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A medical reversal occurs when new evidence dem-
onstrates that an accepted medical practice is ei-
ther inferior to an older practice or worse than doing
nothing at all.1 Unfortunately, medical reversals are
common: nearly 150 were documented from 2001
through 2010, and they occurred in nearly every field
of medicine.2 When faced with studies that contradict
accepted practice, members of the affected medical
specialty may take a defensive stance, choosing to
disbelieve the new evidence on the basis of selective
criticism of the studies’ methods, arguments about
plausibility, or even financial conflicts of interest.3

In November 2018, we published the findings of
a prospective, randomized trial4 and a nationwide,
observational study5 that compared disease-free and
overall survivals between patients with cervical cancer
who were treated with open and minimally invasive
radical hysterectomy. Despite a broad consensus,6,7

which was based on data from retrospective studies,
that operations performed by a minimally invasive
approach would result in oncologic outcomes equiv-
alent to those after operations performed through
a laparotomy, the two studies, published in the New
England Journal of Medicine, showed that minimally
invasive surgery led to a higher risk of recurrence
and death. We believe that these studies represent
a medical reversal. As in other instances of medical
reversal, a contentious debate has ensued: some
authors and groups have concluded that open radical
hysterectomy should now be the standard of care for
women with operable cervical cancer,7,8 but others
have suggested that minimally invasive surgery should
remain the norm for some or all patients with operable
cervical cancer, pending results from additional ran-
domized trials.9,10

The acceptance of minimally invasive surgery as an al-
ternative to open radical hysterectomy was based on the
belief—widely held among gynecologic oncologists—
that minimally invasive and open surgery represent
two approaches to the same operation. This view was

reinforced by randomized trials that demonstrated the
oncologic safety of minimally invasive surgery for en-
dometrial cancer11,12 and by observational studies in
which authors concluded that, compared with open
procedures, minimally invasive radical hysterectomy for
cervical cancer was associated with similar oncologic
outcomes and less surgical morbidity.13-23 The 2015
National Comprehensive Cancer Network guidelines24

codified robotic and laparoscopic radical hysterectomy
as standard approaches to the surgical treatment of
cervical cancer.

The results of the Laparoscopy Approach for Cervical
Cancer (LACC) trial4 have called into question the
consensus that minimally invasive and open radical
hysterectomy are oncologically equivalent. This ran-
domized, open-label, noninferiority trial was halted by
the data and safety monitoring committee after 631 of
a planned 740 patients were randomly assigned to
open or minimally invasive radical hysterectomy. The
committee found that the rate of deaths in the mini-
mally invasive surgery group was unacceptably higher
than in the open surgery group. Ultimately, the
resulting publication demonstrated a nearly four-fold
increase in the risk of recurrence (hazard ratio [HR],
3.7; 95% CI, 1.6 to 8.6) and a six-fold increase in the
risk of death (HR, 6.0; 95% CI, 1.77 to 20.3) among
women randomly assigned to minimally invasive sur-
gery.4 The excess risk of death was confirmed in the
largest observational study conducted to date (to our
knowledge),5 which demonstrated that the risk of
death was higher for women who had minimally in-
vasive radical hysterectomy than for those who had
open procedures (HR, 1.65; 95% CI, 1.22 to 2.22).
Furthermore, in an interrupted time series analysis
presented in the same paper, adoption of minimally
invasive surgical techniques in the management of
cervical cancer in the United States was shown to
coincide with a decline in survival.

In this perspective, we review the limitations of the pre-
2018 evidence that seemed to support the use of
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minimally invasive radical hysterectomy in cervical cancer,
reflect on the biases that contributed to unwarranted op-
timism about that approach, and consider the impact of the
LACC trial on clinical practice and research.

Adoption of minimally invasive radical hysterectomy and
arguments that favor its continued use have been based on
observational studies that compared recurrence-free or
overall survival between women who underwent minimally
invasive and open procedures. Review of these studies
(Table 1) reveals widespread methodologic limitations,
including small sample size, use of historical controls, and
lack of adjustment for confounders—although not every
study had each of these limitations. These methodologic
deficiencies contributed to a biased appraisal of the on-
cologic efficacy of minimally invasive radical hysterectomy.

Small sample size is a feature of most pre-2018 observa-
tional studies that compared open and minimally invasive
radical hysterectomies. Of 10 such studies published be-
fore 2018 (Table 1), only two included enough events (ie,
recurrences or deaths) to permit detection of an HR smaller
than 3.0 with a power of 80% and significance level of .05.
No study had enough power to permit detection of a dif-
ference between minimally invasive and open surgeries,
even if minimally invasive surgery doubled the risk of re-
currence or death. Although the authors of these small
studies concluded that the findings suggested that mini-
mally invasive radical hysterectomy had no deleterious
effect on recurrence or death, because survival compari-
sons yielded P values greater than .05, one must recognize
that the absence of statistical significance in these studies
is not evidence of equivalent oncologic outcomes but,
rather, is the expected consequence of small sample size.

Another common limitation of studies that compared pa-
tients who underwent minimally invasive versus open

radical hysterectomy is the use of historical controls
(Table 1). This practice is problematic, because changes
in cervical cancer treatment over time are likely to have
contributed to better outcomes in patients who were
treated more recently, which leads to bias in favor of
minimally invasive surgery. These changes include im-
provements in adjuvant therapy,26 greater use of cross-
sectional imaging to evaluate resectability,27,28 progress
in the treatment of recurrent disease,29 and improve-
ments in supportive and end-of-life care.30,31 In addition,
the use of historical controls leads to unequal follow-up
duration between groups; shorter follow-up among pa-
tients who underwent minimally invasive procedures
lowers the probability of observing recurrences and
deaths in this group.

Finally, less than half of the pre-2018 studies that com-
pared oncologic outcomes between minimally invasive
and open radical hysterectomies adjusted for confounding
using a statistical method (Table 1). Women who undergo
minimally invasive radical hysterectomy tend to have
smaller tumors, earlier disease stage, and higher socio-
economic status and are more often white than women
treated with open surgery.5 Because each of these factors
is associated with a better prognosis, unadjusted or in-
adequately adjusted survival analyses are likely to be bi-
ased in favor of minimally invasive surgery.

To evaluate whether our recently published LACC trial4 and
the nationwide observational study5 should change prac-
tice, we must critically compare the strengths and limita-
tions of the recently published studies with those of earlier
studies. The LACC trial has been the subject of criticism
related to the fact that it was stopped early,32 albeit because
of safety considerations; concerns about whether surgical
quality can ever be ensured in randomized trials33; and

TABLE 1. Sample Size, Strategies to Adjust for Confounding, and Use of Historical Controls Among Observational Studies That Compared Minimally Invasive
(Total Laparoscopic or Robot-Assisted) and Open Radical Hysterectomy for Cervical Cancer

First
Author
(year)

No.
of Minimally
Invasive
Surgeries

No.
of Open
Surgeries

No.
of Recurrences

Smallest
HR Detectable

for Progression-Free
Survival*

No.
of Deaths

Smallest
HR Detectable
for Overall
Survival*

Strategy
to Control

Confounding

Use of
Historical
Controls

Li (2007)13 90 35 15 5.3 10 7.5 None Unclear

Malzoni (2009)14 65 62 9 10.0 None Yes

Lee (2011)15 24 48 6 12.0 Matching Yes

Nam (2012)16 263 263 31 2.8 22 3.4 Propensity score matching Yes

Bogani (2014)17 65 65 22 3.4 17 3.9 Propensity score matching Yes

Kong (2014)18 40 48 2 35.0 None Unclear

Ditto (2015)19 60 60 9 10.0 4 14.5 Propensity score matching Yes

Mendivil (2016)20 109 39 17 4.1 None Yes

Sert (2016)21 259 232 44 2.3 16 4.1 None No

Diver (2017)22 101 282 23 3.8 None Yes

Abbreviation: HR, hazard ratio.
*Calculated using the Schoenfeld formula.25
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questions about the generalizability of the study results to
United States practice.34

Although minimally invasive hysterectomies for cervical
cancer in the United States are most often performed by
fellowship-trained gynecologic oncologists using a robotic
platform, only 16% of minimally invasive operations in the
LACC trial were performed in this manner. Some gyneco-
logic oncologists believe that robotic-assisted laparoscopic
radical hysterectomy is technically easier compared with
traditional laparoscopy and that the LACC trial findings,
therefore, might have been different if more robotic pro-
cedures were performed. Subgroup analysis of the LACC
trial does not suggest there is a difference in 4.5-year
disease-free survival between patients who received tra-
ditional (87.0%; 95% CI, 80.5% to 91.5%) or robotic-
assisted (87.2%; 95% CI, 64.0% to 95.9%) laparoscopic
surgery. In addition, there are few observational data to
suggest a difference in efficacy between traditional and
robot-assisted laparoscopic radical hysterectomy.35-37 For
example, a meta-analysis of nine studies that compared
robotic-assisted and traditional laparoscopic radical hys-
terectomy found no difference in operative time, lymph
node count, or intraoperative complication rates between
the procedures.37 Although the few studies that compare
recurrence or survival between robotic-assisted and tra-
ditional laparoscopic radical hysterectomies are of low
quality, oncologic outcomes also seem similar.38-42 Fur-
thermore, in our nationwide observational study,5 in which
80% of minimally invasive operations were performed ro-
botically, women who underwent minimally invasive sur-
gery also experienced inferior survival outcomes, and there
was no evidence of heterogeneity of this association be-
tween robotic-assisted (HR, 1.61; 95% CI, 1.18 to 2.21)
and laparoscopic (HR, 1.50; 95% CI, 0.97 to 2.31) ap-
proaches. Although this observational study, which relied
on cancer registry data, is limited by the possibility of
unmeasured confounding, absence of detailed information
about preoperative evaluation, and lack of information
about disease recurrence and cause of death in the Na-
tional Cancer Database, the concordance between ran-
domized trial and real-world findings suggests that the
LACC trial is generalizable to patients in the United States.

Some authors have questioned whether the findings of the
LACC trial are applicable to patients with tumors smaller
than 2 cm who undergo radical hysterectomy.43 These
patients have a substantially lower risk of recurrence and
death than patients who present with tumors measuring 2
to 4 cm, who have been split into a new stage category (IB2)
in the newest International Federation of Gynecology and
Obstetrics staging system.10 Although women with tumors
smaller than 2 cm accounted for 47%of patients enrolled in
the LACC study, they experienced only six (15%) of the 40
observed recurrences. The low event rate in this group
necessitates that a randomized trial, statistically larger than
the LACC trial, would be required to precisely estimate the

effect of minimally invasive surgery in women with small
tumors. The feasibility of such a study is uncertain, because
it is unclear if patients, doctors, and institutional review
boards would agree to randomly assign women tominimally
invasive surgery, given the results of the LACC trial. Even
under the most favorable circumstances, a trial limited to
patients with tumors smaller than 2 cm would require in-
ternational collaboration and many years to complete.
Meanwhile, we must consider the best evidence available
when we recommend a surgical approach for women with
small tumors (ie, International Federation of Gynecology
and Obstetrics 2018 stage IA2 to IB1). Among the nearly
300 womenwith tumors smaller than 2 cm in the LACC trial,
the recurrence rate was 0.6% (one of 147 patients) in the
open surgery arm compared with 3.3% (five of 150 pa-
tients) in the minimally invasive surgery arm. Though this
difference may not be statistically significant, it also was not
reassuring: on absolute values, the recurrence rate in the
minimally invasive group was five times higher. Of addi-
tional concern is that the association between minimally
invasive surgery and death as a result of any cause did not
differ substantially between women with tumors smaller
than 2 cm (HR, 1.46; 95% CI, 0.70 to 3.02) and women
with tumors 2 cm or larger (HR, 1.66; 95% CI, 1.19 to 2.30)
in the nationwide study.5 Taken together, the evidence from
our two recent studies does not suggest that minimally
invasive surgery is safe among women with smaller tumors.

Another interpretation of the recent evidence is that indi-
vidual surgeons or practices can review their own outcomes
to determine whether minimally invasive radical hyster-
ectomy is harmful in their own hands.43 However, given the
low number of radical hysterectomies performed for cer-
vical cancer, even in the highest-volume centers in the
United States,44 we believe that the experience of a single
surgeon or institution cannot produce estimates that are
sufficiently accurate or precise to guide clinical practice.
Counseling patients on the basis of single-surgeon or
single-center analyses could misrepresent the true risk
associated with minimally invasive radical hysterectomy.8

Since the publication of our randomized4 and observa-
tional5 studies, several additional investigations, which were
based on a national cancer registry in the Britain,45

a population-based cancer registry in Ontario, Canada,46

a multi-institutional cohort in the United States,47 and
single-institution studies from high-volume centers in
Korea48 and the United States,49 have all detected an in-
creased risk of recurrence or death among women who
underwent minimally invasive radical hysterectomy for
early-stage cervical cancer. The minimally invasive arms of
at least two of these studies47,49 were composed pre-
dominately of patients who underwent robot-assisted
operations.

In February 2019, the US Food and Drug Administration
released a safety communication warning that the efficacy
of robot-assisted surgery in the treatment of breast and
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other cancers has not been evaluated by the agency.50 This
warning underscores the importance of evaluating the
safety and oncologic efficacy of minimally invasive tech-
niques for specific procedures, cancer sites, and stages
whenever possible.

An unanticipated consequence of the LACC trial is its
potential impact on ongoing randomized trials. The SHAPE
study (Radical Versus Simple Hysterectomy and Pelvic
Node Dissection in Patients With Low-Risk Early Stage
Cervical Cancer; ClinicalTrials.gov identifier: NCT01658930)
is an ongoing, open-label noninferiority trial in which 700
women with small (# 2 cm) cervical cancers are being
randomly assigned to simple versus radical hysterectomy
and pelvic lymphadenectomy to determine if the more ex-
tensive surgery is necessary for women with these small
tumors. The SHAPE study protocol does not dictate
a surgical approach, nor is the random assignment strat-
ified by use of minimally invasive surgery (Marie Plante,
personal communication, April 2019). Because the
mechanism by which minimally invasive surgery increases
the risk of recurrence in cervical cancer is unknown, it is
difficult to predict how the use of minimally invasive
techniques will affect the results of the SHAPE study. For
example, if the deleterious effect of minimally invasive
surgery proceeds through a mechanism that equally affects
simple and radical hysterectomy, then the SHAPE study’s
conclusion would be valid, provided that the rate of mini-
mally invasive surgery is similar in the treatment arms. If,

however, minimally invasive surgery increases recurrence
risk by a mechanism that is specific to radical hysterectomy
(for example, by limiting parametrial or uterosacral re-
section), then a conclusion of noninferiority of simple
hysterectomy in the SHAPE trial would be suspect,
because mandating open radical hysterectomy would
have resulted in better outcomes in the radical hys-
terectomy arm. Likewise, there are at least two ongoing
trials (ClinicalTrials.gov identifiers: NCT02595554 and
NCT00193739) in which women with locally advanced
cervical cancer are randomly assigned to definitive che-
moradiotherapy versus neoadjuvant chemotherapy followed
by radical hysterectomy; use of minimally invasive surgery
could bias the results of these trials against the surgery arm.

Medical reversals are difficult for affected practitioners. It is
uncomfortable to confront evidence that suggests that
a treatment previously thought to be beneficial is, in fact,
harmful. Denial can be a natural first instinct. But denial is
the wrong approach for our patients. Unless and until
a modified approach to minimally invasive radical hyster-
ectomy is developed and shown to achieve adequate
cancer control in a phase III trial, we should consider open
abdominal radical hysterectomy to be the standard of care
for the surgical management of early cervical cancer.51 The
experience with minimally invasive radical hysterectomy
underscores an old and often ignored precept of evidence-
based medicine: our enthusiasm for new treatments must
not outpace the gathering of evidence to support their use.
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