
1099Nasioudis D, et al. Int J Gynecol Cancer 2021;31:1099–1103. doi:10.1136/ijgc-2021-002543

Minimally invasive hysterectomy for stage IA 
cervical carcinoma: a survival analysis of the 
National Cancer Database

Dimitrios Nasioudis    , Maureen Byrne, Emily M Ko, Ashley F Haggerty, Lori Cory, 
Robert L Giuntoli II, Sarah H Kim, Nawar A Latif

Division of Gynecologic 
Oncology, University of 
Pennsylvania, Philadelphia, 
Pennsylvania, USA

Correspondence to
Dr Dimitrios Nasioudis, 
Obstetrics and Gynecology, 
Hospital of the University of 
Pennsylvania, Philadelphia, 
PA 19104, USA;  dimitrios. 
nasioudis@ uphs. upenn. edu

Received 13 February 2021
Revised 7 April 2021
Accepted 8 April 2021
Published Online First 
6 May 2021

To cite: Nasioudis D, Byrne M, 
Ko EM, et al. Int J Gynecol 
Cancer 2021;31:1099–1103.

Original research

© IGCS and ESGO 2021. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

Original research

Editorials

Joint statement

Society statement

Meeting summary

Review articles

Consensus statement

Clinical trial

Case study

Video articles

Educational video lecture

Images

Pathology archives

Corners of the world

Commentary

Letters

ijgc.bmj.com

INTERNATIONAL JOURNAL OF

GYNECOLOGICAL CANCER

 ► http:// dx. doi. org/ 10. 1136/ 
ijgc- 2021- 002733

ABSTRACT
Objective To evaluate the outcomes of minimally 
invasive surgery for patients with stage IA cervical 
carcinoma undergoing hysterectomy.
Methods Patients with pathological stage IA (IA1, IA2, 
IA not otherwise specified) squamous, adenocarcinoma, 
adenosquamous carcinoma of the cervix, no history 
of another tumor, who underwent radical or simple 
hysterectomy with known mode of surgery, diagnosed 
between 2010 and 2015 with at least 1 month of follow- 
up, were drawn from the National Cancer Database. 
Comparisons of demographic and clinicopathologic 
characteristics were made with the χ2 test. The impact of 
minimally invasive surgery (robotic- assisted or traditional 
laparoscopic) on overall survival was assessed with the 
log- rank test following generation of Kaplan–Meier curves. 
A Cox model was constructed to control for confounders.
Results A total of 1930 patients were identified; the 
majority (73.3%, 1414 patients) had stage IA1 disease, 
while 458 (23.7%) patients had stage IA2, and 58 (3%) 
patients had stage IA not otherwise specified. In the 
present cohort, 685 patients (35.5%) had open, 438 
patients (22.7%) had laparoscopic, and 807 patients 
(41.8%) had robotic- assisted laparoscopic hysterectomy. 
Patients who had an open approach were more likely to 
undergo lymphadenectomy (58.1% vs 52.7%, p=0.021) 
and have radical hysterectomy (42% vs 32.4%, p<0.001). 
Patients who had minimally invasive surgery had a shorter 
hospital stay (median 1 vs 3 days, p<0.001). There was 
no difference in overall survival between patients who 
had open and minimally invasive hysterectomy (p=0.87); 
4- year overall survival rates were 97.7% and 98.6%, 
respectively. There was no difference in overall survival 
between the open and minimally invasive surgery groups 
for patients who had simple (p=0.61; 4- year overall 
survival rates 97.6% and 98.7%, respectively) or radical 
hysterectomy (p=0.70; 4- year overall survival rates 97.8% 
and 98.4%, respectively). After controlling for patient age, 
tumor histology, and presence of lymphovascular invasion, 
minimally invasive hysterectomy was not associated 
with worse survival (HR 0.94, 95% CI 0.49 to 1.81). In a 
sensitivity analysis, based on 3048 patients with clinical 
stage IA after controlling for confounders, minimally 

invasive surgery was not associated with worse survival 
than laparotomy (HR 1.06, 95% CI 0.65 to 1.72).
Conclusions In a large cohort of patients with stage 
IA cervical carcinoma, performance of minimally invasive 
hysterectomy was not associated with a detrimental effect 
on overall survival.

INTRODUCTION

Cervical cancer is the third most common gyneco-
logic malignancy in the USA with a decreasing inci-
dence secondary to introduction of papilloma virus 
vaccination and Pap screening.1 For the majority of 
patients presenting with early- stage disease (Inter-
national Federation of Gynecology and Obstetrics 
(FIGO) 2018, stage IA1, IA2 or IB1), simple or radical 
hysterectomy can be curative.2 Based on retrospec-
tive studies, minimally invasive surgery is associ-
ated with lower blood loss, decreased rate of post- 
operative complications, faster recovery, and shorter 
inpatient stay.3 However, for patients with FIGO 2009 
stage IA1 with lymphovascular invasion, IA2 or IB1 
cervical cancer who underwent radical hysterec-
tomy, a recent randomized trial reported worse 
progression- free survival for those who had a mini-
mally invasive hysterectomy.4 These results were also 
confirmed by a large number of retrospective studies 
showing a negative impact of minimally invasive 
radical hysterectomy.5 While recent clinical practice 
guidelines discourage the performance of minimally 
invasive radical hysterectomy for cervical cancer, 
the question remains whether a minimally invasive 
approach could potentially be considered for patients 
with small or microscopic tumors, especially for those 
who undergo simple hysterectomy.6 7 Unfortunately, 
given the very low incidence of cervical cancer, the 
majority of retrospective studies group patients with 
stage IA disease with those with stage IB disease 
and do not have sufficient statistical power to detect 
potential differences in relapse or death rates for this 

HIGHLIGHTS
• The optimal route of hysterectomy for stage IA cervical cancer is not known.
• Among 1930 patients with stage IA cervical cancer, 1245 patients had minimally invasive hysterectomy.
• Overall survival was comparable between the laparoscopy and laparotomy groups.
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sub- group.8–12 The aim of the present study is to investigate the 
use of minimally invasive surgery and overall survival of patients 
with stage IA cervical carcinoma who underwent simple or radical 
hysterectomy using a large hospital- based database.

METHODS

The National Cancer Database was accessed and patients without a 
history of another tumor diagnosed with microscopically confirmed 
invasive squamous, adenosquamous carcinoma, or adenocarcinoma 
of the cervix between January 2010 and December 2015 who had at 
least 1 month of follow- up were identified. Patients who underwent 
simple or radical hysterectomy (based on site- specific surgery codes) 
and had pathological stage IA disease (based on the 2018 FIGO staging 
schema) with known mode of surgery (open or minimally invasive) 
were selected for further analysis. Possible stage misclassified cases 
were excluded by cross- checking with the 'tumor extension', 'tumor 
size' (excluding tumors >7 mm in diameter), 'metastasis at diagnosis', 
and 'lymph node metastases' variables.

The National Cancer Database is a hospital- based database 
capturing approximately 70% of all malignancies diagnosed in the 
USA. The American College of Surgeons and the Commission on 
Cancer have not verified and are not responsible for the analyt-
ical or statistical methodology employed, or the conclusions drawn 
from these data. The present study was deemed exempt from Insti-
tutional Board Review from Penn Medicine (Protocol #829268).

Demographic, clinicopathological, and treatment characteristics 
were extracted from the de- identified dataset. For analysis purposes, 
insurance status was recoded into Private, Government (including 
Medicaid and Medicare), and Uninsured/Unknown. In addition, based 
on the median age of menopause in the USA, patient age was dichot-
omized into ≤50 and >50 years while the presence of co- morbidities 
was assessed from the Charlson–Deyo Comorbidity index and classi-
fied as absent (score 0) or present (score ≥1). Patients who underwent 
another surgical procedure before hysterectomy were identified. While 
the National Cancer Database does not collect details on the first 
surgical procedure, the assumption was made that cold knife cone or 
loop electrode excision procedures were performed.

The frequency of distribution of categorical variables was compared 
with the χ2 test and continuous variables with the Kruskall–Wallis test. 
Overall survival, defined in the National Cancer Database as months 
from diagnosis to death or censoring, was assessed following gener-
ation of Kaplan–Meier curves and compared with the log- rank test. 
A Cox model was constructed to control for patient age, presence of 
lymphovascular invasion, and histology. We conducted a sensitivity 
analysis to evaluate a more relevant clinical scenario by identifying 
patients diagnosed with clinical stage IA disease with no history of 
another tumor, who underwent simple or radical hysterectomy with 
known mode of surgery and at least 1 month of survival, and compared 
their survival. All statistical analyses were performed with the Statis-
tical Package for the Social Sciences v.27 (IBM Corp, Armonk, New 
York, USA) and the α level of statistical significance was set at 0.05.

RESULTS

A total of 1930 patients who met the inclusion criteria were identified; 
the majority (73.3%, 1414 patients) had stage IA1 disease, while 458 

(23.7%) patients had stage IA2, and 58 (3%) patients had stage IA not 
otherwise specified. Median patient age was 43 years (range 22–87), 
and the majority were white (81.4%), had private insurance (63%), 
and squamous histology (68.3%). A total of 1238 (64.1%) patients 
underwent a simple hysterectomy and 692 (35.9%) patients had a 
radical hysterectomy. The rate of radical hysterectomy was higher 
among patients with stage IA2 disease compared with those with 
stage IA1 disease (53.3% vs 30.4%, p<0.001). Radiation therapy was 
rarely administered (28 cases, 1.5%). A total of 1225 (64.6%) patients 
underwent a surgical procedure before hysterectomy. Median time 
between first surgical procedure and hysterectomy was 39 days (IQR 
57).

In the present cohort, 35.5% (685 patients) had open, 22.7% 
(438 patients) had laparoscopic, and 41.8% (807 patients) had 
robotic- assisted laparoscopic hysterectomy. For patients under-
going minimally invasive hysterectomy, the overall conversion rate 
to open surgery was 1.7%: 3% for laparoscopic and 1% for robotic- 
assisted hysterectomy (p=0.019). The rate of minimally invasive 
hysterectomy for stage IA1 (65.6%) and IA2 (62.7%) disease were 
comparable (p=0.25). Table 1 shows the clinicopathological charac-
teristics stratified by mode of surgery. The two groups were compa-
rable in terms of patient age, race, insurance status, presence of 
co- morbidities, tumor histology, and presence of lymphovascular 
invasion. However, patients who had an open approach were more 
likely to undergo lymphadenectomy (58.1% vs 52.7%, p=0.021) 
and to have a radical hysterectomy (42% vs 32.4%, p<0.001).

Patients who had minimally invasive hysterectomy had a shorter 
hospital stay (median 1 vs 3 days, p<0.001). The rate of unplanned 
re- admission 30 days from discharge were comparable between 
the open and minimally invasive groups (4.3% vs 2.8%, p=0.097). 
Based on the reverse Kaplan–Meier method, median follow- up 
was 38.1 months with 37 deaths observed. There was no differ-
ence in overall survival between the open (16 deaths) and mini-
mally invasive (21 deaths) hysterectomy groups (p=0.87; 4- year 
overall survival rates 97.7% and 98.6%, respectively; Figure  1). 
After controlling for patient age, tumor histology, and the pres-
ence of lymphovascular invasion, minimally invasive surgery was 
not associated with worse survival (HR 0.94, 95% CI 0.49 to 1.81). 
There was no difference in overall survival between the open and 
minimally invasive surgery groups for patients who had simple 
(p=0.61; 4- year overall survival rates 97.6% and 98.7%, respec-
tively) or radical hysterectomy (p=0.70; 4- year overall survival 
rates 97.8% and 98.4%, respectively). Similarly, following strati-
fication by disease sub- stage, overall survival was comparable 
between the open and minimally invasive approach for patients 
with stage IA1 (p=0.76; 4- year overall survival rates 97.7% and 
98.5%, respectively) and IA2 disease (p=0.93; 4- year overall 
survival rates 97.1% and 98.8%, respectively). Within the minimally 
invasive hysterectomy group there was no difference in overall 
survival between those who had robotically- assisted or traditional 
laparoscopic hysterectomy (p=0.83; 4- year overall survival rates 
98.9% and 98.2%, respectively). Lastly, there was no difference 
in overall survival between patients who did and did not undergo 
a prior cervical surgical procedure (p=0.40; 4- year overall survival 
rates 98.5% and 98%, respectively).

In evaluating a clinically oriented scenario, a total of 3048 patients 
with clinical stage IA were identified: 58.7% (1789) with IA1, 19.4% 
(590) with IA2, and 21.9% (669) with IA not specified. The majority 
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of patients had simple hysterectomy (67.4%). Minimally invasive 
hysterectomy was performed for 2006 cases (65.8%) while 1042 
(34.2%) patients had open surgery. There was no difference in 
overall survival between the open and minimally invasive hyster-
ectomy groups (p=0.99; 4- year overall survival rates 96.9% and 
97.9%, respectively; Figure  2). After controlling for patient age, 
tumor histology, and the presence of lymphovascular invasion, 
minimally invasive surgery was not associated with worse survival 
than laparotomy (HR 1.06; 95% CI 0.65 to 1.72). Data on the final 
pathological stage were available for 2196 patients; upstaging 
occurred for 18.2% and 14.8% of patients who had open and 
minimally invasive hysterectomy, respectively (p=0.041). Among 

patients who underwent lymphadenectomy, rates of positive lymph 
nodes were 4.2% and 3.4% in the open and minimally invasive 
hysterectomy groups, respectively (p=0.43).

DISCUSSION

Summary of Main Results
In a large cohort of patients with stage IA cervical carcinoma who 
underwent simple or radical hysterectomy, the 4- year overall 
survival rate was 98.3%. The majority of patients underwent mini-
mally invasive hysterectomy. Median hospital stay was shorter for 

Table 1 Demographic and clinicopathological characteristics of patients with stage IA cervical carcinoma who had open or 
minimally invasive hysterectomy

Open (n=685) MIS (n=1245) P value

Age (years) 0.59

  <=50 510 (74.5%) 913 (73.3%)

  >50 175 (25.5%) 332 (26.7%)

Race 0.29

  White 549 (80.1%) 1022 (82.1%)

  Other/Unknown 136 (19.9%) 223 (17.9%)

Co- morbidities 0.7

  No 579 (84.5%) 1044 (83.9%)

  Yes 106 (15.5%) 201 (16.1%)

Insurance 0.19

  Private 414 (60.4%) 801 (64.3%)

  Government 209 (30.5%) 352 (28.3%)

  Uninsured/Unknown 62 (9.1%) 92 (7.4%)

Sub- stage 0.061

  IA1 486 (70.9%) 928 (74.5%)

  IA2 171 (25%) 287 (23.1%)

  INOS 28 (4.1%) 30 (2.4%)

Histology 0.19

  Squamous 473 (69.1%) 846 (68%)

  Adenosquamous n<10† 27 (2.2%)

  Adenocarcinoma 205 (29.9%) 372 (29.8%)

LVSI 0.092

  Absent 550 (80.3%) 951 (76.4%)

  Present 53 (7.7%) 130 (10.4%)

  Unknown 82 (12%) 164 (13.2%)

LND* 0.021

  No 285 (41.9%) 589 (47.3%)

  Yes 396 (58.1%) 655 (52.7%)

Hysterectomy type <0.001

  Simple 397 (58%) 841 (67.6%)

  Radical 288 (42%) 404 (32.4%)

*LND values were missing for 5 cases: 4 open and 1 MIS.
†per agreement with National Cancer Database suppressed since n<10.
LND, lymphadenectomy; LVSI, lymphovascular invasion; MIS, minimally invasive surgery; NOS, not otherwise specified.
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patients who had minimally invasive hysterectomy, while they did 
not have worse overall survival after controlling for confounders 
compared with those who had a laparotomy. In our sensitivity 
analysis we evaluated a common clinical scenario that surgeons 
may encounter—patients with clinical stage IA disease. Again, 
we found that minimally invasive surgery was not associated with 
worse survival compared with laparotomy in patients with stage IA 
disease, while the incidence of upstaging was overall comparable.

Results in the Context of Published Literature
Based on the current National Comprehensive Cancer Network 
guidelines, radical hysterectomy is recommended for patients with 
stage IA1 disease with lymphovascular invasion or those with stage 
IA2 disease, while simple hysterectomy is sufficient for patients with 
stage IA1 disease without lymphovascular invasion.2 The SHAPE 
randomized trial is currently investigating the oncologic safety of 
simple hysterectomy for patients with low- risk cervical carcinoma 
defined as stage IA2 or IB1, with tumor size <2 cm, at least 3 mm 
of intact cervical stroma, and <50% stromal invasion.13 If simple 
hysterectomy is established as the standard of care for all patients 
with stage IA disease, selecting the route of hysterectomy will be 
challenging in light of the results of the LACC trial.4 The CONCERV 

trial is also investigating conservative and fertility- sparing options 
in this patient population.14

Nevertheless, since the LACC trial investigated the outcomes 
of radical hysterectomy, it is unclear if it can be fully extrapolated 
to patients undergoing simple hysterectomy. In addition, in that 
trial only 10 and 41 patients had stage IA1 and stage IA2 disease, 
respectively.4 Given the lack of statistical power, investigators 
concluded that the results of the LACC trial cannot be applied to 
patients with low- risk tumors (tumor size <2 cm, no lymphovas-
cular invasion, depth of invasion <10 mm).4 Similarly, the majority 
of studies comparing the oncologic outcomes of patients with 
cervical cancer undergoing radical hysterectomy based on route 
of surgery include a very small number of patients with stage IA 
disease. For example, a large retrospective cohort from the USA 
included only four patients with stage IA1 disease and 33 patients 
with stage IA2 disease.8 Similarly, in an analysis of the Swedish 
Cancer Registry, only 30 patients with stage IA disease were iden-
tified.10 A prior analysis of the National Cancer Database identified 
155 and 157 patients with stage IA2 who underwent minimally 
invasive and open radical hysterectomy, respectively.12 Given the 
very low incidence of relapse among patients with stage IA disease, 
all these studies were not powered to detect a statistically signifi-
cant difference between the open and minimally invasive surgery 
groups. In addition, we should underline that, to date, no study has 
compared outcomes of open and minimally invasive simple hyster-
ectomy for patients with stage IA1 disease.

It has not been established whether the worse oncologic 
outcomes observed for patients undergoing minimally invasive 
surgery are related to the use of a uterine manipulator, intra- 
abdominal spread of tumor cells during colpotomy, or inadequate 
surgical technique.6 7 However, the presence of gross tumor appears 
to play an important role. For patients who have no visible tumor 
following cold knife cone, a recent study demonstrated comparable 
outcomes between the open and minimally invasive routes. Uppal 
et al analyzed 243 patients who underwent conization and had no 
residual tumor on pre- operative imaging; there was no difference 
in relapse rate between the open (n=72) and minimally invasive 
surgery groups (n=171) (1.4% vs 2.9%, p=0.48).8 In an analysis of 
the SUCCOR multi- institutional study, which included 1156 patients 
with stage IB1 cervical cancer undergoing radical hysterectomy, 
733 underwent cold knife cone.15 Following propensity score 
matching, cold knife cone was associated with a 65% reduction in 
the risk of relapse.15 Another multi- institutional study demonstrated 
a significant correlation between the presence of gross cervical 
tumor at the time of surgery and risk of relapse.16 Casarin et al 
identified 186 patients with stage IA1–IB1 disease who underwent 
minimally invasive radical hysterectomy and reported that perfor-
mance of pre- operative conization was associated with a lower risk 
of relapse (1.1% vs 16.1%, p<0.001) even for patients with stage 
IB1 disease (1.8% vs 17.2%, p=0.004). Interestingly, no relapses 
were noted for patients with stage IA1–IA2 disease.16 Data from 
these studies potentially support the use of minimally invasive 
surgery for patients with stage IA disease since, by definition, no 
visible tumor is present, while many of them undergo pre- operative 
cold knife cone to determine the exact tumor spread to plan a defin-
itive surgical approach.

Figure 1 Overall survival of patients with pathological stage 
IA cervical carcinoma who underwent hysterectomy based 
on route of surgery. MIS, minimally invasive surgery.

Figure 2 Overall survival of patients with clinical stage IA 
cervical carcinoma who underwent hysterectomy based on 
route of surgery. MIS, minimally invasive surgery.
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Strengths and Weaknesses of the Study
A major strength of the present study was the large number of 
patients identified from a multi- institutional database. Several 
limitations should be mentioned. Given the absence of central 
pathology review, possible histology or stage misclassifications 
cannot be excluded. In addition, the National Cancer Database does 
not collect data on tumor relapse or cause of death, precluding us 
from analyzing differences in progression- free and cause- specific 
survival or patterns of relapse. Moreover, specific details on uterine 
size or patient’s surgical history that could have influenced the 
surgeon’s decision on the route of hysterectomy were not avail-
able. Lastly, while we were able to identify patients who underwent 
a surgical procedure before hysterectomy, the exact details of the 
surgical procedure were not available, although we hypothesize 
that they underwent cold knife cone or loop electrode excision as 
part of their surgical planning work- up (to determine type of hyster-
ectomy).

Implications for Practice and Future Research
Our study should be regarded as hypothesis- generating and stim-
ulate an international collaboration to investigate the optimal route 
of hysterectomy for this patient population. Given the low relapse 
rate observed for patients with stage IA disease, a prospective 
randomized trial may be difficult to accrue an adequate number of 
patients. A multi- institutional retrospective study is feasible, and we 
invite authors of large studies that have already been published to 
join our efforts and pool their individual patient- level data.

CONCLUSIONS

In a large cohort of patients with cervical carcinoma and stage IA 
disease who underwent hysterectomy, minimally invasive surgery 
was not associated with worse overall survival. Patients with 
microscopic cervical cancer may benefit from a minimally invasive 
approach.
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