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Ovarian Transposition Strategy in Patients with 
Cervical Cancer Who Undergo Pelvic Radiation: 

Proposal of Ovarian Placement Based on  
Virtual Simulations

Abstract

Objective: To establish a proposal for the location for ovarian transposition, considering different 

irradiation techniques and time to ovarian failure. 

Methods: Patients with cervical cancer in childbearing age submitted to adjuvant radiotherapy were 

selected. Delineation of simulated positions of the ovaries and pelvic radiation planning was done 

in CT, with three techniques: 3D conformal radiotherapy, intensity-modulated radiotherapy, and 

volumetric modulated arc radiotherapy. In order to correlate the ovaries maximal doses with the time 

to ovarian failure, the authors have used the one adaptation of Wallace model that predicts oocytes 

survival rates after radiation exposure. 

Results: Thirteen patients who were being treated between 2008 and 2017 were studied. When 

the ovaries were positioned 10 cm cranially from the sacral promontory, the pelvic radiation entails 

a decrease of 20% in the time to ovarian failure compared with that expected for a female at the 

same age without irradiation exposition. The placement of the ovaries <5 cm cranially from the sacral 

promontory results in a decrease >90%. There was no difference in time to ovarian failure between the 

radiation treatment techniques tested: 3D conformal radiotherapy, intensity-modulated radiotherapy, 

and volumetric modulated arc radiotherapy (p=0.197). 

Conclusions: The present study, based on virtual simulations, is the first to use the sacral promontory 

as a reference for a proposal of ovarian location with transposition. The authors have correlated the 

position of the ovaries and percentage of decrease in time to ovarian failure. These findings can 

potentially improve the management and counselling of patients with cervical cancer in childbearing 

age and deserve clinical validation.
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INTRODUCTION

Cervical cancer is a public health problem 

worldwide, with an annual incidence of 528,000 

new cases and 226,000 deaths.1 The distribution 

of the disease is bimodal, with a peak at 35–39 

years old and a second peak at 75–79 years old.2 

It is estimated that >30% of cervical cancers are 

diagnosed in females in their reproductive age.3 

Treatment of cervical cancer is based on surgery, 

radiotherapy, and chemotherapy. The best 

therapeutic choice must consider the disease’s 

staging, age, clinical condition, available local 

resources, and the patient’s desire for family 

planning and preservation of fertility. 

Despite playing a key role in the management 

of cervical cancer, radiation can induce 

premature ovarian failure. Radiotherapy is now a  

well-known cause of ovarian damage, leading 

earlier menopause with permanent infertility. 

Doses >6 Gy in total body irradiation in young 

people induce premature ovarian failure, whereas 

prepubertal individuals can tolerate even higher 

radiation doses.4 Wallace et al. demonstrated 

that the dose necessary to destroy 50% of the 

primordial follicles is less than 2 Gy5 and that  

4 Gy can produce infertility in one-third of young 

females and in almost all females over the age 

of 40 years.6 The degree of ovarian impairment 

is related to the volume treated, total irradiation 

dose, fractionation schedule, and age at the time 

of treatment, with older people being at greater 

risk of damage.7

In addition to issues related to the reproductive 

future arising from the ovarian failure, premature 

menopause is associated with cardiovascular 

disease, osteoporosis, genital atrophy, vasomotor 

symptoms, and a significant impact on quality 

of life.8 The term 'induced menopause' has been 

defined by the North American Menopause 

Society (NAMS) as the cessation of menstruation 

following bilateral oophorectomy or iatrogenic 

ablation of ovarian function resulting from 

delivery of chemotherapy or pelvic radiation.9 

The onset of symptoms can occur within  

12 weeks of initiation of pelvic radiation therapy.10 

Management of climacteric symptoms is critical 

in efforts to optimise the quality of life. However, 

potential hormone stimulation has raised 

concern over the safety of hormone therapy in  

this population.11-13

In order to minimise the effects of induced 

menopause, ovarian transposition or 

oophoropexy can be surgically performed to 

remove the ovaries from the area to be irradiated. 

This procedure may prevent induced menopause 

and ovaries may be used at a later date for oocyte 

retrieval, in vitro fertilisation, and achieving 

pregnancy through surrogacy if appropriate.14 

Ovarian transposition is also described in the 

context of paediatric tumours and some pelvic 

neoplasms in young women for the purpose of 

ovarian and even fertility preservation.15,16 This 

procedure can be performed by laparotomy or 

laparoscopy, it has low morbidity, is safe from the 

oncological point of view, and, in the context of 

patients with cervical cancer, may be indicated 

for young patients with indication of radiation.17-20 

Techniques have been described to relocate 

the ovaries to the paracolic gutters, behind the 

uterus, or to anterolateral positions above the 

umbilicus.21 There is no consensus as to where 

is the best position in which the ovaries should 

be implanted.16,22-26 Therefore, the aim of this 

study was to establish a proposal, based on 

virtual simulations, to suggest the location of the 

ovaries in the transposition, considering different 

radiation techniques and time to ovarian failure.

MATERIALS AND METHODS

The patients evaluated included females 

diagnosed with cervical cancer in childbearing 

age, defined as age under 51 years, without 

climacteric symptoms, submitted to adjuvant 

pelvic radiotherapy, where all treatments did 

not use any type of ovarian preservation such as 

ovarian transposition. Electronic medical records 

were used to collect their pathological staging, 

histological type, patient’s age, weight, height, 

and BMI at time of diagnosis. The present study 

was approved by the ethics committee of the 

involved institution. According to the criteria 

above, the authors retrospectively identified 13 

patients treated between January 2008 and  

July 2017.

The CT obtained was used for the virtual 

simulation of the transposed ovaries and for 

radiotherapy planning. Delineation of the 

positions of 54 of the simulated ovaries was 

performed by two radiation oncologists and 

two experienced oncology gynaecologists. 

Radiotherapy planning was performed in three 



different techniques: 3D conformal radiotherapy, 

intensity-modulated radiation therapy (IMRT), 

and volumetric modulated arc therapy (VMAT), 

all using beams of 10 MV with dose prescription 

of 45 Gy with 95% of coverage in target volume. 

The target volume used for radiotherapy 

planning was planning target volume, which 

consisted of the clinical target volume (CTV) plus 

a 5 mm margin. The CTV contouring included the 

common, external, internal iliac, and presacral 

lymph node region. The upper 3 cm of the 

vagina and paravaginal soft tissue lateral to the 

vagina were also included. The superior border 

of the CTV began 5–7 mm below the L4–L5 

interspace, such as would customarily be used in 

a conventional four-field box.27 

Intending to associate the dose received by the 

ovaries with its function, the survival equation 

obtained by Wallace et al.28 was used. The 

theoretical decrease in time to ovarian failure in 

percentage was calculated as a ratio between the 

time to ovarian failure after a specified radiation 

dose and time to ovarian failure with no radiation 

exposure. The algorithm was applied for the 

maximum dose values in each outlined structure 

that simulated the ovarian position. The distance 

between the sacral promontory and the inferior 

border of the simulated ovaries in the cranial–

caudal axis was associated with time to ovarian 

failure. The authors also evaluated the impact of 

mediolateral and anteroposterior displacement in 

time to ovarian failure. 

STATISTICAL ANALYSIS 

For the statistical analysis, R software (version 

3.4.2) was used. The effect of the distance 

between the sacral promontory and the 

inferior border of the simulated ovaries in the 

cranial–caudal axis on premature ovarian failure 

was studied with three non-linear regression 

models: Log-Logistic, Weibull, and Log-Normal. 

In order to select the best model, the Akaike 

information criterion was used.29,30 According to 

this method, the Weibull model was selected. To 

verify if the relationship between the decrease 

in time to ovarian failure and distance from 

sacral promontory and the inferior border of 

the simulated ovaries in the cranial–caudal axis 

was different between the radiation techniques, 

heights, weights, and BMIs, analysis of variance, 

often referred to as ANOVA, was used.31 Then, 

models were adjusted for each of the classes of 

interest that were obtained through the median 

of the variables. In all models, the fit quality was 

verified by the ‘lack-of-fit’ test.32

RESULTS

The majority of the patients had squamous 

cell carcinoma, Stage IB or IIA. Regarding 

the characterisation variables, these are 

presented as mean±standard deviation. The 

mean age of the patients was 36.4±8.6 years, 

the mean height was 1.61±0.05 m, the mean 

weight was 69±20 kg, and the mean BMI was  

26.8±8.3 kg/m2, with the minimum of 20.8 kg/m2 

and the maximum of 46.7 kg/m2.

Different positions of the simulated ovaries in 

the mediolateral and anteroposterior axis did not 

show any difference in time to ovarian failure. 

Figure 1 shows the relationship between the 

decrease in time to ovarian failure and distance 

from sacral promontory to the inferior border of 

the simulated ovaries in the cranial–caudal axis. 

It is possible to verify that ovaries positioned  

10 cm cranially from the sacral promontory 

result in a decrease of 20% in the time to ovarian 

failure compared with what would be expected 

for a woman at the same age without radiation 

exposure. The placement of the ovaries <5 cm 

cranially from the sacral promontory resulted in 

a decrease >90% in the time to ovarian failure. 

There was no difference in ovarian preservation 

between the 3D conformal radiotherapy, IMRT, 

and VMAT techniques (p=0.197).

Table 1 illustrates the decrease in the time 

to ovarian failure after specified radiation 

dose received by the ovaries compared with  

non-irradiated females of the same age associated 

to the different positions of the ovaries cranially 

from the sacral promontory. According to the 

‘lack-of-fit’ test, the model presented a good 

fit (p=1.000). For simulated ovaries positioned  

7 cm above the promontory in the caudal–cranial 

axis, the mean dose was 6.7 Gy or smaller and 

the decrease in time to ovarian failure would 

be <50%, whereas for ovaries positioned 10 cm 

above the promontory the mean dose would 

be 1.4 Gy or smaller and the decrease in time 

to ovarian failure would be <20% (Figure 2). 

These findings were consistent regardless of the 

patient’s height, weight, and BMI. 



Figure 1: The relationship between the decrease in time to ovarian failure and the distance from sacral promontory 

in cranio–caudal axis to inferior border of the ovaries.

IMRT: intensity-modulated radiotherapy; VMAT: volumetric modulated arc radiotherapy; 3DCRT: 3D conformal 

radiotherapy.

p=0.197
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Decrease in time to ovarian failure as a function of distance from the sacral promontory to the inferior border of the 

ovary in the cranio–caudal axis.

CI: confidence interval.

Table 1: Decrease in the time to ovarian failure compared with non-irradiated females associated to the different 
positions of the ovaries cranially from the sacral promontory.

Decrease in the time 
to ovarian failure (%)

Cranial distance from the sacral 
promontory (95% CI) (cm)

90 4.9 (4.7–5.0) 

80 5.5 (5.3–5.6) 

70 6.0 (5.9–6.1) 

60 6.6 (6.5–6.7) 

50 7.2 (7.1–7.3) 

40 7.9 (7.8–8.1)

30 8.9 (8.7–9.1) 

20 10.4 (10.1–10.7) 

10 13.3 (12.7–13.8) 



DISCUSSION

Transposition of the ovaries out of the pelvic 

irradiation field has long been used for this 

purpose.33 The general agreement appears to be 

as high and as lateral as possible from the original 

sites to be away from the pelvic radiotherapy 

field; however, there is no consensus concerning 

where to transpose ovaries. In this regard, the 

authors used virtual simulations to propose a 

practical location for the ovarian transposition 

in an attempt to preserve ovarian function 

regarding hormonal production and also fertility 

preservation.34 Models are used because, in some 

way, they are more accessible and convenient. 

A model is a representation of some reality that 

embodies some essential and interesting aspects 

of that reality, but not all of it.35 

Using a standard pelvic radiation for cervical 

cancer with the upper limit of the radiation fields 

located at intervertebral space between L4 and 

L5, the authors could observe that 7 cm above 

the sacral promontory in the caudal–cranial 

axis the decrease in time to ovarian failure was 

50% or less. Whereas for ovaries positioned 10 

cm above the sacral promontory, the decrease 

in time to ovarian failure would be <20%. The 

authors’ findings are generally consistent with 

other studies that recommend a cranial location 

to ovarian transposition evaluating clinical 

outcomes. One study suggested an approach to 

transpose ovaries to a high anterolateral position 

at least 3–4 cm above the umbilical line and 

reported good results for those under 40 years 

old.36 In a retrospective analysis of 53 cases, two 

surgical clips were applied to the upper and 

lower borders of each transposed ovary so that 

the position of the transposed ovaries could be 

identified. They have shown better preservation 

rates were obtained when the ovaries were 

implanted 1.5 cm above the iliac crest.25

Unlike that observed in the craniocaudal axis, the 

mediolateral or anteroposterior displacement 

of the simulated ovaries did not show any 

Figure 2: Schematic representation of the simulated positions of the ovaries and percentage of decrease in time to 

ovarian failure.

The radiation isodoses are illustrated by a classic planning of pelvic radiotherapy for cervical cancer. In it, the isodose 

of 45.0 Gy, 6.7 Gy, and 1.4 Gy are observed and its position in relation to the promontory. Ovaries are represented by 

simulating the transposition height.



difference in time to ovarian failure. One possible 

explanation to be considered is that the classical 

pelvic radiation’s fields are co-planar and produce 

a low dose distribution that varies a little in the 

mediolateral and anteroposterior axis. Usually, 

the studies evaluating the ovarian transposition 

use as anatomical reference structures to be 

considered for radiotherapy treatment planning. 

The authors’ study was the first to use the 

sacral promontory as a reference to ovarian 

transposition, with the potential advantage as a 

structure that can be easily identified during the 

surgical procedure. The sacral promontory is also 

useful in treatment planning for radiation therapy.

The present study was based on virtual 

simulations and did not consider any other 

clinical outcome. Published data confirm and 

generalise the concept that ovarian transposition 

is associated with a high preservation of ovarian 

function, an acceptable rate of ovarian cysts, 

and a low risk of metastases in the transposed 

ovaries.37 The authors did not consider unilateral 

ovarian transposition and the results could only 

be applied to both ovaries located at the same 

distance from the sacral promontory in the 

cranial–caudal axis. Another important and not 

considered issue is the influence of the absence of 

the uterus in the ovarian function. It is unresolved 

whether it is the surgery itself or the underlying 

condition leading to hysterectomy that is the 

cause of earlier ovarian failure.38 The results are 

only applicable in the scenarios of adjuvant 

pelvic radiotherapy and do not contemplate 

brachytherapy, para-aortic irradiation, or even 

the chemotherapy impact on oocytes damage.

The authors’ study was not able to demonstrate 

a difference in time to ovarian failure with 

the three radiation techniques studied. The 

authors attribute that to the fact that they did 

not modulate the field to avoid the ovaries. 

Sophisticated external beam irradiation 

techniques, such as IMRT and VMAT, could 

offer by means of ‘dose painting’ a considerable 

reduction in dose to the transposed ovaries. 

After ovarian transposition using surgical clips, 

the ovaries could be identified in the planning 

CT and an avoidance volume created by the 

radiation oncologist. This can guarantee that 

even a lower dose of radiation will be delivered to 

that volume.39

CONCLUSION

In summary, this study was an attempt based 

on virtual simulations to define the location of 

the ovaries in the ovarian transposition. The 

authors used the sacral promontory as the 

anatomical landmark for ovarian placement, 

which is accessible by the surgeons and radiation 

oncologists. A cranial distance ≥10 cm from the 

sacral promontory has shown a minimal decrease 

in time to ovarian failure. The proposed model 

seems to be easy to apply in clinical practice 

as well as to provide information for medical 

decision-making. These findings can potentially 

improve the management and counselling of 

patients with cervical cancer in childbearing 

age. More studies with clinical outcomes and  

follow-up of the patients are needed to validate 

and optimise the model proposed.
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