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Objective. To compare the perioperative morbidity and survival between abdominal radical hysterectomy
(ARH) and robotic radical hysterectomy (RRH).

Methods. A retrospective cohort of patients undergoing radical hysterectomy for cervical cancer from 2010 to
2016 was identified. Patients with stage IB1 cervical cancer were included and were grouped by ARH vs. RRH.
Tumor characteristics, perioperative complications, recurrence rate, progression-free survival (PFS), and overall
survival (OS) were compared between groups.

Results. 105 patients were identified; 56 underwent ARH and 49 underwent RRH. Those who had ARH were
more likely to have lesions that were ≥2 cm (62% vs. 39%, p = 0.02) and that were higher grade (p = 0.048).
Other tumor characteristics were similar between groups. There was no difference in perioperative complication
rates between groups. Additionally, there were no differences in recurrence risk (RR) (14% vs. 24%, p = 0.22),
progression-free survival (PFS) (p = 0.28), or overall survival (OS) (p = 0.16). However, in those with tumors
≥2 cm there was a higher risk of recurrence in the overall cohort (30% vs. 8%, p = 0.006), and a shorter PFS in
the RRH group (HR 0.31, p = 0.04). On multivariate analysis patients that underwent ARH or had tumors
b 2 cm had a lower likelihood of recurrence (HR 0.38, p = 0.04; HR 0.175, p = 0.002) and death (HR 0.21, p =
0.029; HR 0.15, p = 0.02).

Conclusion. Perioperative morbidity was similar between those undergoing ARH vs. RRH for IB1 cervical
cancer. Patients with tumors ≥ 2 cm undergoing RRH had a shorter PFS compared to ARH. On multivariate
analysis, RRH and tumor size ≥ 2 cm were independently associated with recurrence and death in this
population.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Despite improvements in cervical cancer screening and prevention,
an estimated 13,240 new cases of invasive cervical cancer will be diag-
nosed in the US in 2018, and 4170womenwill die from this disease [1].
The standard of care for early stage cervical cancer remains surgical
management with radical hysterectomy [2]. Originally performed
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Table 1
Patient information and tumor characteristics of patients undergoing radical hysterec-
tomy from 2010 to 2016.

Abdominal radical
hysterectomy

Robotic radical
hysterectomy

p-Value

Number of cases 56 49
Mean age (years) 40.6 (±10.7) 44.1 (±10.7) 0.09
Mean BMI 27.6 (±7.1) 28.7 (±6.7) 0.41
Race 0.09

African American 7 (13%) 14 (29%)
Caucasian 46 (82%) 34 (69%)
Other 3 (5%) 1 (2%)

Smoker 0.40
No 28 (50%) 20 (41%)
Yes 19 (34%) 23 (47%)
Former 9 (16%) 6 (12%)

LVSI 0.38
No 34 (65%) 35 (74%)
Yes 18 (35%) 12 (26%)

Histology 0.95
Squamous 32 (57%) 30 (61%)
Adenocarcinoma 20 (36%) 16 (33%)
Adenosquamous 4 (7%) 3 (6%)

Grade 0.048
FIGO Grade 1 2 (4%) 8 (16%)
FIGO Grade 2 37 (66%) 34 (69%)
FIGO Grade 3 9 (16%) 5 (10%)
Unknown 8 (14%) 2 (4%)

Size of primary lesion (cm) 0.02
b 2 cm 21 (38%) 30 (61%)
≥ 2 cm 35 (62%) 19 (39%)

Depth of invasion (cm) 0.43
Superficial (b0 .5cm) 15 (27%) 19 (39%)
Middle (0.5–1 .0cm) 25 (45%) 19 (39%)
Deep (N1 .0cm) 16 (29%) 11 (22%)

Positive Lymph Nodes 0.21
No 47 (85%) 46 (94%)
Yes 8 (15%) 3 (6%)

Parametrial involvement 1.0
No 53 (95%) 46 (94%)
Yes 3 (5%) 3 (6%)

Vaginal margin involvement 0.41
No 54 (96%) 45 (93%)
Yes 2 (4%) 4 (8%)

Bold indicates p-Value of b 0.05
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exclusively via an abdominal approach, the advent of laparoscopic and
robotic surgery has resulted in a shift toward minimally invasive tech-
niques to accomplish this task [3]. Robotic surgery has been shown to
have several advantages over laparotomy in the treatment of gyneco-
logic malignancies, including shorter hospitalizations, fewer major
complications, decreased blood loss, and higher lymph node counts
[4–9]. Recently, however, results from the Laparoscopic Approach to
Cervical Cancer (LACC) trial were published indicating that patients un-
dergoing minimally invasive robotic hysterectomy have a lower rate of
disease-free survival and overall survival than thosewhoundergo a lap-
arotomy [10]. This has the potential to cause a paradigm shift in how
cervical cancer is managed and therefore led us to further evaluate the
data from our institution. Our objective was to compare tumor charac-
teristics, perioperative complications, risks of recurrence, and survival
in a cohort of women undergoing abdominal radical hysterectomy
(ARH) versus robotic radical hysterectomy (RRH) for early stage cervi-
cal cancer at a single institution that cares for a high volume of cervical
cancer patients.

2. Materials and methods

After obtaining approval from the University of Alabama at Birming-
ham (UAB) Institutional Review Board, a retrospective cohort of pa-
tients who underwent radical hysterectomy for cervical cancer from
2010 to 2016 at UAB was identified. Using the International Federation
of Gynecology and Obstetrics (FIGO) staging system (prior to the revi-
sion in 2018), all patients with a preoperative diagnosis of IB1 cervical
cancer of squamous cell, adenocarcinoma, or adenosquamous histolo-
gies were included [11]. Patients with microscopic lesions b 5 mm
deep or b 7 mmwide, or macroscopic lesions N4 cm in greatest dimen-
sion as determined by preoperative examination were excluded from
the study. Preoperative imaging was at the discretion of the surgeon.
All patients in this cohort underwent type III radical hysterectomy (re-
moval of the uterus, cervix, parametria, proximal uterosacral ligaments,
cardinal ligaments, and upper 1/3 of the vagina), as defined by the Gy-
necologic Cancer Group of the European Organization of Research and
Treatment of Cancer [12]. Patients also underwent a systematic pelvic
lymphadenectomy, which included removal of the internal iliac nodes,
external iliac nodes, obturator nodes, and common iliac nodes. Somepa-
tients with larger tumors (≥2 cm) also underwent para-aortic lymphad-
enectomy to remove lymphatic tissue surrounding the aorta and
inferior vena cava to the level of the inferior mesenteric artery. The
VCare® uterine manipulator was used routinely for uterine manipula-
tion in robotic cases. The vaginal cuff was typically closedwith two run-
ning 0 polydioxanone (PDS) sutures or a single running absorbable
barbed suture per surgeon preference in robotic cases. The vaginal cuff
was closedwith either 1 chromic gut suture or 0 polyglactin (Vicryl) su-
ture per surgeon preference in open cases. All surgeries were performed
by board certified gynecologic oncologists at a single tertiary referral
center. Themajority of surgeries were assisted by gynecologic oncology
fellows.

Patients were stratified by surgical approach depending on whether
they underwent abdominal or robotic radical hysterectomy. Surgical ap-
proach was determined on an individual basis with each patient after
discussion of the risks andbenefits of both options. Provider recommen-
dations were based on multiple factors, including BMI, medical comor-
bidities, surgical history, tumor characteristics, and provider
preference. A post-hoc subgroup survival analyses of patients with
tumors ≥ 2 cm or b2 cm was also performed based on recently pre-
sented data suggesting that those with tumors ≥ 2 cmmay have shorter
OSwith robotic surgery [13]. Those who did not have definitive surgical
treatment, whose data was incomplete, or who had histologies other
than squamous cell, adenosquamous, or adenocarcinoma were ex-
cluded from the study. Clinical data including patient demographics,
perioperative complications, tumor characteristics, and clinical out-
comes were abstracted from the electronic medical record.
Differences in demographic, behavioral, and clinical characteristics
were compared between the surgical approach groups using the t-test,
and chi-square or Fisher's exact test where appropriate. Progression
free survival (PFS) was defined as the duration of time between surgery
and the initial disease recurrence. Overall survival (OS) was defined as
the amount of time between surgery and patient death. Patients were
censored at the time of their last follow up as documented in the med-
ical record. Survival analysis was performed using the Kaplan Meier
method, and curves were compared with the Mantel-Cox log-rank
test. Cox proportional hazards regression was used to estimate hazard
ratios (HRs), 95% confidence intervals (CIs) and associated p-values. P-
values of ≤0.05 (two-sided) were considered statistically significant.
Multivariate logistic regression analysis examining recurrence and
death was used to adjust for statistically significant clinical and patho-
logic differences between groups. Statistical analyses were performed
using SAS version 9.4 (Cary, NC).

3. Results

A total 105 patients were identified who met the above criteria; 56
underwent abdominal radical hysterectomy and 49 underwent robotic
radical hysterectomy. There were no significant differences between
groups in age, BMI, race, or smoking status (Table 1). However, those
who underwent ARH were more likely to have tumors that were
≥ 2 cm (62% vs 39%, p = 0.02), and had more grade 3 and unknown-
grade tumors (p = 0.048). The rest of the tumor characteristics were
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similar between groups, with no differences in depth of invasion (p =
0.43), histology (p=0.95), the presence of lymphovascular space inva-
sion (LVSI) (35% vs. 26%, p = 0.38), or the presence of positive lymph
nodes (15% vs. 6%, p = 0.21). In addition, there were no differences in
parametrial involvement (5% vs. 6%, p = 1.0), vaginal margin involve-
ment (4% vs. 8%, p = 0.41), or adjuvant therapy received (p = 0.17).

Perioperatively, therewere nodifferences between the groups in the
total complication risk (23% vs. 29%, p = 0.66) (Table 2). Additionally,
there were no differences in individual complications. This included in-
traoperative complications (2% vs. 0%, p=1.0), GI complications (7% vs.
4%, p= 0.68), urinary complications, (5% vs. 4%, p= 1.0), UTI/pyelone-
phritis (4% vs. 4%, p=1.0), pelvic abscess (2% vs. 6%, p= 0.34), wound
infection (2% vs. 2%, p = 1.0), wound dehiscence (0% vs. 0%, p = 1.0),
pneumonia (5% vs 0%, p = 0.25), vaginal cuff dehiscence (0% vs 6%, p
= 0.10), fistula formation (5% vs. 6%, p = 1.0), venous thromboembo-
lism (VTE) (2% vs. 4%, p = 0.60), lymphedema (2% vs 2%, p = 1.0),
and hernias (2% vs. 6%, p = 0.34).

When evaluating recurrence and survival outcomes, we found no
statistical difference in recurrence risk (14% vs. 24%, p= 0.22) or re-
currence patterns (p = 0.32) between ARH and RRH groups, with a
mean follow-up time of 25.4 months (range, 0.2–95.1) (Table 3).
Most recurrences were either vaginal or multifocal, with multifocal
recurrences most frequently comprising a combination of pelvic
and extrapelvic disease. There was also no difference in risk of
Table 2
Perioperative complications.

Abdominal radical
hysterectomy

Robotic radical
hysterectomy

p-Value

Perioperative complications
Any complication 0.66
No 43 (77%) 35 (71%)
Yes 13(23%) 14 (29%)

Intraoperative complication 1.0
No 55 (98%) 49 (100%)
Yes 1 (2%) 0 (0%)

GI complication 0.68
No 52 (93%) 47 (96%)
Yes 4 (7%) 2 (4%)

Urinary complication 1.0
No 53 (95%) 47 (96%)
Yes 3 (5%) 2 (4%)

UTI/Pyelonephritis 1.0
No 54 (96%) 47 (96%)
Yes 2 (4%) 2 (4%)

Pelvic abscess 0.34
No 55 (98%) 46 (94%)
Yes 1 (2%) 3 (6%)

Wound infection 1.0
No 55 (98%) 48 (98%)
Yes 1 (2%) 1 (2%)

Wound dehiscence 1.0
No 56 (100%) 49 (100%)
Yes 0 (0%) 0 (0%)

Pneumonia 0.25
No 53 (95%) 49 (100%)
Yes 3 (5%) 0 (0%)

Cuff dehiscence 0.10
No 56 (100%) 46 (94%)
Yes 0 (0%) 3 (6%)

Fistula 1.0
No 53 (95%) 46 (94%)
Yes 3 (5%) 3 (6%)

VTE 0.60
No 55 (98%) 47 (96%)
Yes 1 (2%) 2 (4%)

Lymphedema 1.0
No 55 (98%) 48 (98%)
Yes 1 (2%) 1 (2%)

Hernia 0.34
No 55 (98%) 46 (94%)
Yes 1 (2%) 3 (6%)
death between surgical groups (5% vs. 14%, p=0.18). When stratify-
ing risk of recurrence and death by tumor size, those with b2 cm tu-
mors had a lower risk of recurrence than those with ≥2 cm tumors
(8% vs. 30%, p = 0.006), but there was no statistical difference in
risk of death (4% vs. 15%, p = 0.09).

In terms of survival, PFS (HR 0.61, 95% CI: 0.25–1.47, p = 0.28) and
OS (HR 0.40, 95% CI: 0.12–1.40, p=0.16) (Fig. 1) were statistically sim-
ilar between the two surgical groups. When stratifying by tumor size,
patients with b2 cm tumors had no difference in PFS (HR 0.72, 95% CI
0.09–5.87, p= 0.76) or OS (HR 0.26, 95% CI 0.01–7.07, p= 0.45) (Sup-
plemental Fig. S1); however, those with ≥2 cm tumors who underwent
ARH had a PFS advantage over RRH (HR 0.31, 95% CI 0.11–0.90, p =
0.04) (Fig. 2). OS in this population also favored of ARH (HR 0.23, 95%
CI 0.05–1.04, p = 0.056). Using multivariate analysis to control for sta-
tistically significant clinical and pathologic differences between the
groups, patients who had ARH had a lower risk of recurrence (HR
0.38, 95% CI 0.15–0.95, p = 0.039) and a lower risk of death (HR 0.21,
95% CI 0.05–0.85, p = 0.029) than those who had RRH (Table 4). Simi-
larly, patients with tumors b 2 cm had a lower risk of recurrence (HR
0.175, 95% CI 0.06–0.54, p = 0.002) and death (HR 0.15, 95% CI
0.03–0.74, p = 0.02) than those with larger tumors.

4. Discussion

When comparing robotic surgery to laparotomy for radical hysterec-
tomy, our data demonstrates similar overall safety and complication
rates between the two surgical approaches. This is consistent with pre-
vious retrospective reports comparing operative outcomes between
these two groups [14–16]. Regarding disease recurrence and survival
in our cohort, we did not observe a difference in recurrence risk, PFS,
or OS in this patient population based on mode of hysterectomy.
When stratifying by tumor size, however, patients with tumors ≥2 cm
who underwent RRH had a shorter PFS than those who underwent
ARH. Additionally, the difference in OS for larger tumors favored ARH
(p=0.056). In order to control for differences between surgical groups,
a multivariate analysis was performed it determine risk factors for re-
currence or death.We found that RRH and tumor size ≥ 2 cmwere inde-
pendently associated with recurrence and death in our overall study
population.

Previous retrospective studies have not shown a survival difference
between these two approaches [17–20]. Similarly, studies that have ex-
amined oncologic outcomes of laparoscopic radical hysterectomy have
noted no difference between laparoscopic and abdominal approaches,
even when stratified by tumor size [21,22]. Recently, however, results
from the LACC trial, an international randomized phase III trial examin-
ing long-term survival for patients undergoing minimally invasive rad-
ical hysterectomy vs. abdominal radical hysterectomy, were published
[10]. This study included patients with stages IA1 with LVSI, IA2, and
IB1 disease and randomized 631 patients to radical hysterectomy
using minimally invasive surgery (MIS) or laparotomy. The LACC trial
was inconclusive with respect to its primary objective of disease-free
survival as the confidence interval (CI) crossed the predetermined non-
inferiority margin of 7.2 percentage points for minimally invasive sur-
gery (95% CI −16.4 to −4.7, p = 0.87 for noninferiority). However,
secondary endpoints of disease-free survival and overall survival fa-
vored the open surgery group. These results were unexpected and
have already led to a change in practice patterns at many institutions
that have now eliminated or significantly reduced their use of mini-
mally invasive radical hysterectomy. Nonetheless, there are a fewpoints
of caution as to how this data is interpreted. Despite including a mix of
both traditional laparoscopy and robotic surgery in the minimally inva-
sive arm, it was heavily skewed toward laparoscopy with only 15.6% of
patients receiving robotic surgery (n = 45). Moreover, a large propor-
tion of patients had unknown grade (29%), or unknown depth of inva-
sion (33%). The authors also concede that their results may not be
generalizable to patients with b2 cm tumors. Despite these limitations,



Table 3
Adjuvant therapy, recurrence, and survival.

Abdominal radical hysterectomy Robotic radical hysterectomy p-Value

Adjuvant therapy 0.17
None 37 (66%) 40 (82%)
Radiation 7 (13%) 2 (4%)
Chemoradiation 12 (21%) 7 (14%)

Recurrence 0.22
No 48 (86%) 37 (76%)
Yes 8 (14%) 12 (24%)

Recurrence site 0.32
Vault 3 (5%) 3 (6%)
Pelvis 1 (2%) 0 (0%)
Abdomen 1 (2%) 1 (2%)
Distant 0 (0%) 0 (0%)
Multiple 3 (5%) 8 (16%)

Death 0.18
No 53 (95%) 42 (86%)
Yes 3 (5%) 7 (14%)

Tumor size b 2 cm Tumor size ≥ 2 cm p-Value

Recurrence 0.006
No 47 (92%) 38 (70%)
Yes 4 (8%) 16 (30%)

Death 0.09
No 49 (96%) 46 (85%)
Yes 2 (4%) 8 (15%)

Bold indicates p-Value of b 0.05
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these results suggest that the two surgical approaches may be funda-
mentally different in regards to the risk of recurrence after radical
hysterectomy.

In addition to the LACC trial, a large database studywas also recently
published addressing the question of survival based on surgical tech-
nique using the National Cancer Database (NCDB) and the Surveillance,
Epidemiology, and End Results (SEER) database. In this evaluation,min-
imally invasive surgery was associated with an increased probability of
death within 4 years compared to open radical hysterectomy (9.1 vs.
5.3%) [23]. However, in subgroup analysis, the hazard ratio for death
was statistically similar between the two surgical approaches for pa-
tients that had tumors b 2 cm. Another study that was presented
using data from the NCDB and the Premier Healthcare Database con-
cluded that MIS was associated with decreased survival in women
who had tumors ≥ 2 cm [13]. Our data is in agreement with these re-
sults, which suggest worse outcomes for patients who undergo RRH
for cervical cancer, particularly thosewith ≥2 cm tumors. Robotic radical
surgery for smaller tumors appears to be safer, but the data does not de-
finitively favor a particular approach. It is important to note, however,
that the size cutoff of 2 cm is somewhat arbitrary, and the true criteria
forminimally invasive surgerymay need to include a different size alto-
gether, and probably should also include other tumor characteristics.
These considerations should be taken into account in further investiga-
tions of this question in the future.

It remains unclear why a minimally invasive approach may poten-
tially confer worse survival in cervical cancer patients undergoing radi-
cal hysterectomy. Possible explanations for this discrepancy may
involve the use of insufflation, which may cause dispersion of tumor
cells, Trendelenburg positioning, or the use of a uterine manipulator,
whichmay disrupt larger tumors and cause them to fracture and spread
during surgery. Another theory could be that two sets of clamps placed
across the vagina below the cervix in an open radical hysterectomymay
be sealing the cancer cells within the specimen, limiting the chance of
intra-abdominal seeding during removal. There is no similar way to
seal the vagina during uterine removal using the uterine manipulator.
If this indeed were the culprit, it would be consistent with the finding
that larger tumors have a shorter PFS in minimally invasive surgery,
as the chance for cancer seeding in this situation is likely higher with
a bulkier exposed tumor. Possible solutions would include novel ways
to quarantine the tumor from exposure to the abdomen at the time of
amputation from the vagina, such as suturing closed the vagina distal
to the cervix prior to amputation or performing the colpotomyvaginally
followed by immediate removal of the uterus.

Strengths of this study were that it only included robotic surgeries,
was performed at an institution that conducts a high volume of robotic
surgery for cervical cancer, and that it found similar results to the LACC
trial in this patient population. For this reason it may clear up concerns
regarding the applicability of the LACC trial to robotic radical hysterec-
tomy since the LACC trial included relatively few RRHs. Limitations to
this study include those inherent to any retrospective study, including
selection bias and unmeasured confounders. The shorter follow-up
time for patients that underwent surgery toward the end of the sample
period also limits the survival analysis for those patients who have not
yet had an opportunity for recurrence. Additionally, the two groups
were not equal in terms of tumor characteristics, as the abdominal rad-
ical hysterectomy group had larger tumors and skewed slightly toward
higher-grade pathology. As a result, these patients had a higher rate of
adjuvant radiation, which may have resulted in a lower recurrence
rate in this group. Although there is not a formal policy in our practice
to triage those with larger tumors to open surgery, some surgeons do
routinely choose ARH for these patients. This is due to several concerns
– that disruption of a larger tumor may occur when dilating the cervix
prior to manipulator placement, that themanipulator may not fit prop-
erly around larger lesions, and that tactile feedback is lost in robotic sur-
gery, which some feel is necessary for large tumors. Additionally,
providers tended to be more comfortable with an abdominal approach
for larger tumors, particularly earlier in this series when robotic surgery
was a relatively newmodality. When controlling for this discrepancy in
tumor sizewe saw that robotic surgerywas an independent predictor of
recurrence and death.

Another concern about our data is that we had a higher recurrence
rate thanwhat has been reported in the LACC trial and other case series.
Upon further examination of the patients who recurred, 3/20 patients
met intermediate risk criteria as defined by GOG 92 [24], 1/20 met
high risk criteria as defined by GOG 109 [25], and 10/20 met both inter-
mediate and high risk criteria. Of these, 6 did not receive adjuvant treat-
ment, 4 of which had initially undergone RRH. Reasons for not receiving
or completing adjuvant treatment were primarily due to patient factors
(lost to followup, refused treatment,missed appointments). Had all 6 of
these patients been treated with adjuvant radiation it would have



Fig. 1. Progression-free and overall survival of the entire cohort.
Fig. 2. Progression-free and overall survival of patients with tumors ≥ 2 cm.

Table 4
Multivariate analysis for recurrence and death.

HR 95% CI p-Value

Recurrence
Abdominal RH 0.38 0.15–0.95 0.04
Tumor size b 2 cm 0.175 0.06–0.54 0.002

Death
Abdominal RH 0.21 0.05–0.85 0.03
Tumor size b 2 cm 0.15 0.03–0.74 0.02
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potentially decreased the recurrence rate in this study andmay have re-
duced the survival advantage that is seen in the ARH group.

Other considerations for the higher recurrence rate in this study,
particularly in the ≥2 cm tumor group, may be due to the fact that sev-
eral recurrent patients wound up having tumors that were larger than
4 cm on final pathology or had occult vaginal involvement or positive
lymph nodes. While it is our current practice to obtain pre-operative
imaging on all cervical cancer patients, during this study period that
was not the case and several recurrent patients may have been triaged
to primary chemoradiation had they had a PET/CT at diagnosis. Other
potential reasons for our higher recurrence rate could be related to de-
mographics: African American ethnicity and Southern region are both
associated with higher cervical cancer incidence and mortality [26]. In
addition, as a public hospital and tertiary referral center we tend to
see a high proportion of uninsured and indigent patients, who are at in-
creased risk of poor outcome. Our study also only included patientswith
a preoperative diagnosis of IB1 disease, while previous studies included
IA1 (with LVSI) and IA2 patients, effectively increasing our recurrence
risk in comparison.

It is apparent from these results that the optimal surgical manage-
ment algorithm for patients with early stage cervical cancer is still
being determined. Based on our data, as well as published data from
the LACC trial and other database analyses, we believe that robotic
radical hysterectomy should be avoided in cervical cancer patients
that have ≥2 cm lesions in greatest diameter. The data is not as clear
when addressing smaller tumors, for which a minimally invasive ap-
proach still is a reasonable option when taken in consideration with
the other advantages of minimally invasive surgery. These concerns
and a review of the data should be included when discussing surgical
treatment options for patients with cervical cancer. Hopefully the
cause of the higher recurrence risk after RRH will be discovered and
eliminated in future studies so that minimally invasive surgery can
once again be considered an option for all cervical cancer patients
who are otherwise appropriate surgical candidates.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2019.03.001.
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