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Abstract
Background: Most cervical cancer patients worldwide receive surgical treatments,
and yet the current International Federation of Gynecology and Obstetrics (FIGO)
staging system do not consider surgical-pathologic data. We propose a more
comprehensive and prognostically valuable surgical-pathologic staging and scoring
system (SPSs).
Methods: Records from 4,220 eligible cervical cancer cases (Cohort 1) were
screened for surgical-pathologic risk factors. We constructed a surgical-pathologic
staging and SPSs, which was subsequently validated in a prospective study of 1,104
cervical cancer patients (Cohort 2).
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Results: In Cohort 1, seven independent risk factors were associated with patient
outcome: lymph node metastasis (LNM), parametrial involvement, histological type,
grade, tumor size, stromal invasion, and lymph-vascular space invasion (LVSI). The
FIGO staging system was revised and expanded into a surgical-pathologic staging
system by including additional criteria of LNM, stromal invasion, and LVSI. LNM
was subdivided into three categories based on number and location of metastases.
Inclusion of all seven prognostic risk factors improves practical applicability. Patients
were stratified into three SPSs risk categories: zero-, low-, and high-score with scores
of 0, 1 to 3, and ≥4 (P=1.08E-45; P=6.15E-55). In Cohort 2, 5-year overall survival
(OS) and disease-free survival (DFS) outcomes decreased with increased SPSs scores
(P=9.04E-15; P=3.23E-16), validating the approach. Surgical-pathologic staging and
SPSs show greater homogeneity and discriminatory utility than FIGO staging.
Conclusions: Surgical-pathologic staging and SPSs improve characterization of
tumor severity and disease invasion, which may more accurately predict outcome and
guide postoperative therapy.

INTRODUCTION

cervical cancer incidence trends and treatment patterns
have fundamentally changed.[9] We recently published
a 10-year investigation of 10,012 cervical cancer cases
in China. [10-13] The vast majority of patients (83.9%)
were treated with surgery. Similarly, the majority of
cervical cancers are surgically treated in Asia, Europe, and
America areas.[14, 15] Therefore, a surgical-pathologic
staging system for cervical cancer is appropriate for
worldwide implementation and should be proposed as
soon as possible.
There is precedent for use of a more practical
scoring system in staging of gynecological malignancies.
[16-20] For example, patients with malignant trophoblastic
tumors simultaneously have several prognostic risk
factors and may result in the different outcomes. The
introduction of a rational staging system for scoring of
malignant trophoblastic tumor has resulted in improved
prognostic accuracy to the patients.[21, 22]A surgicalpathologic scoring system (SPSs) can provide important
clues to assist clinicians in developing more precise and
individualized treatment schemes.
In this study, 4,220 eligible cases were extracted
for screening the surgical-pathologic risk factors. The
preliminary surgical-pathologic stages and SPSs for
cervical cancer were assigned, and a prospective validation
was performed to verify the reliability and practical
applicability of the new system.

Cervical cancer is the third leading cause of
cancer-related mortality among women worldwide;[1] it
results in approximately 275,000 deaths annually.[2] The
International Federation of Gynecology and Obstetrics
(FIGO) staging system is a widely accepted staging
method for cervical cancers.[3, 4] The FIGO system is
based solely on clinical examination, and once the clinical
stage has been designated it cannot be changed, even if
exact surgical or pathologic evidences were confirmed
during or after surgery. Therefore, it is inherently
inaccurate if patients accompanied by pelvic inflammatory
disease, endometriosis, or obesity. Patients within each
FIGO stage have markedly different outcomes due to
significant discrepancies between clinically determined
stage and surgical pathologic findings.[5-7]
According to the FIGO committee, surgicalpathological staging of cervical cancer is problematic
in low income countries due to high incidence rates and
lower surgical rates,[4] especially in Africa, where the
majority of patients are diagnosed in advanced stages
and surgical facilities and surgeons are extremely scarce.
However, according to a World Health Organization
report in 2012, 53.9% of cases worldwide occurred in
Asia and 21.2% in Europe and America areas, whereas
Africa accounts for only 18.8%.[8] The ten countries
with the most cases worldwide were in Northern Asia,
Eastern Europe, and America, where incidence rates
ranged from 9.4/100,000 to 23.7/100,000, including India,
China, Russian Federation, United States, and Japan.[8]
Whereas the ten countries with the highest incidence
rates (39.9/100,000-56.3/100,000) were mainly in Africa,
they account for only a small percentage (3.2%) of
cervical cancer cases worldwide (Supplementary Tables
1 and 2).[8] With rapid economic development in Asia,
www.impactjournals.com/oncotarget

RESULTS
Univariate and multivariate analysis of risk
factors
The univariate analysis of potential risk factors is
shown in Table 1. Eight factors were found to be associated
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with OS and DFS rates, including lymph node metastasis
(LNM) (OS,P=1.49E-32; DFS,P=2.29E-37), parametrial
involvement
(OS,P=4.23E-18;
DFS,P=1.09E-22),
histological type (OS,P=3.51E-16; DFS,P=4.13E-12),
tumor size > 4cm (OS,P=5.31E-6; DFS,P=1.87E-6),
grade2-3(OS,P=0.002; DFS,P=2.62E-4), stromal invasion
(OS,P=1.10E-10; DFS,P=2.47E-13), lymph-vascular
space invasion (LVSI) (OS,P=1.07E-6; DFS,P=4.64E-10),
and vaginal involvement (OS,P=0.003; DFS,P=7.27E-5).
Corpus uteri was not associated with the long-term
outcomes in this study (OS,P=0.435; DFS,P=0.130). The
other three general factors of age, parity, and tumor family
history did not exhibit any significant effect on patient
prognosis and were therefore discarded from further
analysis.
Next, the multivariate analysis identified six
independent factors associated with both 5-year OS and
DFS rates and they were ranked based on the magnitude
of their effect as follows: (1) LNM; (2) parametrial
involvement; (3) histological type; (4) tumor size > 4cm;

(5) grade; and (6) stromal invasion (Table 1). In addition
to these factors, LVSI was found to be a risk factor
associated only with 5-year DFS rate. In this study, vaginal
involvement was not found to affect prognosis.

Effect of lymph node metastasis on prognosis
Among all of the prognostic parameters in our
study, LNM was the strongest determinant of patients’
survival. Both 5-year OS and DFS rates were decreased
significantly in patients with LNM in comparison to
patients without LNM (Supplementary Figures 1A and
1B; OS, P=1.64E-32; DFS, P=2.82E-37) , indicating
the positive nodes was defining prognostic factor for the
long-term outcomes. Moreover, the 5-year OS and DFS
rates decreased concomitant with an increasing number of
positive nodes (Supplementary Figures 1C and 1D; OS,
P=3.76E-11; DFS, P=1.96E-9; Supplementary Tables4
and 5). Additionally, when para-aortic lymph nodes

Figure 1: Overall Survival and Disease-free Survival According to Risk Scores. Panel A.-B. shows overall survival (OS) rates

and disease-free survival (DFS) rates for patients in the zero score (0, n = 337), low-score (1-3; n = 2,883), and high-score (≥ 4; n = 1,000)
groups in Cohort 1. Panel C.-D. shows OS and DFS rates for patients in the zero score (0,n = 130), low-score (1-3; n = 645), and high
-score (≥ 4; n = 329) groups in Cohort 2.
www.impactjournals.com/oncotarget
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Table 1: Univariate and multivariate analyses of risk factors for 5-year OS and DFS rates in cervical cancer patients
in Cohort 1

metastasis (pLNM) were detected, the 5-year outcomes
in these patients were much poor than those of patients
without pLNM (Supplementary Figures 1E and 1F; OS,
P=4.85E-6; DFS, P=4.66E-5; Supplementary Table 5).

As shown in Table 2, the basic FIGO framework was
retained. In stage I, when the lesions exceeded the criteria
defining stage A, but measured tumor diameter was ≤4 cm
in size, we divided FIGO IB1 into two surgical-pathologic
stages, IB1 (no LVSI and invasion of stroma ≤1/2) and
IB2 (positive LVSI and/or invasion of stroma >1/2). The
FIGO IB2 criteria were used to define surgical-pathologic
stage IB3. In stage II, surgical-pathologic stage IIC was
added to include cases in which LNM was identified by
pathologists, and the classification was further subdivided,
based on the number of positive nodes, into IIC1(cases
with 1 or2 LNM) and IIC2 (cases with ≥3 LNM).
Similarly, patients with pLNM were classified as surgical-

Establishment of the preliminary surgicalpathologic stages
Based on the analyses above, we created preliminary
surgical-pathologic stages for cervical cancer. The goal
was to put risk factors into surgical-pathologic stages in
order according to their severity and prognostic impact.
www.impactjournals.com/oncotarget
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Table 2: The surgical-pathologic stages of cervical cancer

Table 3: The surgical-pathologic scores in patients with cervical cancer in Cohort 1

pathologic stage IIC3 (Table 2, Supplementary Tables 4
and 5). Corpus uteri and vaginal involvement were found
not to be associated with 5-year OS and DFS rates in this
study, and were consequently excluded from the list of
criteria used to define surgical-pathologic stage.

more than one risk factor. We set up a rank of optimal
cutoff points (Table 4): SPSs A (2 and 4, score 0-1; 2-3;
≥4), SPSs B (3 and 4, score 0-2; 3; ≥4), SPSs C (1 and
4, score 0; 1-3; ≥4), and SPSs D (1 and 5, score 0; 1-4;
≥5). The SPSs C system exhibited the best monotonicity
of gradient, based on LRχ2 (highest homogeneity, 192.0)
and liner trendχ2 (highest discriminatory score at 8 years,
28.2). The Akaike information criterion was the lowest if
choosing SPSs C (Table 4).
Based on serial inference and optimization, the
patients could be stratified by SPSs C array into three risk
categories: zero risk, low risk, and high risk. To further
validate the reliability of SPSs, all patients in Cohort 1
were classified into three score groups based on the sum
of their risk factors. The 5-year OS and DFS outcomes
in these three groups showed significant decreases

Construction and validation of spss
In surgical-pathologic staging, two important
parameters, histological type and grade, were not covered.
To provide a more accurate and convenient system for
evaluation of patients’ prognosis, the SPSs was proposed.
Regression coefficients (β) yielded a statistical weight for
the contribution of each factor (Table 3). The total score
was generated by superposition when a single patient had
www.impactjournals.com/oncotarget
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Table 4: Comparison of prognostic stratification of different cervical cancer staging and scoring systems

associated with increased scores, and differences among
three groups were found to be significant (Figures 1A and
1B, P=1.08E-45 and P=6.15E-55; Supplementary Table
6). Next, we performed external validation. To reach this
purpose, a total of 1,104 cases in Cohort 2 were enrolled,
from 2009 to 2013, in a prospective study. The results
from this Cohort 2 study completely confirmed the results
of the Cohort 1 study. (Figures 1C and 1D; P=9.04E-15
and P=3.23E-16; Supplementary Table 6).

and the high prevalence of cervical cancer, which makes
this region the site of the most cases of cervical cancer
worldwide (Supplementary Table 2).
Among the seven cervical cancer risk factors
examined, LNM was found to be the strongest
prognostic factor; this association has been extensively
documented,[26-28] but lymph node status is still not
considered within the FIGO staging system. Our present
statistical analysis provides new insight into the relevance
of LNM to long-term outcomes. Here we provide
compelling evidence that LNM should be introduced into
the surgical-pathologic staging system, and propose subclassification of surgical-pathologic stages IIC1, IIC2, and
IIC3 based on the number of positive nodes and presence
or absence of pLNM (Table 2). A survey of pLNM is listed
in Supplementary Table 7. Parametrial involvement, tumor
size, and stromal invasion were found to be additional key
risk factors for prognosis. All of the parameters were restaged based on their impact values. LVSI was found to be
a marginal independent risk factor and was therefore also
included. In contrast, corpus uteri and vaginal involvement
were not found to be associated with long-term outcomes.
We presume that this is due to the ability to completely
surgically excise both types of lesion, such that they
probably lose any long-term effects on prognosis after
surgical removal. However, there is no consensus on this
view [28-31]. Therefore, we have not included these two
parameters in the new surgical-pathologic staging system
to date.
We noticed that two crucial surgical-pathologic
parameters, histological types and grades, were not utilized
in defining the surgical-pathologic stages. To provide a
more reliable and convenient system to predict patient
outcome, we propose a new scoring system for cervical
cancer. There are several successful examples of scoring
systems in gynecologic practice, such as those used for
gestational trophoblastic neoplasms and endometriosis.
[17, 18, 32, 33] In our system, the score value was
compiled by statistical weight of each individual factor,

Comparison of figo staging, surgical-pathologic
staging, and spss
In this study, we compared FIGO staging, surgicalpathologic staging, and SPSs (SPSs C: zero, low, and high
scores) by their monotonicity and discriminatory ability.
The best monotonicity and discrimination was provided
by SPSs, followed by surgical-pathologic staging and
then FIGO staging (Table 4, LRχ2: 192.0, 152.4, and 54.2
respectively; linear trendχ2 at 8 year: 28.2, 15.7, and 7.3,
respectively), SPSs was also showed the lowest Akaike
information criterion among three systems (Table 4, AIC:
12101.4, 12153.3 and 12238.8, respectively), indicating
that SPSs was the most informative system with respect
to explaining or predicting the prognosis of patients with
cervical cancer.

DISCUSSION
The Cohort 1 study included multicenter samples.
Whereas the majority of parameters we concerned have
also been considered in previous studies, [23-25] However,
our study is the first to provide definitive, statistically
significant findings based on a large cohort. External
validation was performed with data from Cohort 2, a highquality single center data set. The use of patient data from
China in the Asia-Pacific region is particularly relevant
and informative considering both the large population size
www.impactjournals.com/oncotarget
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and then optimized SPSs risk categories were proposed in
order to introduce a logical standard for the classification
of cervical cancer and for use in setting guidelines for
post-operative treatment. External-validation as well as
homogeneity and discriminatory analysis indicate that
SPSs has the most value of all of the three systems with
respect to prognostic interpretation in cervical cancer.
In conclusion, the prognostic parameters used in our
study are derived from both surgically-derived data and
pathologic examination, which most objectively reflect
the patient’s real condition. The surgical-pathologic
staging and SPSs presented here may enable clinicians
to more precisely predict the prognosis of patients and to
standardize post-surgical therapeutic recommendations for
defined sets of cervical cancer patients (e.g. non treatment
for zero-score group; adjuvant external radiotherapy for
low-score group; and concurrent chemoradiotherapy for
high-score group), ultimately improving patient survival.

data collection and quality control procedures. The
collected data included demographics; clinical and
pathologic tumor characteristics; treatment regimens;
physical, gynecologic, cytological, and pathological
observations from patient examinations; and outcomes.
All participants in Cohort 2 were evaluated by
trained gynecological oncology staff. A structured
questionnaire was collected at recruitment, covering
socio-demographic characteristics, cigarette smoking,
alcohol consumption, family history of cancer, and
history of menopause, pregnancy, delivery, and use
of oral contraceptives. At the time of enrollment and
during follow-up examinations the following tests were
performed to determine patient status before and after
treatment: gynecological examination, liquid-based
thin-layer cytology and human papilloma virus tests,
ultrasonographic evidence or computer tomography/
magnetic resonance imaging, and serological tests
including squamous cell carcinoma antigen.

PATIENTS AND METHODS

Treatment and follow-up

Patients

Generally, patients at early FIGO stages without
positive pathological findings received no further treatment
except for regular follow-up examinations. Patients at
later FIGO stages or with pathological findings received
adjuvant radiotherapy or concurrent chemoradiotherapy
(CCRT) according to Radiation Therapy Oncology Group
(RTOG) guidelines. Follow-up examinations were advised
for all patients every three months for the first two years,
every six months for the next four years, and yearly
thereafter. A few patients in the study did not complete
follow-up, and were excluded from survival analysis.

The study was based on two cohorts. Cohort 1
comprised 4,220 eligible patients of 10,087 inpatient
cases during 2002 to 2008, extracted from the Cervical
Cancer Database v1.10 (http://clinicaltrials.gov,
Supplementary Figure 2), which has been described
previously. [11, 12] Cohort 2 comprised 1,104 inpatient
cases enrolled in a prospective study at Tongji Hospital
from 2009 to 2013. All cases in both cohorts were
FIGO stage IA-III cervical cancer patients. All were
treated surgically. Baseline of patient characteristics is
summarized in Supplementary Table 3. Cohort 1 was
used as the training set to screen surgical-pathologic risk
factors for establishment of surgical-pathologic stages
and development of the SPSs, and Cohort 2 was used for
external validation of the SPSs. Pathological diagnoses
were confirmed by two pathologists in both cohorts.
Patients who met any of the following criteria were
excluded: over 70 years of age, other serious complicating
disease, or prior malignant disease. There was no
overlapping of patients between the two cohorts. The
protocol was approved by the Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology, P. R. China. All patients in
Cohort 2 provided written informed consent.

Statistical analysis
Statistical analyses were performed using the SPSS
13.0 software package. Categorical variables are presented
as frequencies and percentages, and continuous variables
are presented as means ± standard deviation (SD). P value
of less than 0.05was considered to indicate statistical
significance. Overall survival (OS) and disease-free
survival (DFS) rates were calculated using the KaplanMeier method, and the log-rank test was used to compare
survival curves.
The developmental model comprised three steps.
Firstly, univariate and multivariate Cox proportionalhazards models were used to determine the contribution of
the variables (P<0.05). The Cox proportional hazard model
with stepwise approach was used to identify independent
predictors of OS and DFS rates in multivariate analyses.
Second, a simple risk score was devised using significant
variables obtained from the stepwise multivariate analysis
(P<0.05).[34] The score was defined as the weighted
sum of those variables (rounded to the nearest integer).

Clinical assessment
Previous reports describe the details of the Cohort
1data sources and the methods used for this analysis.[11,
12] Briefly, data were collected from patient records by
trained gynecological oncology staff using standardized
www.impactjournals.com/oncotarget
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The regression coefficients retained in the clinical score
model provided a statistical weight for the contribution
of each factor to the overall risk of long-term outcomes.
The scoring system was then adjusted by the addition
of a constant across all scores to ensure that none of
the values were below zero.[23, 35]Third, cutoff values
were applied to categorize the scores into three groups:
zero, low-, and high-score groups. We used the ordinary
prognostic score in the likelihood ratio (LR) test, rather
than using dummy variables. [36, 37] The Cox regression
results were expressed using the Akaike information
criterion.[38] The linear trendχ2 test was used to evaluate
the discriminatory ability and the monotonicity of
survival gradients.[36, 37] The 5- and 8-year rates were
determined using the training cohort data, and the cutoff
points providing the best homogeneity, discriminatory
ability, and monotonicity of gradients were chosen for use
in the final scoring system. Furthermore, a comparison
between FIGO staging, surgical-pathologic staging, and
the SPSs was performed. Finally, the risk-scoring model
was validated by comparing the OS and DFS rates among
the three risk-based subgroups in Cohort 2.

China (NO. 91529102; 81572571; 81402160; 81302267;
81230038; 81090414; 81101964; 81472444; 81272422;
81172464; 81572725,81302267).
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