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BACKGROUND
Minimally invasive surgery was adopted as an alternative to laparotomy (open 
surgery) for radical hysterectomy in patients with early-stage cervical cancer before 
high-quality evidence regarding its effect on survival was available. We sought to 
determine the effect of minimally invasive surgery on all-cause mortality among 
women undergoing radical hysterectomy for cervical cancer.

METHODS
We performed a cohort study involving women who underwent radical hysterec-
tomy for stage IA2 or IB1 cervical cancer during the 2010–2013 period at Commis-
sion on Cancer–accredited hospitals in the United States. The study used inverse 
probability of treatment propensity-score weighting. We also conducted an inter-
rupted time-series analysis involving women who underwent radical hysterectomy 
for cervical cancer during the 2000–2010 period, using the Surveillance, Epidemi-
ology, and End Results program database.

RESULTS
In the primary analysis, 1225 of 2461 women (49.8%) underwent minimally inva-
sive surgery. Women treated with minimally invasive surgery were more often 
white, privately insured, and from ZIP Codes with higher socioeconomic status, 
had smaller, lower-grade tumors, and were more likely to have received a diagno-
sis later in the study period than women who underwent open surgery. Over a 
median follow-up of 45 months, the 4-year mortality was 9.1% among women who 
underwent minimally invasive surgery and 5.3% among those who underwent 
open surgery (hazard ratio, 1.65; 95% confidence interval [CI], 1.22 to 2.22; 
P = 0.002 by the log-rank test). Before the adoption of minimally invasive radical 
hysterectomy (i.e., in the 2000–2006 period), the 4-year relative survival rate 
among women who underwent radical hysterectomy for cervical cancer remained 
stable (annual percentage change, 0.3%; 95% CI, −0.1 to 0.6). The adoption of 
minimally invasive surgery coincided with a decline in the 4-year relative survival 
rate of 0.8% (95% CI, 0.3 to 1.4) per year after 2006 (P = 0.01 for change of trend).

CONCLUSIONS
In an epidemiologic study, minimally invasive radical hysterectomy was associated 
with shorter overall survival than open surgery among women with stage IA2 or 
IB1 cervical carcinoma. (Funded by the National Cancer Institute and others.)
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Women with early-stage cervical 
cancer can be treated with surgery or 
radiotherapy, but most undergo sur-

gery.1-4 For women with stage IA2 or IB1 cervical 
cancer (tumors <4 cm in the greatest dimension 
that are confined to the cervix), radical hysterec-
tomy is associated with cure rates in excess of 
80%.5-8 Traditionally, radical hysterectomy has 
been performed as open surgery through a lapa-
rotomy incision; however, this approach is associ-
ated with considerable perioperative and long-
term complications.7-9

Randomized clinical trials have shown that 
survival after minimally invasive surgery is similar 
to survival after open surgery among patients with 
early-stage uterine, colorectal, or gastric cancer.10-13 
Furthermore, minimally invasive hysterectomy has 
led to a lower risk of infection and faster recovery 
than open surgery.14 The first laparoscopic radi-
cal hysterectomy for cervical cancer was report-
ed in 1992.15 Since then, numerous single-institu-
tion series and observational cohort studies have 
shown that the procedure is feasible and is asso-
ciated with less blood loss, shorter postoperative 
hospitalization, and fewer complications than 
open surgery.16-30 However, although some stud-
ies concluded that minimally invasive techniques 
did not negatively affect oncologic outcomes, these 
studies were limited by low power,19-30 uncertain 
generalizability,19-29 and probable residual con-
founding.27-30 Data on long-term survival assessed 
in randomized trials or large, well-designed 
observational studies have been limited.

Despite the paucity of high-quality evidence 
supporting the use of minimally invasive radical 
hysterectomy for cervical cancer, this approach 
has been broadly adopted in the United States and 
is considered to be a standard approach in na-
tional guidelines.1,31 In this study, we used data 
from two large cancer registries to compare all-
cause mortality among patients with cervical 
cancer who underwent minimally invasive surgery 
and those who underwent open radical hysterec-
tomy, and we evaluated whether the adoption of 
minimally invasive radical hysterectomy affected 
national trends in 4-year relative survival rates.

Me thods

Data Source

In the main patient-level analysis, we used the 
National Cancer Database, a cancer registry that 

is maintained by the American College of Sur-
geons and the American Cancer Society. This 
database includes data from patients who have 
been treated at Commission on Cancer–accredited 
centers and covers approximately 70% of newly 
diagnosed cancer cases in more than 1500 hos-
pitals in the United States (see the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org).32 Because the National Can-
cer Database public-use files lack data on patients 
who received a diagnosis before 2004, we also 
used the April 2017 release of the Surveillance, 
Epidemiology, and End Results (SEER) 18-registry 
database to perform an interrupted time-series 
analysis of how the adoption of minimally in-
vasive radical hysterectomy affected survival 
trends in the United States. The SEER program 
is a population-based cancer registry that covers 
28% of the U.S. population.

Cohort Selection

In patient-level analyses, we included women with 
stage IA2 or IB1 squamous-cell carcinoma, adeno-
squamous carcinoma, or adenocarcinoma of the 
cervix who had received a diagnosis during the 
2010–2013 period and had undergone radical 
hysterectomy as primary treatment. We excluded 
women for whom the surgical approach was 
unknown, those who had a preexisting cancer 
diagnosis, those for whom there was a lack of 
pathological confirmation of cancer, those who 
had received neoadjuvant chemotherapy or radio-
therapy, those who did not undergo complete 
pelvic lymphadenectomy, and those for whom 
the lymphadenectomy status was unknown. In the 
interrupted time-series analysis, we included all 
the patients in the SEER 18-registry database who 
had locoregionally confined cervical carcinoma 
and had undergone radical hysterectomy and 
lymphadenectomy during the 2000–2010 period 
(see the Supplementary Appendix).

Measures

Cancer registrars documented the primary sur-
gical approach as open, laparoscopic, or robot-
assisted. In the primary intention-to-treat analy-
sis, all the patients whose surgical procedure 
was initiated by a laparoscopic or robot-assisted 
approach were categorized as having undergone 
minimally invasive surgery, even when conver-
sion to open surgery occurred.

The primary outcome of interest was the time 
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to death, as recorded by the cancer registrar and 
ascertained through the end of 2016. Additional 
outcomes included the 4-year survival rate, death 
within 90 days after surgery, number of lymph 
nodes evaluated, frequency of positive lymph nodes, 
parametrial involvement, and positive surgical 
margins.

Covariates

Control variables included the demographic, so-
cioeconomic, and clinical variables that are tabu-
lated in Table S1 in the Supplementary Appendix. 
Disease was categorized according to the Inter-
national Classification of Diseases for Oncology, third 
edition, as squamous-cell carcinoma, adenocarci-
noma, or adenosquamous carcinoma. The stage 
of disease was categorized according to the In-
ternational Federation of Gynecology and Ob-
stetrics system for cervical cancer and defined 
according to the American Joint Committee on 
Cancer (AJCC), seventh edition, clinical-stage 
variable when available, Collaborative Stage Site-
Specific Factor 1 when the AJCC clinical stage 
was unknown, and the AJCC pathologic stage 
when the former two variables were unknown.33

We categorized patients’ county of residence 
as metropolitan, metropolitan adjacent, or rural, 
using the U.S. Department of Agriculture 2003 
Rural–Urban Continuum Codes classification.34 
ZIP Code–level estimates of median income and 
the proportion of residents without a high-school 
diploma were categorized into quartiles and were 
used as proxy measures of patients’ income and 
educational level. Insurance status was catego-
rized as private insurance, Medicare, Medicaid 
or other type of government insurance, or unin-
sured. The treating facility was categorized as 
academic or nonacademic, according to Com-
mission on Cancer criteria.35 We identified pa-
tients who had one or more coexisting conditions 
using the Charlson Comorbidity Index value pro-
vided by the National Cancer Database.36

Statistical Analysis

In the main patient-level analysis, we used inverse 
probability of treatment weighting that was based 
on propensity score to construct a weighted co-
hort of patients who differed with respect to 
surgical approach but were similar with respect 
to other measured characteristics.37,38 To calcu-
late the inverse probability of treatment weights, 
we estimated each patient’s propensity to under-

go minimally invasive radical hysterectomy, using 
a logistic-regression model that included predic-
tor variables that had been selected on the basis 
of their a priori possibility of confounding the 
relationship between surgical approach and sur-
vival (age, race or ethnic group, facility type, 
geographic region, rural or urban status, insur-
ance status, ZIP Code–level income and educa-
tional levels, presence of coexisting conditions, 
histologic type, tumor grade, stage of disease, 
year of diagnosis, and tumor size). We assigned 
patients who underwent minimally invasive sur-
gery a weight of 1 ÷ (propensity score) and those 
who underwent open surgery a weight of 
1 ÷ (1 − propensity score).39 To reduce the vari-
ability in the inverse probability of treatment–
weighted models, we used stabilized weights.40 
We assessed balance among covariates using 
absolute standardized differences; a difference 
of 10% or less was considered to indicate a well-
balanced result.39 Population-level (marginal) 
hazard-ratio effects (under the assumption of 
the absence of unmeasured confounding) that 
are estimated by propensity-score methods are 
more like the effects estimated in a randomized, 
controlled trial than those estimated by means 
of multivariable Cox regression.40,41

We compared the distributions of categorical 
variables using the chi-square test in the un-
weighted cohort and weighted logistic-regression 
models in the weighted cohort. In the propensity-
score–weighted cohort, we compared survival, 
perioperative outcomes, and pathologic outcomes 
between the open-surgery group and the group 
that underwent minimally invasive surgery. We 
compared all-cause mortality using the inverse 
probability of treatment–weighted log-rank test 
and plotted weighted survival functions.42 We 
estimated the hazard ratio for death from any 
cause after minimally invasive radical hysterec-
tomy, as compared with open surgery, with 
weighted Cox proportional-hazards models.

We performed several sensitivity analyses to 
assess the robustness of our findings. To ensure 
that treatment-related survival differences were 
not confounded by a differential use of adjuvant 
therapy, the survival model was refitted with 
postoperative treatment as a covariate (radiother-
apy, chemoradiotherapy, chemotherapy, or no fur-
ther treatment). We further evaluated whether the 
use of indicator variables for missing data intro-
duced bias into our results by performing a 
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multiple-imputation analysis. We also assessed 
the robustness of our main results by using alter-
native analytic strategies, such as model selec-
tion with the use of Hosmer and Lemeshow’s 
purposeful-selection approach43 and multivariable 
Cox regression, and propensity-score matching. 
To confirm that the observed associations were 
not the result of unobserved differences between 
hospitals that had adopted minimally invasive 
surgery and those that had not, we repeated the 
primary analysis after excluding patients who 
had been treated at centers that performed no 
minimally invasive radical hysterectomies dur-
ing the study period. Details of the sensitivity 
analyses are provided in the Supplementary Ap-
pendix. To explore whether the observed associa-
tion differed according to the minimally invasive 
method (traditional laparoscopy vs. robot-assisted 
laparoscopy), tumor size in the greatest dimen-
sion (≥2 cm vs. <2 cm), or histologic type, we 
estimated the hazard ratios that were associated 
with minimally invasive surgery after refitting 
separate propensity-score–weighted survival mod-
els for each subgroup.

To test whether the findings of the patient-
level analysis might be due to a causal effect of 
minimally invasive radical hysterectomy, we con-
ducted a quasi-experimental interrupted time-
series analysis using the SEER 18-registry data-
base.44 We hypothesized that if the association 
in the main analysis was due to a causal effect, 
the adoption of minimally invasive radical hyster-
ectomy would influence survival trends among 
women undergoing radical hysterectomy for cer-
vical cancer in the United States. The 4-year 
relative survival rate was used as the primary 
outcome in this analysis to adjust for the effect 
of noncancer-related mortality trends.45 Accord-
ing to published data,31 2006 was the year in 
which surgeons in the United States began to 
adopt minimally invasive radical hysterectomy for 
the treatment of cervical cancer; the use of the 
procedure increased from 1.8% of the cases in 
2006 to 31.1% of the cases in 2010. We used data 
from the 2000–2006 period to estimate the 
trends before adoption, and we fitted a weighted 
least-squares model to test whether the trend in 
the 4-year relative survival rate changed in 2006 
(see the Supplementary Appendix).

R esult s

Study Population

During the 2010–2013 period, 2461 women with 
data in the National Cancer Database underwent 
radical hysterectomy for stage IA2 or IB1 cervical 
carcinoma and met the inclusion criteria (Fig. 1); 
of these women, 1225 (49.8%) underwent mini-
mally invasive surgery. Of the women who under-
went minimally invasive surgery, 978 (79.8%) 
underwent robot-assisted laparoscopy. Conversion 
from minimally invasive surgery to open surgery 
was rare overall (2.9% of the cases) but was 
more frequent among cases that were initiated 
with traditional laparoscopy (8.9%; 95% confi-
dence interval [CI], 5.4 to 12.5) than among 
those initiated with robot-assisted laparoscopy 
(1.3%; 95% CI, 0.6 to 2.1).

Table  1 summarizes selected demographic 
and clinical characteristics of the study popula-
tion before and after propensity-score weighting. 
(Additional characteristics are shown in Table S1 
in the Supplementary Appendix.) Women who 
underwent minimally invasive surgery were more 
likely to be white, were more often privately in-
sured, were more likely to have received a diag-

Figure 1. Study Population.

2461 Had diagnosis pathologically confirmed,
had not received preoperative chemotherapy

or radiotherapy, and underwent
pelvic lymphadenectomy

2793 Patients with stage IA2 or IB1
cervical cancer underwent radical hysterectomy

in 2010–2013 period, according to
the National Cancer Database

332 Were excluded
168 Underwent surgery, but

approach was unknown
98 Had preexisting cancer

diagnosis
3 Did not have confirmation

on pathological testing
17 Received neoadjuvant

treatment
46 Did not undergo pelvic

lymphadenectomy or
had unknown lymphade-
nectomy status

1236 Underwent open surgery
1225 Underwent minimally

invasive surgery
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nosis later in the study period, and were more 
likely to reside in ZIP Codes that were associated 
with higher income and educational levels than 
those who underwent open surgery. Women who 
underwent minimally invasive surgery were also 
more likely to have undergone treatment in the 
Northeast and South and at nonacademic facili-
ties and more often had smaller, lower-grade 

tumors and adenocarcinomas. The covariates 
were well balanced in the propensity-weighted 
cohort, with all the standardized differences less 
than 10% (data not shown).

Survival Analysis

The median follow-up in the propensity-score–
weighted cohort was 45 months. A total of 94 

Characteristic
Cohort before Inverse Probability of Treatment 

Weighting
Cohort after Inverse Probability of Treatment 

Weighting

Open Surgery 
(N = 1236)

Minimally 
Invasive Surgery 

(N = 1225) P Value†
Open Surgery 

(N = 1340)

Minimally 
Invasive Surgery 

(N = 1334) P Value‡

number (percent) number (percent)

Year of diagnosis <0.001 1.00

2010 408 (33.0) 211 (17.2) 338 (25.2) 336 (25.2)

2011 310 (25.1) 317 (25.9) 336 (25.1) 334 (25.1)

2012 268 (21.7) 356 (29.1) 344 (25.7) 342 (25.6)

2013 250 (20.2) 341 (27.8) 323 (24.1) 322 (24.1)

Race or ethnic group§ <0.001 1.00

White 789 (63.8) 853 (69.6) 899 (67.1) 896 (67.2)

Black 160 (12.9) 95 (7.8) 140 (10.4) 140 (10.5)

Hispanic 196 (15.9) 169 (13.8) 196 (14.6) 191 (14.3)

Asian 71 (5.7) 82 (6.7) 83 (6.2) 84 (6.3)

Other or unknown 20 (1.6) 26 (2.1) 23 (1.7) 23 (1.7)

Facility type <0.001 0.94

Nonacademic 544 (44.0) 654 (53.4) 657 (49.0) 656 (49.2)

Academic 692 (56.0) 571 (46.6) 683 (51.0) 678 (50.8)

Stage of disease 0.04 0.94

IA2 127 (10.3) 159 (13.0) 157 (11.7) 155 (11.6)

IB1 1109 (89.7) 1066 (87.0) 1183 (88.3) 1179 (88.4)

Histologic type 0.01 1.00

Squamous cell 789 (63.8) 709 (57.9) 820 (61.2) 815 (61.1)

Adenocarcinoma 381 (30.8) 452 (36.9) 450 (33.6) 450 (33.7)

Adenosquamous 66 (5.3) 64 (5.2) 70 (5.2) 69 (5.2)

Tumor size 0.005 0.99

<2 cm 459 (37.1) 534 (43.6) 543 (40.5) 541 (40.6)

≥2 cm 615 (49.8) 543 (44.3) 626 (46.7) 624 (46.8)

Unknown 162 (13.1) 148 (12.1) 171 (12.8) 169 (12.6)

*	�Counts in the weighted cohort may not sum to expected totals owing to rounding. Percentages may not total 100 because of rounding, and 
disagreements between numbers and percentages in the weighted cohort are the result of rounding of noninteger number values.

†	�The P value was calculated by the chi-square test.
‡	�The P values were calculated by inverse probability of treatment–weighted logistic-regression models.
§	� Race and ethnic group were ascertained from the medical records by cancer registrars.

Table 1. Selected Characteristics of Patients Who Underwent Radical Hysterectomy for Stage IA2 or IB1 Cervical Carcinoma, According to 
Surgical Approach, before and after Inverse Probability of Treatment Weighting.*
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deaths occurred in the minimally invasive sur-
gery group and 70 in the open-surgery group. 
Weighted survival functions for the minimally 
invasive surgery group and the open-surgery 
group are plotted in Figure 2. In propensity-
score–weighted analyses, the risk of death with-
in 4 years after diagnosis was 9.1% in the mini-
mally invasive surgery group and 5.3% in the 
open-surgery group. Women who underwent 
minimally invasive surgery had shorter overall 
survival than those who underwent open sur-
gery, which corresponds to a 65% higher risk of 
death from any cause (hazard ratio, 1.65; 95% 
CI, 1.22 to 2.22; P = 0.002 by the log-rank test).

 Histopathological Outcomes and Adjuvant 
Therapy

After propensity-score weighting, we found that 
women who underwent minimally invasive sur-
gery were similar to those who underwent open 
surgery in terms of histopathological variables. 
In the minimally invasive surgery group and the 
open-surgery group, respectively, the mean num-
bers of lymph nodes evaluated were 20.2 (95% 
CI, 19.6 to 20.8) and 19.2 (95% CI, 18.6 to 19.8), 

the rates of parametrial invasion were 11.0% 
(95% CI, 9.1 to 13.2) and 9.5% (95% CI, 7.7 to 
11.6), the rates of positive margins were 5.0% 
(95% CI, 3.7 to 6.6) and 4.4% (95% CI, 3.2 to 
6.0), the rates of lymph-node involvement were 
10.7% (95% CI, 8.9 to 12.9) and 8.9% (95% CI, 
7.2 to 11.0), and the rates of lymphovascular 
space invasion were 31.9% (95% CI, 28.9 to 35.0) 
and 28.0% (95% CI, 25.1 to 31.0). Perioperative 
deaths were rare, with 1 death occurring in the 
minimally invasive surgery group and 3 deaths 
in the open-surgery group. We observed similar 
rates of administration of adjuvant radiotherapy 
and adjuvant chemotherapy in the minimally in-
vasive surgery group and the open-surgery group 
(radiotherapy: 22.1% [95% CI, 19.5 to 24.9] and 
20.9% [95% CI, 18.4 to 23.7], respectively; che-
motherapy: 16.8% [95% CI, 14.5 to 19.4] and 
13.6% [95% CI, 11.6 to 16.0], respectively).

 Sensitivity Analyses

In sensitivity analyses, all-cause mortality re-
mained higher in the minimally invasive surgery 
group than in the open-surgery group, after ad-
justment for adjuvant treatment (hazard ratio, 
1.62; 95% CI, 1.20 to 2.19). The exclusion of 
patients who were treated in hospitals that did 
not perform minimally invasive radical hysterec-
tomy did not alter our findings substantially 
(hazard ratio, 1.55; 95% CI, 1.22 to 1.96). Alter-
native analytic strategies yielded consistent re-
sults, including the multiple imputation of miss-
ing variables followed by inverse probability of 
treatment weighting (hazard ratio, 1.65; 95% CI, 
1.23 to 2.23), multivariable Cox regression after 
model selection (hazard ratio, 1.76; 95% CI, 1.29 
to 2.41), propensity-score matching (hazard ratio, 
1.64; 95% CI, 1.14 to 2.35), and propensity-score 
matching with covariate adjustment (hazard ratio, 
1.74; 95% CI, 1.21 to 2.49) (see the Supplemen-
tary Appendix).

In exploratory subgroup analyses, robot-assisted 
radical hysterectomy was associated with a higher 
risk of death than open surgery (hazard ratio, 
1.61; 95% CI, 1.18 to 2.21), as was traditional 
laparoscopic radical hysterectomy (hazard ratio, 
1.50; 95% CI, 0.97 to 2.31) (Fig. 3). The greater 
relative hazard that was associated with mini-
mally invasive surgery than with open surgery 
was evident across histologic types and tumor 
sizes.

Figure 2. Inverse Probability of Treatment–Weighted Survival Curves among 
Women with Stage IA2 or IB1 Cervical Cancer, According to Type of Surgery.

Shaded bands represent the 95% confidence interval. Women who under-
went minimally invasive surgery had shorter overall survival than those who 
underwent open surgery (P = 0.002 by the log-rank test). The at-risk table 
shows the actual number of patients at risk. The inset shows the same data 
on an enlarged y axis.
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Interrupted Time-Series Analysis

Results of the interrupted time-series analysis 
are shown in Figure 4. Before the adoption of 
minimally invasive radical hysterectomy in the 
United States (i.e., in the 2000–2006 period), a 
nonsignificant trend toward longer survival over 
time was noted among women who underwent 
radical hysterectomy for early-stage cervical can-
cer (annual percentage change, 0.3%; 95% CI, 
−0.1 to 0.6). The adoption of minimally invasive 
surgery was associated with a significant change 
of trend (P = 0.01) and coincided with the begin-
ning of a decline in the 4-year relative survival 
rate of 0.8% (95% CI, 0.3 to 1.4) per year be-
tween 2006 and 2010 in this population.

Discussion

Our findings suggest that minimally invasive sur-
gery was associated with a higher risk of death 
than open surgery among women who under-
went radical hysterectomy for early-stage cervi-
cal cancer. This association was apparent regard-
less of laparoscopic approach (robot-assisted or 
traditional), tumor size, or histologic type. This 
finding was consistent across several analytic 
approaches and robust to multiple sensitivity 
analyses. Furthermore, we observed that the 
adoption of minimally invasive surgery in the 
United States, starting in 2006, coincided with 
the beginning of a decline in 4-year relative sur-
vival rates among women undergoing radical 
hysterectomy for cervical cancer.

The association between minimally invasive 
surgery and shorter survival that was observed 
in the patient-level analysis could be due to the 
selection of patients or to unmeasured con-
founding. However, patients who underwent 
minimally invasive surgery would be predicted 
to have longer survival than those who under-
went open surgery on the basis of their younger 
age, higher socioeconomic status, and lower tu-
mor grade. Furthermore, unmeasured confound-
ers such as human immunodeficiency virus (HIV) 
infection and tobacco use, which are risk factors 
for poor survival among patients with cervical 
cancer, are associated with low socioeconomic 
status46,47 and were therefore likely to be more 
common among women who underwent open 
surgery than among those who underwent min-
imally invasive surgery. In addition, previous 

National Cancer Database studies that compared 
minimally invasive surgery and open surgery in 
patients with early-stage ovarian or endometrial 
cancer did not show that minimally invasive sur-
gery was associated with inferior survival, which 
suggests that the observed effect is unique to 
cervical cancer.48,49 Finally, the interrupted time-
series analysis, which showed that the adoption 
of minimally invasive techniques coincided with 
a decline in cancer-related survival, is not subject 
to a patient-selection bias.

Our findings differ from those of earlier retro-
spective studies and conflict with a consensus 
within the field of gynecologic oncology that 
supports the use of minimally invasive surgery 
in early-stage cervical cancer.2,3,16-29,50 However, 
previous studies were considerably smaller than 
the present study, and most had shorter follow-
up as well.19-30 For example, in one of the largest 
published investigations reporting the results of 
long-term follow-up, Nam and colleagues23 stud-
ied data from 526 patients with stage IA2 or IIA 
cervical cancer who underwent laparoscopic 
surgery or open surgery and found that, after a 
median follow-up of 91 months, women who 

Figure 3. Subgroup Analyses.

Subgroup analyses show the associations between minimally invasive rad
ical hysterectomy and all-cause mortality according to mode of minimally 
invasive surgery (laparoscopic approach vs. robot-assisted approach), histo-
logic type (squamous-cell carcinoma vs. adenocarcinoma), and tumor size 
in the greatest dimension (<2 cm vs. ≥2 cm). Diamonds represent point es-
timates for the hazard ratio as compared with open surgery, and horizontal 
lines indicate the associated 95% confidence intervals. Separate propensity-
score models were fitted to predict the probability of minimally invasive 
surgery for each subgroup, and hazard ratios were estimated with the use 
of inverse probability of treatment–weighted Cox proportional-hazards 
models.
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underwent minimally invasive surgery did not 
have a significantly higher risk of death than 
those who underwent open surgery (hazard ratio, 
1.46; 95% CI, 0.6 to 3.4). However, the hazard 
ratio that they observed was similar to ours, and 
given that there were only 23 deaths, the study 
was underpowered to detect a clinically mean-
ingful difference between groups.

An important limitation of the present study 
is our inability to explain why minimally inva-
sive surgery was associated with shorter survival. 
There may be limits to the extent of resection 
that can be achieved that are inherent to mini-
mally invasive radical hysterectomy. For example, 
open surgery may allow for greater anterior trac-
tion on the uterus, thereby facilitating wider 
resection at the uterosacral ligaments and para-
metria. Although we observed no meaningful 

difference in the frequency of positive margins, 
close surgical margins may have been more com-
mon in the minimally invasive surgery group 
than in the open-surgery group, which could 
explain the observed difference in survival.51 It is 
also possible that uterine manipulators, which 
are frequently used for retraction and visualiza-
tion during minimally invasive hysterectomy, may 
disseminate tumor cells. Alternatively, it may be 
that minimally invasive surgery is not inherently 
inferior to open surgery but that the patients in 
this study were treated by surgeons who were 
more experienced with open radical hysterectomy 
than with minimally invasive surgery. Cancer 
control after radical prostatectomy appears to be 
sensitive to surgeon experience,52 and a similar 
effect may exist in minimally invasive radical 
hysterectomy. If the observed findings are the 
result of a learning curve, we would expect that 
survival differences among patients undergoing 
open surgery and those undergoing minimally 
invasive surgery would diminish as surgeons gain 
experience with minimally invasive surgery. Fur-
ther studies are needed to better understand the 
mechanisms leading to shorter survival.

Another limitation of this study is the ab-
sence of information about recurrence or cause 
of death in the National Cancer Database. In 
addition, although the National Cancer Database 
includes 70% of new cancer diagnoses, our find-
ings may not generalize to patients who were 
treated in other settings.32 On the other hand, 
SEER registries, although they are population-
based, are located in regions that have greater 
proportions of nonwhite and economically dis-
advantaged residents than are in the general U.S. 
population.53 Although the populations that were 
included in the main analysis of the National 
Cancer Database and the interrupted time-series 
may overlap, they were distinct with respect to 
geographic region, study period, treating facili-
ties, and definition of disease stage. We were 
unable to confirm the accuracy of clinical, patho-
logic, exposure, or outcome data in either data-
base directly. In addition, we were unable to 
estimate precisely the associations between mini-
mally invasive surgery and all-cause mortality 
among subgroups in which few deaths occurred, 
such as the subgroup of women who had tumors 
smaller than 2 cm in the greatest dimension. 
Finally, although we are not aware of another 

Figure 4. Interrupted Time-Series Evaluation of the Effect of Adoption  
of Minimally Invasive Radical Hysterectomy on 4-Year Relative Survival Rate.

Shown are the 4-year relative survival rates among women who underwent 
radical hysterectomy for cervical cancer by any surgical approach (diamonds) 
with 95% confidence intervals (error bars) and the percentages of radical 
hysterectomies that were undertaken with the use of a minimally invasive 
approach (circles). The adoption of minimally invasive radical hysterectomy 
in 2006 was associated with a significant change of temporal trend (as indi-
cated by the dotted blue line) (P = 0.01) and a declining 4-year relative sur-
vival rate after 2006 (yellow line) (annual percentage change, 0.8%; 95% CI, 
0.3 to 1.4).
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change in cervical-cancer treatment that coincid-
ed with the adoption of minimally invasive sur-
gery, if such a change had occurred, it could be 
responsible for the trends that were observed in 
the interrupted time-series analysis.

In conclusion, among women with stage IA2 
or IB1 cervical cancer who underwent radical 
hysterectomy, minimally invasive surgery was 
associated with shorter survival than open sur-
gery. The results of a prospective, randomized 
assessment of minimally invasive radical hyster-
ectomy for cervical cancer that are reported in 
this issue of the Journal are consistent with our 
findings.54 The reasons for this differential effect 
on survival are not clear from our work.
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