
Survival After Minimally Invasive vs Open Radical Hysterectomy
for Early-Stage Cervical Cancer
A Systematic Review and Meta-analysis
Roni Nitecki, MD; Pedro T. Ramirez, MD; Michael Frumovitz, MD, MPH; Kate J. Krause, MLIS;
Ana I. Tergas, MD, MPH; Jason D. Wright, MD; J. Alejandro Rauh-Hain, MD, MPH; Alexander Melamed, MD, MPH

IMPORTANCE Minimally invasive techniques are increasingly common in cancer surgery. A
recent randomized clinical trial has brought into question the safety of minimally invasive
radical hysterectomy for cervical cancer.

OBJECTIVE To quantify the risk of recurrence and death associated with minimally invasive vs
open radical hysterectomy for early-stage cervical cancer reported in observational studies
optimized to control for confounding.

DATA SOURCES Ovid MEDLINE, Ovid Embase, PubMed, Scopus, and Web of Science
(inception to March 26, 2020) performed in an academic medical setting.

STUDY SELECTION In this systematic review and meta-analysis, observational studies were
abstracted that used survival analyses to compare outcomes after minimally invasive
(laparoscopic or robot-assisted) and open radical hysterectomy in patients with early-stage
(International Federation of Gynecology and Obstetrics 2009 stage IA1-IIA) cervical cancer.
Study quality was assessed with the Newcastle-Ottawa Scale and included studies with scores
of at least 7 points that controlled for confounding by tumor size or stage.

DATA EXTRACTION AND SYNTHESIS The Meta-analysis of Observational Studies in
Epidemiology (MOOSE) checklist was used to abstract data independently by multiple
observers. Random-effects models were used to pool associations and to analyze the
association between surgical approach and oncologic outcomes.

MAIN OUTCOMES AND MEASURES Risk of recurrence or death and risk of all-cause mortality.

RESULTS Forty-nine studies were identified, of which 15 were included in the meta-analysis.
Of 9499 patients who underwent radical hysterectomy, 49% (n = 4684) received minimally
invasive surgery; of these, 57% (n = 2675) received robot-assisted laparoscopy. There were
530 recurrences and 451 deaths reported. The pooled hazard of recurrence or death was 71%
higher among patients who underwent minimally invasive radical hysterectomy compared
with those who underwent open surgery (hazard ratio [HR], 1.71; 95% CI, 1.36-2.15; P < .001),
and the hazard of death was 56% higher (HR, 1.56; 95% CI, 1.16-2.11; P = .004). Heterogeneity
of associations was low to moderate. No association was found between the prevalence of
robot-assisted surgery and the magnitude of association between minimally invasive radical
hysterectomy and hazard of recurrence or death (2.0% increase in the HR for each
10-percentage point increase in prevalence of robot-assisted surgery [95% CI, −3.4% to
7.7%]) or all-cause mortality (3.7% increase in the HR for each 10-percentage point increase in
prevalence of robot-assisted surgery [95% CI, −4.5% to 12.6%]).

CONCLUSIONS AND RELEVANCE This systematic review and meta-analysis of observational
studies found that among patients undergoing radical hysterectomy for early-stage cervical
cancer, minimally invasive radical hysterectomy was associated with an elevated risk of
recurrence and death compared with open surgery.
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W omen with early-stage cervical cancer who un-
dergo radical hysterectomy are usually cured, with
5-year disease-free survival rates exceeding 90% in

some studies.1-3 For more than a century, radical hysterec-
tomy was performed predominantly through an open abdomi-
nal approach.4,5 In 1992, the laparoscopic approach for radi-
cal hysterectomy to treat cervical cancer was introduced.6,7

Over the next 25 years, traditional laparoscopic and robot-
assisted minimally invasive hysterectomy gained wide-
spread acceptance as a standard treatment for early-stage cer-
vical cancer.8,9

Unexpectedly, the Laparoscopic Approach to Cervical Can-
cer (LACC) trial,3 a randomized, open-label, noninferiority
study comparing minimally invasive radical hysterectomy with
open radical hysterectomy, found that minimally invasive hys-
terectomy was associated with a higher risk of recurrence and
death compared with open surgery. Women randomized to the
minimally invasive arm experienced almost 4 times the risk
of recurrence and 6 times the risk of death compared with
women randomized to laparotomy.

In a statement released after the publication of the LACC
trial, the Society of Gynecologic Oncology encouraged sur-
geons to discuss these data with patients undergoing surgery
for cervical cancer,10 and the National Comprehensive Can-
cer Network cervical cancer guidelines were revised to de-
fine the open abdominal approach as the “standard and rec-
ommended approach to radical hysterectomy.”11 Although
randomized clinical trials have unequaled internal validity, the
generalizability of such studies may be limited by differences
between the study participants and the population of pa-
tients in routine clinical practice.12 Furthermore, complex in-
terventions, such as surgery, may differ between research and
real-world settings. Therefore, well-designed observational
studies can be an important adjunct to the findings from ran-
domized clinical trials. Two prior meta-analyses13,14 found no
difference in overall and disease-free survival between mini-
mally invasive and open radical hysterectomy. However, these
meta-analyses do not include several recently published
studies and include the results of studies that are unquestion-
ably biased because of their failure to control for any
confounders.15-18 Therefore, we undertook a systematic re-
view and meta-analysis to appraise and synthesize the avail-
able real-world evidence comparing the risk of recurrence and
death between patients who underwent minimally invasive vs
open radical hysterectomy for early-stage cervical cancer.

Methods
Literature Search
In this systematic review and meta-analysis performed in an
academic medical setting, a search was performed in Ovid
MEDLINE, Ovid Embase, PubMed, Scopus, and Web of
Science (inception to March 26, 2020). Search structures,
Medical Subject Headings, and keywords were tailored to each
database by a medical research librarian (K.J.K.) specializing
in systematic reviews. Searches were not limited by date, lan-
guage, or study type. Grey literature resources were

reviewed, such as conferences and dissertations found in
Embase, for additional relevant studies. Reference lists of the
included articles were searched manually. The complete
MEDLINE and Embase search strings are listed in eTable 1 in
the Supplement.

Our findings are reported in accord with the
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) reporting guideline.19 The study protocol is registered
in PROSPERO (CRD42020153893).

Study Selection
After the initial search, 2 of us (R.N. and A.M.) independently
screened the titles and abstracts of the articles to identify po-
tentially relevant studies. A full-text review was performed on
studies identified as potentially relevant in the title and ab-
stract review. The 2 of us (R.N. and A.M.) independently
screened the full-text articles to apply inclusion and exclu-
sion criteria. Disagreements were resolved by consensus and
by seeking the opinion of a third reviewer (J.A.R.-H.).

Eligibility Criteria
Observational cohort studies were included in the meta-
analysis if they met the following eligibility criteria: (1) en-
rolled adult patients (18 years or older) with stage IA1 to IIA
(with or without lymphovascular space invasion based on the
International Federation of Gynecology and Obstetrics 2009
staging system) squamous cell, adenocarcinoma, or adeno-
squamous carcinoma of the cervix who were treated with either
minimally invasive (traditional or robot-assisted laparos-
copy) or open radical hysterectomy; (2) compared overall sur-
vival or disease-free or progression-free survival; (3) used a sur-
vival analysis method accounting for censoring and unequal
follow-up among groups; (4) attempted to control for factors
known to alter prognosis in cervical cancer, such as tumor size
(stage was considered an acceptable proxy for size), which
could also alter choice of surgical approach; (5) reported a me-
dian follow-up of at least 24 months; and (6) had a Newcastle-
Ottawa Scale score of 7 points or higher and was interpreted
as being of good quality.20

Studies were excluded if the results were reported in con-
ference abstracts, letters, editorials, or any publication other

Key Points
Question Are the findings of high-quality observational studies
consistent with the results of a randomized clinical trial that found
that minimally invasive hysterectomy was associated with a higher
risk of recurrence and death compared with open surgery?

Findings In this systematic review and meta-analysis of 15
high-quality studies comprising 9499 patients, minimally invasive
radical hysterectomy was associated with shorter overall and
disease-free survival among women with operable cervical cancer
compared with open surgery.

Meaning These results provide evidence to support the survival
benefit associated with open radical hysterectomy for early-stage
cervical cancer; these findings are consistent with a recent
randomized clinical trial.
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than a peer-reviewed original research article or a technical re-
port from a national public health organization. Studies were
also excluded if the study population was duplicated in an-
other study included in our meta-analysis. When studies of du-
plicate populations were identified, we selected the study that
included more institutions or more patients.

Quality Assessment
The quality of each study was assessed using the Newcastle-
Ottawa Scale for evaluating the quality of nonrandomized
studies.20 The scale evaluates study bias and assigns points
in the following 3 domains: appropriate selection of partici-
pants, appropriate measures of exposure and outcome vari-
ables, and appropriate control of confounding. The scale
yields a quantitative summary score and qualitative catego-
rization of quality (poor, fair, or good) based on the number
of points in the 3 domains. This categorization allows for
assessment of bias such that a study is considered low qual-
ity if it is adequate in 2 domains but inadequate in a third
domain. Two of us (R.N. and A.M.) independently assessed
and scored each study according to the preestablished
criteria.20 As is accepted in the literature,21-24 study quality
was judged to be high if the Newcastle-Ottawa Scale score
was at least 7 points (of a possible 9) and categorized as
good (3 or 4 points in the selection domain, 2 or 3 points in
the exposure and outcome domain, and 1 or 2 points in the
comparability domain). Otherwise, study quality was
considered low.

Data
One of us (R.N.) extracted the following data from all in-
cluded studies: covariate-adjusted hazard ratios (HRs) and 95%
CIs of recurrence or death (disease-free survival) or all-cause
mortality (overall survival) among patients undergoing mini-
mally invasive radical hysterectomy compared with open radi-
cal hysterectomy, covariates included in the analysis (includ-
ing demographic information, tumor size, tumor stage, and
year of diagnosis), number of minimally invasive and open radi-
cal hysterectomies, number of laparoscopic and robot-
assisted surgical procedures, and number of deaths and re-
currences. These data were validated by another of us (A.M.).
When data were unavailable in a publication, efforts were made
to contact the corresponding author to obtain missing
details.

Statistical Analysis
Data were pooled using random-effects models25 to allow for
between-study variability. Choice of the random-effects model
was based on the clinical heterogeneity in terms of inclusion
criteria, follow-up time, and technique identified in the in-
cluded studies. Heterogeneity was assessed among included
studies using the I2 statistic,26 and I2 values of 25%, 50%, and
75% were considered low, moderate, and high heterogeneity,
respectively.26 Funnel plots were used to examine publica-
tion bias. Pooled HRs and 95% CIs were estimated to com-
pare the risk of recurrence or death and the risk of all-cause
mortality for patients treated with minimally invasive radical
hysterectomy relative to open radical hysterectomy.

Random-effects meta-regression was used to investigate
whether use of robot-assisted surgery in the minimally inva-
sive group modified associations between minimally
invasive radical hysterectomy and recurrence or death. In ad-
dition, each study was classified as predominantly using tra-
ditional or robot-assisted laparoscopy when more than 75% of
minimally invasive radical hysterectomies used one of these
approaches. Pooled HRs and 95% CIs were estimated for the
risk of recurrence or death or the risk of all-cause mortality
separately for studies in which laparoscopic or robot-assisted
minimally invasive hysterectomy was the predominant
approach.

Several sensitivity analyses were performed to assess the
robustness of the main findings. To investigate whether any
studies had a disproportionate influence on the results of the
meta-analysis, data were pooled after serially excluding each
study included in the main analysis. To assess whether the re-
sults were sensitive to choice of meta-analysis model, a fixed-
effects meta-analysis was performed. To assess whether choice
between overlapping studies altered the main findings, the
analysis was repeated including the excluded studies instead
of those included in the main analysis.

All analyses were performed in Stata/MP, version 16.0
(StataCorp LLC). All reported statistical tests are 2 sided, with
a significance level of .05.

Results
The initial search identified 1428 citations. A report from a
national cancer registry27 and 1 hand-searched article28

were added; therefore, after duplicates were removed, we
abstracted 912 unique citations. Of those screened, 49
observational studies comparing minimally invasive with
open radical hysterectomy were evaluated for inclusion and
exclusion criteria. Twenty-one studies15,16,18,29-46 that did
not present the results of a survival analysis accounting for
confounding variables were excluded (eTable 2 in the
Supplement). One study47 that did not provide enough
information to assess quality was excluded. Two pairs of
studies48-51 included overlapping patient populations. To
avoid duplication bias, we included one study among each
duplicated pair based on the number of participants and
institutions.

Data quality of the remaining articles was assessed using
the Newcastle-Ottawa Scale (eTable 3 in the Supplement). Ten
studies17,52-60 were excluded for having a score of less than
7 points, and 15 studies27,28,48,50,61-71 met all of the criteria for
inclusion in our meta-analysis. The Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) flow
diagram72 (Figure 1) shows the entire review process from the
original search to the final selection of studies. Overall New-
castle-Ottawa Scale scores ranged from 7 to 8 points (maxi-
mum score, 9 points) for the 15 included studies.27,28,48,50,61-71

The analyzed high-quality studies are listed in eTable 4 in the
Supplement, which shows the number of procedures per-
formed, number of deaths and recurrences, study era, fol-
low-up time, study type, covariates controlled for, and the strat-
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egy to control for confounding by tumor size or stage.
All studies used either propensity score methods (matching or
inverse probability of treatment weighting) or multivariable
regression analysis and included tumor size or stage to ac-
count for differences between groups.

Data from 9499 patients who underwent radical hyster-
ectomy were included in the meta-analysis. Forty-nine per-
cent of patients (n = 4684) received minimally invasive sur-
gery, of whom 57% (n = 2675) received robot-assisted
laparoscopy. There were 530 recurrences and 451 deaths
reported.

Thirteen studies28,48,50,61-69,71 that reported confounder-
adjusted survival analyses for disease-free survival, which in-
cluded 6109 patients, were pooled in a random-effects model
(Figure 2A). The pooled hazard of recurrence or death was 71%
higher among patients who underwent minimally invasive
radical hysterectomy compared with those who underwent
open surgery (HR, 1.71; 95% CI, 1.36-2.15; P < .001), with low
to moderate heterogeneity (I2 = 30.6%; P = .05). We pooled the
results of 13 studies27,50,61-71 that reported confounder-
adjusted HRs for all-cause mortality and included 8751 pa-
tients (Figure 2B). Pooling the results from these studies dem-
onstrated that minimally invasive radical hysterectomy was
associated with a 56% higher hazard of death compared with
open surgery (HR, 1.56; 95% CI, 1.16-2.11; P = .004), with low
to moderate heterogeneity (I2 = 41.6%; P = .06).

Funnel plots of study precision vs the magnitude of asso-
ciation are shown in Figure 3. Visual inspection shows little evi-
dence of asymmetry in plots evaluating disease recurrence or
death or all-cause mortality, suggesting the absence of sub-
stantial publication bias.

Use of robot-assisted radical hysterectomy among the in-
cluded studies varied substantially, ranging from 0% to 100%.

In 7 studies,28,50,62,65,69-71 minimally invasive surgery was per-
formed predominantly by a robot-assisted approach
(79%-100%), whereas traditional laparoscopy predominated
in 8 studies27,48,61,63,64,66-68 (85%-100%). In a random-effects
meta-regression model, we found no statistically significant
association between the prevalence of robot-assisted surgery
and the magnitude of the association between minimally in-
vasive radical hysterectomy and risk of recurrence or death
(2.0% increase in the HR for each 10-percentage point in-
crease in prevalence of robot-assisted surgery [95% CI, −3.4%
to 7.7%]) or risk of all-cause mortality (3.7% increase in the HR
for each 10-percentage point increase in prevalence of robot-
assisted surgery [95% CI, −4.5% to 12.6%]). In a stratified analy-
sis (eFigure 1 and eFigure 2 in the Supplement), minimally in-
vasive radical hysterectomy was associated with an increased
risk of recurrence or death in studies in which robot-assisted
laparoscopy predominated (HR, 1.88; 95% CI, 1.36-2.60) and
in those in which traditional laparoscopy predominated (HR,
1.54; 95% CI, 1.10-2.16). Minimally invasive radical hysterec-
tomy was also associated with a statistically significantly higher
risk of all-cause mortality in studies in which robot-assisted
laparoscopy predominated (HR, 1.74; 95% CI, 1.18-2.56) and a
non–statistically significant elevation of this risk in studies in
which traditional laparoscopy predominated (HR, 1.35; 95% CI,
0.81-2.25).

In sensitivity analyses, serial exclusion of studies did not
have a large association with the point estimates for pooled HRs
for recurrence or death (range, 1.62-1.83) or all-cause mortal-
ity (range, 1.44-1.68). Pooled HRs remained statistically sig-
nificant irrespective of excluded studies (eTable 5 in the Supple-
ment). Study results were also insensitive to selection between
duplicate studies and to selection between fixed and mixed-
effects models (eAppendix in the Supplement).

Figure 1. PRISMA Flow Diagram

1428 Citations from Ovid MEDLINE, Ovid Embase, PubMed,
Scopus, and Web of Science from inception to
March 26, 2020

2 Additional citations identified through other sources

912 Nonduplicate citations screened

49 Articles retrieved

15 Articles included

863 Articles excluded after title and abstract screen

Inclusion and exclusion criteria applied

Inclusion and exclusion criteria applied

34 Excluded
21 Articles that did not account for confounding
10 Articles of poor quality

2 Articles with a duplicated population
1 Article with missing information

PRISMA indicates Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses.
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Discussion

In this systematic review and meta-analysis of high-quality,
nonrandomized cohort studies comparing minimally inva-
sive vs open radical hysterectomy for early-stage cervical can-
cer, minimally invasive techniques were associated with a
higher risk of recurrence and death. These results are consis-
tent with the findings of the LACC trial,3 a randomized non-
inferiority trial that unexpectedly demonstrated a higher risk
of recurrence and death among patients with cervical cancer
randomly assigned to laparoscopic or robot-assisted radical
hysterectomy compared with those randomly assigned to open
surgery. However, these results differ from 2 older meta-
analyses of observational studies13,14 and conflict with a long-
standing consensus that minimally invasive and open sur-
gery are both acceptable approaches to radical hysterectomy
for cervical cancer.73

Because participation in clinical trials is limited to only 5%
of adult patients with cancer,74 the results of randomized clini-
cal trials, such as the LACC trial, may not be generalizable to
patients receiving routine clinical care.12 Although observa-
tional studies are susceptible to bias, they may be more gen-
eralizable to real-world settings and can thus play an impor-
tant role in assessing the effectiveness of interventions. After
excluding studies with major methodological deficiencies, such
as lack of control for confounding,15,17,39,42,52-57,59,60 dubious
reporting of survival analysis,16,18,29-38,40-44,58 and implau-
sible outcome ascertainment,57 we demonstrated that higher-
quality studies based on real-world data were generally con-
cordant with the findings from the LACC trial.

The magnitude of associations estimated in the present
study is considerably smaller than the effects reported by the
LACC trial. Possible reasons for this discrepancy include the
likelihood of residual confounding in observational studies
leading to an underestimation of the risk of recurrence and

Figure 2. Meta-analysis Results
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all-cause mortality27,50,61-71 (B)
among patients who underwent
minimally invasive radical
hysterectomy (compared with open
surgery) is shown for individual
studies and pooled results from
meta-analysis. The box size
corresponds to the weight of the
study in the meta-analysis. The
diamond depicts the point estimate
(95% CI) of the pooled estimate. The
vertical dotted black line is centered
at the null, whereas the dashed black
line is centered at the pooled HR
estimate. Summing weights may not
equal 100 due to rounding. NCRAS
indicates National Cancer
Registration and Analysis Service.
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death in minimally invasive surgery, as well as bias in the LACC
trial findings as a result of early stoppage leading to an over-
estimation of these harms.75

It is important to note that the 15 studies included in our
meta-analysis are heterogeneous with respect to their conclu-
sions. Some studies concluded that minimally invasive sur-
gery was associated with an increased risk of death27,50,61,62,70

or recurrence28,48,50,61-63,65 compared with open surgery,
whereas other studies64,66-69,71 concluded that there is no as-
sociation. Several studies64,66-68 that concluded that surgical
approach was not associated with the risk of recurrence or
death based these conclusions on few events and were thus
underpowered to detect clinically relevant outcomes. In all
studies that concluded that there was no association be-
tween minimally invasive surgery and progression-free or over-
all survival, the 95% CI included the pooled point estimates
calculated in the present analysis. This finding suggests that
none of these studies could exclude the presence of an asso-
ciation of the magnitude that we observed in this meta-
analysis.

The present meta-analysis is larger (in terms of studies and
patients) and included studies that were not available to the
authors of prior meta-analyses.13,14 In addition to including re-
cently published studies, our meta-analysis differs method-
ologically from the older meta-analyses. We required that in-
cluded studies demonstrate an effort to address confounding
at a minimum by demographic factors and tumor size or stage.
Studies that fail to control for confounding are likely to be bi-
ased in favor of minimally invasive surgery because factors as-
sociated with a good prognosis in cervical cancer—including
small tumor size, earlier stage, private insurance, and non-
black race—are more prevalent among women who undergo
minimally invasive radical hysterectomy.70 Accordingly, in-
cluding such studies in meta-analyses will produce biased es-
timates. Among 4 studies included in a meta-analysis by Wang
and colleagues,13 2 had no strategy for control of known con-
founders and reported only crude associations.16,17 Similarly,

of 10 studies included in the meta-analysis by Cao and
colleagues,14 7 did not report a covariate-adjusted estimate of
overall or disease-free survival15-18 or reported results that were
inconsistent with their methods.43,44,46

Low to moderate heterogeneity was found in estimates of
the hazard of recurrence and mortality associated with mini-
mally invasive surgery. Differences in the association be-
tween surgical approach and recurrence or death that are not
explained by chance alone may be altered by several factors.
Three retrospective studies48,62,63 found that the magnitude
of association between minimally invasive radical hysterec-
tomy and recurrence or death may be associated with tumor
size. Similarly, a population-based cancer registry study61 from
Canada found a statistically significant interaction between tu-
mor stage and minimally invasive surgery, suggesting that in-
creased risk of recurrence and death may be limited to pa-
tients with macroscopic disease. Another possible explanation
for observed heterogeneity is the technique used for mini-
mally invasive surgery. Some studies have hypothesized that
uterine manipulators or open colpotomy may disseminate tu-
mor cells at the time of minimally invasive surgery.76 How-
ever, there is no conclusive evidence that tumor size or sur-
gical technique can account for the inferior oncologic outcomes
associated with minimally invasive radical hysterectomy. Be-
cause tumor size, manipulator use, and colpotomy tech-
nique were not consistently reported in the studies included
in our meta-analysis, we were unable to address the contri-
bution of these factors in this study. Some authors have sug-
gested that robot-assisted minimally invasive radical hyster-
ectomy may not carry the same risks as traditional
laparoscopy77; however, the present study does not support
this hypothesis.

Although only studies that attempted to adjust for con-
founders were selected for our meta-analysis, propensity score
methods and multivariable regression analysis can only con-
trol for measured confounders. Residual confounding re-
mains an important concern and is likely to result in an

Figure 3. Funnel Plots Assessing the Distribution of Study Results Against Study Uncertainty
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underestimation of the harms associated with minimally in-
vasive surgery in this study. The included studies span 7.5 years
on average, and most relied on historical controls in the open
surgery group. Only 3 studies27,64,70 included contemporane-
ous groups; of the remaining studies, only 2 studies27,61 con-
trolled for year of diagnosis in their analysis. Use of historical
controls may bias studies in favor of minimally invasive radi-
cal hysterectomy because of advances in treatment that oc-
curred contemporaneously with adoption of minimally inva-
sive surgery, as well as because minimally invasive groups may
have less follow-up time to accrue events.78

Limitations
Important limitations of this systematic review and meta-
analysis include the possibility of bias because of residual con-
founding in the included studies. However, we believe this bias

is likely to result in an underestimation of the harms associ-
ated with minimally invasive radical hysterectomy. In addi-
tion, we were not able to evaluate factors that may modify the
association between minimally invasive surgery and survival
outcomes, such as tumor size and surgical technique.

Conclusions
In this systematic review and meta-analysis of high-quality ob-
servational studies, minimally invasive radical hysterectomy
was associated with shorter overall and disease-free survival
than open surgery among women with early-stage cervical can-
cer. These results provide real-world evidence that may aid pa-
tients and clinicians engaged in shared decision-making about
surgery for early-stage cervical cancer.
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