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Abstract
To examine the factors associated with ovarian failure (OF) and assess the effectiveness of ovarian transposition (OT) before

pelvic irradiation for preserving ovarian function in patients with cervical cancer (CC) undergoing hysterectomy. During 2003

to 2017, patients who underwent hysterectomy with preservation of one or both ovaries were retrospectively enrolled.

Patients were divided into 4 groups, depending on whether radiotherapy (RT) and OT were performed: group 1, RT(+) and
OT(+); group 2, RT(+) and OT(−); group 3, RT(−) and OT(+); group 4, RT(−) and OT(−). OF was defined as serum follicle-

stimulating hormone levels of ≥30 mIU/mL. Sixty-six patients (59 [89.4%] invasive CC and 7 [10.6%] cervical intraepithelial neo-

plasia) were included. The 2-year OF-free survival rate was 61.4% (95% confidence interval [CI] 37.8-86.0), 0%, 91.7% (95% CI

76.0-100), and 75.8% (95% CI 58.2-93.4) for groups 1, 2, 3, and 4, respectively. In groups 1 and 2 receiving RT, OT, and combi-

nation of external beam radiotherapy and vaginal brachytherapy were associated with OF on multivariate analysis (MVA) (P-value
= .002 and .046, respectively). In groups 3 and 4 without RT, older age (40 years old) and OT did not affect OF; however, the

number of remaining ovaries was independently associated with OF in MVA (P = .035). OT could effectively preserve ovarian

function in patients treated with adjuvant RT, while OT procedure itself did not affect ovarian failure. OT should be considered

in the management of premenopausal cervical cancer patients.
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Introduction
The incidence rates of cervical cancer have been decreasing in
Korea and it is the third most common cancer in women of repro-
ductive age (15-34 years).1 Patient with early-stage cervical cancer
who undergo radical hysterectomy and pelvic lymphadenectomy
are treated with adjuvant radiation therapy (RT) or concurrent che-
moradiotherapy (CCRT) according to pathological risk factors.
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However, when ovaries are within the field of pelvic irradi-
ation, ovarian failure can occur after adjuvant pelvic RT.2–4

Because oocytes are sensitive to radiation damage, ionizing
radiation can cause irreversible damage such as oocyte loss
and decline in follicle number, leading subsequently to irregular
menstruation and ovarian failure.5–7

Ovarian failure for premenopausal women is also associated
with cardiovascular disease and osteoporosis in addition to poor
quality of life as a result of hot flashes and vaginal dryness.8

Thus, it is important to improve the quality of life and maintain
fertility by preserving ovarian function in premenopausal
women with cervical cancer receiving RT.

Ovarian transposition (OT) before pelvic irradiation is used
to minimize ovarian follicle exposure to radiation and to pre-
serve ovarian function by transposing the ovaries outside the
irradiation field.9–11

The purpose of this study was to examine the factors associ-
ated with ovarian failure and to evaluate the effectiveness of OT
before pelvic irradiation for preserving ovarian function in
patients with cervical cancer who underwent a hysterectomy.

Methods

Patients
Patients who underwent a hysterectomy in our institution from
April 2003 to March 2017 were retrospectively reviewed. The
present study was approved by the institutional review board
of our institution (approval number: 2019-11-005 at Ewha

Womans University Seoul Hospital). The study inclusion crite-
ria were as follows: (1) patients with histologically confirmed
uterine cervical cancer who were >18 years old and < 50
years old; (2) patients with preservation of one or both
ovaries after hysterectomy; and (3) patients with serum
follicle-stimulating hormone (FSH) level measured in periph-
eral blood during follow-up. OT during radical hysterectomy
was performed in younger patients or those who wanted to pre-
serve ovarian function and were candidates for adjuvant RT or
CCRT.

Patients were divided into 4 groups, depending on whether
the patients received OT during hysterectomy and adjuvant
RT. Patients in group 1 received both OT and RT. Patients in
group 2 received adjuvant RT but not OT. Patients in group 3
received OT but not RT. Patients in group 4 did not undergo
both OT and RT.

Postoperative Treatment
A total adjuvant external beam radiotherapy (EBRT) dose of
41.4 to 54.0 Gy was delivered to the whole pelvis. Vaginal bra-
chytherapy (VB) was administered with an Ir-192 brachyther-
apy unit (Microselectron; Nucletron), after EBRT. Additional
VB dose of 15 to 24 Gy in 4 to 6 fractions was prescribed at
0.5 cm depth from the surface of the cylinder.

Evaluation of Location of the Transposed Ovary
The transposed ovary was identified by the placement of the
radio-opaque surgical clips at the time of hysterectomy as
shown by the abdominal X-ray. For patients without abdominal
X-rays, scout views of abdomen pelvis computed tomography
were used. The distance of the transposed ovary was calculated
as the perpendicular length between the surgical clip of the
transposed ovary and the horizontal line to the iliac crest
(Figure 1). When bilateral OT was performed, the location of
the transposed ovary was measured by the distance from the
higher transposed ovaries.

Evaluation of Ovarian Failure
The ovarian function in the present study was assessed by mea-
surement of the patient’s serum FSH levels after surgery as in
previous studies.10,12 In patients aged under 45 years old
during the follow-up period, the lowest serum FSH level data
was collected. In patients aged over 45 years old during the
follow-up period, the latest serum FSH level data without
ovarian failure was collected and considered censored.
Ovarian failure was defined as serum FSH levels of 30 mIU/
mL or higher. Ovarian failure-free survival (OFFS) was
defined as the time from the end date of RT in groups 1 and
2 or the surgery date in groups 3 and 4 to the date of ovarian
failure.

Figure 1. Erect abdominal X-ray of a patient who received bilateral
ovarian transposition (right ovary: red, left ovary: blue).
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Statistical Analyses
Survival curves were generated using the Kaplan–Meier
method, and a log-rank test was used to compare survival
between groups. Cox’s regression model was used to analyze
independent risk factors for ovarian failure. P-values <.05
were considered statistically significant. Statistical analyses
were performed using SPSS software version 18.0 (SPSS Inc).

Results
A total of 66 consecutive cervical cancer patients were enrolled
in this study. The patients and tumor characteristics are sum-
marized in Table 1. The median age at hysterectomy was
39.5 (26.7-48.4) years. OT was performed on a single ovary
in 20 patients and on both ovaries in 9 patients. Twenty-three
patients received adjuvant EBRT with a median dose of
50.4 Gy (range: 41.4-54) in groups 1 and 2. In group 1, 1 and
15 patients were treated with intensity-modulated radiotherapy
(IMRT) and three-dimensional conformal radiotherapy
(3D-CRT). In group 2, 1 and 6 patients received two-
dimensional RT and 3D-CRT. The ovarian maximal dose was
confirmed in 17 transposed ovaries of 10 patients, and the
median dose was 557.8 cGy (range: 140.2-2418.3). Five of
these patients received an additional high-dose-rate VB with a
median dose of 24 Gy (range: 15-24). Adjuvant chemotherapy
was performed in 25.7% (17 of 66) of the patients. Of these, 15
patients in groups 1 and 2 received concurrent chemoradiation.
Thirteen of 29 patients (44.8%) who underwent OT developed a
benign ovarian cyst, and the median duration between surgery
or RT and the date of development of ovarian cysts was
24.9 months (range: 0.9-142.6).

The median follow-up of patients from surgery or end of RT
until the serum FSH level date of ovarian function was
15.4 months (range: 0.2-126.3). About 63.6% (42 of 66) of
the patients had a normal ovarian function. The rates of preser-
vation of ovarian function by group are as follows: 56.3% (9 of
16) in group 1, 0% (0 of 7) in group 2, 84.6% (11 of 13) in
group 3, and 73.3% (22 of 30) in group 4 (P = .001). OFFS
at 2 years was 61.4% for group 1, 0% for group 2, 91.7% for
group 3, and 75.8% for group 4 (P< .001, Figure 2).

In group 1, age (P = .014), VB (P = .003), and the location
of transposed ovaries (P = .007) were associated with OFFS in
univariate analysis but not in MVA. All 4 patients treated with
EBRT plus VB had transposed ovary below the iliac crest
(median −1.9 cm, range −5.1-[−0.5]), and all of them experi-
enced early ovarian failure (median OFFS 2.3 months, 95%
CI 0-6.8). The number of transposed ovaries was not signifi-
cantly associated with ovarian failure in this group.

For patients in groups 1 and 2 who received RT, associa-
tions between prognostic factors and OFFS are shown
in Table 2. OT was only significantly associated with
OFFS in univariate analysis (P = .001). MVA demonstrated
that ovaries without transposition and VB boost were signifi-
cant prognostic factors affecting OFFS. The hazard ratios
were 3.452 (95% CI, 1.023-11.654; P = .002), and 6.362

(95% CI, 1.932-0.963, P = .046) for ovaries without
transposition and VB boost, respectively. Additional VB
showed significant difference in OFFS versus patients who
received EBRT alone: 2 years OFFS 0% versus 83.3% (P
= .03, Figure 3).

In patients in groups 3 and 4 who did not receive RT, the
number of residual ovaries was the only significant prognostic
factor affecting ovarian failure in univariate analysis and
MVA (P = .035, Table 3, Figure 4). Older age (≥40 years)
and OT did not affect ovarian failure.

Discussion
The current study showed that OT could effectively preserve
ovarian function in patients treated with adjuvant RT, and
ovarian failure clearly occurs when ovaries are located in the
radiation field. Moreover, the preservation of both ovaries
resulted in a significant increase in OFFS in the group
without RT.

OT is a surgery to transpose the ovaries out of the field of radi-
ation to protect them from radiation damage.13 Hoekman et al11

noted that the 5-year ovarian survival rate was 60.3% in patients
who underwentOT before RT,whereas all patients who received
RT without OT had an ovarian failure, which is similar to our
study. The degree of ovarian damage and ovarian failure is
affected by the radiation dose of ovaries.14,15 Several studies
reported that the OT before pelvic RT reduces the ovarian dose
received to approximately 5% to 10% of that in the untransposed
ovaries.6,7,16 Winarto et al7 demonstrated that the lateral trans-
posed ovaries receive about 0.45 to 4.5 Gy, corresponding to
1% to 10% of the total RT dose of 45 Gy. Our study showed
that the rate of OFFS at 2 years was 61.4% for patients with OT
before pelvic RT, whereas all patients who received adjuvant
RT without OT had an ovarian failure. Therefore, OT before
pelvic RT could be helpful for preserving ovarian function for
candidates for adjuvant RT or CCRT. Du and Qu17 evaluated
the association between ovarian limited dose and ovarian func-
tion and suggested an ovarian radiation dose in cervical cancer
patients who underwent OT and were treated with IMRT. This
study showed that ovarian radiation dose to V7.5 < 26% can
prevent ovarian failure in IMRT.

Our results showed that in groups 1 and 2, 78% (18 of 23) of
the patients received EBRT alone, and 22% (5 of 23) had an
additional VB in addition to EBRT. The rates of ovarian pres-
ervation at 2 years after RT were 54.5% in EBRT alone and
0% in patients with EBRT plus VB. Although our study
showed an association between VB and ovarian failure, other
studies have not found such a correlation. Morice et al18

reported that the ovarian survival was 100% (11 of 11) after
OT, 90% (53 of 59) after OT and VB, and 60% (15 of 25)
after OT, VB, and EBRT. Clough et al19 reported that the
mean dose of the transposed ovary was 2 Gy, whereas the
untransposed ovary was 32.2 Gy on pelvic dosimetry of
patients who received 65 Gy with intrauterine and endovaginal
brachytherapy alone. However, a recent metaanalysis by Laios
et al20 also reported that ovarian function preservation was
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similar in 91% of patients with OT and VB compared to 93% of
patients with OT alone, whereas 62% of patients who under-
went EBRT with or without VB after OT showed ovarian func-
tion preservation. This metaanalysis showed that patients with
OT and VB alone have a good ovarian function as OT alone
and the addition of EBRT increases the ovarian failure rates,
and EBRT had a greater impact on ovarian failure than VB.
The current study showed that in group 1, all 4 patients
treated with EBRT plus VB had transposed ovary below the
iliac crest (median −1.9 cm, range −5.1-[−0.5]), and all experi-
enced early ovarian failure. Several studies reported that the
location of the transposed ovary was associated with ovarian
survival, and the distance between the edge of the RT field
and the transposed ovaries affects the successful preservation
of ovarian function. Winarto et al7 suggested the above iliac
crest as the suboptimal placement of the ovary. Yoon et al10

also noted that the location of transposed ovaries may be asso-
ciated with ovarian failure after RT. They suggested that young
women with early-stage cervical cancer who might be a candi-
date for postoperative RT should be transposed to the ovaries as
highly as possible during a radical hysterectomy to avoid
ovarian failure. Hwang et al12 suggested that the location of
transposed ovary more than 1.5 cm above the iliac crest was
recommended to preserve ovarian function after pelvic RT in
uterine cervical cancer. In addition, even if the ovaries are suf-
ficiently outside the RT field, ovarian damage can also occur as

Figure 2. Ovarian failure-free survival according to the groups.

Table 2. Univariate and Multivariate Analysis for Ovarian
Failure-Free Survival Outcomes in Groups 1 and 2.

Variable n

Univariate Multivariate

2-year
rate P HR (95% CI) P

Age .056 2.035 (0.635-6.518) .232
<40 years 17 52.9%
≥40 years 6 0%

Residual ovary .871
Both ovary 15 45.0%
Single ovary 8 37.5%

Ovarian
transposition

.001 3.452 (1.023-11.654) .002

Yes 16 61.4%
No 7 0%

Radiotherapy .065 6.362 (1.931-20.963) .046
EBRT alone 18 54.5%
EBRT with
additional VB

5 0%

Adjuvant
chemotherapy

.691

No 8 33.3%
Yes 15 46.7%

Abbreviations: OFFS, ovarian failure-free survival; HR, hazard ratio; CI,
confidence interval; EBRT, external beam radiation therapy; VB, vaginal
brachytherapy.

Jung et al 5



a result of scattered radiation doses. Van Eijkeren et al21

reported that patients experienced ovarian failure if the scatter
radiation dose to the transposed ovaries was more than

300 cGy. The current study showed that in group 1, the location
of the transposed ovary was associated with OFFS in univariate
analysis. After all, the radiation dose to the ovary is the critical
factor of OF, the ovaries should be transposed as high and lat-
erally as possible from the pelvic brim, and effort to reduce irra-
diated dose to the ovary using IMRT is essential to prevent OF.

The degree of ovarian damage is dependent on the patient’s
age as well as the irradiated ovarian dose and type of gonado-
toxic agent used.6,15,22,23 OT has been generally suggested for
patients aged under 40 years old because the patient’s age is
also known to be a crucial factor to determine the success of
OT for candidate patients.4,15,18,19 Morice et al18 reported the
limited value of OT in patients over 40 years because they
have an intrinsically decreased fertilization possibility as well
as a much higher risk for ovarian failure despite OT. They
noted that the rate of menopause after hysterectomy is clearly
too high to recommend OT to patients tagged 40 years and
older treated for cervical cancer. It has been reported that for
patients who undergo hysterectomy with OT procedure,
ovarian failure occurred in 14.3% (1 of 7) of patients under
40 years of age, compared with 85.7% (6 of 70) in patients
over 40 years of age.24 In contrast to previous studies, our
study demonstrated that older age (≥40 years old) did not
affect ovarian failure in the groups with RT (groups 1 and 2)
or without RT (groups 3 and 4). Moreover, the OT procedure

Figure 3. Ovarian failure-free survival after radiation therapy by external beam radiation therapy or vaginal brachytherapy.
OT, ovarian transposition; EBRT, external beam radiation therapy; VB, vaginal brachytherapy.

Table 3. Univariate and Multivariate Analysis for Ovarian
Failure-Free Survival Outcomes in Groups 3 and 4.

Variable n

Univariate Multivariate

2-year
rate P HR (95% CI) P

Age .182 3.723 (0.743-18.658) .110
<40 years 19 94.4%
≥40 years 24 67.7%

Residual ovary .047 4.633 (1.112-19.310) .035
Both ovary 27 84.6%
Single ovary 16 73.3%

Ovarian
transposition

.685

Yes 13 91.7%
No 30 75.8%

Adjuvant
chemotherapy

.361

No 41 81.9%
Yes 2 50.0%

Abbreviations: HR, hazard ratio; CI, confidence interval.
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itself did not affect ovarian failure in patients without RT. The
median age at menopause among Korean women is approxi-
mately 50 years.25 The age of menopause ranged from 33 to
61 years, with 88.2% between 45 and 55 years, 9.4% under
44 years, and 2.4% over 56 years. Considering that ovarian
failure can affect the quality of life as well as lead to hot
flashes, vaginal dryness, and cardiovascular disease, OT could
be sufficiently considered even in Korean women aged over
40 years.

The sequelae of OT such as ovarian cysts and ovarian torsion
are considered when performing OT.26 Morice et al18 reported
that for patients undergoing radical hysterectomy and OT, the
development of benign ovarian cyst was reported in 23% (22
of 95) patients, 3 of whom required surgical intervention. The
rates of ovarian cysts were 18% (2 of 11) in the radical hyster-
ectomy alone group, 34% (20 of 59) in the group that under-
went radical hysterectomy and VB, and 0% (0 of 29) in
patients who underwent a radical hysterectomy, EBRT and
VB (P = .01) in their study. Chambers et al27 reported that
the incidence of symptomatic ovarian cysts was 7.4% in
patients who underwent radical hysterectomy alone and 7% in
patients who also received RT as compared to 24% in those
who underwent OT, and most ovarian cysts required surgical
intervention. The current study showed that OT did not affect
ovarian failure in the group without RT. Although OT did not

affect ovarian failure, consideration should be given to the sur-
gical morbidity mentioned in previous studies.

The number of remaining ovaries can affect ovarian failure.
In a previous study, Buekers et al3 noted that ovarian failure
was significantly different between patients of unilateral oopho-
rectomy and contralateral OT and those with ovaries preserved
and transposed (4 months vs 43 months, P = .003). All patients
with unilateral oophorectomy had ovarian failure by 1 year after
treatment, but 41% of patients with both ovaries retained main-
tained ovarian function after 1 year in their study. Our result
showed that in the group without RT, the number of remaining
ovaries was an independent factor for ovarian failure, which is
similar to the previous study. However, unilateral oophorec-
tomy also showed a favorable outcome with 75.8% of 2-year
OFFS in patients without RT in the current study.

The current study had several limitations. First, this study was
retrospective; therefore, serum FSH levels were not collected reg-
ularly during the follow-up period. Second, the number of
patients included in this study was small. The number of patients
in groups 1, 2, and 3 was less than 30, making it difficult to divide
into subgroups for analysis. Third, this study did not address the
dosimetry effects of the transposed ovary on ovarian failure.
Since the ovarian dose is associated with ovarian function preser-
vation, analysis on the dosimetric impact of pelvic irradiation
received by the transposed ovary is required in the future.

Figure 4. Ovarian failure-free survival by a number of residual ovaries.
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Conclusions
OT could effectively preserve ovarian function in patients
treated with adjuvant RT. Moreover, the preservation of both
ovaries resulted in a significant increase in OFFS in the group
without RT. In addition, the OT procedure itself did not
affect ovarian failure, while unilateral oophorectomy showed
inferior ovarian survival than those who had both ovaries.
These findings may help to inform preservation strategies of
ovarian function in young patients with cervical cancer.
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