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BACKGROUND
There are limited data from retrospective studies regarding whether survival out-
comes after laparoscopic or robot-assisted radical hysterectomy (minimally invasive 
surgery) are equivalent to those after open abdominal radical hysterectomy (open 
surgery) among women with early-stage cervical cancer.
METHODS
In this trial involving patients with stage IA1 (lymphovascular invasion), IA2, or IB1 
cervical cancer and a histologic subtype of squamous-cell carcinoma, adenocarci-
noma, or adenosquamous carcinoma, we randomly assigned patients to undergo 
minimally invasive surgery or open surgery. The primary outcome was the rate of 
disease-free survival at 4.5 years, with noninferiority claimed if the lower boundary 
of the two-sided 95% confidence interval of the between-group difference (mini-
mally invasive surgery minus open surgery) was greater than −7.2 percentage 
points (i.e., closer to zero).
RESULTS
A total of 319 patients were assigned to minimally invasive surgery and 312 to open 
surgery. Of the patients who were assigned to and underwent minimally invasive 
surgery, 84.4% underwent laparoscopy and 15.6% robot-assisted surgery. Overall, 
the mean age of the patients was 46.0 years. Most patients (91.9%) had stage IB1 
disease. The two groups were similar with respect to histologic subtypes, the rate of 
lymphovascular invasion, rates of parametrial and lymph-node involvement, tumor 
size, tumor grade, and the rate of use of adjuvant therapy. The rate of disease-free 
survival at 4.5 years was 86.0% with minimally invasive surgery and 96.5% with open 
surgery, a difference of −10.6 percentage points (95% confidence interval [CI], −16.4 
to −4.7). Minimally invasive surgery was associated with a lower rate of disease-
free survival than open surgery (3-year rate, 91.2% vs. 97.1%; hazard ratio for disease 
recurrence or death from cervical cancer, 3.74; 95% CI, 1.63 to 8.58), a difference 
that remained after adjustment for age, body-mass index, stage of disease, lympho-
vascular invasion, and lymph-node involvement; minimally invasive surgery was 
also associated with a lower rate of overall survival (3-year rate, 93.8% vs. 99.0%; 
hazard ratio for death from any cause, 6.00; 95% CI, 1.77 to 20.30).
CONCLUSIONS
In this trial, minimally invasive radical hysterectomy was associated with lower rates of 
disease-free survival and overall survival than open abdominal radical hysterectomy 
among women with early-stage cervical cancer. (Funded by the University of Texas M.D. 
Anderson Cancer Center and Medtronic; LACC ClinicalTrials.gov number, NCT00614211.)
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Radical hysterectomy with pelvic 
lymphadenectomy remains the standard 
recommendation for patients with early-

stage cervical cancer. Current guidelines from the 
National Comprehensive Cancer Network and 
European Society of Gynaecological Oncology 
indicate that either laparotomy (open surgery) or 
laparoscopy (minimally invasive surgery performed 
with either conventional or robotic techniques) 
is an acceptable approach to radical hysterecto-
my in patients with early-stage (IA2 to IIA) cer-
vical cancer.1,2 These recommendations have led 
to widespread use of a minimally invasive ap-
proach for radical hysterectomy, although there 
is a paucity of adequately powered, prospective, 
randomized trials evaluating survival outcomes.3-6

Retrospective studies involving patients with 
early-stage cervical cancer have shown that lapa-
roscopic radical hysterectomy is associated with 
less intraoperative blood loss, a shorter length of 
hospital stay, and a lower risk of postoperative 
complications than open abdominal radical hys-
terectomy.7-9 Similarly, the minimally invasive 
approach has not been associated with lower 
5-year rates of disease-free survival or overall 
survival than the open approach.10-12 A recent 
meta-analysis showed that robot-assisted radical 
hysterectomy was associated with better periop-
erative outcomes than the open approach.13 In 
addition, retrospective studies have shown that 
recurrence rates and survival rates do not differ 
significantly between the two approaches.14-16

We hypothesized that minimally invasive rad-
ical hysterectomy was not inferior to open radi-
cal hysterectomy in terms of the disease-free 
survival rate. In the present trial, the Laparo-
scopic Approach to Cervical Cancer (LACC) Trial, 
we tested this hypothesis by prospectively as-
signing patients to minimally invasive (conven-
tional laparoscopic or robotic) or open abdominal 
radical hysterectomy and comparing the disease-
free survival rate, the rate of recurrence, and the 
overall survival rate between the two groups.

Me thods

Trial Design

The trial was a phase 3, multicenter, randomized 
trial with the primary objective to evaluate the 
hypothesis that laparoscopic or robot-assisted 
radical hysterectomy (minimally invasive surgery) 
was not inferior to open abdominal radical hys-

terectomy (open surgery) with respect to the 
percentage of patients who were disease-free at 
4.5 years after surgery. Secondary objectives in-
cluded comparing the two groups with regard to 
recurrence rates and the overall survival rate. 
The trial design and characteristics of the pa-
tients have been published previously,17 and the 
protocol is available with the full text of this 
article at NEJM.org. The trial was designed by 
the authors; Medtronic provided financial sup-
port for research coordinators. The data were 
collected and analyzed and the manuscript was 
written by the authors without input from 
Medtronic. No one who is not an author contrib-
uted to the writing of the manuscript. The au-
thors vouch for the completeness and accuracy 
of the data and analyses and for the fidelity of 
the trial to the protocol. All the patients pro-
vided written informed consent.

Inclusion and Exclusion Criteria

Patients were eligible if they had squamous-cell 
carcinoma, adenocarcinoma, or adenosquamous 
carcinoma of the uterine cervix; had a disease 
stage of IA1 (lymphovascular invasion), IA2 
(stromal invasion, 3 to 5 mm in depth and <7 mm 
in width), or IB1 (tumor size of ≤4 cm in the 
greatest dimension and no node involvement), 
according to the staging system of the Interna-
tional Federation of Gynecology and Obstetrics; 
underwent type II or III radical hysterectomy 
(Piver classification, described in the Supplemen-
tary Appendix, available at NEJM.org)18; and had 
an Eastern Cooperative Oncology Group (ECOG) 
performance-status score of 0 or 1 (on a 5-point 
scale, with higher values indicating greater dis-
ability). Exclusion criteria included a uterine size 
larger than 12 cm in length, a history of ab-
dominal or pelvic radiotherapy, or evidence of 
metastatic disease on positron-emission tomog-
raphy–computed tomography, magnetic resonance 
imaging, or computed tomography. Patients were 
also excluded if they were considered by the in-
vestigator to be unable to undergo surgery or 
unable to withstand lithotomy and steep Tren-
delenburg position.

Trial Conduct and Oversight

Each participating site required accreditation by 
the trial management committee to ensure proper 
surgical technique during minimally invasive sur-
gery. Participating sites submitted perioperative 
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outcomes from a minimum of any 10 laparo-
scopic or robot-assisted radical hysterectomies. 
No sites or individual surgeons performed only 
the open approach or only the minimally inva-
sive approach. The trial management committee 
required two unedited videos of laparoscopic or 
robot-assisted type III radical hysterectomies. 
The committee members reviewed the patients’ 
outcomes and the videos to ensure the adequacy 
of the surgeon’s technique.

Randomization was performed with a Web-
based system. We used the method of minimiza-
tion with equal assignment to treatment group. 
Randomization was between open surgery and 
minimally invasive surgery. There was no random-
ization between laparoscopy and robot-assisted 
surgery, and the decision as to which platform 
to use in the minimally invasive approach was 
left to the discretion of the surgeon. The tech-
nique for the radical hysterectomy is described 
in the Study Treatment section in the protocol. 
Adjuvant chemotherapy, radiotherapy, or both were 
delivered according to the practice of each center.

An independent recurrence adjudication com-
mittee reviewed all recurrences to ensure that 
these were due to disease and to verify the date 
and location of recurrence. The protocol was 
approved by the scientific ethics committee at 
each participating site. An independent data and 
safety monitoring committee (see the Supple-
mentary Appendix) monitored the progress of 
the trial.

Early Closure to New Patient Enrollment

In June 2017, the data and safety monitoring 
committee recommended that randomization be 
temporarily suspended and additional follow-up 
sought owing to an imbalance in deaths be-
tween the two groups. At that time, the trial 
management committee instructed all sites to 
submit any missing follow-up data. In November 
2017, it was determined that, with this additional 
follow-up information, the previously identified 
imbalance was confirmed, prompting the data 
and safety monitoring committee to make a final 
recommendation that the trial be permanently 
closed to new patient enrollment and that inves-
tigators be made aware that the minimally inva-
sive surgical intervention was associated with 
higher rates of death. At that time, 631 eligible 
patients had been enrolled of the initially 
planned 740 patients.

Statistical Analysis

The sample size was based on an expected disease-
free survival rate of 90% in the open-surgery 
group at 4.5 years and a noninferiority margin 
of 7.2 percentage points for minimally invasive 
surgery, which reflected an acceptable difference 
in the expected survival rate of at most 8 percent-
age points. In previous studies involving patients 
with other types of cancer, a noninferiority mar-
gin of 6 to 8 percentage points has been consid-
ered to be clinically acceptable.19-21

A total sample of 740 patients with 4.5 years 
of follow-up was estimated to provide 87% 
power to declare minimally invasive surgery 
noninferior to open surgery, on the basis of a 
noninferiority margin of −7.2 percentage points 
for the difference in disease-free survival at 4.5 
years (minimally invasive surgery minus open 
surgery). Disease-free survival rates at 4.5 years 
were estimated with the use of the Kaplan–
Meier method, and confidence intervals for the 
primary outcome were calculated with the use 
of Greenwood’s formula.22 Disease-free survival 
was defined as the time from randomization to 
disease recurrence or death from cervical cancer, 
and progression-free survival was defined as the 
time from randomization to disease recurrence 
or death from any cause. Data regarding patients 
with no evidence of recurrence or death were 
censored at the date of last follow-up.

All analyses were performed on an intention-
to-treat basis, except for a sensitivity analysis that 
was performed according to per-protocol treat-
ment. A statistical analysis plan (available with 
the protocol) was prepared before the unblind-
ing of the results to the trial management com-
mittee (see the Supplementary Appendix). Treat-
ment comparisons of continuous variables were 
conducted with parametric methods if assump-
tions of normal distribution were confirmed. 
Non-normally distributed variables and categori-
cal data (postoperative histopathological char-
acteristics) were compared between treatment 
groups with the use of nonparametric tests. 
Survival curves were generated with the use of 
the Kaplan–Meier method, and proportional-
hazards models were used to estimate the haz-
ard ratios and 95% confidence intervals for the 
effect of treatment on disease-free, progression-
free, and overall survival. The assumption of pro-
portional hazards was tested with the approach 
of Harrell and Lee23 and assessed for all analyses 
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that involved hazard ratios. Competing-risks 
models based on the method of Fine and Gray24 
were used to analyze locoregional recurrence 
and disease-specific survival. A multivariable 
analysis of disease-free survival was performed 
with adjustment for important baseline risk fac-
tors. Unless otherwise stated, all analyses were 
performed with a two-sided significance level of 
0.05 and conducted with the use of SAS soft-
ware, version 9.3 (SAS Institute), and Stata soft-
ware, version 14.1 (StataCorp). No adjustments 

were made to account for multiple testing or 
missing data. Because there was no prespecified 
plan to adjust for multiple comparisons, the 
secondary efficacy outcomes are reported with 
unadjusted 95% confidence intervals, without 
P values.

R esult s

Characteristics of the Patients

A total of 33 centers worldwide recruited pa-
tients from June 2008 through June 2017. A total 
of 631 patients were enrolled; 319 patients were 
randomly assigned to minimally invasive surgery 
and 312 to open surgery. The baseline character-
istics of the patients are summarized in Table 1. 
The treatment groups were balanced with respect 
to baseline characteristics. The mean age of the 
patients was 46.0 years. Most patients (91.9%) 
had stage IB1 disease. A total of 68 patients (30 
assigned to minimally invasive surgery and 38 
assigned to open surgery) did not undergo their 
randomized surgery: 31 patients withdrew before 
surgery, 27 patients had their surgery aborted, 
and 10 patients switched treatment group before 
surgery (8 to minimally invasive surgery and 2 to 
open surgery). Of the patients who were assigned 
to and underwent minimally invasive surgery, 
84.4% underwent laparoscopy and 15.6% robot-
assisted surgery. A total of 10 of 289 patients 
(3.5%) had conversion from minimally invasive 
surgery to laparotomy. All conversions occurred 
in patients for whom the intended approach was 
laparoscopy. Reasons included poor visualization 
(5 patients), intraoperative complications (2 pa-
tients), equipment failure (2 patients), and pro-
longed operative time (1 patient). The median 
length of hospital stay was 3 days (range, 0 to 
72) in the minimally invasive surgery group and 
5 days (range, 0 to 69) in the open-surgery group.

There were no significant differences between 
the two groups with respect to histologic sub-
type assessed postoperatively, a tumor grade of 
III (21.0% of the patients in the minimally inva-
sive surgery group and 21.6% of those in the 
open-surgery group), a tumor size of 2 cm or 
greater (42.3% and 42.9%), lymphovascular inva-
sion (24.1% and 28.7%), parametrial involvement 
(6.5% and 3.9%), or lymph-node involvement 
(12.4% and 13.1%). There was a higher rate of 
superficially invasive tumors in the minimally 
invasive surgery group (28.5%, as compared 

Characteristic
Open Surgery 

(N = 312)

Minimally 
Invasive Surgery 

(N = 319)

Age — yr 46.0±10.6 46.1±11.0

Body-mass index† 26.2±5.3 27.2±5.6

Histologic subtype — no. (%)

Squamous-cell carcinoma 210 (67.3) 214 (67.1)

Adenocarcinoma 80 (25.6) 87 (27.3)

Adenosquamous carcinoma 6 (1.9) 9 (2.8)

Not reported 16 (5.1) 9 (2.8)

Stage of disease — no. (%)

IA1: lymphovascular invasion 5 (1.6) 5 (1.6)

IA2 20 (6.4) 21 (6.6)

IB1 287 (92.0) 293 (91.8)

ECOG performance-status score  
— no. (%)‡

0 289 (92.6) 292 (91.5)

1 23 (7.4) 27 (8.5)

Median length of hospital stay (range) 
— days

5 (0–69)§ 3 (0–72)

Treatment received — no. (%)

Open surgery 274 (87.8) 2 (0.6)

Minimally invasive surgery 8 (2.6) 289 (90.6)

Patient withdrew before surgery 19 (6.1) 12 (3.8)

Surgery was aborted 11 (3.5) 16 (5.0)

*  Plus–minus values are means ±SD. Minimally invasive surgery indicates lapa-
roscopic or robot-assisted radical hysterectomy, and open surgery indicates 
open abdominal radical hysterectomy. There were no significant differences  
in baseline characteristics between the assigned groups. Percentages may not 
total 100 because of rounding.

†  The body-mass index is the weight in kilograms divided by the square of the 
height in meters.

‡  Performance-status scores on the Eastern Cooperative Oncology Group 
(ECOG) scale range from 0 to 4, with higher values indicating greater disability.

§  A zero length of stay in patients assigned to open surgery indicates patients 
who either withdrew before surgery or had surgery aborted and were discharged 
the same day.

Table 1. Baseline Characteristics of the Patients.*
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with 21.6% in the open-surgery group) (Table S1 
in the Supplementary Appendix). The rate of any 
intraoperative complications at the time of the 
analysis was 11.4% in the minimally invasive 
surgery group and 10.5% in the open-surgery 
group, and the rate of early postoperative com-
plications (<6 weeks after surgery) was 25.3% 
and 25.7% in the respective groups (Table S2 in 
the Supplementary Appendix).

Rates of postoperative adjuvant therapy (chemo-
therapy or radiotherapy) were similar in the two 
groups (28.8% [92 of 319 patients] in the mini-
mally invasive surgery group and 27.6% [86 of 312 
patients] in the open-surgery group) (Table 2). 
There was no significant between-group differ-
ence in the rate of the combination of adjuvant 
chemotherapy and radiation (18.8% in the mini-
mally invasive surgery group and 18.1% in the 
open-surgery group) or in the time to initiation 
of any adjuvant therapy, with a median of 41 days 
(range, 31 to 57) in the minimally invasive sur-
gery group and 46 days (range, 33 to 70) in the 
open-surgery group (Table S3 in the Supplemen-
tary Appendix).

Survival Outcomes

At the time of the analysis, the rate of available 
survival information on the primary outcome at 
4.5 years was 59.7%, which provided 84% power 
for the primary outcome given design assump-
tions,25 with a median follow-up time of 2.5 years 
(range, 0 to 6.3). At the time of the analysis, 34 
patients had had a recurrence (27 in the mini-
mally invasive surgery group and 7 in the open-
surgery group). Most recurrences occurred in the 
vaginal vault or pelvis (41% of the recurrences in 
the minimally invasive surgery group and 43% 
of those in the open-surgery group). A higher 
proportion of vault recurrences occurred in the 
open-surgery group (43%, as compared with 15% 
in the minimally invasive surgery group), and all 
non–vaginal vault pelvic recurrences occurred in 
the minimally invasive surgery group (Tables S4 
and S5 in the Supplementary Appendix). The dis-
tribution of tumor size among patients who had 
had a recurrence was similar in the two groups 
(Table S6 in the Supplementary Appendix). Recur-
rences occurred in 14 of 33 recruiting centers, 
with no clear pattern of failure rates across sites. 
A total of 22 deaths were noted, 19 in the mini-
mally invasive surgery group and 3 in the open-
surgery group.

The rate of disease-free survival at 4.5 years 
was 86.0% in the minimally invasive surgery 
group and 96.5% in the open-surgery group (dif-
ference, −10.6 percentage points; 95% confidence 
interval [CI], −16.4 to −4.7; P = 0.87 for noninfe-
riority) (Fig. 1A). The lower boundary of the 
confidence interval included the noninferiority 
margin of −7.2 percentage points, so noninferior-
ity was not declared. Per-protocol analysis sup-
ported these findings (disease-free survival rate 
at 4.5 years, 87.1% in the minimally invasive 
surgery group and 97.6% in the open-surgery 
group; difference, −10.5 percentage points; 95% 
CI, −16.0 to −5.0; P = 0.88 for noninferiority). 
Results were consistent with those in the 45 
patients who underwent robot-assisted surgery 
(between-group difference, −10.4 percentage 
points; 95% CI, −24.7 to 3.9) and in the 244 
patients who underwent laparoscopic surgery 
(between-group difference, −10.6 percentage 
points; 95% CI, −16.4 to −4.7) (Table S7 in the 
Supplementary Appendix).

Minimally invasive surgery was associated with 
a lower rate of disease-free survival than open 
surgery (3-year rate, 91.2% vs. 97.1%; hazard 
ratio for disease recurrence or death from cervi-
cal cancer, 3.74; 95% CI, 1.63 to 8.58) (Fig. 1B), 
a difference that remained after adjustment for 
age, body-mass index, stage of disease, lympho-
vascular invasion, lymph-node involvement, and 
ECOG performance-status score (Table 3). Mini-
mally invasive surgery was also associated with 
a lower rate of overall survival than open surgery 
(3-year rate, 93.8% vs. 99.0%; hazard ratio for 
death from any cause, 6.00; 95% CI, 1.77 to 
20.30) (Fig. 2A), a higher rate of death from 
cervical cancer (3-year rate, 4.4% vs. 0.6%; hazard 
ratio, 6.56; 95% CI, 1.48 to 29.00) (Fig. 2B), and 
a higher rate of locoregional recurrence (3-year 
rate of locoregional recurrence–free survival, 

Adjuvant Therapy
Open Surgery 

(N = 312)

Minimally 
Invasive Surgery  

(N = 319) P Value

no. (%)

Chemotherapy or radiotherapy 86 (27.6) 92 (28.8) 0.72

≥1 Cycle of chemotherapy 66 (21.2) 72 (22.6) 0.67

≥1 Dose of radiotherapy 73 (23.4) 81 (25.4) 0.56

Table 2. Adjuvant Therapy.
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94.3% vs. 98.3%; hazard ratio for locoregional 
recurrence, 4.26; 95% CI, 1.44 to 12.60) (Fig. 2C).

Discussion

In this prospective, randomized trial, patients 
who underwent minimally invasive radical hys-
terectomy for early-stage cervical cancer had 
lower rates of disease-free survival and overall 

survival and a higher rate of locoregional recur-
rence than patients who underwent open ab-
dominal radical hysterectomy. Our results call 
into question the findings in the literature sug-
gesting that minimally invasive radical hysterec-
tomy is associated with no difference in onco-
logic outcomes as compared with the open 
approach.

In a recent meta-analysis, Wang et al.7 evalu-

Figure 1. Estimates of Disease-free Survival.

Minimally invasive surgery indicates laparoscopic or robot-assisted radical hysterectomy, and open surgery indicates 
open abdominal radical hysterectomy. Panel A shows the difference in disease-free survival rates between surgical 
groups at 4.5 years after surgery for both the intention-to-treat and per-protocol populations. The dashed line de-
notes the noninferiority margin of −7.2 percentage points. Noninferiority of minimally invasive surgery would be  
declared if the lower boundary of the two-sided 95% confidence interval were above this margin (i.e., to the right of 
this line). The P value for noninferiority is two-sided. Panel B shows the Kaplan–Meier disease-free survival curves 
for the surgical groups. The hazard ratio, 95% confidence interval, and corresponding P value were estimated with 
the use of Cox proportional-hazards models. Tick marks indicate censored data. Disease recurrence or death from 
cervical cancer occurred in 27 of 319 patients in the minimally invasive surgery group and 7 of 312 patients in the 
open-surgery group.
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ated 12 studies comparing laparoscopic radical 
hysterectomy (754 patients) with open radical 
hysterectomy (785 patients) for cervical cancer. 
Their findings revealed no significant differ-
ences in the 5-year rate of overall survival (haz-
ard ratio for death, 0.91; 95% CI, 0.48 to 1.71; 
P = 0.76) or 5-year rate of disease-free survival 
(hazard ratio for disease recurrence or death 
from cervical cancer, 0.97; 95% CI, 0.56 to 1.68; 
P = 0.91) between the two approaches. However, 
in that meta-analysis, only four studies10-12,26 had 
data on disease-free survival, and two studies12,26 
had data on overall survival. In another meta-
analysis of laparoscopic as compared with ab-
dominal radical hysterectomy in cervical cancer, 
Cao et al.8 evaluated 22 studies involving 2922 
patients (1230 underwent laparoscopic surgery 
and 1692 underwent open surgery) and found 
that the disease-free survival rate, the overall sur-
vival rate, and the recurrence rate did not differ 
significantly between the two groups. Both meta-
analyses cited a lack of information or short 
follow-up time as main limitations and noted 
that long-term oncologic outcomes after laparo-
scopic radical hysterectomy in patients with 
cervical cancer remained unknown.

Similarly, robot-assisted radical hysterectomy 
has been compared with the open approach. Sert 
et al.14 found that rates of recurrence and death 
did not differ significantly between the two ap-
proaches. Shah et al.15 compared robot-assisted 

with open radical hysterectomy and noted no 
significant difference in the recurrence rate 
(10.1% and 10.4%, respectively; P = 0.73), conclud-
ing that oncologic outcomes were similar with 
the two approaches. However, in that study, the 
comparison was with historical controls who 
had undergone open surgery and who had a 
higher rate of bulky stage IB2 tumors than pa-
tients in the robot-assisted surgery group (11% 
vs. 4%). Despite having more favorable progno-
ses, the robot-assisted surgery group still had a 
recurrence rate of 10%.

A number of factors may explain the differ-
ences between the results of our prospective, 
randomized trial and the results of the previously 
reported retrospective studies. The majority of 
the retrospective studies were sequential com-
parisons rather than concurrent analyses. In 
many of the sequential comparisons, patients 
in the open-surgery group were treated during 
an earlier time frame, when indications for radi-
cal hysterectomy were broader (including patients 
with stage IB2 disease), recommendations for 
radiotherapy may not have been as clearly de-
fined, or the addition of chemotherapy was not 
standard practice. There are several potential 
reasons for the inferior oncologic outcomes in 
the minimally invasive surgery group, among 
these that the routine use of a uterine manipula-
tor might increase the propensity for tumor 
spillage. In addition, an effect of the insufflation 

Outcome Open Surgery
Minimally 

Invasive Surgery
Hazard Ratio vs. Open 

Surgery (95% CI) P Value

no. of events/no. of patients

Disease recurrence or death from cervical cancer

Unadjusted analysis 7/312 27/319 3.74 (1.63–8.58) 0.002

Adjusted analysis* 7/282 27/295 4.39 (1.88–10.20) <0.001

Disease recurrence or death from any cause 8/312 32/319 3.88 (1.79–8.41)

Locoregional recurrence† 4/312 18/319 4.26 (1.44–12.60)

Death from any cause 3/312 19/319 6.00 (1.77–20.30)

Death from cervical cancer† 2/312 14/319 6.56 (1.48–29.00)

*  The analysis was adjusted for age, body-mass index, stage of disease, lymphovascular invasion, lymph-node involve-
ment, and ECOG performance-status score.

†  The analysis was conducted on a competing-risks basis. Distant relapses and deaths from any cause were considered 
to be competing risks for locoregional recurrence; deaths not due to cervical cancer were considered to be competing 
risks for death from cervical cancer.

Table 3. Proportional-Hazards Models (Tests for Superiority) According to Randomized Treatment.
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gas (CO2) on tumor-cell growth or spread has 
been suggested in previous studies.27,28 Kong 
et al.29 evaluated 128 patients with cervical can-
cer who underwent minimally invasive radical 
hysterectomy and compared recurrence between 
patients who underwent vaginal colpotomy (79 
patients) and those who underwent intracorpo-
real colpotomy (49 patients). The rate of disease 
recurrence was higher in the intracorporeal col-
potomy group than in the vaginal colpotomy 
group (16% vs. 5%), and among patients with 
recurrence in the intracorporeal group, 62% had 
intraperitoneal spread or carcinomatosis. The 
authors concluded that exposure of cervical can-
cer to circulating CO2 may result in tumor spill-
age into the peritoneal cavity. Our trial was not 
designed to answer questions about the cause of 
the inferior outcomes with minimally invasive 
surgery; thus, further investigation is warranted.

Some might argue that the inability to de-
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Figure 2. Kaplan–Meier Estimates of Overall Survival, 
Disease-Specific Survival, and Locoregional Recurrence.

Panel A shows the Kaplan–Meier plot for overall sur-
vival, measured from the date of randomization to the 
date of death or the date that the patient was last known 
to be alive. A Cox proportional-hazards model was used 
to determine the hazard ratio and 95% confidence inter-
val. Tick marks indicate censored data. Death occurred 
in 19 of 319 patients in the minimally invasive surgery 
group and 3 of 312 patients in the open-surgery group. 
Panel B shows the cumulative incidence curves for dis-
ease-specific survival, measured from the date of ran-
domization to the date of death from cervical cancer. 
The hazard ratio and 95% confidence interval were es-
timated with the use of a competing-risks model (based 
on the method of Fine and Gray24) in which death from 
other causes was considered to be the competing risk. 
Death from cervical cancer occurred in 14 of 319 patients 
in the minimally invasive surgery group and 2 of 312 
patients in the open-surgery group. Panel C shows the 
cumulative incidence curves for locoregional recurrence 
according to randomized treatment. The hazard ratio 
and 95% confidence interval were estimated with the 
use of a competing-risks model (based on the method 
of Fine and Gray). Adjudicated recurrences in the vagi-
nal vault or pelvis were considered to be local recur-
rences, and all distant or multiple recurrences (with no 
sites in the vault or pelvis) and deaths from any cause 
were considered to be competing risks. Locoregional 
recurrence occurred in 18 of 319 patients in the mini-
mally invasive surgery group and 4 of 312 patients in 
the open-surgery group.
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clare noninferiority of minimally invasive sur-
gery in our trial is due to a high rate of disease-
free survival in the open-surgery group. However, 
others10-12 have found 5-year rates of disease-free 
survival among patients who underwent open 
radical hysterectomy that range from 93.3 to 
94.4%. These rates are consistent with the 4.5-
year rate of disease-free survival of 96.5% re-
ported in our prospective trial. Peters et al.30 
found a 4-year rate of progression-free survival 
of only 80% among patients undergoing chemo-
therapy and radiation after open radical hyster-
ectomy. However, in that study, patients were 
required to have positive pelvic nodes, positive 
margins, or positive parametrial involvement to 
be enrolled. Rotman et al.31 evaluated the recur-
rence-free interval and overall survival among 
patients with stage IB cervical cancer with nega-
tive lymph nodes but with two or more of the 
following features: deep stromal invasion, lym-
phovascular invasion, and a tumor size of 4 cm 
or more. In that study, the recurrence rate 
among patients receiving radiation therapy after 
open radical hysterectomy was 17.5%. However, 
none underwent the established standard treat-
ment of chemotherapy and radiation therapy.

The strengths of our trial include the fact that 
it is a prospective, randomized trial evaluating 
oncologic outcomes of minimally invasive radi-
cal hysterectomy. It included a large number of 
centers throughout the world, and all centers 
were required to demonstrate proficiency in 
minimally invasive surgery. We also performed a 
per-protocol analysis of the primary outcome 
that included only the patients who underwent 
the treatment to which they were originally as-

signed, and we noted that results for the primary 
outcome of the disease-free survival rate were 
consistent with those in the intention-to-treat 
analysis.

Our trial has several limitations in that it did 
not reach its final intended enrollment, owing to 
the safety alert raised by the data and safety 
monitoring committee on the basis of the higher 
rates of recurrence and death in the minimally 
invasive surgery group than in the open-surgery 
group. The initial power was based on the as-
sumption that there would have been a 4.5-year 
follow-up period for all the patients. However, at 
the time of analysis, 59.7% of the patients had 
reached the 4.5-year time point (median follow-
up, 2.5 years). Even so, the trial did reach 84% 
power to declare noninferiority for our primary 
outcome. Finally, the results of this trial cannot 
be generalized to patients with “low-risk” cervi-
cal cancer (tumor size, <2 cm; no lymphovascu-
lar invasion; depth of invasion, <10 mm; and no 
lymph-node involvement), because the trial was 
not powered to evaluate the oncologic outcomes 
of the two surgical approaches in that context.

In conclusion, minimally invasive radical hys-
terectomy in patients with cervical cancer was 
associated with a higher rate of recurrence and 
a lower rate of disease-free survival than the 
open approach. In addition, the rate of overall 
survival was lower among patients undergoing 
minimally invasive surgery.
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