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ABSTRACT

Objective. Based on the SUCCOR study database, our

primary objective was to identify the independent clinical

pathological variables associated with the risk of relapse in

patients with stage IB1 cervical cancer who underwent a

radical hysterectomy. Our secondary goal was to design

and validate a risk predictive index (RPI) for classifying

patients depending on the risk of recurrence.

Methods. Overall, 1116 women were included from Jan-

uary 2013 to December 2014. We randomly divided our

sample into two cohorts: discovery and validation cohorts.

The test group was used to identify the independent vari-

ables associated with relapse, and with these variables, we

designed our RPI. The index was applied to calculate a

relapse risk score for each participant in the validation

group.

Results. A previous cone biopsy was the most significant

independent variable that lowered the rate of relapse (odds

ratio [OR] 0.31, 95% confidence interval [CI] 0.17–0.60).

Additionally, patients with a tumor diameter [2 cm on

preoperative imaging assessment (OR 2.15, 95% CI

1.33–3.5) and operated by the minimally invasive approach

(OR 1.61, 95% CI 1.00–2.57) were more likely to have a

recurrence. Based on these findings, patients in the vali-

dation cohort were classified according to the RPI of low,

medium, or high risk of relapse, with rates of 3.4%, 9.8%,

and 21.3% observed in each group, respectively. With a

median follow-up of 58 months, the 5-year disease-free

survival rates were 97.2% for the low-risk group, 88.0% for

the medium-risk group, and 80.5% for the high-risk group

(p\ 0.001).

Conclusion. Previous conization to radical hysterectomy

was the most powerful protective variable of relapse. Our

risk predictor index was validated to identify patients at

risk of recurrence.

Despite population screening and widespread use of a

vaccine against it, cervical cancer is still one of the most

common gynecological malignancies.1

For years, open and minimally invasive surgery (MIS),

either by laparoscopy or robotics, were considered

acceptable approaches for radical hysterectomy in patients

with early-stage cervical cancer.2–7 However, publication

of the LACC trial and SUCCOR study demonstrated higher

relapse and mortality rates in patients who underwent MIS

than those who underwent open surgery.8,9

After publication of the LACC trial,8 we observed a

growing interest in understanding why patients who

underwent radical hysterectomy by MIS for early cervical

cancer presented a higher risk of relapse and mortality than

others.

Updated information on the outcomes of patients who

undergo a radical hysterectomy in Europe was missing.

Therefore, we designed the SUCCOR study to compare the

risks of relapse and overall survival (OS) in women with

stage IB1 cervical cancer who underwent radical hys-

terectomy by MIS or open abdominal surgery between
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2013 and 2014. The results of this study’s primary analyses

showed that MIS was associated with a higher risk of

relapse and death than open surgery.9

The primary goal of the SUCCOR risk study was to

identify the variables that independently predict the risk of

relapse in European patients with early cervical cancer

after radical hysterectomy. As a secondary objective, we

aimed to design a clinical prediction index that evaluates

the risk of relapse based on the independent variables.

Finally, we pursued to validate this prediction index’s

efficacy.

METHODS

The SUCCOR study is a European, multicenter, retro-

spective cohort study with the primary goal of analyzing

disease-free survival (DFS) and OS after radical hysterec-

tomy in women with early-stage cervical cancer who

underwent surgery in Europe in 2013 and 2014.

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria have been published by

our group elsewhere.10

Unlike the original SUCCOR study, our study included

patients with previous cone biopsy because we considered

this may be a key variable to predict the risk of relapse.

Accrual and Data Source

We invited all members of the European Society of

Gynaecological Oncology (ESGO) to participate in this

study. Researchers from 126 institutions belonging to 29

European countries registered and contributed to the pro-

ject. After obtaining ethical consent from our central

Institutional Review Board, we required a Certificate of

Approval or a Letter of Exemption by the local Ethics

Committees from all investigators.

An anonymized complete case record form including

123 items was sent to all investigators. After completing

the case collection, all researchers signed a detailed final

declaration affirming that all the submitted data entirely

matched the data within patients’ charts. As far as each

researcher was able to analyze, the data included all cases

at the respective institutions.

Statistical Analyses

We randomly divided our sample into testing and vali-

dation cohorts at a ratio of 60% versus 40%. We used

Student’s t-test for quantitative variables and Pearson’s

Chi-square test for qualitative variables to compare the two

sets of main variables.

The testing cohort was used to identify clinical and

pathological variables independently associated with the

outcome and to define the predictive index score of the risk

of relapse. Based on the existing evidence, we chose a list

of variables and calculated the odds ratio (OR) and 95%

confidence interval (CI) for the risk of relapse using simple

logistic regression models. All variables with a p-value

\0.20 in the univariate analyses were introduced in a

forward stepwise procedure. Two significance levels were

specified in the process: 5% for predictor addition to the

model and 10% for predictor removal. b coefficients were

divided by the smallest value and rounded to integers to

calculate each variable’s ratio in the index. The area under

the receiver operating characteristic (ROC) curve of the

predictive index was calculated in both the testing and

validation sets.

We applied the predictive index to calculate a score of

the risk of relapse for each participant in the validation

cohort and used simple logistic regression to estimate the

predicted probability of relapse associated with the score as

a quantitative variable. According to their risk of relapse,

participants were classified into low (0–3 points), medium

(4–6 points), or high (7–9 points) risk groups. We calcu-

lated the OR and 95% CI for the risk of relapse for each

category using the lowest group as the reference. The linear

trend across categories was also calculated.

We estimated the hazard ratio and 95% CI for DFS and

OS for each risk group in the validation cohort, and per-

formed statistical analyses using the SPSS 26.0 package

(IBM Corporation, Armonk, NY, USA). All p-values are

two-sided and statistical significance was defined as p \
0.05.

RESULTS

From 15 May to 15 November 2019 we collected data

from 1272 patients with stage IB1 cervical cancer (Inter-

national Federation of Gynecology and Obstetrics [FIGO]

2009) who underwent radical hysterectomy in Europe

between 2013 and 2014. Overall, 156 patients did not meet

the inclusion criteria and were excluded from the study.

Further analyses were performed with the remaining group

of 1116 patients. We randomly divided the population into

testing and validation cohorts, resulting in 670 and 446

patients in each, respectively. After a median follow-up of

58 months, we observed 81 (12.1%) and 45 (10.1%)

relapse cases in the testing and validation sets, respectively

(Fig. 1).
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1272 patients
Stage IB1 Cervival cancer (FIGO Staging 2009, <4cm)

Radical Hysterectomy performed during 2013- 2014
126 Institutions from 29 European Countries

Data pbtained to the SUCCOR study

Primary Endpoint

Secondary Endpoint

156 patients were excluded

1116 patients fulfilled all the inclusion and exclusion criteria.

Randomization and Split the Cohort

Discovery Cohort

670 patients included for Univariate and

Multivariate analysis and create a

Clinical SCORE

Validation Cohort

446 patients included for validate de

Clinical SCORE

To compare clinical, surgical and

pathological characteristics among

patients with relapse vs. relapse.

To determine the independent
variables, the modify the chance to
relapse

41 No Preoperative imaging
40 Follow up unknown
24 Insufficient Lymph Node
Dissection
13 stage < IB1
13 Tumor Size >40 mm

•

•

SUCCOR inclusion criteria:

Primary squamous cell carcinoma, ADC or
adenoscamosal carcinoma of cervix.
Stage IB1 carcinom, visible tumor and <4 cm
(FIGO 2009)
Preoperative pelvic MRI indicating tumor diameter
<4 cm and without parametrial invasion.
Preoperative study, either computed tomography,
MRI or PET-CT, ruling out extracervical metastatic
disease.
ECOG 0-1 patients.

Bilateral pelvic lymphadenectomy (+ - sentinel
biopsy LN). At least, with a total of 10 pelvic nodes
reported (considering both sides).
The pathological report shows information about
tumor size, vaginal and parametrial margins and
nodal status.

18 years or more.
Radical hysterectomy type II-III or type B-C by MIS
(laparoscopic or robotic) or open surgery. The
patient was operated during 2013-2014 within the
ESGO area.

•

•

•

•

•
•
•

•

•

FIG. 1 Study population. FIGO International Federation of

Gynecology and Obstetrics, MRI magnetic resonance imaging, PET
positron emission tomography, CT computed tomography, ECOG

Eastern Cooperative Oncology Group, MIS minimally invasive

surgery, ESGO European Society of Gynaecological Oncology, LN
lymph node, ADC adenocarcinoma

SUCCOR Risk Study 4821



No differences in baseline characteristics were observed

between the testing and validation groups, except for the

surgical approach (p = 0.021) (Table 1).

Univariate Analysis

In the testing cohort, we observed that preoperative cone

biopsy was inversely associated with the risk of relapse

(OR 0.31, 95% CI 0.17–0.60; p\0.001). Furthermore, we

found that women who relapsed were more likely to have

large tumors ([2 cm) on the preoperative imaging assess-

ment (OR 2.15, 95% CI 1.33–3.50; p = 0.002) and

underwent MIS more frequently than those without relap-

ses (OR 1.61, 95% CI 1.00–2.57; p = 0.049). Regarding

pathological findings, we observed that women who

relapsed had higher proportions of large tumors (OR 1.97,

95% CI 1.23–3.16; p = 0.005), deeper stromal invasion

(OR 2.31, 95% CI 1.14–4.67; p = 0.020), a higher rate of

positive or close margins (OR 2.04, 95% CI 1.01–4.15; p =

0.048), and a higher FIGO 2018 pathological stage (OR

2.14, 95% CI 1.29–3.57; p = 0.003) (Table 2).

Multivariate Analysis and Development of a Clinical

Risk Score

Stepwise regression in the testing cohort resulted in an

intercept of -3 and the following b regression coefficients:

1.04 for the absence of previous cone biopsy, 0.70 for the

MIS approach, and 0.56 for tumor size [2 cm on the

preoperative imaging assessment.

As explained in the Methods, we modified the calculated

coefficients to obtain the following formula to predict the

risk index:

Score = 4 (no cone biopsy) ? 3 (MIS approach) ? 2

(tumor size[2 cm on imaging) (Table 3).

We calculated a score for each participant in both the

testing and validation cohorts using this formula. The area

under the ROC curve in both the testing and validation

groups is shown in Fig. 2 (p\ 0.001).

Patients in the validation cohort were classified,

according to their risk of relapse, into low (0–3 points),

medium (4–6 points), or high (7–9 points) risk groups. The

observed rates of relapse in each group were 3.4%, 9.8%,

and 21.3%, respectively. The predicted developing risk of

relapse by score and risk group is presented in Fig. 3.

We observed a significant linear association between the

calculated score and the risk of relapse. Specifically, each

extra point in the index was associated with a relative

38.1% increase in the relapse risk (p\ 0.001). Moreover,

we observed a 5.35-fold (95% CI 1.80–15.94; p = 0.003)

and 9.80-fold (95% CI 3.25–29.67; p\ 0.001) higher risk

of relapse for women in the medium and high categories of

the risk index than the risk for those in the lowest category.

Additionally, we observed a significant linear trend across

categories (p\ 0.001) (electronic supplementary Fig. 1).

Positive Predictive Value

The index predicting the likelihood of relapse for

medium-risk women was 15% and for high-risk patients

was 22%, assuming an overall relapse rate of 10% in the

validation group.

Disease-Free Survival and Overall Survival

The median follow-up of our population was 58 months.

Four of 165 (2.4%) patients in the low-risk group, 21 of

179 (11.7%) patients in the medium-risk group, and 20 of

102 (19.6%) patients in the high-risk group suffered a

relapse. The 5-year DFS rates were 97.2%, 88.0%, and

80.5% for the low-risk, medium-risk, and high-risk groups,

respectively (log-rank p\ 0.001) (Fig. 4a).

In terms of disease-related mortality in the validation

cohort, we observed 0 of 163 (0%) patients in the low-risk

group, 9 of 175 (5.1%) patients in the medium-risk group,

and 9 of 101 (8.9%) patients in the high-risk group. The

5-year OS rates were 100%, 93.5%, and 90.0% for the low-

risk, medium-risk, and high-risk groups, respectively (log-

rank p = 0.003) (Fig. 4b).

Subgroup Analysis Based on Adjuvant Treatment

Patients in the Validation Cohort without Adjuvant

Treatment. With each participant’s score, we created

the area under the curve shown in electronic supplementary

Fig. 2a. Three of 123 (2.4%) patients in the low-risk group,

6 of 77 (7.8%) patients in the medium-risk group, and 10 of

55 (18.2%) patients in the high-risk group suffered a

relapse. The 5-year DFS rates were 97.1%, 92.0%, and

83.2% for the low-risk, medium-risk, and high-risk groups,

respectively (log-rank p = 0.002) (electronic supplementary

Fig. 3a).

In terms of disease-related mortality in patients without

adjuvant treatment, we observed 0 of 122 (0%) patients in

the low-risk group, 1 of 76 (1.3%) patients in the medium-

risk group, and 4 of 55 (7.3%) patients in the high-risk

group. The 5-year OS rates were 100%, 98.6.0%, and

92.3% for the low-risk, medium-risk, and high-risk groups,

respectively (log-rank p = 0.006) (electronic supplementary

Fig. 3b).

Patients in the Validation Cohort with Adjuvant

Treatment Again, using each score, we constructed the

area under the curve shown in electronic supplementary

Fig. 2b. One of 42 (2.4%) patients in the low-risk group, 15
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TABLE 1 Selected baseline characteristics of patients with and without relapse after undergoing radical hysterectomy for stage IB1 cervical

carcinoma in the discovery and validation cohorts [N = 1116]

Baseline characteristics Discovery cohort Validation cohort p-Value

[n = 670] [n = 446]

Age, years 47 (10.79) 46 (10.85) 0.08

BMI, kg/m2 25.40 (5.05) 25.41 (4.93) 0.97

Heavy smokers (%)

No 373 (55.7) 249 (55.8) 0.99

Yes 132 (19.7) 88 (19.7)

Not reported 165 (24.6) 109 (24.4)

Immunosuppression (%)

No 596 (89) 412 (92.4) 0.13

Yes 22 (3.3) 8 (1.8)

Not reported 52 (7.8) 26 (5.8)

Preoperative clinical size (%)

\2 cm 374 (55.8) 275 (61.7) 0.51

[2 cm 283 (42.3) 168 (37.7)

Not reported 13 (1.9) 3 (0.6)

Preoperative image size (%)

\2 cm 359 (53.6) 256 (57.4) 0.209

[2 cm 311 (46.4) 190 (42.6)

Cone biopsy before surgery (%)

No 423 (63.1) 271 (60.8)

Yes 242 (36.1) 175 (39.2) 0.118

Not reported 5 (0.8)

Radical hysterectomy report

Surgical approach (%)

Open 342 (51) 259 (58.1) 0.021

MIS 328 (49) 187 (41.9)

Type of RH [P-R/Q-M] (%)

Type II or B 194 (29.3) 127 (28.6) 0.494

Type III or C 449 (67.8) 309 (69.6)

Not reported 19 (2.9) 8 (1.8)

First surgeon (%)

Fellow and junior surgeon 157 (23.4) 91 (20.4) 0.167

Senior surgeon 498 (74.3) 350 (78.5)

Not reported 15 (2.2) 5 (1.1)

Largest diameter in the pathology report, mm

Largest tumor diameter (%)

\2 cm 372 (55.5) 247 (55.4) 0.963

[2 cm 298 (44.5) 199 (44.6)

Final histology (%)

Squamous 463 (69.1) 297 (66.6) 0.456

Adenocarcinoma 188 (28.1) 131 (29.4)

Adenosquamous 19 (2.8) 18 (4)

Final histological grade (%)

1 95 (14.2) 79 (17.7) 0.337

2 279 (41.6) 189 (42.4)

3 196 (29.3) 116 (26)

Not reported 100 (14.9) 62 (13.9)

SUCCOR Risk Study 4823



of 99 (15.2%) patients in the medium-risk group, and 10 of

47 (21.3%) patients in the high-risk group relapsed. The

5-year DFS rates were 97.4%, 84.5%, and 77.4% for the

low-risk, medium-risk, and high-risk groups, respectively

(log-rank p = 0.039) (electronic supplementary Fig. 3c).

Regarding disease-related mortality in patients with

adjuvant treatment, we observed 0 of 41 (0%) patients in

the low-risk group, 8 of 96 (8.3%) patients in the inter-

mediate-risk group, and 5 of 46 (10.9%) patients in the

high-risk group. The 5-year OS rates were 100%, 88.7%,

and 87.0% for the low-risk, intermediate-risk, and high-risk

groups, respectively (log-rank p = 0.151) (electronic sup-

plementary Fig. 3d).

DISCUSSION

In 2018, the LACC trial published by Ramirez et al.

completely changed the perspective of the surgical

approach in early cervical cancer. For the first time, a

randomized clinical trial demonstrated the potential harm

of minimally invasive surgery in patients who underwent

radical hysterectomy.8 Our study, SUCCOR Risk, has the

main objective of identifying the independent variables that

predict the risk of relapse in patients with cervical cancer

smaller than 4 cm after radical hysterectomy in a large

European population.

Table 1 (continued)

Baseline characteristics Discovery cohort Validation cohort p-Value

[n = 670] [n = 446]

LVSI(%)

No LVSI 361 (53.9) 250 (56.1) 0.496

Presence of LVSI 234 (34.9) 141 (31.6)

Not reported 75 (11.2) 55 (12.3)

Depth of invasion (%)

Superficial\1/3 141 (21) 116 (26) 0.183

Intermediate[1/3 and\2/3 182 (27.2) 121 (27.1)

Deep[2/3 172 (25.7) 96 (21.5)

Not reported 175 (26.1) 113 (25.3)

Margins status (%)

Negative 616 (91.9) 415 (93) 0.732

Positive or close\2 mm 53 (7.9) 30 (6.7)

Not reported 1 (0.1) 1 (0.2)

Lymph node status (%)

Negative 595 (88.8) 388 (87) 0.361

Positive 75 (11.2) 58 (13)

FIGO staging 2018 (%)

IB1 296(44.2) 191 (42.8) 0.713

IB2 283 (42.2) 187 (41.9)

II–III\4 cm 90 (13.4) 66 (14.8)

Not reported 1 (0.1) 2 (0.4)

Adjuvant therapy (%)

Without adjuvant therapy 363 (54.2) 255 (57.2) 0.518

With adjuvant therapy 304 (45.4) 188 (42.2)

Not reported 3 (0.4) 3 (0.7)

Relapse (%)

No 589 (87.9) 401 (89.9) 0.301

Yes 81 (12.1) 45 (10.1)

Counts in the weighted cohort may not sum to the expected totals due to rounding, and percentages may not total 100 due to rounding.

Disagreements between numbers and percentages in the weighted cohort are the result of rounding of non-integer number values. Distributions of

categorical variables were compared using the Chi-square test in the unweighted cohort, and quantitative variables were compared using

Student’s t-test in the unweighted cohort

BMI body mass index, MIS minimally invasive surgery, RH radical hysterectomy, P-R Piver–Rutledge classification, Q-M Querleu-Morrow,

LVSI lymphovascular space invasion, FIGO International Federation of Gynecology and Obstetrics

4824 N. Manzour et al.



Our study included 1116 European women with stage

IB1 cervical cancer (FIGO 2009) who underwent radical

hysterectomy between 2013 and 2014, with strict inclusion/

exclusion criteria and an extended follow-up. In the mul-

tivariate analysis, we found three significant independent

variables that modify the risk of relapse: a previous cone

biopsy, the type of surgical approach, and the tumor

diameter on preoperative imaging that independently pre-

dicted the risk of relapse. Furthermore, these variables

predicted the risk of recurrence in our population better

than the classic pathological variables.

The most relevant finding of this study was the powerful

impact of the previous cone biopsy to predict the risk of

relapse. Moreover, cone biopsy has greater relevance than

surgical approach or tumor size in our population.

Although, in our database, the preoperative cone biopsy

was associated with smaller cervical cancer tumors (p \
0.001) (electronic supplementary Table 1), interestingly,

when we analyzed the relationship between cone biopsy

and the likelihood of relapse, we observed that the cone has

a similar grade of protective effect in smaller tumors B2

cm than in tumors[2 cm (OR 0.25, 95% CI 0.13–0.48, p\
0.001; and OR 0.27, 95% CI 0.10–0.76, p = 0.013,

respectively) (electronic supplementary Table 2). In fact, in

a recent article published by our group, we demonstrated

that patients with previous cone biopsy operated by MIS

have the same outcomes as patients operated by open

surgery,10 which is consistent with previous evidence.11,12

In another recent study that evaluated relapse risk fac-

tors on early cervical cancer after surgery, Cibula et al.13

did not include the previous conization as a potential risk

factor, and, logically, it was not evaluated in the univariate

and multivariate analyses. Similarly, the LACC trial and

subsequent publications discovered the negative impact of

the surgical approach (MIS);8,14 however, no publications

considered conization as a potential protective maneuver.

Surgical approach was the second most influential risk

factor for relapse in the multivariate analysis. Again, using

data from the SUCCOR cohort, our group published the

negative impact of MIS, with similar results, excluding

conization, and using thorough statistical strategies to

control for confounding factors.9

Interestingly, cone biopsy and the type of surgical

approach are modifiable factors to consider when operating

patients with cervical cancer. Never before has a cone

biopsy been considered under this perspective in the liter-

ature. The best explanation for this remarkable finding is

the potential role of cone biopsy in avoiding tumor spread

during radical hysterectomy.

Finally, the tumor diameter evaluated by preoperative

imaging (B2 cm vs. [2 cm) was the third independent

factor predicting the risk of relapse. However, this

assessment was not considered part of the standard work-

TABLE 2 Univariable analysis of the discovery cohort with cervical

cancer

OR (95% CI) p-Value

Preoperative clinical size

\2 cm 1 (Reference) 0.561

[2 cm 1.083 (0.828–1.417)

Preoperative image size

\2 cm 1 (Reference) 0.002

[2 cm 2.151 (1.332–3.474)

Cone biopsy before surgery

No 1 (Reference) \0.001

Yes 0.307 (0.166–0.596)

Surgical approach

Open 1 (Reference) 0.049

MIS 1.605 (1.001–2.573)

First surgeon

Fellow and junior surgeon 1 (Reference) 0.818

Senior surgeon 0.938 (0.546–1.612)

Largest tumor diameter

\2 cm 1 (Reference) 0.005

[2 cm 1.972 (1.230–3.163)

Final histological grade

1 1 (Reference) 0.096

2–3 1.993 (0.884–4.493)

LVSI

No LVSI 1 (Reference) 0.470

Presence of LVSI 1.393 (0.567–3.419)

Depth of invasion

Superficial\1/3 1 (Reference) 0.020

Intermediate or deep[1/3 2.307 (1.138–4.674)

Margins status

Negative 1 (Reference) 0.048

Positive or close\2 mm 2.043 (1.005–4.151)

Lymph node status

Negative 1 (Reference) 0.469

Positive 1.289 (0.649–2.561)

FIGO staging 2018

IB1 1 (Reference) 0.003

IB2–II–III\4 cm 2.141 (1.285–3.567)

Adjuvant therapy

Without adjuvant therapy 1 (Reference) 0.984

With adjuvant therapy 1.005 (0.630–1.602)

Based on the existing evidence, a list of variables were chosen and the

OR and 95% CI were calculated for the risk of relapse using simple

logistic regression models to establish clinical and pathological

variables independently associated with the outcome

OR odds ratio, CI confidence interval, MIS minimally invasive sur-

gery, LVSI lymphovascular space invasion, FIGO International

Federation of Gynecology and Obstetrics

SUCCOR Risk Study 4825



up until publication of the new 2018 FIGO staging. Before

then, clinical visual inspection was the primary tool to

measure and stage cervical tumors. However, the ESGO

Guidelines of Quality indicators for surgical treatment of

cervical cancer now consider pelvic magnetic resonance

imaging (MRI) or expert vaginal ultrasound as required

examinations.15

1.0
ROC Curve Testing Cohort(a)

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6

Curve ROC testing cohort
AUC 95% CI

0.62- 0.73 <0.001
p- value

0.67

Curve ROC validation cohort
AUC 95% CI

0.65- 0.79 <0.001

p- value

0.72

1 - Specificity
0.8 1.0

1.0
ROC Curve Validation Cohort(b)

0.8

Se
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iti
vi

ty 0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6

1 - Specificity
0.8 1.0

FIG. 2 ROC curve with an AUC and 95% CIs for the a testing cohort and b validation cohort for the risk of relapse. ROC receiver operating

characteristic, AUC area under the curve, CIs confidence intervals

FIG. 3 Predicted risk of relapse

by score and risk group

TABLE 3 Index risk variables
B p-Value

Constant -3.441

Cone biopsy before surgery 1.040 0.002

Approach 0.699 0.005

Preoperative image size 0.564 0.036

Score = 4 (no cone biopsy) ? 3 (MIS approach) ? 2 (tumor size[2 cm on imaging)

Variables were selected by stepwise analysis in the testing cohort to develop our algorithm to determine the

risk of relapse, and the final score was obtained

MIS minimally invasive surgery
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Early cervical cancer treatment efforts have focused on

understanding the clinical and pathological variables that

might predict potential relapses to allow clinicians to

indicate adjuvant therapy when a high risk of recurrence is

suspected.4,16,17 Pathological findings in radical hysterec-

tomy specimens, such as tumor diameter, depth of

invasion, lymphovascular space invasion, margin status, or

nodal metastases, are considered risk factors for

relapse.18–28 Interestingly, after running a logistic regres-

sion forward stepwise procedure, no pathological findings

remained in our study and only clinical variables remained

in the multivariate analysis.

We attempt to explain these surprising results by high-

lighting that our population received a high rate of adjuvant

therapy (44%). This might explain why we did not observe

any of the variables classically described as independent

risk factors for relapse. Moreover, the high rate of adjuvant

treatment allows unexpected but useful variables to emerge

in our study.

Assuming the forenamed independent variables, we

designed a risk-predicting score that accurately discrimi-

nates the risk of relapse in our population. To define the

risk of relapse, we outlined three discriminating risk

groups. Finally, we verified this prediction index in a

separate validation cohort.

Our risk-predicting index, using the variables indepen-

dently associated with relapse risk, showed a

discrimination capacity of 67% in the testing set and 71%

in the validation test. This means that taking two women at

random, one who will relapse and one who will not, the

possibility that the index will correctly classify them is

approximately 70%, which is a moderate but accept-

able power to discriminate and classify a patient with risk

of relapse.

The positive predictive value (PPV) of the index indi-

cates the possibility of relapse of a female for whom the

predictive index has classified as positive (more than 3 or 6

points depending on the cut-off). Since the PPV depends on

the outcome’s prevalence, the same index may present

different PPV values in diverse populations. To be con-

servative, we introduced the PPV of the index for a relapse

rate of 10%, but its value would be greater in groups with

higher rates of relapse.

When analyzing the effectiveness of the risk predictor

index according to having received adjuvant treatment or

not, we confirmed the effectiveness and usefulness of our

score in patients who have not received adjuvant therapy,

with a predictive capacity similar to that of the total vali-

dation population. In contrast, we observed that in patients

who have received adjuvant treatment, the ability to cor-

rectly classify patients according to their risk of death by

disease disappears. The use of adjuvant therapies is a factor

that may modify the efficacy of the logistic models, alter-

ing the predictive power. These findings may result from

the adjuvant treatment’s transformation of the natural dis-

ease course.

Our study was an observational retrospective project and

therefore has intrinsic limitations. However, observational

studies can contribute valuable evidence, suggesting causal

associations when designed and conducted using rigorous

methods. Due to the retrospective design of our study, the

possibility of presenting bias must be considered. Never-

theless, the accuracy of the data relies on extraction of the

data from medical records following a thorough protocol.

Furthermore, despite the strict inclusion and exclusion

criteria control, the sample’s variability resulted in wide

CIs. Therefore, we acknowledge that the observed esti-

mates may represent the upper bound of the natural

association between the predictive score and the relapse

risk. Finally, the use of strict inclusion and exclusion cri-

teria may reduce the extent to which the research findings

can be applied to settings other than those in which the

initial tests were performed.
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Overall, the strengths of this study included an

extraordinary collaborative effort of collecting compre-

hensive data of 1272 patients between 126 European

institutions from 29 countries. The final cohort, including

1116 patients who underwent radical hysterectomy for

stage IB1 cervical cancer between 2013 and 2014, was

intensely analyzed. As a result, our project gathered one of

the most extensive populations of patients with stage IB1

cervical cancer undergoing radical hysterectomies ever

collected in Europe over a 2-year period. In addition, we

designed a strict list of inclusion and exclusion criteria,

which allowed for better control of confounding factors.

Thus, we believe that our findings may not be

attributable to confounding factors and instead represent a

real biological effect. Moreover, we calculated the sensi-

tivity and specificity of the index so that the PPV can be

calculated for different populations with different relapse

rates.

CONCLUSIONS

In summary, we found a set of variables that conjunctly

offer a new perspective for predicting disease relapse in

this thoroughly analyzed European population with early

cervical cancer. Overall, previous cone biopsy is a pre-

dictable protective variable to be considered for future

research. Our index may be a complementary tool to the

risk classification and classic risk factors. Its purpose is to

modulate therapeutic decision making, especially in those

intermediate-risk patients or those where it is not clear if

the best therapeutic attitude is the close follow-up or

adjuvant treatment.
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