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INTRODUCTION

Cervical cancer, the most common gynecologic malignancy, 
was estimated to account for 569847 new cancer cases and 
311365 cancer deaths worldwide in 2018, ranking as the fourth 
for both incidence and mortality among all female cancers.1 
For the treatment of early-stage cervical cancer, primary radi-
cal hysterectomy (RH) via minimally invasive surgery (MIS) 
has been widely performed. However, MIS RH has faced criti-
cism since the Laparoscopic Approach to Carcinoma of the 
Cervix (LACC) trial.2 This phase III randomized controlled tri-
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al was the first to report higher recurrence and mortality rates 
in the patients with early-stage cervical cancer who underwent 
MIS RH, compared to those who underwent open RH. Subse-
quent retrospective studies and a recent meta-analysis also re-
ported inferior survival outcomes from MIS RH.3-6 Thus, it is 
necessary to investigate which factors make the prognosis af-
ter MIS RH worse.

The status of regional lymph nodes is a strong prognostic 
factor and has been incorporated in staging systems for many 
cancers. In cervical cancer, it was not until 2018 that the re-
vised International Federation of Gynecology and Obstetrics 
(FIGO) staging system included pelvic and/or para-aortic 
lymph node metastasis.7 Previously, patients who were initially 
thought to have stage IB-IIA disease were often found to have 
lymph node metastasis after primary surgical treatment con-
sisting of RH and pelvic lymph node dissection. Such patients 
with node-positive, early-stage cervical cancer are recom-
mended to receive adjuvant radiation therapy (RT) because 
of a considerable risk of recurrence.8,9 In light of the LACC tri-
al, lymph node status might become more crucial for deter-
mining postoperative care and predicting prognosis for cervi-
cal cancer patients.

Lymph node ratio (LNR), defined as the ratio between the 
number of positive lymph nodes and removed lymph nodes, 
is known to be an independent prognostic factor for survival in 
patients with gastric cancer,10 esophageal cancer,11 colorectal 
cancer,12,13 and non-small cell lung cancer.14 In cervical cancer, 
previous studies have reported that high LNR is associated 
with poor overall survival (OS) or both poor OS and disease-
free survival (DFS).15-19 Although some studies have reported 
the number or log odds of metastatic lymph nodes, rather than 
LNR, as a more reliable prognostic factors for DFS,20,21 ratio-
based nodal assessment seems to be more objective and use-
ful because it offsets variations in the number of regional lymph 
nodes in each individual and reflects the extent or severity of 
lymph node metastasis.

Nevertheless, previous studies on LNR in cervical cancer 
show considerable heterogeneity among the studies, hinder-
ing clinical utilization of LNR: the most significant differences 
are in study populations, such as stage or disease status, and 
the specific cut-off values of LNR. Moreover, no studies have 
taken into account the surgical approach, open surgery or MIS, 
when investigating prognostic significance of LNR, so far. Ac-
cordingly, we aimed to determine whether the impact of LNR 
on survival outcomes differs by the surgical approach in pa-
tients with node-positive, early-stage cervical cancer.

MATERIALS AND METHODS 

Study population 
From the cervical cancer cohorts of two institutional hospi-
tals, we identified consecutive patients with 2009 FIGO stage 

IB1-IIA2 cervical cancer who underwent primary type C RH 
according to the Querleu-Morrow classification between Jan-
uary 2010 and December 2018.22,23 Patients were excluded if 
they: 1) had histologic types other than squamous cell carci-
noma, usual type adenocarcinoma, and adenosquamous car-
cinoma; 2) received neoadjuvant chemotherapy; or 3) had in-
sufficient clinicopathologic data. RH cases that were performed 
by fellows were also excluded. Based on these criteria, 103 and 
169 patients were identified to receive open RH and MIS RH, 
respectively. For the study purpose, we further excluded 214 
patients without pathologically proven lymph node metasta-
sis, and 3 patients who did not receive adjuvant RT despite the 
presence of lymph node metastasis. Consequently, 55 patients 
(28 for open RH and 27 for MIS RH) were set as study popula-
tion (Fig. 1).

Data collection 
During the study period, all surgical procedures were per-
formed by faculty members who had completed their gyne-
cologic oncology fellowship training. Before the LACC trial, 
the surgical approach was decided upon the surgeons’ prefer-
ence. However, after the LACC trial, it was chosen through a 
comprehensive consultation with patients.  

Reviewing medical records and pathologic reports, we ex-
tracted data regarding clinicopathologic characteristics (e.g., 
age, histologic type, FIGO stage, conization, pelvic and para-
aortic lymphadenectomy, high-risk factors, lymphovascular 
space invasion, depth of stromal invasion, and tumor size mea-

Cervical cancer cohorts from SNUH and SNUBMC (n=304)
FIGO stage IB1-IIA2 and type C RH

Squamous cell carcinoma, adenocarcinoma, adenosquamous carcinoma 
Primary surgical treatment between January 2010 and December 2018

Open RH (n=103), MIS RH (n=169)

Insufficient clinicopathologic data (n=21)
Performed by fellows (n=11)

No lymph node metastasis (n=214)
Open RH (n=74), MIS RH (n=140)

No adjuvant RT (n=3)
Open RH (n=1), MIS RH (n=2)

Study population (n=55)

Open RH group
(n=28)

MIS RH group
(n=27)

Fig. 1. Flow diagrams depicting the selection of the study population. 
FIGO, International Federation of Gynecology and Obstetrics; RH, radical 
hysterectomy; MIS, minimally invasive surgery; RT, radiation therapy.
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sured by pathological examination) and specific adjuvant treat-
ment [e.g., adjuvant RT only, concurrent chemoradiation ther-
apy (CCRT), or consolidation chemotherapy]. 

At our institutions, patients with cervical cancer routinely 
undergo pre-operative imaging studies, such as computed to-
mography (CT) scans, magnetic resonance imaging (MRI), and 
whole-body 18F-fluorodeoxyglucose positron emission tomog-
raphy/CT (PET/CT). Each patient’s pre-operative lymph node 
status was evaluated by reviewing all available pre-operative 
imaging studies.

In terms of survival outcome, we defined DFS as the length 
of time between the date of primary RH and the date of disease 
progression, and we defined OS as the length between the date 
of primary RH and the date of cancer-related death or the end 
of the study. Surveillance methods between the two institu-
tions did not differ: computed tomography scanning was rou-
tinely performed every 3 to 4 months for the first 2 years, re-
gardless of the surgical approach. Disease progression was 
assessed according to the Response Evaluation Criteria in Sol-
id Tumours (RECIST) version 1.1.24

Statistical analysis 
Each patient’s LNR (%) was calculated as follows: the number 
of positive lymph nodes was divided by the total number of re-
trieved lymph nodes and multiplied by 100. Receiver operat-
ing characteristic (ROC) curve analysis was performed to de-
termine the cut-off values of LNR for predicting recurrence 
within 3 years after surgery. The prognostic significance of 
LNR was investigated according to two surgical approaches, 
open surgery and MIS.

We compared the patients’ clinicopathologic characteristics 
between the open RH and MIS RH groups and between the 
high and low LNR groups. Student’s t- or Mann-Whitney U-
tests were used for comparisons of continuous variables, and 
Pearson’s chi-squared or Fisher’s exact tests were used for cat-
egorical variables. To compare the survival of the two groups, 
we used the Kaplan-Meier method with the log-rank test. In 
multivariate analyses, we included variables that significantly 
differed between groups and those that are generally well known 
to affect survival outcomes, and conducted a stepwise variable 
selection process. We calculated adjusted hazard ratios (aHRs) 
and 95% confidence intervals (CIs) using Cox proportional 
hazards regression models. All statistical analyses were per-
formed using SPSS statistical software (version 25.0; IBM 
Corp., Armonk, NY, USA). A p value less than 0.05 was con-
sidered statistically significant.

Ethics statement
This retrospective cohort study was conducted after approval 
from the Institutional Review Boards of Seoul National Univer-
sity Hospital (No. J-1911-003-1074) and Seoul National Univer-
sity Boramae Medical Center (No. 20190213/20-2019-7/032). 
The study was performed in accordance with the principles of 

the Declaration of Helsinki. The requirement for informed con-
sent was waived.

RESULTS

The clinicopathologic characteristics of all patients are pre-
sented in Table 1. The open RH and MIS RH groups showed 
similar mean ages, histologic types, and FIGO 2009 stage. 
Among the study population (n=55), 45 (81.8%) received all 
three imaging modalities, while 5 (9.1%), 2 (3.6%), and 3 (5.5%) 
received both CT and PET/CT, both CT and MRI, and CT only, 
respectively. Half of the patients (n=28, 50.9%) were suspected 
of having lymph node metastasis pre-operatively, and patho-
logic examination confirmed the presence of metastatic lymph 
nodes. Meanwhile, all of the other patients (n=27, 49.1%) who 
showed no involvement of lymph nodes in pre-operative im-
aging studies were identified to have pathologic lymph node 
metastasis. Such pre-operative lymph node status was similar 
between the open RH and MIS RH groups (p=0.688). Both 
groups showed similar proportions of pre-operative coniza-
tion and para-aortic lymphadenectomy. On pathologic exam-
ination, no differences were observed between the groups, 
except parametrial invasion, which was more frequent in the 
open RH group, compared to the MIS RH group (57.1% vs. 
22.2%; p=0.008). After surgery, all patients received CCRT for 
adjuvant treatment. Subsequent consolidation chemotherapy 
was performed significantly less in the open RH group (17.9% 
vs. 44.4%; p=0.033). 

The median number of total nodes examined was 24.0 (range, 
8–62) and was similar between the open RH and MIS RH group 
(p=0.556). No difference in LNR (%) was observed between the 
open RH and MIS RH groups (median, 8.452 vs. 12.500; p=0.556). 
In ROC curve analysis, the area under the curve of LNR for pre-
diction of 3-year disease recurrence was 0.748 (95% CI, 0.578–
0.918; p=0.015), and 8.831% was determined as the optimal 
threshold (Supplementary Fig. 1, only online). The sensitivity 
and specificity for the use of this value were 81.8% and 63.6%, 
respectively. We divided the patients into two groups: LNR-
high (≥8.831%; n=29) vs. LNR-low (<8.831%; n=26).  

Between the LNR-high and -low groups, no differences in 
patient age, surgical approach, histologic type, and FIGO 2009 
stage were observed (Supplementary Table 1, only online). Im-
aging study-based lymph node evaluation results and propor-
tions of pre-operative conization, para-aortic lymphadenecto-
my, and pathologic risk factors were also similar between the 
two groups. Similar proportions of patients in the LNR-high 
and -low groups received consolidation chemotherapy after 
CCRT (31.0% vs. 30.8%; p=0.983).

At a median follow-up of 53.7 months, the MIS RH group 
showed significantly higher disease recurrence than the open 
RH group (3-year DFS rate, 66.7% vs. 92.9; p=0.011), whereas 
no difference in OS was observed (p=0.432) (Fig. 2A and B). In 
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terms of LNR, the LNR-high group showed significantly worse 
DFS than the LNR-low group (3-year DFS rate, 69.6% vs. 92.1%; 
p=0.027), while similar OS was observed between the two 
groups (p=0.614) (Fig. 2C and D). In multivariate analysis ad-
justing for clinicopathologic variables, both MIS (aHR, 8.132; 

95% CI, 1.126–58.730; p=0.038) and LNR ≥8.831% (aHR, 10.837; 
95% CI, 1.054–111.364; p=0.045) were identified as indepen-
dent poor prognostic factors for DFS (Table 2), but not for OS 
(Supplementary Table 2, only online). 

Subsequent survival analyses were performed according to 

Table 1. Clinicopathologic Characteristics of the Study Population

Characteristics All (n=55, %) Open RH (n=28, %) MIS RH (n=27, %) p value
Age (yr) 0.055

Median (range) 52.6 (32.4–76.6) 55.9 (32.6–75.6) 45.7 (32.4–76.6)
Surgical approach N/A

Open 28 (50.9) 28 (100.0) 0
Laparoscopy 23 (41.8) 0 23 (85.2)
Robot-assisted surgery 4 (7.3) 0 4 (14.8)

Histologic type 0.357
Squamous cell carcinoma 50 (90.9) 24 (85.7) 26 (96.3)
Adenocarcinoma 4 (7.3) 3 (10.7) 1 (3.7)
Adenosquamous carcinoma 1 (1.8) 1 (3.6) 0

2009 FIGO stage
IB 39 (70.9) 18 (64.3) 21 (77.8) 0.271
IIA 16 (29.1) 10 (35.7) 6 (22.2)
IB1 25 (45.5) 8 (28.6) 17 (63.0) 0.060
IB2 14 (25.5) 10 (35.7) 4 (14.8)
IIA1 6 (10.9) 3 (10.7) 3 (11.1)
IIA2 10 (18.2) 7 (25.0) 3 (11.1)

Pre-operative conization 7 (12.7) 2 (7.1) 5 (18.5) 0.206
Pre-operative LN evaluation* 0.688

No involvement 27 (49.1) 13 (46.4) 14 (51.9)
Suspicious for LN metastasis 28 (50.9) 15 (53.6) 13 (48.1)

Para-aortic LN removal 0.246
No 41 (74.5) 19 (67.9) 22 (81.5)
Sampling/biopsy/dissection 14 (25.5) 9 (32.1) 5 (18.5)

Pathologic cervical mass size, mm
Mean±SD 48.5±17.8 48.6±15.8 48.4±20.0 0.973
<20 2 (3.6) 0 2 (7.4) 0.341
≥20 and <40 15 (27.3) 8 (28.6) 7 (25.9)
≥40 38 (69.1) 20 (71.4) 18 (66.7)

Parametrial involvement 22 (40.0) 16 (57.1) 6 (22.2) 0.008
Resection margin involvement 5 (9.1) 1 (3.6) 4 (14.8) 0.147
2018 FIGO stage >0.999

IIIC1 51 (92.7) 26 (92.9) 25 (92.6)
IIIC2 4 (7.3) 2 (7.1) 2 (7.4)

LNs
Removed LNs, median (range) 24.0 (8–62) 24.5 (12–48) 24.0 (8–62) 0.418
Positive LNs, median (range) 2.0 (1–19) 2.0 (1–14) 2.0 (1–19) 0.903

LNR, %
Median (range) 9.524 (2.083–62.500) 8.452 (2.083–48.276) 12.500 (2.381–62.500) 0.556

Adjuvant treatment 0.033
CCRT 38 (69.1) 23 (82.1) 15 (55.6)
CCRT followed by chemotherapy 17 (30.9) 5 (17.9) 12 (44.4)

CCRT, concurrent chemoradiation therapy; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node; LNR, lymph node ratio; MIS, minimally 
invasive surgery; N/A, not applicable; RH, radical hysterectomy; SD, standard deviation.
*Imaging study-based.
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Fig. 2. Survival outcomes of study population according to surgical approach (upper) and LNR (lower). (A and C) DFS. (B and D) OS. DFS, disease-free sur-
vival; OS, overall survival; RH, radical hysterectomy; MIS, minimally invasive surgery; LNR, lymph node ratio.
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Table 2. Factors associated with Disease-Free Survival

Characteristics
Univariate analysis Multivariate analysis

HR 95% CI p value Adjusted HR 95% CI p value
Age (yr) ≥50 vs. <50 0.296 0.078–1.117 0.072 0.138 0.015–1.270 0.080

2009 FIGO stage IIA vs. IB 0.474 0.102–2.195 0.340

Pre-operative conization Yes vs. No 1.669 0.358–7.785 0.514

Para-aortic LN removal Yes vs. No 0.539 0.116–2.501 0.430 0.011 0.000–0.971 0.049

Cervical mass size by pathology, mm ≥40 vs. <40 2.086 0.450–9.662 0.347 3.360 0.624–18.102 0.158

Parametrial involvement Yes vs. No 1.275 0.389–4.181 0.688 15.861 1.546–162.734 0.020

Resection margin involvement Yes vs. No 4.626 1.216–17.591 0.025 6.491 0.426–98.833 0.178

Adjuvant treatment CCRT+Chemo vs. CCRT 0.886 0.234–3.349 0.858

LNR, % 1.045 1.011–1.079 0.009

LNR, % ≥8.831 vs. <8.831 4.788 1.031–22.231 0.046 10.837 1.054–111.364 0.045

Surgical approach MIS vs. Open surgery 5.978 1.272–28.108 0.024 8.132 1.126–58.730 0.038

CCRT, concurrent chemoradiation therapy; Chemo, chemotherapy; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph 
node; HR, hazard ratio; LNR, lymph node ratio; MIS, minimally invasive surgery.
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the surgical approach. In patients who underwent open RH 
(n=28), no differences in DFS (p=0.939) and OS (p=0.850) were 
observed between the LNR-high and -low groups (Fig. 3A and 
B). However, owing to the small number of events, we could 
not conduct further multivariate analyses adjusting for clini-
copathologic variables.

In patients who underwent MIS RH (n=27), the MIS RH group 
showed significantly worse DFS than the open RH group (3-
year DFS rate, 46.0% vs. 90.0%; p=0.017), while the two groups 
showed similar OS (p=0.564) (Fig. 3C and D). In multivariate 
analysis adjusting for patient age, para-aortic lymphadenecto-
my, cervical mass size, and parametrial invasion, LNR ≥8.831% 
was identified as an independent poor prognostic factor for 
DFS (aHR, 14.578; 95% CI, 1.225–173.437; p=0.034) (Table 3).

Detailed characteristics of the 11 patients with recurrence 
(nine for MIS RH and two for open RH) are presented in Sup-
plementary Table 3 (only online). Median LNR (%) values were 

22.222 and 9.365 in the MIS RH and open RH groups, respec-
tively. Consolidation cisplatin and fluorouracil chemotherapy 
and extended RT (boost on the para-aortic area) were admin-
istered to 3 (27.3%) and 4 (36.4%) patients, respectively. In terms 
of recurrence sites, the pelvis was the most common site (7/11, 
63.6%), followed by retroperitoneal LNs (4/11, 36.4%), distant 
sites (3/11, 27.3%), and abdomen (2/11, 18.2%). Of the 5 patients 
with distant and/or abdominal metastasis, only one received 
consolidation chemotherapy after completion of adjuvant 
CCRT. Of the 4 patients with nodal recurrence, none received 
either extended RT or consolidation chemotherapy.

DISCUSSION

In this study, we investigated the impact of LNR on survival 
outcomes in node-positive, early-stage cervical cancer ac-
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Fig. 3. Comparisons of survival outcomes between LNR-high and LNR-low groups in open surgery (upper) and MIS (lower). (A and C) DFS. (B and D) OS. 
DFS, disease-free survival; OS, overall survival; MIS, minimally invasive surgery; LNR, lymph node ratio.
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cording to surgical approach. Overall, patients with high LNR 
had significantly worse DFS, compared with low LNR. This re-
lationship was further consolidated among patients who re-
ceived MIS RH.

LNR combines information on the number of positive lymph 
nodes and the total number of resected lymph nodes, and may 
better stratify patients with regard to prognosis. Consistent 
with the literature,15-19,25 our study also confirmed pathologic 
LNR as a predictor of survival in cervical cancer. The cut-off 
values for the LNR-high group in cervical cancer differed for 
each previous study, ranging from 5% to 40%,18,19 and most used 
10%.15-17 The cut-off value of our study also falls within this range: 
unlike previous studies, we determined the cut-off value for all 
of these patients through ROC curve analysis, and it was 8.831%. 
Our data provide useful prognostic information to physicians 
and patients, allowing the selection of patients for more ag-
gressive adjuvant therapy. However, living in the era of post-
LACC trial, we cannot help but consider the surgical approach 
in interpreting the study results. 

Like the LACC trial and subsequent retrospective studies, 
we also found inferior survival outcomes from MIS RH, com-
pared with open RH. While conducting the current study, we 
expected similar survival outcomes between the open RH and 
MIS RH groups, because all patients received adjuvant CCRT 
due to lymph node metastasis and because CCRT might reduce 
the risk of recurrence from MIS RH. Instead, the 3-year DFS 
rate of the MIS RH group was 66.7%, surprisingly low, com-
pared to historical values.26-28 Adjuvant CCRT seems to be in-
sufficient to overcome adverse effects from MIS RH in patients 
with node-positive, early-stage cervical cancer. Considering 
that higher disease recurrence was observed in the LNR-high 
group than the LNR-low group in patients who received MIS 
RH, whereas no difference was observed between the two 
groups in patients who received open RH, poor prognosis of 
high LNR seems to be aggravated by MIS RH. 

In detail, adjuvant CCRT may not neutralize the MIS-specif-
ic adverse effects suggested by various researchers, such as tu-

mor spillage and dissemination promoted by the use of uter-
ine manipulators, intracorporeal colpotomy, and a prolonged 
steep Trendelenburg position.29,30 In addition, we hypothesize 
that the cancer tissues of each anatomical site are disturbed 
and fragmented by the procedures of MIS RH, resulting in fur-
ther adverse effects on survival outcomes beyond the thera-
peutic effects from adjuvant CCRT. For example, existing met-
astatic pelvic/para-aortic lymph nodes may be broken down 
into gross or microscopic sizes more frequently during laparo-
scopic or robotic lymphadenectomy than open lymphadenec-
tomy. During removal of resected lymph nodes, unless they 
were surrounded by an endo-bag, cancer cells within lymph 
nodes may fall off more common in MIS than in open surgery. 
This is supported by our findings that abdominopelvic recur-
rence occurred in 5 out of 9 patients with recurrence in the MIS 
RH group despite adjuvant CCRT. Moreover, patients with high-
er LNR values tend to have more cancer cells in lymph nodes, 
thus chances that there are more broken and scattered cancer 
tissues/cells in the abdominopelvic cavity will be higher. Un-
less en bloc resection of the involved structures or delicate re-
moval of all fragmented tissue was performed at the time of 
the primary surgery, such adverse effects from the MIS RH 
would hardly be reversed by conventional adjuvant treatment. 
Further proof-of-concept studies are required to support our 
hypothesis.

Interestingly, while previous studies reported significant 
associations between high LNR and poor OS,15-19 the current 
study showed similar OS between the LNR-high and -low 
groups both in the study population and patients who under-
went MIS RH. No difference in OS, despite a significantly high-
er recurrence rate in the LNR-high group, might stem from the 
following reasons: 1) In the step of study population selection, 
we only included patients who received adjuvant RT in accor-
dance with current clinical practice guidelines. By excluding 
patients who did not receive adjuvant RT, the overall progno-
sis would have improved. 2) Although the median observation 
period of the current study was 53.7 months, it seems not long 

Table 3. Factors Associated with Disease-Free Survival in Patients Who Underwent MIS

Variables Test
Univariate analysis Multivariate analysis

HR 95% CI p value Adjusted HR 95% CI p value
Age (yr) ≥50 vs. <50 0.435 0.090–2.100 0.300 0.267 0.044–1.612 0.150
2009 FIGO stage IIA vs. IB 0.810 0.166–3.941 0.794
Pre-operative conization Yes vs. No 1.742 0.337–8.996 0.507
Para-aortic LN removal Yes vs. No 1.049 0.215–5.106 0.953 0.115 0.005–2.633 0.176
Cervical mass size by pathology, mm ≥40 vs. <40 1.672 0.346–8.075 0.522 4.013 0.653–24.668 0.134
Parametrial involvement Yes vs. No 1.852 0.442–7.769 0.399 8.506 0.611–118.469 0.111
Resection margin involvement Yes vs. No 4.307 1.021–18.175 0.047
Adjuvant treatment CCRT+Chemo vs. CCRT 0.697 0.173–2.805 0.612
LNR, % 1.106 1.043–1.173 0.001
LNR, % ≥8.831 vs. <8.831 8.797 1.070–72.315 0.043 14.578 1.225–173.437 0.034
CCRT, concurrent chemoradiation therapy; Chemo, chemotherapy; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph 
node; HR, hazard ratio; LNR, lymph node ratio; MIS, minimally invasive surgery.
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enough to conduct a fair survival analysis. Also, the study pop-
ulation was small (n=55). Combined together, death events for 
each group were relatively fewer and might result in no differ-
ence in OS; and 3) recurrent cases were successfully salvaged 
by second-line treatment, regardless of the LNR. Further large-
scale prospective cohort studies might solve both issues in the 
near future. Further large-scale prospective cohort studies might 
solve these issues in the near future.

In this study, we used the 2009 FIGO staging system, not the 
latest revision, for the following reasons: First, we were not sure 
about the clinical situation at that time, so we judged it would 
be difficult to convert the old stage into the new stage. Instead, 
we just collected the patients’ stages recorded following the 
2009 FIGO staging system. Second, we regarded stage IIIC in 
the 2018 FIGO staging system as a very heterogeneous group. 
For example, whether the tumor size is large or small and wheth-
er the parametrial invasion is present or not, if there is only 
lymph node metastasis, it is set to 2018 FIGO stage IIIC.7 There-
fore, we decided that it would be better to use the 2009 FIGO 
staging system for describing patient characteristics. Third, 
many recent studies and on-going clinical trials are still using 
the 2009 FIGO staging system. Lastly, gynecologic oncologists 
and physicians are already very familiar with the 2009 FIGO 
staging system. 

The current study has several limitations. First, inevitable is-
sues, such as selection biases, might exist owing to the retro-
spective design. For example, although the survival benefit from 
adjuvant chemotherapy after CCRT in node-positive, early-
stage cervical cancer has not been proven yet, consolidation 
chemotherapy was performed significantly less in the open 
RH group than in the MISH RH group. Second, although this 
study was a two-institutional cohort study, the sample size 
might be too small for robust statistical analyses. Third, inter-
institutional heterogeneity might exist, especially in surgical 
techniques, despite the two institutions sharing training pro-
grams for gynecologic oncologists. Last, this study only focused 
on survival outcomes, not investigating other treatment-relat-
ed indicators, such as complications and quality-of-life out-
comes. Nevertheless, this is the first study to report the prog-
nostic significance of LNR according to surgical approach in 
patients with node-positive, early-stage cervical cancer. 

In conclusion, this retrospective cohort study indicates that 
the percentage of positive lymph nodes is an important prog-
nostic factor for disease recurrence in node-positive, 2009 FIGO 
stage IB-IIA cervical cancer. LNR ≥8.831% was associated with 
a significantly higher recurrence rate in patients who received 
primary surgical treatment, especially that performed by MIS. 
Routine evaluation of LNR may be useful for the prediction of 
prognosis and identification of patients who might be benefi-
cial from more aggressive adjuvant treatment and intense sur-
veillance programs. Further large studies validating our study 
findings are warranted. 
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