that following ARH.

One of the strengths of our study is that all surgical procedures in both groups were
type III radical hysterectomy and pelvic lymphadenectomy, and all NLNT procedures were
performed by the same board-certified surgeon using the same protocols. This guaranteed
quality control regarding the surgical procedure and surgeon’s skill. Moreover, instead of
radiation or chemoradiation, which is considered effective in reducing pelvic recurrence,
chemotherapy was administered as an adjuvant treatment in the NLNT group. Our data
showed that an improved prognosis could be achieved without irradiation for local control
by avoiding tumor spillage.

Notably, our study showed that the DFS in the NLNT and ARH groups was com-
parable, even among patients with tumor size ≥2 cm. Differences in patient prognosis
according to tumor size (<2 vs. ≥2 cm) have been previously reported. The differences
are recognized in the most recent classification of the International Federation of Gynecol-
ogy and Obstetrics [33–35]. Moreover, MIRH was associated with acceptable oncologic
outcomes in patients with tumor sizes <2 cm [36–38]. Therefore, oncologic outcomes in
patients who underwent LRH with protection against tumor spillage, including those with
tumor sizes ≥2 cm, are important. We found no significant differences between the two
groups for the type of adjuvant therapy administered when considering such patients.
Therefore, we could compare oncologic outcomes without considering the effect of adju-
vant therapy. Survival analysis of patients with tumor sizes ≥2 cm, adjusted using the
IPTW method, revealed no significant difference in DFS between groups. Additionally, the
HR was comparable to that of all patients in the study. However, caution is required in
the interpretation of these findings, especially regarding the subgroup with tumor sizes
≥2 cm; our study suggested that NLNT can achieve a similar prognosis to ARH.

Unlike previous studies [11,39], we found that locoregional recurrence was not com-
mon in patients undergoing laparoscopy, which is plausible given the concept of NLNT.
Previous Norwegian studies highlighted cancer cell insufflation due to anastomotic leakage
as a possible cause of inferior outcomes of transanal total mesorectal resection in patients
with rectal cancer [24], which may also be true for cervical cancer. Moreover, surgery-
related factors, including using a uterine manipulator, direct contact with the tumor, and
tumor exposure to the intraoperative field, may increase the risk of tumor spillage and
result in poor prognosis [19–23,25–27]. These findings remain controversial but should
nevertheless be noted. Our study provides evidence that LRH using NLNT can overcome
these risks and reduce local recurrence rates.

We demonstrated the surgical feasibility of NLNT in a larger sample, and the surgical
outcomes (shorter operative time, less blood loss, shorter hospital stay, and no significant
difference in the intraoperative/postoperative complication profile) were consistent with
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those previously reported [29]. The reason for extended hospital stays in both groups
compared with those reported in studies from other countries may be partly due to Japanese
hospital protocols, wherein the patient is admitted 2 days before surgery and the urinary
catheter is removed a minimum of 7 days after surgery.

Based on previously published data reporting that LRH using NLNT has favorable
oncologic outcomes, we evaluated whether LRH using NLNT was non-inferior to ARH.
We used the non-inferiority margin in the LACC trial as a reference and assessed the
heterogeneity of the results of the LACC trial and those of our study. We did not observe
significant heterogeneity between these results, although there was a trend toward lower
HR in our study than the non-inferiority margin in the LACC trial. We posit that this was
caused by insufficient statistical power; therefore, a larger sample size, in which the number
of relapses was equivalent to that reported in the LACC trial, would provide a more precise
assessment. This trend suggested that the poorer prognosis following MIRH indicated
in the LACC trial may not apply to all procedures directly, and careful interpretation
is necessary. Therefore, longer follow-up studies with precise evaluations of minimally
invasive surgery, while preventing tumor spillage, are warranted.

Our study has some limitations. First, while the IPTW method can reduce bias
regarding observed differences between groups, propensity score-based adjustments are
still subject to biases from unobserved confounding factors. Second, our study comprised
a limited number of patients with a short follow-up interval and was performed at a single
center by a single surgeon, which may limit the generalizability of our findings. Third, our
research may have exaggerated the treatment effect while providing insufficient statistical
power to analyze the heterogeneity between the LACC trial and our study. Fourth, the
differences in tumor stromal invasion may have influenced the survival analysis, resulting
in overestimation of NLNT outcome. Finally, the differences between using or forgoing
NLNT among patients who underwent LRH were not evaluated.

5. Conclusions

A favorable oncologic prognosis with feasible surgical outcomes was observed in the
NLNT group, suggesting that LRH using NLNT is a plausible alternative surgical approach
to treat early stage cervical cancer. Further studies are needed to evaluate the safety and
feasibility of MIRH involving protective techniques to avoid intraoperative tumor spillage.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13236097/s1, Table S1: Clinicopathological characteristics of patients with tumor
size ≥ 2 cm.

Author Contributions: Conceptualization, A.F., H.K., K.M. and N.M.; methodology, A.F., H.K.
and N.I.; software, A.F. and N.I.; validation, A.F., H.K. and N.I.; formal analysis, A.F. and N.I.;
investigation, N.I.; resources, H.N. and K.O.; data curation, Y.T., M.O. and Y.A.; writing—original
draft preparation, A.F.; writing—review and editing, H.K., K.M. and N.M.; visualization, T.K. and
M.Y.; supervision, K.M. and N.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Cancer Institute
Hospital of JFCR (protocol no. 2020-1087 and date of approval 12 July 2020).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank K.N. and S.A. for assistance in the
statistical analyses.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/cancers13236097/s1
https://www.mdpi.com/article/10.3390/cancers13236097/s1


Cancers 2021, 13, 6097 11 of 12

References
1. Marth, C.; Landoni, F.; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N. Cervical cancer: ESMO Clinical Practice

Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv72–iv83. [CrossRef]
2. National Comprehensive Cancer Network. Cervical Cancer Guideline (Version 3). NCCN Clinical Practice Guidelines

in Oncology. 2019. Available online: https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf (accessed on
3 January 2021).

3. Peters, W.A.; Liu, P.Y.; Barrett, R.J.; Stock, R.J.; Monk, B.J.; Berek, J.S.; Souhami, L.; Grigsby, P.; Gordon, W.; Alberts, D.S. Concurrent
chemotherapy and pelvic radiation therapy compared with pelvic radiation therapy alone as adjuvant therapy after radical
surgery in high-risk early-stage cancer of the cervix. J. Clin. Oncol. 2000, 18, 1606–1613. [CrossRef]

4. Bansal, N.; Herzog, T.J.; Shaw, R.E.; Burke, W.M.; Deutsch, I.; Wright, J.D. Primary therapy for early-stage cervical cancer: Radical
hysterectomy vs radiation. Am. J. Obstet. Gynecol. 2009, 201, 485.e1–485.e9. [CrossRef] [PubMed]

5. Lee, C.L.; Wu, K.Y.; Huang, K.G.; Lee, P.S.; Yen, C.F. Long-term survival outcomes of laparoscopically assisted radical hysterectomy
in treating early-stage cervical cancer. Am. J. Obstet. Gynecol. 2010, 203, 165.e1–165.e7. [CrossRef] [PubMed]

6. Nam, J.H.; Park, J.Y.; Kim, D.Y.; Kim, J.H.; Kim, Y.M.; Kim, Y.T. Laparoscopic versus open radical hysterectomy in early-stage
cervical cancer: Long-term survival outcomes in a matched cohort study. Ann. Oncol. 2012, 23, 903–911. [CrossRef]

7. Bogani, G.; Cromi, A.; Uccella, S.; Serati, M.; Casarin, J.; Pinelli, C.; Ghezzi, F. Laparoscopic versus open abdominal management
of cervical cancer: Long-term results from a propensity-matched analysis. J. Minim. Invasive Gynecol. 2014, 21, 857–862. [CrossRef]

8. Sert, B.M.; Boggess, J.F.; Ahmad, S.; Jackson, A.L.; Stavitzski, N.M.; Dahl, A.A.; Holloway, R.W. Robot-assisted versus open radical
hysterectomy: A multi-institutional experience for early-stage cervical cancer. Eur. J. Surg. Oncol. 2016, 42, 513–522. [CrossRef]
[PubMed]

9. Zanagnolo, V.; Minig, L.; Rollo, D.; Tomaselli, T.; Aletti, G.; Bocciolone, L.; Landoni, F.; Cardenas Rebollo, J.M.; Maggioni, A.
Clinical and oncologic outcomes of robotic versus abdominal radical hysterectomy for women with cervical cancer: Experience at
a referral cancer center. Int. J. Gynecol. Cancer 2016, 26, 568–574. [CrossRef]

10. Shah, C.A.; Beck, T.; Liao, J.B.; Giannakopoulos, N.V.; Veljovich, D.; Paley, P. Surgical and oncologic outcomes after robotic radical
hysterectomy as compared to open radical hysterectomy in the treatment of early cervical cancer. J. Gynecol. Oncol. 2017, 28, e82.
[CrossRef] [PubMed]

11. Ramirez, P.T.; Frumovitz, M.; Pareja, R.; Lopez, A.; Vieira, M.; Ribeiro, R.; Buda, A.; Yan, X.; Shuzhong, Y.; Chetty, N.; et al.
Minimally invasive versus abdominal radical hysterectomy for cervical cancer. N. Engl. J. Med. 2018, 379, 1895–1904. [CrossRef]
[PubMed]

12. Melamed, A.; Margul, D.J.; Chen, L.; Keating, N.L.; Del Carmen, M.G.; Yang, J.; Seagle, B.L.; Alexander, A.; Barber, E.L.; Rice,
L.W.; et al. Survival after minimally invasive radical hysterectomy for early-stage cervical cancer. N. Engl. J. Med. 2018, 379,
1905–1914. [CrossRef]

13. Kim, S.I.; Cho, J.H.; Seol, A.; Kim, Y.I.; Lee, M.; Kim, H.S.; Chung, H.H.; Kim, J.W.; Park, N.H.; Song, Y.S. Comparison of survival
outcomes between minimally invasive surgery and conventional open surgery for radical hysterectomy as primary treatment in
patients with stage IB1-IIA2 cervical cancer. Gynecol. Oncol. 2019, 153, 3–12. [CrossRef]

14. Paik, E.S.; Lim, M.C.; Kim, M.H.; Kim, Y.H.; Song, E.S.; Seong, S.J.; Suh, D.H.; Lee, J.M.; Lee, C.; Choi, C.H. Comparison of
laparoscopic and abdominal radical hysterectomy in early stage cervical cancer patients without adjuvant treatment: Ancillary
analysis of a Korean Gynecologic Oncology Group Study (KGOG 1028). Gynecol. Oncol. 2019, 154, 547–553. [CrossRef]

15. Cusimano, M.C.; Baxter, N.N.; Gien, L.T.; Moineddin, R.; Liu, N.; Dossa, F.; Willows, K.; Ferguson, S.E. Impact of surgical
approach on oncologic outcomes in women undergoing radical hysterectomy for cervical cancer. Am. J. Obstet. Gynecol. 2019, 221,
619.e1–619.e24. [CrossRef] [PubMed]

16. Uppal, S.; Gehrig, P.A.; Peng, K.; Bixel, K.L.; Matsuo, K.; Vetter, M.H.; Davidson, B.A.; Cisa, M.P.; Lees, B.F.; Brunette, L.L.; et al.
Recurrence rates in patients with cervical cancer treated with abdominal versus minimally invasive radical hysterectomy: A
multi-institutional retrospective review study. J. Clin. Oncol. 2020, 38, 1030–1040. [CrossRef] [PubMed]

17. Nitecki, R.; Ramirez, P.T.; Frumovitz, M.; Krause, K.J.; Tergas, A.I.; Wright, J.D.; Rauh-Hain, J.A.; Melamed, A. Survival after
minimally invasive vs open radical hysterectomy for early-stage cervical cancer: A systematic review and meta-analysis. JAMA
Oncol. 2020, 6, 1019–1027. [CrossRef]

18. Chiva, L.; Zanagnolo, V.; Querleu, D.; Martin-Calvo, N.; Arévalo-Serrano, J.; Căpîlna, M.E.; Fagotti, A.; Kucukmetin, A.; Mom,
C.; Chakalova, G.; et al. SUCCOR study: An international European cohort observational study comparing minimally invasive
surgery versus open abdominal radical hysterectomy in patients with stage IB1 cervical cancer. Int. J. Gynecol. Cancer 2020, 30,
1269–1277. [CrossRef]

19. Volz, J.; Köster, S.; Spacek, Z.; Paweletz, N. The influence of pneumoperitoneum used in laparoscopic surgery on an intraabdominal
tumor growth. Cancer 1999, 86, 770–774. [CrossRef]

20. Smidt, V.J.; Singh, D.M.; Hurteau, J.A.; Hurd, W.W. Effect of carbon dioxide on human ovarian carcinoma cell growth. Am. J.
Obstet. Gynecol. 2001, 185, 1314–1317. [CrossRef] [PubMed]

21. Shen, M.Y.; Huang, I.P.; Chen, W.S.; Chang, J.T.; Lin, J.K. Influence of pneumoperitoneum on tumor growth and pattern of
intra-abdominal tumor spreading: In vivo study of a murine model. Hepato-Gastroenterology 2008, 55, 947–951.

22. Zhang, Y.; Luo, X.; Fan, B.; Chen, H.; Fu, A.; Huang, J. Effect of CO2 pneumoperitoneum on the proliferation of human ovarian
cancer cell line SKOV-3 and the expression of NM23-H1 and MMP-2. Arch. Gynecol. Obstet. 2015, 291, 403–411. [CrossRef]

http://doi.org/10.1093/annonc/mdx220
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
http://doi.org/10.1200/JCO.2000.18.8.1606
http://doi.org/10.1016/j.ajog.2009.06.015
http://www.ncbi.nlm.nih.gov/pubmed/19879394
http://doi.org/10.1016/j.ajog.2010.02.027
http://www.ncbi.nlm.nih.gov/pubmed/20462565
http://doi.org/10.1093/annonc/mdr360
http://doi.org/10.1016/j.jmig.2014.03.018
http://doi.org/10.1016/j.ejso.2015.12.014
http://www.ncbi.nlm.nih.gov/pubmed/26843445
http://doi.org/10.1097/IGC.0000000000000645
http://doi.org/10.3802/jgo.2017.28.e82
http://www.ncbi.nlm.nih.gov/pubmed/29027400
http://doi.org/10.1056/NEJMoa1806395
http://www.ncbi.nlm.nih.gov/pubmed/30380365
http://doi.org/10.1056/NEJMoa1804923
http://doi.org/10.1016/j.ygyno.2019.01.008
http://doi.org/10.1016/j.ygyno.2019.06.023
http://doi.org/10.1016/j.ajog.2019.07.009
http://www.ncbi.nlm.nih.gov/pubmed/31288006
http://doi.org/10.1200/JCO.19.03012
http://www.ncbi.nlm.nih.gov/pubmed/32031867
http://doi.org/10.1001/jamaoncol.2020.1694
http://doi.org/10.1136/ijgc-2020-001506
http://doi.org/10.1002/(SICI)1097-0142(19990901)86:5&lt;770::AID-CNCR11&gt;3.0.CO;2-3
http://doi.org/10.1067/mob.2001.119079
http://www.ncbi.nlm.nih.gov/pubmed/11744902
http://doi.org/10.1007/s00404-014-3414-2


Cancers 2021, 13, 6097 12 of 12

23. Matsuo, K.; Huang, Y.; Matsuzaki, S.; Klar, M.; Roman, L.D.; Sood, A.K.; Wright, J.D. Minimally invasive surgery and risk of
capsule rupture for women with early-stage ovarian cancer. JAMA Oncol. 2020, 6, 1110–1113. [CrossRef]

24. Wasmuth, H.H.; Faerden, A.E.; Myklebust, T.Å.; Pfeffer, F.; Norderval, S.; Riis, R.; Olsen, O.C.; Lambrecht, J.R.; Kørner, H.; Larsen,
S.G.; et al. Transanal total mesorectal excision for rectal cancer has been suspended in Norway. Br. J. Surg. 2020, 107, 121–130.
[CrossRef] [PubMed]

25. Padilla-Iserte, P.; Lago, V.; Tauste, C.; Díaz-Feijoo, B.; Gil-Moreno, A.; Oliver, R.; Coronado, P.; Martín-Salamanca, M.B.; Pantoja-
Garrido, M.; Marcos-Sanmartin, J.; et al. Impact of uterine manipulator on oncological outcome in endometrial cancer surgery.
Am. J. Obstet. Gynecol. 2021, 224, 65.e1–65.e11. [CrossRef] [PubMed]

26. Pedone, A.L.; Bizzarri, N.; Kucukmetin, A.; Turco, L.C.; Gallotta, V.; Carbone, V.; Rundle, S.; Ratnavelu, N.; Cosentino, F.;
Chiantera, V.; et al. Investigating the possible impact of peritoneal tumor exposure amongst women with early stage cervical
cancer treated with minimally invasive approach. Eur. J. Surg. Oncol. 2021, 47, 1090–1097. [CrossRef]

27. Schneider, C.; Jung, A.; Reymond, M.A.; Tannapfel, A.; Balli, J.; Franklin, M.E.; Hohenberger, W.; Köckerling, F. Efficacy of surgical
measures in preventing port-site recurrences in a porcine model. Surg. Endosc. 2001, 15, 121–125. [CrossRef]

28. Lee, S.W.; Southall, J.; Allendorf, J.; Bessler, M.; Whelan, R.L. Traumatic handling of the tumor independent of pneumoperitoneum
increases port site implantation rate of colon cancer in a murine model. Surg. Endosc. 1998, 12, 828–834. [CrossRef]

29. Kanao, H.; Matsuo, K.; Aoki, Y.; Tanigawa, T.; Nomura, H.; Okamoto, S.; Takeshima, N. Feasibility and outcome of total
laparoscopic radical hysterectomy with no-look no-touch technique for FIGO IB1 cervical cancer. J. Gynecol. Oncol. 2019, 30, e71.
[CrossRef]

30. Kohler, C.; Hertel, H.; Herrmann, J.; Marnitz, S.; Mallmann, P.; Favero, G.; Plaikner, A.; Martus, P.; Gajda, M.; Schneider, A.
Laparoscopic radical hysterectomy with transvaginal closure of vaginal cuff—A multicenter analysis. Int. J. Gynecol. Cancer 2019,
29, 845–850. [CrossRef] [PubMed]

31. Kanno, K.; Andou, M.; Yanai, S.; Toeda, M.; Nimura, R.; Ichikawa, F.; Teishikata, Y.; Shirane, T.; Sakate, S.; Kihira, T.; et al.
Long-term oncological outcomes of minimally invasive radical hysterectomy for early-stage cervical cancer: A retrospective,
single-institutional study in the wake of the LACC trial. J. Obstet. Gynaecol. Res. 2019, 45, 2425–2434. [CrossRef]

32. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

33. Kato, T.; Takashima, A.; Kasamatsu, T.; Nakamura, K.; Mizusawa, J.; Nakanishi, T.; Takeshima, N.; Kamiura, S.; Onda, T.; Sumi,
T.; et al. Clinical tumor diameter and prognosis of patients with FIGO stage IB1 cervical cancer (JCOG0806-A). Gynecol. Oncol.
2015, 137, 34–39. [CrossRef]

34. Bhatla, N.; Berek, J.S.; Cuello Fredes, M.; Denny, L.A.; Grenman, S.; Karunaratne, K.; Kehoe, S.T.; Konishi, I.; Olawaiye, A.B.; Prat,
J.; et al. Revised FIGO staging for carcinoma of the cervix uteri. Int. J. Gynaecol. Obstet. 2019, 145, 129–135. [CrossRef] [PubMed]

35. Matsuo, K.; Machida, H.; Mandelbaum, R.S.; Konishi, I.; Mikami, M. Validation of the 2018 FIGO cervical cancer staging system.
Gynecol. Oncol. 2019, 152, 87–93. [CrossRef] [PubMed]

36. Lim, T.Y.K.; Lin, K.K.M.; Wong, W.L.; Aggarwal, I.M.; Yam, P.K.L. Surgical and oncological outcome of total laparoscopic radical
hysterectomy versus radical abdominal hysterectomy in early cervical cancer in Singapore. Gynecol. Minim. Invasive Ther. 2019, 8,
53–58. [CrossRef] [PubMed]

37. Doo, D.W.; Kirkland, C.T.; Griswold, L.H.; McGwin, G.; Huh, W.K.; Leath, C.A.; Kim, K.H. Comparative outcomes between
robotic and abdominal radical hysterectomy for IB1 cervical cancer: Results from a single high volume institution. Gynecol. Oncol.
2019, 153, 242–247. [CrossRef]

38. Pedone Anchora, L.; Turco, L.C.; Bizzarri, N.; Capozzi, V.A.; Lombisani, A.; Chiantera, V.; De Felice, F.; Gallotta, V.; Cosentino, F.;
Fagotti, A.; et al. How to select early-stage cervical cancer patients still suitable for laparoscopic radical hysterectomy:
A propensity-matched study. Ann. Surg. Oncol. 2020, 27, 1947–1955. [CrossRef]

39. Kong, T.W.; Chang, S.J.; Piao, X.; Paek, J.; Lee, Y.; Lee, E.J.; Chun, M.; Ryu, H.S. Patterns of recurrence and survival after abdominal
versus laparoscopic/robotic radical hysterectomy in patients with early cervical cancer. J. Obstet. Gynaecol. Res. 2016, 42, 77–86.
[CrossRef]

http://doi.org/10.1001/jamaoncol.2020.1702
http://doi.org/10.1002/bjs.11459
http://www.ncbi.nlm.nih.gov/pubmed/31802481
http://doi.org/10.1016/j.ajog.2020.07.025
http://www.ncbi.nlm.nih.gov/pubmed/32693096
http://doi.org/10.1016/j.ejso.2020.09.038
http://doi.org/10.1007/s004640010069
http://doi.org/10.1007/s004649900723
http://doi.org/10.3802/jgo.2019.30.e71
http://doi.org/10.1136/ijgc-2019-000388
http://www.ncbi.nlm.nih.gov/pubmed/31155516
http://doi.org/10.1111/jog.14116
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1016/j.ygyno.2015.01.548
http://doi.org/10.1002/ijgo.12749
http://www.ncbi.nlm.nih.gov/pubmed/30656645
http://doi.org/10.1016/j.ygyno.2018.10.026
http://www.ncbi.nlm.nih.gov/pubmed/30389105
http://doi.org/10.4103/GMIT.GMIT_43_18
http://www.ncbi.nlm.nih.gov/pubmed/31143623
http://doi.org/10.1016/j.ygyno.2019.03.001
http://doi.org/10.1245/s10434-019-08162-5
http://doi.org/10.1111/jog.12840

	Introduction 
	Materials and Methods 
	Study Design and Endpoints 
	Participants 
	Treatment Procedures and Follow-Up 
	Patient-Related Variables 
	Statistical Analyses 

	Results 
	Patient Characteristics 
	Efficacy 
	Subgroup Analysis 
	Comparison with the Non-Inferiority Margin in the LACC Trial 
	Perioperative Characteristics 

	Discussion 
	Conclusions 
	References

