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Objective

We aimed to predict the risk of postoperative adjuvant therapy using preoperative variables in young patients with
early stage cervical cancer. The predicted risk can guide whether ovarian transposition should be performed during
surgery.

Methods

In total, 886 patients with stage IB1-1lA cervical cancer aged 20-45 years who underwent modified radical or radical
hysterectomy between January 2000 and December 2008 were included. Preoperative variables, preoperative
laboratory findings, International Federation of Gynaecology and Obstetrics stage, tumor size, and pathological
variables were collected. Patients with high risk factors or those who met the Sedlis criteria were considered adjuvant
therapy risk (+); others were considered adjuvant therapy risk (-). A decision-tree model using preoperative variables
was constructed to predict the risk of adjuvant therapy.

Results

Of 886 patients, 362 were adjuvant therapy risk (+) (40.9%). The decision-tree model with four distinct adjuvant
therapy risks using tumor size and age were generated. Specifically, patients with tumor size <2.45 cm had low risk
(49/367; 13.4%), those with tumor size <3.85 cm and >2.45 cm had moderate risk (136/314; 43.3%), those with tumor
size >3.85 cm and age <39.5 years had high risk (92/109; 84.4%), and those with tumor size >3.85 cm and age >39.5
years had the highest risk (85/96; 88.5%).

Conclusion
The risk of postoperative adjuvant therapy in young patients with early stage cervical cancer can be predicted using
preoperative variables. We can decide whether ovarian transposition should be performed using the predicted risk.
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Introduction

Cervical cancer is the fourth most prevalent malignancy in
women worldwide, and it remains a major global health care
issue [1,2]. The incidence of cervical cancer has decreased
since the introduction of a screening programs [3]; however,
the incidence in number of young patients is growing [4].
Since 1993, the incidence and mortality rates of cervical can-
cer among patients <30 years have grown in Korea [5].

The primary treatment for patients with early cervical
cancer is surgery with or without adjuvant therapy based
on pathological findings of the surgery specimen. Adjuvant
therapy consists of pelvic radiation with or without concur-
rent chemotherapy. Specifically, adjuvant therapy is recom-
mended in patients with high risk factors including positive
lymph node (LN), positive surgical resection margins (RM),
and involvement of parametrium (PM) or intermediate risk
factors such as a large tumor size, deep stromal invasion (DSI),
and lymphovascular space invasion (LVSI), commonly referred
to as Sedlis criteria [6-8]. No adjuvant therapy is indicated in
patients without risk factors. Pelvic radiation with or without
concurrent chemotherapy is used as an adjuvant therapy.

Pelvic radiation leads to premature ovarian failure in young
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patients with cervical cancer [9]. Therefore, the National
Comprehensive Cancer Network recommends the consid-
eration of ovarian transposition before pelvic radiation to
prevent premature ovarian failure [10]. Ovarian transposition
is a procedure used to move the ovaries out of radiation field
and is usually performed during the primary surgery. Ovarian
transposition may prevent premature ovarian failure but also
has a negative effect such as abdominal pain, risk of injury to
the ovarian vessels, development of ovarian cysts, bleeding,
and torsion of vascular pedicle [11]. Therefore, ovarian trans-
position should only be performed in patients who are going
to receive adjuvant therapy.

Ovarian transposition is a potential method for retain-
ing fertility in young individuals who are receiving adjuvant
therapy. However, this procedure does come with inherent
hazards. Applying this treatment without considering the
specific risks for each individual may result in avoidable sur-
gical problems and potential damage to the blood vessels
in the ovaries. The predictive model we have is crucial in
this context as it provides a preoperative assessment of the
patient’s likelihood of needing adjuvant therapy. This assess-
ment is vital for making well-informed decisions regarding
the surgical planning. By deviating from a generic strategy,
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we can precisely focus on ovarian transposition for those
who are likely to benefit, therefore minimizing the possibility
of unwanted intervention for others.

We aimed to establish a predictive model for adjuvant
therapy risk in young women with early cervical cancer.

Materials and methods

1. Study population

This study is an unplanned secondary analysis of a multi-
center retrospective cohort study (Korean Gynecologic On-
cology Group [KGOG] 1028), which was published previously
[12]. KGOG 1028 included 1,441 patients with International
Federation of Gynaecology and Obstetrics (FIGO) stage (2014)
IB-IIA cervical cancer from nine institutions between January
2000 and December 2008. After the approval from the In-
stitutional Review Boards of nine institutions were obtained,
data were extracted from the KGOG 1028 database. The
inclusion criteria were as follows: patients aged between 18
to 45 years; histology of squamous cell carcinoma or adeno-
carcinoma; and upfront radical or modified radical hyster-
ectomy with pelvic and/or para-aortic lymph node sampling
or dissection. The exclusion criteria were as follows: patients
treated with neoadjuvant chemotherapy or primary radiation
therapy; cervical cancer diagnosed incidentally after hysterec-
tomy; and rare histology type such as neuroendocrine small
cell carcinoma and clear cell carcinoma.

2. Data collection

We collected preoperative variables such as age, body mass
index, past disease history, preoperative laboratory findings,
serum squamous cell cancer antigen (SCC-Ag) levels, FIGO
stage, tumor size, and pathological variables including histo-
logical type, LVSI, DSI, LN involvement, PM involvement, and
involvement of RM, and method approached for surgery. The
classification of adjuvant therapy risk was deemed positive if
any high-risk factor was detected, such as positive LN, posi-
tive RM, positive PM, or if the Sedlis criteria were met. Con-
versely, in the absence of these characteristics, the risk was
defined as negative.

3. Statistical analysis

Association of preoperative variables with adjuvant therapy
risk were examined using Student’s t-test or Mann-Whitney
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U-test for continuous variables and the Pearson’s chi-squared
or Fisher's exact test for categorical variables. Analyses were
performed using SPSS statistical software version 25.0 (SPSS
Inc., Chicago, IL, USA) and a value of P<0.05 was considered
to be statistically significant.

After the missing values were imputed using the mean or
median based on the distribution of each variable, a decision-
tree model was constructed using the preoperative variables
to predict the adjuvant therapy risk. Split was determined by
the Gini index and the maximal depth and minimal samples
leaf were optimized by Gridsearch using accuracy from five-
fold cross-validation. Analyses were performed using Python
ver3.7 in Google colaboratory website.

Results

A total of 886 patients were included in this study. The clini-
copathological characteristics of all patients are described
in Table 1. The mean age of the population was 38.5+5.0
years, and most of the patients (73.7%) were stage IB1 with
SCC (72.9%) histological type. Two-hundred-and-ninety
(32.7%) patients had a tumor size <2 cm, 392 (44.2%) had
a tumor sized 2-4 cm and 204 (23.0%) had a tumor size >4
cm. We found that 368 (41.5%) patients presented with
outer one-third cervical stromal invasion, 231 (26.1%) with
middle 1/3, and 287 (32.4%) with deep one-third thickness
invasion. Positive involvement of the LVSI, LN, PM, and RM
with cancer accounted for 337 (38.0%), 184 (20.8%), 69
(7.8%), and 26 (2.9%) patients, respectively. In addition, 792
(89.4%) and 94 (10.6%) patients underwent open and lapa-
roscopic upfront surgeries, respectively.

Of 886 patients, 524 patients (59.1%) were adjuvant ther-
apy risk (-) and 362 patients (40.9%) were adjuvant therapy
risk (+). In the univariate analysis, hypertension history, white
blood cell count and neutrophil count, stage, initial serum
SCC-Ag level, tumor size, and method of approach for surgery
were associated with adjuvant therapy risk (Table 2).

The final model divided a whole cohort into four subgroups
according to tumor size and age (Fig. 1). Specifically, patients
with a tumor size <2.45 cm had a 13.4% adjuvant therapy
risk (49/367, calculated from the whole cohort). Those with a
tumor size <3.85 cm and >2.45 cm had 43.3% risk (136/314).
Those with a tumor size >3.85 cm and aged <39.5 years had
84.4% risk (92/109), and those with a tumor size >3.85 cm

www.ogscience.org



Obstetrics & Gynecology Science

Woo Yeon Hwang, et al. Ovarian transposition in cervical cancer

Table 1. Clinicopathological characteristics of all study patients

Characteristic

Overall (n=886)

Age (yr)
BMI (kg/m®)
DM
HTN
Preoperative laboratory findings
WBC (10%/pL)
Lymphocyte (/uL)
Monocyte (/uL)
Neutrophil (/uL)
Hb (g/dL)
Platelet (10%/pL)
Glucose (mg/dL)
Stage
1B1
1B2
1A
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Initial serum SCC-Ag level (ng/mL)
Tumor size
<2.cm
>2 cmand <4 cm
>4 cm
Depth of cervical stromal invasion
Superficial 1/3
Middle 1/3
Deep 1/3
LvsI
Lymph node involvement
Parametrial involvement
Resection margin
Negative
CIN
Cancer
Surgical approach
Open surgery
Laparoscopy

38.5+5.0
22.5£3.0
10(1.1)
15(1.7)

6.7+2.4
1,866.7+580.8
376.3+160.9
4,055.0+2,005.9
12.2+1.7
260.3£71.2
101.7£27.9

653 (73.7)
111(12.5)
122 (13.8)

646 (72.9)
240 (27.1)
2.4+55

290 (32.7)
392 (44.2)
204 (23.0)

368 (41.
231 (26.
287 (
337 (
(
69 (7.

5
)
)
)
184(20.8)

324
38.0
20.8

8)

792 (89.4)
94 (10.6)

Values are presented as meanzstandard deviation or number (%).
BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; WBC, white blood cell count; Hb, hemoglobin; SCC-Ag, serum squamous
cell cancer antigen; LVSI, lymphovascular space invasion; CIN, cervical intraepithelial neoplasia.
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Table 2. Comparison of preoperative factors

Characteristic N Adjuvant therapy risk (-) N Adjuvant therapy risk (+) P-value
Age (yr) 524 38.4+5.1 362 38.7£5.0 0.398
BMI (kg/m?) 356 22.63.1 251 22.5%2.9 0.600
DM 524 8(1.5) 362 2(0.6) 0.177
HTN 524 13 (2.5) 362 2(0.6) 0.029
Preoperative laboratory findings
WBC (10%/pL) 363 6.4+2.0 253 7.0£2.9 0.010
>10,000 (/uL) 363 15 (4.1) 253 24(9.5) 0.007
Lymphocyte (/uL) 346 1,898.4+600.5 241 1,821.2+£549.4 0.410
Monocyte (/uL) 208 374.3+£151.3 132 379.4+175.6 0.748
Neutrophil (/uL) 346 3,825.4+1,639.7 241 4,384.7+2,402.9 0.008
Hb (g/dL) 363 12.2+1.6 254 12.2+1.8 0.864
Platelet (10%/uL) 363 253.9+63.6 253 269.6+80.0 0.056
Glucose (mg/dL) 292 102.5£31.0 206 100.6£22.8 0.699
Stage 524 362 <0.001
1B1 451 (86.1) 202 (55.8)
1B2 30(5.7) 81(22.4)
1A 43(8.2) 79 (21.8)
Histologic type 524 362 0.122
Squamous cell carcinoma 372 (71.0) 274 (75.7)
Adenocarcinoma 152 (29.0) 88(24.3)
Initial serum SCC-Ag level (ng/mL) 1.2+1.6 4.0+£8.0 <0.001
Tumor size 524 362 <0.001
<2.am 258 (49.2) 32(8.8)
>2 cm and <4 cm 238 (45.4) 154 (42.5)
>4 cm 28(5.3) 176 (48.6)
Surgical approach 524 362 <0.001
Open surgery 450 (85.9) 342 (94.5)
Laparoscopy 74 (14.1) 20 (5.5)

Values are presented as meanzstandard deviation or number (%).
N, number; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; WBC, white blood cell count; Hb, hemoglobin; SCC-Ag, serum

squamous cell cancer antigen.
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Stage 1B1-2A
Age 20-45 (n=886)

/

Tumor size £3.85 cm (n=681)

|

~

Tumor size >3.85 cm (n=205)

N

Tumor size £2.45 cm Tumor size >2.45 cm
(n=367) Tumor size £3.85 cm
Adjuvant 13.4% (n=314)
(49/367) Adjuvant 43.3%
(136/314)

Tumor size >3.85 cm
Age >39.5 years (n=96)
Adjuvant 88.5%
(85/96)

Tumor size >3.85 cm
Age £39.5 years (n=109)
Adjuvant 84.4%
(92/109)

Fig. 1. A decision-tree model and predicted adjuvant therapy risk.

and aged >39.5 years had 88.5% risk (85/96). The classifica-
tion accuracy from a five-fold cross-validation was 76.4%.

Discussion

This study presents a novel decision-tree model for predict-
ing the risk of requiring postoperative adjuvant therapy in
young patients with early-stage cervical cancer. By stratifying
patients based on tumor size and age, the model effectively
personalizes surgical planning. Significantly, our results sug-
gest a strong recommendation for ovarian transposition in
patients with tumors >3.85 cm and age >39.5 years, given
the 88.5% likelihood of requiring adjuvant radiation therapy.

Determining the necessity for ovarian transposition is chal-
lenging, particularly before the availability of pathological
reports. Patients, especially younger women, should receive
detailed counseling about the potential requirement of ad-
juvant radiotherapy following primary surgery. Currently, the
decision to perform ovarian transposition is based on the
estimated need for adjuvant therapy, which varies among
oncologists due to the absence of standardized guidelines.
Ovarian transposition aims to reduce pelvic radiation ex-
posure and ovarian damage. A previous systematic review
reported that ovarian function was successfully preserved
in 61.7% of patients (ranging from 16.6% to 100%), af-
ter ovarian transposition followed by radiotherapy with or
without chemotherapy [13]. While ovarian transposition is a
valuable surgical method aimed at preserving ovarian func-
tion by minimizing radiation exposure, weighing this benefit
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against the risk of potential postoperative complications is
critical. These complications may include abdominal pain, risk
of injury to the ovarian vessels, development of ovarian cysts,
bleeding, and torsion of vascular pedicle, which may affect
ovarian function [11,13]. Therefore, offering ovarian trans-
position only if the patient is predicted to receive adjuvant
treatment is desirable.

Our study has several limitations. First, the retrospective
aspect of our study may have introduced potential bias.
Second, as we relied only on the medical records, some miss-
ing data were observed for the variables, necessitating the
use of imputed data. Additionally, the observed significance
of variables like hypertension and white blood cell counts
[14] could reflect the inherent variability of the multicenter
design rather than that reflected by true clinical differences.
As an unplanned secondary analysis, these variations may be
random. Finally, this study does not reflect the FIGO stage
2018 since it used data from previously collected records. Im-
portantly, the decision-tree model developed from this study
warrants external validation to ascertain its effectiveness in
other populations and healthcare settings.

Our research stands as the inaugural endeavor to develop a
predictive model assessing the risk of requiring postoperative
adjuvant therapy in early-stage cervical cancer, leveraging
data collected from nine hospitals across Korea. This novel
approach provides a tool that could substantially influence
clinical decision-making, particularly regarding ovarian trans-
position in young patients. The widespread data collection
underpins the model’s broader applicability and potential to
guide clinicians in making informed, practical decisions that
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could enhance patient outcomes in gynecological oncology.
In conclusion, the decision-tree model we have introduced
serves as a pivotal aid in the presurgical assessment of young
patients with early-stage cervical cancer, informing the critical
decision on ovarian transposition. By integrating our model
into clinical practice, gynecologists can adopt a more patient-
centered approach, ensuring that interventions are tailored
to the individual risks and benefits, thereby advancing the
standard of care in gynecological oncology.
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