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Background: To investigate the prognostic value of six lymph nodes (LNs) staging systems: TNM pN
stage, 2018 Federation International of Gynecology and Obstetrics (FIGO) stage, number of positive LNs
(PLN), number of negative LNs (NLN), metastatic LN ratio (LNR), and log odds of positive LNs (LODDS)
in cervical squamous cell carcinoma (CSCC) patients following radical surgery.

Methods: The records of 3,732 CSCC patients who underwent radical surgery between 2006 and
2014 were retrospectively reviewed. We divided variables into different groups by applying tree-based
recursive partitioning. Survival curves were compared by the log-rank test, and prognostic factors were
identified through Cox regression analysis. The six staging systems underwent assessment for their relative
discriminative abilities by way of Harrell’s concordance index (C-index) and the Akaike’s Information
Criterion (AIC).

Results: All of the six staging systems had a significant influence on patients’ progression-free survival (PFS)
and overall survival (OS), with univariate analysis showing all of the staging systems to have the significant
prognostic ability in relation to PFS and OS (P<0.001 for each). Multivariate analysis demonstrated five of
the staging methods to be independent prognostic factors, but that NLN classification was not. PLN was
noted to have somewhat the best prognostic performance for both PFS (C-index: 0.634; AIC: 33,343.83) and
OS (C-index: 0.675; AIC: 34,223.11).

Conclusions: The pN, 2018 FIGO stage, PLN, LNR, and LODDS appeared to predict better survival
than the NLN in CSCC patients. Moreover, PLN appeared to be the most valuable and predictive LN
staging system.
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Introduction

Although the incidence and mortality rate of cervical cancer
has decreased significantly with increasing use of Pap smear
for screening and the development of vaccines, it continues
to be the fourth most frequent contributor to cancer-
related female mortality around the world, especially in
developing countries (1). About 80% of cervical cancers are
squamous cell carcinoma (2). For patients with Federation
International of Gynecology and Obstetrics (FIGO) stage
IB-IIA cervical cancer, radical hysterectomy with pelvic
lymphadenectomy (RHPL) is considered the standard
surgical treatment (3). However, the 2009 FIGO staging
system does not take lymph node (LN) status into
account (4), and the TNM pN staging system simply
stratifies the LN status into NO (LN negative) and N1
(LN positive) (5). Therefore, the merits of LN metastasis
as a prognostic indicator have long been underestimated
by previous cervical cancer staging systems. As its cancer
staging system is improving, the FIGO Committee has
added IIIC1P (pelvic LN metastasis only) and IIIC2P
(para-aortic LN metastasis) to the FIGO 2018 staging
system based on the improvements in medical technology
worldwide and the effect of LN metastasis on prognosis (6).
Nevertheless, this approach neglects the number of
involved LN, which may limit the effect of its prognostic
significance. Recently, a number of studies have revealed
that different parameters of LN status, such as the number
of positive LNs (PLN), number of negative LNs (NLN),
ratio of involved to removed nodes (LN ratio, LNR),
and log odds of positive nodes (LODDS), could indicate
prognosis among cancer patients (7-15).

However, the notion that dissecting a larger number of
LN can achieve better prognosis is yet to be ascertained,
and to date, there have seldom been studies comparing
the prognostic value of the LN status in cervical squamous
cell carcinoma (CSCC), which is less likely to develop LN
metastasis than adenocarcinoma and adenosquamous cell
carcinoma (16). The purpose of this study was to carry out
evaluation and comparisons of the values of the pN stage,
2018 FIGO Stage, PLN, NLN, LNR, and LODDS in the
prognoses of CSCC patients who were initially treated with
RHPL at a large cancer institution.

Methods
Patients

We retrospectively included CSCC patients with FIGO
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[2009] stage IB1-ITa2 who underwent abdominal radical
hysterectomy +/- bilateral salpingo-oophorectomy, and
pelvic +/- para-aortic lymphadenectomy from 2006
to 2014 at Fudan University Shanghai Cancer Center.
All of the patients enrolled had undergone standard
pelvic lymphadenectomy by experienced gynecological
oncologists, which was reviewed from the electronic medical
charts. All nodal and fatty tissues from the furcation level of
the common iliac artery upwards to the circumflex vein and
above the obturator nerve were taken away. If intraoperative
palpation suggested suspected para-aortic LN involvement,
or if intraoperative frozen section examination showed
positive para-aortic or standard iliac LN, para-aortic LN
resection was performed as previously described (17).
The review of each microscopic slide was conducted by the
same gynecologic pathologist, with a second experienced
pathologist carrying out confirmation. Patients who
received neoadjuvant chemotherapy or preoperative
radiotherapy died within 30 days after surgery and had a
follow-up time less than three months were excluded in
this study. Our research received approval from the Ethics
Committee at Fudan University Shanghai Cancer Center.

Adjuvant therapeutic strategies were carried out adhering
to the National Comprehensive Cancer Network (NCCN)
guidelines. Individuals who had a minimum of one high-
risk factor (parametrial margin invasion, LN metastasis,
or positive surgical margins) and those who had two or
more intermediate-risk factors (positive lymph-vascular
space invasion (LVSI), deep depth of myometrial invasion,
or tumor diameter >4 cm) received adjuvant radiotherapy
or simultaneous chemoradiotherapy. Having just one
intermediate-risk factor saw the patient exempted from
any adjuvant treatment. Following treatment, followed-
up was performed after each three-month period over the
first two years, after each six-month period over the next
three years, and on a yearly basis following this. In cases
where patients received adjuvant therapy, follow-ups were
initially conducted every month for a six-month period
post-surgery. Follow-up visits included examinations of the
pelvis, abdominal ultrasonography, chest X-ray, routine
blood test, serum squamous cell carcinoma antigen (SCC-
Ag), vaginal cytology, magnetic resonance imaging (MRI),
or computed tomography (CT) scan.

Classifications of LN

The numbers of LN removed, and the numbers of PLN
were consistently recorded in the medical records of each
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patient. In this study, we used six different classifications of
LN status to evaluate the prognostic meaning further. Tree-
based recursive partitioning was used to find out optimal
cut-points, respectively:

pN stage

pN stage was evaluated in accordance with nodal staging of
the TNM system. NO was defined as LN negative, while
N1 was defined as LN positive by the presence of not less
than one positive LN.

2018 FIGO stage

2018 FIGO stage was calculated according to the 2018
FIGO staging system, 2018 FIGO stage 0 was defined as
LN negative, 2018 FIGO stage 1 as pelvic LN metastasis
only, and 2018 FIGO stage 2 for para-aortic LN metastasis.

PLN

PLN was defined as the number of positive LN, and it was
divided into 3 groups: PLN 0 (PLN =0), PLN 1 (1< PLN
<5), and PLN 2 (PLN >5).

NLN

NLN was defined as the number of negative LN, and it was
divided into 4 groups: NLN 1 (NLN <7), NLN 2 (7< NLN
<17), NLN 3 (17< NLN £22), and NLN 4 (NLN >22).

LNR

LNR was defined as the ratio between the number of PLN
and the total number of removed LN, and it was divided
into 4 groups: LNR 1 (LNR =0), LNR 2 (0< LNR <0.033),
LNR 3 (0.033< LNR <0.159), and LNR 4 (0.159< LNR
<1).

LODDS

The calculation of LODDS values was done using
empirical logistic formula, log [((PLN +0.5)/(NLN +0.5)].
Its definition was the log of the ratio between the number
of PLN and the number of NLN. The addition of 0.5 was
made to both the numerator and denomination with the
purpose of avoiding singularity. LODDS was divided into
4 groups: LODDS 1 (-1.95< LODDS <-1.32), LODDS
2 (-1.32< LODDS <-1.00), LODDS 3 (-1.00< LODDS
<-0.73), and LODDS 4 (-0.73< LODDS <1.33).

Statistical analyses

Scatter plots with the Pearson correlation coefficient
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served as a basis for investigating the correlations between
LOODS, LNR, NLN, and PLN. Log-rank analysis aided
analysis of correlation between patients’ clinicopathological
characteristics and five-year progression-free survival (PFS)
and overall survival (OS), PFS was considered to be the time
from primary surgery until the first disease progression,
and OS as the period of time beginning with the date the
primary surgery was carried out and ending with death
or the latest observation. PFS and OS between different
groups of patients were compared by Kaplan-Meier survival
analysis. Calculations of hazard ratios (HR) and 95%
confidence intervals (CI) were made through univariate
and multivariate analyses by means of Cox proportional
hazards models to produce an evaluation of the prognostic
factors related to survival. We adopted two approaches to
conduct accurate evaluation and comparison of the relative
discriminative abilities of the various LN staging systems:
one founded on the Harrell’s concordance index (C-index)
estimate, and the other based on the Akaike’s Information
Criterion (AIC). In general, a higher C-index represents a
better discrimination ability, and a predictive model with a
lower AIC demonstrated a better model adaption. Statistical
significance was considered to exist when P<0.05. SPSS
(Version 22.0) and R software (Version 3.5.2) carried out all
statistical analyses.

Results

Clinical and pathological characteristics and survival
analysis

A total of 3,732 stage IB1-IIa2 CSCC patients, with a mean
age of 47.15 years (range, 20-97), were deemed eligible for
inclusion in this analysis. Among the patients, 194 (5.3%),
128 3.5%) and 928 (24.9%) cases had a positive parametrial
invasion, vaginal margin invasion, and LN metastasis,
respectively (Table I). The mean follow-up period was
39.6 months (range, 4-117 months). Every patient received
radical abdominal surgery at our center; 100% of patients
received the pelvic lymphadenectomy, and 603 patients
(16.16%) underwent the para-aortic lymphadenectomy.
There were 2,458 patients (65.86%) receiving postoperative
adjuvant therapy, including adjuvant radiotherapy and
chemotherapy.

Among the 3,732 patients, the mean total number of
nodes removed was 22.62 (range, 1-70 nodes), and the
mean number of positive nodes was 0.95 (range, 0-44
nodes). According to the classification system described
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Table 1 Clinical and pathological characteristics and survival analysis of patients (n=3,732)

5-y PFS 5-y OS
Variables N (%)
% P value % P value
Age, years 0.049 0.221
<50 2,451 (65.7) 85.8 91.8
>50 1,281 (34.3) 81.3 89.7
Menopausal status 0.052 0.055
Premenopausal 2,555 (68.5) 85.7 91.9
Postmenopausal 1,177 (31.5) 81.1 89.0
FIGO stage [2009] <0.001 <0.001
B 1,976 (52.9) 89.6 94.4
A 1,756 (47.1) 77.6 86.7
Tumor diameter (cm) <0.001 <0.001
<4 2,503 (70.6) 85.5 92.7
>4 1,042 (29.4) 80.0 85.6
Depth of myometrial invasion <0.001 <0.001
<1/2 1,151 (31.3) 94.1 97.7
>1/2 2,521 (68.7) 79.6 87.8
LvsSI <0.001 <0.001
Negative 2,154 (60.9) 91.2 95.4
Positive 1,381 (39.1) 72.0 83.1
Parametrial invasion <0.001 <0.001
Negative 3,470 (94.7) 86.0 92.0
Positive 194 (5.3) 52.2 71.5
Vaginal margin invasion <0.001 <0.001
Negative 3,537 (96.5) 85.1 91.5
Positive 128 (3.5) 56.8 73.8
Adjuvant therapy <0.001 <0.001
No 1,274 (34.1) 89.9 94.5
Yes 2,458 (65.9) 81.4 89.2
pN stage <0.001 <0.001
NO 2,804 (75.1) 90.6 94.1
N1 928 (24.9) 66.2 81.0
2018 FIGO stage <0.001 <0.001
0 (PLN =0) 2,804 (75.1) 90.6 94.1
1 (llict) 831 (22.3) 68.6 82.7
2 (Illc2) 97 (2.6) 46.2 65.8

Table 1 (continued)
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Table 1 (continued)
5-y PFS 5-y OS
Variables N (%)
% P value % P value
PLN <0.001 <0.001
0 (PLN =0) 2,804 (75.1) 90.6 94.1
1 (1= PLN <5) 761 (20.4) 7.7 85.1
2 (PLN >5) 167 (4.5) 42.2 61.8
NLN <0.001 <0.001
1 (NLN <7) 63 (1.7) 47.5 73.6
2 (7< NLN <17) 1,098 (29.4) 84.4 90.0
3 (17< NLN =22) 1,017 (27.3) 85.9 92.4
4 (NLN >22) 1,554 (41.6) 88.7 91.6
LNR <0.001 <0.001
0 (LNR =0) 2,804 (75.1) 90.6 94.1
1 (0< LNR <0.033) 69 (1.8) 82.8 89.4
2 (0.033< LNR =0.159) 589 (15.8) 715 85.7
3(0.159< LNR <1) 270 (7.2) 51.6 68.0
LODDS <0.001 <0.001
1 (-1.95< LODDS <-1.32) 2,817 (75.5) 90.4 94.0
2 (-1.32< LODDS <-1.00) 351 (9.4) 78.4 88.4
3 (-1.00< LODDS <-0.73) 254 (6.8) 67.4 84.3
4 (-0.73< LODDS <1.33) 310 (8.3) 53.9 70.0

PFS, progression-free survival; OS, overall survival; FIGO, Federation of Gynecology and Obstetrics; LVSI, lymph-vascular space invasion;
PLN, positive lymph nodes; NLN, negative lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive nodes.

in methods, patients were assigned to different groups
separately (Table I). The relationship between clinical
and pathologic variables and the 5-year PFS and OS was
shown in 7able 1. When studying the relationship between
different LN staging systems and patients' survival, we
found that all of the six LN staging systems were associated
strongly with PFS and OS, respectively. The PES (Figure 1)
and OS (Figure 2) for the six LN staging systems were
analyzed by the Kaplan-Meier survival curves, respectively.

Correlation between PLN, NLN, LNR, and LODDS

Specifically, to understand the relationship between PLN,
NLN, LNR, and LODDS, scatter plots were created
between any two variables of these classifications. As
shown in Figure 3, there was a certain linear correlation
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between any two variables (all P<0.001). Notably, the value
of LODDS and LNR rose as the number of PLN rose
(Figure 3A4,B), suggesting that LODDS and LNR correlated
with PLN. Similarly, LODDS and LNR correlated closely
but were not perfectly linear. LNR of between 0.2 and
0.8 saw the LODDS increase much slower and plateau.
In contrast, LNR of 0 or I resulted in a relationship with
increased heterogeneity (Figure 3C), which implies the
discriminatory power of the LODDS system may be higher
in patients who have either very low or high LNR.

Univariate and multivariate analysis of prognostic factors
for PES and OS

Moreover, Cox regression model was applied to assess the
association between clinical and pathologic factors and
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PFS and OS. The univariable Cox model results showed
that all of the six LN staging systems were prognostic
indicators for PFS and OS (all P<0.001, Table 2). To avoid
multicollinearity in the analysis, we performed multivariate
survival analysis with adjustments taking into account
significant factors from the univariate analysis of the
various models, including only one of these LN staging
systems each time. The different models included pN stage
(Model 1), 2018 FIGO stage (Model 2), PLN (Model 3),
NLN (Model 4), LNR (Model 5), and LODDS (Model 6),
separately, and Model 7 for the combination of all the nodal
systems. The results showed that pN, 2018 FIGO stage,
PLN, LNR, and LODDS were all significant prognostic
factors for PFS and OS in Model 1 (Pppg<0.001, Py
=0.005), Model 2 (Ppps <0.001, P =0.003), Model 3 (Ppgs
<0.001, Pys<0.001), Model 5 (Ppps<0.001, Pyg<0.001), and
Model 6 (Pprs<0.001, Pyog <0.001), but in Model 4, NLN
exhibited no effect on PFS or OS (Ppps=0.066, Py =0.202).
In Model 7, however, when putting all the clinicopathologic
parameters together, only PLN was shown to be an

© Annals of Translational Medicine. All rights reserved.

independent prognostic factor among the six nodal staging

systems for OS (P=0.049, Table 3).

Evaluation of the prognostic significance of different LN
staging systems

With regression model analysis, the LN staging system
found to be the ablest in terms of prognostic discrimination
then underwent assessment using iterative statistical
models and comparison of C-index and AIC values. When
the established categorical cut-off values were used for
assessment, the prognostic performance of PLN was
observed to be superior in relation to both PFS (C-index:
0.634; AIC: 33,343.83) and OS (C-index: 0.675; AIC:
34,223.11). To test whether the relative performance of
PLN, NLN, LNR, and LODDS was influenced according
to the chosen categorical cut-off values, we carried out
repeat analysis with continuous variables in the statistical
models. PLN still outperformed other nodal staging
systems for both PFS (C-index: 0.638; AIC: 33,344.23) and
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Table 2 Univariable Cox model of prognostic factors for PES and OS

Univariate (PFS) Univariate (OS)
Factors
HR 95% CI P value HR 95% ClI P value

Age, years 1.216 0.999-1.479 0.051 1.179 0.906-1.534 0.222
Menopausal status 1.228 1.006-1.498 0.043 1.294 0.993-1.687 0.056
FIGO stage [2009] 2.185 1.791-2.666 <0.001 2.407 1.839-3.151 <0.001
Tumor diameter (cm) 1.677 1.8375-2.044 <0.001 2.146 1.656-2.780 <0.001
Depth of myometrial invasion 3.136 2.362-4.164 <0.001 5.993 3.658-9.819 <0.001
LvsSI 2.939 2.403-3.594 <0.001 3.762 2.843-4.979 <0.001
Parametrial invasion 3.767 2.886-4.917 <0.001 4.644 3.324-6.487 <0.001
Vaginal margin Invasion 2.906 2.065-4.091 <0.001 2.998 1.895-4.744 <0.001
Adjuvant therapy 1.693 1.351-2.120 <0.001 1.891 1.387-2.579 <0.001
pN stage 3.356 2.772-4.062 <0.001 3.721 2.880-4.808 <0.001
2018 FIGO stage <0.001 <0.001

0 Reference Reference

1 3.016 2.466-3.688 <0.001 3.317 2.533-4.345 <0.001

2 6.672 4.754-9.364 <0.001 7.979 5.089-12.511 <0.001
PLN <0.001 <0.001

0 Reference Reference

1 2.685 2.171-3.320 <0.001 2.751 2.058-3.678 <0.001

2 6.871 5.245-9.002 <0.001 9.186 6.508-12.965 <0.001
NLN <0.001 <0.001

1 Reference Reference

2 0.285 0.185-0.441 <0.001 0.262 0.148-0.464 <0.001

3 0.246 0.157-0.384 <0.001 0.204 0.113-0.368 <0.001

4 0.262 0.171-0.402 <0.001 0.223 0.127-0.392 <0.001
LNR <0.001 <0.001

0 Reference Reference

1 1.723 0.884-3.358 0.11 2.059 0.84-5.045 0.114

2 2.682 2.129-3.379 <0.001 2.632 1.916-3.614 <0.001

3 5.406 4.243-6.889 <0.001 7.016 5.123-9.607 <0.001
LODDS <0.001 <0.001

1 Reference Reference

2 2.061 1.522-2.792 <0.001 1.906 1.236-2.938 0.003

3 2.7 1.988-3.665 <0.001 2.874 1.913-4.320 <0.001

4 5.086 4.031-6.418 <0.001 6.412 4.734-8.684 <0.001

PFS, progression-free survival; OS, overall survival; HR, hazard ratios; Cl, confidence intervals; FIGO, Federation of Gynecology and
Obstetrics; LVSI, lymph-vascular space invasion; PLN, positive lymph nodes; NLN, negative lymph nodes; LNR, lymph node ratio; LODDS,
log odds of positive nodes.
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Table 3 Multivariable Cox model of prognostic factors for PFS and OS
Multivariable (PFS)* Multivariable (OS)°
Factors
HR 95% ClI P value HR 95% ClI P value
pN stage (Model 1) 1.774 1.399-2.250 <0.001 1.568 1.148-2.144 0.005
2018 FIGO stage (Model 2) <0.001 0.003
0 Reference
1 1.687 1.322-2.152 <0.001 1.489 1.080-2.052 0.015
2 2.644 1.775-3.940 <0.001 2.381 1.407-4.028 0.001
PLN (Model 3) <0.001 <0.001
0 Reference Reference
1 1.582 1.230-2.035 <0.001 1.314 0.938-1.841 0.112
2 2.818 2.019-3.934 <0.001 2.989 1.956-4.567 <0.001
NLN (Model 4) 0.066 0.202
1 Reference Reference
2 0.557 0.351-0.882 0.013 0.558 0.306-1.017 0.057
3 0.550 0.342-0.885 0.014 0.538 0.289-1.000 0.050
4 0.543 0.345-0.856 0.009 0.525 0.290-0.951 0.034
LNR (Model 5) <0.001 <0.001
0 Reference Reference
1 1141 0.559-2.329 0.718 1.348 0.546-3.328 0.518
2 1.605 1.228-2.097 0.001 1.211 0.840-1.744 0.305
3 2.368 1.753-3.199 <0.001 2.525 1.721-3.704 <0.001
LODDS (Model 6) <0.001 <0.001
1 reference reference
2 1.363 0.979-1.897 0.067 1.050 0.658-1.674 0.839
3 1.521 1.085-2.134 0.015 1.222 0.776-1.925 0.387
4 2.284 1.712-3.048 <0.001 2.392 1.651-3.464 <0.001
Different LN staging systems (Model 7)
pN stage 1.395 0.664-2.929 0.379 2.259 0.670-7.611 0.189
2018 FIGO Stage 1.131 0.738-1.733 0.573 1.056 0.609-1.832 0.846
PLN 1.497 0.957-2.342 0.077 1.835 1.003-3.357 0.049
NLN 1.045 0.929-1.174 0.464 1.067 0.914-1.247 0.412
LNR 1.069 0.634-1.802 0.801 1.036 0.504-2.130 0.924
LODDS 1.082 0.802-1.460 0.606 1.239 0.828-1.853 0.298

?, PFS adjusted for: menopausal status, FIGO stage [2009], tumor diameter (cm), depth of myometrial invasion, LVSI, parametrial invasion,
vaginal margin invasion, adjuvant therapy. °, OS adjusted for: FIGO stage [2009], tumor diameter (cm), depth of myometrial invasion, LVSI,
parametrial invasion, vaginal margin invasion, adjuvant therapy. PFS, progression-free survival; OS, overall survival; HR, hazard ratios; Cl,
confidence intervals; FIGO, Federation of Gynecology and Obstetrics; LVSI, lymph-vascular space invasion; PLN, positive lymph nodes;
NLN, negative lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive nodes; LN, lymph node.
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Table 4 Evaluation of the prognostic value of different LN staging systems

Guo et al. Comparison of LN staging systems for CSCC

PFS oS
Variables
C-index AIC C-index AIC

pN stage 0.629 33,355.66 0.659 34,233.71
2018 FIGO stage 0.623 33,353.00 0.666 34,229.47
PLN (categorical) 0.634 33,343.83 0.675 34,223.11
NLN (categorical) 0.521 33,359.79 0.541 34,264.93
LNR (categorical) 0.632 33,351.26 0.674 34,228.70
LODDS (categorical) 0.628 33,350.37 0.671 34,234.58
PLN (continuous) 0.638 33,344.23 0.679 34,229.01
NLN (continuous) 0.524 33,362.28 0.542 34,264.91
LNR (continuous) 0.637 33,352.89 0.678 34,234.02
LODDS (continuous) 0.631 33,356.92 0.676 34,233.72

LN, lymph node; PFS, progression-free survival; OS, overall survival; C-index, Harrell's concordance index; AIC, Akaike's Information
Criterion; FIGO, Federation of Gynecology and Obstetrics; PLN, positive lymph nodes; NLN, negative lymph nodes; LNR, lymph node

ratio; LODDS, log odds of positive nodes.

OS (C-index: 0.679; AIC: 34,229.01), even when LN status

served as a continuous variable (Table 4).

Discussion

Postoperative decision-making regarding treatment and
monitoring hinge on a staging system’s ability to predict
cancer patients’ long-term survival accurately. The FIGO
staging criteria for cervical cancer have long been used since
the early 20th century (18). However, until 2018, staging
only took into account the findings of a clinical and image
logical nature. For cervical cancer patients, LN status is a
pivotal predictor of survival and is always used to help guide
the treatment for postoperative adjuvant radiotherapy and
chemotherapy (19). The newly updated 2018 FIGO staging
system, saw the first-ever inclusion of LN status. However,
it is still controversial that patients with only pelvic LN
metastasis might have a better prognosis than those with
locally advanced diseases. According to the new FIGO
stage, cervical cancer patients with LN metastasis but
without locally advanced tumors were all advanced diseases.
Therefore, there is a tremendous necessary to explore the
proper and valuable LN staging system to help guide the
management of postoperative cervical cancer patients.

The importance of LN status in determining prognosis
after radical surgery of cervical cancer has long been aware,
and there have been a large number of different methods

© Annals of Translational Medicine. All rights reserved.

proposed to define an optimal LN staging system among
the cervical cancer patients receiving radical surgery over
the last decade. However, no consensus on the optimal LN
staging method has been reached.

The TNM pN staging system is widely used in various
malignancies, and the pN staging in cervical cancer
only stratifies patients by the presence or absence of LN
metastasis. Therefore, it can help distinguish high-risk
patients at a certain level, and our results also support the
fact that pN was a significant prognostic factor for both PFS
and OS (Tables 1 and 3). However, pN staging is seldom
used in clinical management. The LN status of the FIGO
2018 staging system is defined according to the location of
metastatic LN, only including the pelvic and para-aortic
LN metastasis. Yan et /. examined the new FIGO staging
system’s prognostic ability and showed that the 2018 version
appeared to hold value in predicting survival for patients
who had risk factors after radical surgery (20). Consistent
with their results, our study also revealed that the FIGO
2018 staging system turned to be a significant prognostic
factor for PFS and OS. Moreover, C-index and AIC values
indicated that both the pN stage and 2018 FIGO stage had
predictive significance for the prognosis of cervical cancer
patients, and 2018 FIGO staging system is more accurate
than pN staging system (7able 4), which indicated the
progressive value of 2018 FIGO staging system. However,
the inadequacy of both the pN staging system and the 2018
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FIGO staging system is the deficiency of the number of
LN.

Previous studies compared different LN status based
on the amount of LN, and of which the effect of PLN on
prognosis has been demonstrated. Kwon et 4/. discovered
PLN >3 in early-stage cervical cancer to affect disease-
free survival (DFS) and distant metastasis-free survival
(DMFS) (21). Similarly, Wang et al. reported that PLN
>3 served an independent prognostic factor in OS,
cancer-specific survival (CSS), and DMFS in individuals
who received definitive concurrent chemoradiotherapy
(CCRT) or intensity-modulated radiotherapy (IMRT) (22).
Consistent with the results above, our study indicated that
only PLN was shown to be an independent prognostic
factor among the six nodal staging systems for OS when
putting all the clinicopathologic parameters together in
multivariate survival analysis (Tzble 3), and PLN was noted
to have the best prognostic performance (Table 4).

NLN count is a surrogate indicator of surgery quality,
reflecting the extent to which the LN has been dissected.
Chen et al. found NLN count to have a vital influence
in increasing survival for cervical cancer patients, with a
S-year survival rate of 62.8% and 80.5% when the cutoffs
of the NLN count were 10 and 25, respectively (23).
However, although our results showed that the NLN count
had a significant influence on the 5-year PFS and OS, it
was not an independent factor for PFS or OS. Moreover,
both the AIC and the C-index analysis revealed that the
NLN count had much less predictive power than the
other five systems (Tables 3 and 4). Debate still surrounds
the optimal minimum number of nodes that should be
dissected because the vast proportion of women develop
no nodal metastasis in the early stages of the disease, which
makes the extended lymphadenectomy unnecessary (24).
In our study, the proportion of LN-negative patients was
75.13%, and it is reasonable to imagine that among those
patients, the intraoperative risks carried by this procedure,
including vascular injuries and hemorrhaging and the
postoperative formation of sequelae-like lymphocyst and
lymphedema, makes it a needless procedure (25). Since
our results suggested that “positive LN” was significantly
more critical than “negative LN”, and a number of studies
had indicated that patients did not benefit from extensive
lymphadenectomy (26,27), it comes to the doubt whether
it is necessary to remove these seemingly insignificant
negative LN. Cervical cancer is broadly acknowledged to
be improving in terms of precision, and the recent studies
in sentinel LN mapping for cervical cancer also help locate

© Annals of Translational Medicine. All rights reserved.
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the positive LN. Therefore, it brings us the thoughts
in the necessity for complete lymphadenectomies when
considering the relevant associated morbidity (28). Even so,
large-scale and prospective studies are to be established to
ensure the safety and accuracy of sentinel LN assessment to
make the treatment of cervical cancer more precisely.

The main drawback of either PLN or NLN lay in
fact their ability to accurately predict prognosis was
predominantly influenced by the overall number of LN
removed, leading to the exploration of new prognostic
indicators, which can integrate all LN information into a
single identifiable parameter. The LNR system covers the
information of both positive LN and total LN removed and
can theoretically overcome the limitations of the number-
based nodal system above. Fleming et a/.’s retrospective
study of node-positive stage I/II cervical cancer patients
who had undergone radical surgery showed an association
between LNR >6.6% and worse PFS and a correlation
between LNR >7.6% and worse OS (29). However, the
prognostic discriminatory power of LNR seemed lacking
for patients with very low or high LNR (Figure 3C). For
patients with either a very low or high LNR, LODDS may
be helpful in this situation, which could unlock further
findings in relation to the prognoses of patients with shared
LNR values but differing amounts of examined nodes.
Studies had demonstrated that the LODDS system provides
a superior model to the LNR system for non-small cell
lung cancer, small bowel adenocarcinoma, oral squamous
cell carcinoma, and gastric cancer patients (9,12,14,30).
For cervical cancer, one study compared the prognostic
value of the PLN, LODDS, and LNR in a relatively small
cohort of cervical cancer patients who underwent radical
hysterectomy and pelvic +/- para-aortic lymphadenectomy
alongside adjuvant treatment (n=50). In that study, for both
DFS and OS, LODDS >-1.05 turned out to be the only
significant prognostic factor (31). However, LODDS was
also had strong predictive value in our study but was not
shown to be superior compared with LNR; Similar results
had also been reported in pancreatic cancer (32). This
result may be due to different statistical power (number of
patients, clinicopathologic type), data type, and the different
average number of LN resected in these various studies.

There were several limitations to this study. First, both
clinical and pathological data were obtained from a single
institution, which could not bring out the diversity in the
treatment of other centers. Second, our study was limited
by its retrospective nature and had a relatively short mean
follow-up period (39.6 months). However, unlike previous
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studies, our study was first to evaluate the prognostic power
of six commonly used LN staging systems focusing on a
large patient cohort. As far as we are aware, the included
LN classification methods in the current study are the most
comprehensive in cervical cancer. To provide validation of
our results, further follow-up evaluation focusing on a longer
period of time and large prospective studies are required.

"To conclude, PLN appeared to have the most accuracy
and value out of LN staging systems for CSCC patients
receiving radical surgery. With the lack of specific studies
comparing various LN staging methods on cervical cancer,
our findings could make a valuable contribution to managing
LN in cervical cancer, and we hope that more valuable data
will be collected to gain a better understanding of this issue.
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