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Abstract

Background: Continuous advancements in comprehensive tumor treatment strategies have significantly improved survival rates of pa-
tients. The ovary is a crucial organ essential for maintaining women’s quality of life and fertility. Safeguarding ovarian function during
radiotherapy for cervical cancer has become a prominent focus of current clinical research. The aim of this study is to explore the key
factors involved in ovarian protection during radiotherapy for cervical cancer. Methods: This study involved a comprehensive analysis
of literature from 2015 to 2024 on ovarian function preservation during radiotherapy for cervical cancer, to identify technical trends.
Additionally, patient data from Zhejiang Cancer Hospital from 2011 to 2018 was collected, focusing on patients who underwent ra-
diotherapy to preserve ovarian function. Specifically, data from 10 patients with IA–IIB stage cervical cancer who underwent bilateral
ovarian transposition (OT) and radiotherapy at our hospital between 2016 and 2018 was analyzed. Intensity-modulated radiation therapy
(IMRT), volumetric modulated arc therapy (VMAT), and helical tomotherapy (HT) radiotherapy plans will be design for these patients
to evaluate strategies for optimal ovarian protection. The optimal radiotherapy plan was determined through comparisons of dosimetric
parameters. Results: (1) A literature review indicated that only 24 detailed reports on ovarian protection during cervical cancer radio-
therapy have been published in the past 10 years. It has been established that ovarian protection presents a positive significance for
cervical cancer patients, with OT being a necessary condition. Nevertheless, no standardized unified dose limit for ovarian radiation
has been established. (2) After screening, a total of 77 patients with complete follow-up data from 2011 to 2018 were selected for the
study. Following serum hormone level tests, 73 patients presented normal ovarian function prior to radiotherapy, while 4 demonstrated
signs of impaired function. Three months after radiotherapy, 26 patients maintained normal ovarian function, 13 exhibited impaired
function, and 38 showed a decline in function. One year later, 45 patients maintained normal ovarian function, 13 had impaired function,
and 19 experiences further deteriorated function. The overall success rate amounted to 75.3%, and favorable clinical outcomes were
observed. (3) Compared to IMRT and VMAT, HT reduced the maximum dose (Dmax) of the right ovary and demonstrated dosimetric
advantages in terms of Dmax of the planning target volume (PTV), as well as in 30 Gy (V30) and 40 Gy (V40) of the bladder, and Dmax of
the spinal cord. These differences were statistically significant. Compared with HT, IMRT and VMAT had advantages in the minimum
dose (Dmin) of PTV and the mean dose (Dmean) of the left femoral head, and the differences were statistically significant. Compared with
VMAT, most dosimetric results of IMRT were similar and the differences were not statistically significant, but IMRT had an advantage
in the conformity index (CI) of PTV (p = 0.016). Conclusions: Following receiving a certain radiation dose, the ovaries may undergo
a temporary functional decline or even complete failure. The key to protecting the ovarian function during cervical cancer radiotherapy
lies in successful OT, precise delineation of ovarian tissue, determination of dose limits for patients across different age groups, as well
as the application of HT and specialized IMRT techniques.
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1. Introduction

Cervical cancer is the fourth most prevalent cancer
among women worldwide, with approximately 600,000
new cases diagnosed each year, and its incidence continues
to rise [1]. There is also a growing trend of cervical cancer
occurring in younger patients, with approximately 30%–
40% of cases occurring in women of reproductive age [2].
Continuous advancements in comprehensive cancer treat-
ments, such as surgery and radiotherapy, have significantly
improved survival rate, leading to higher expectations for
the quality of life among cancer patients. The ovary is sit-

uated in the pelvis, in close proximity to the target area of
cervical cancer tumors [3]. Inevitably, it will be exposed
to a certain dose of radiation during radiotherapy, causing
varying degrees of damage to ovarian function [4]. Prema-
ture ovarian dysfunction can result in the loss of fertility,
while ovarian decline may lead to premature menopause,
hot flashes, osteoporosis, and even cardiovascular compli-
cations [5]. The overall consequence of ovarian function
decline or failuremay include a significant decrease in qual-
ity of life and, in some cases, premature death.
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Ovarian tissue is highly sensitive to radiation. Wallace
et al. [6] used a model to predict that a radiation dose of ap-
proximately 2 Gy necessary to cause the closure of 50% of
the ovarian follicles in women of reproductive age, which
they defined as the Lethal Dose, 50% (LD50) for human
ovarian tissue. Higher doses of radiation can directly result
in the loss of female fertility. The dose required for this
decreases with age, being approximately 20.3 Gy at birth,
18.4 Gy at the age 10, 16.5 Gy at the age 20, and 14.3 Gy at
age 30 [7]. Yamamoto et al. [8] found that the probability
of ovarian metastasis in early-stage cervical squamous cell
carcinoma was only 0.4%, whereas the overall probability
of ovarian metastasis in non-cervical squamous cell carci-
noma was 8.5%. A systematic review and meta-analysis
found that preserving the ovaries had no significant influ-
ence on the prognosis of young patients with early cervical
adenocarcinoma [9]. Therefore, preserving the ovaries in
patients with early cervical cancer is both safe and feasible.

The methods for protecting the ovaries during cervi-
cal cancer radiotherapy mainly consist of three approaches:
(1) biological protection approaches, such as embryo cry-
opreservation, oocyte cryopreservation, ovarian tissue cry-
opreservation and transplantation [10]; (2) chemical pro-
tection methods, primarily involving the application of
radiation-resistant drugs [11]; and (3) physical protection
methods, such as ovarian transposition (OT), which involve
transplanting the ovaries to a site distant from the target area
to reduce radiation exposure and protect ovarian function
[12]. Biological and chemical protection methods are re-
stricted by contraindications, and the related technologies
are not yet fully developed, resulting in limited accessibil-
ity [13]. OT has been refined through clinical practice and
has become a standard technique, being the key method for
protecting the ovaries during cervical cancer radiotherapy.
Jung et al. [14] investigated the effect of preserving ovarian
function in cervical cancer patients by performing OT prior
to pelvic radiotherapy. They found that the 5-year ovarian
survival rate in patients who underwent OT treatment was
60.3%, whereas all patients who did not receive OT treat-
ment experienced ovarian dysfunction.

The dose received by the ovaries during radiotherapy
is closely related to their position, the target area, the radio-
therapy regimen, the distribution of the target area, and the
techniques used in radiotherapy. Ensuring adequate cov-
erage of the target area while limiting the radiation dose
to the ovaries poses a significant challenge in clinical ra-
diotherapy. Advancements in radiotherapy technologies,
such as intensity-modulated radiation therapy (IMRT), vol-
umetric modulated arc therapy (VMAT), helical tomother-
apy (HT), carbon ion therapy, and proton radiotherapy,
have made ovarian protection feasible during cervical can-
cer treatment. However, the key challenge in clinical prac-
tice is determining appropriate dose limit for the ovaries and
achieving it using various radiotherapy techniques. This
study was conducted in three main aspects: (1) a literature

analysis was conducted to identify recent technical trends
in ovarian protection during cervical cancer radiotherapy;
(2) the relationship between ovarian function preservation
and ovarian dose limit was established based on clinical
cases and follow-up data from our hospital; and (3) ra-
diotherapy treatment plans using IMRT, VMAT, and HT
were designed, and the optimal treatment plan was identi-
fied through dosimetric comparisons. This study addresses
several key issues in ovarian protection during cervical can-
cer radiotherapy, providing guidance for clinical practice.

2. Methods
2.1 Literature Review

A comprehensive search was conducted in the
PubMed database and the Chinese Core Journal Database
using a range of relevant keywords, such as “cervical can-
cer irradiation”, “pelvic radiation therapy”, “ovarian func-
tion”, “ovarian transposition”, “gynecological cancer ir-
radiation”, “fertility preservation”, “cervical cancer radio-
therapy”, “ovarian protection”, and “reproductive function
preservation”. The retrieved literature spans from 2015 to
2024 and focuses on strategies aimed at preserving ovarian
function during cervical cancer radiotherapy. This study
provides insights into current technical trends, encompass-
ing procedures for OT, precise delineation of the ovarian
region, the establishment of appropriate dose limits for the
ovaries, as well as the application of various radiotherapy
techniques.

2.2 Clinical Data
2.2.1 Cases with Complete Patient Follow-up Data

A study conducted at Zhejiang Cancer Hospital be-
tween 2011 and 2018 assessed the ovarian function of cervi-
cal cancer patients who underwent radiotherapy. The study
included women who had undergone bilateral or unilateral
oophoropexy prior to radiation therapy. Following surgery,
serum hormone levels were measured three months post-
radiotherapy and again one year after treatment. The dataset
included 77 patients with complete follow-up records. The
patients’ age ranged from 24 to 45 years, with a median age
of 35 years and a mean age of 35.5 ± 4.66 years. Patho-
logical classification identified squamous cell carcinoma in
76 cases and adenocarcinoma in 1 case. The mean body
mass index (BMI) was 21.27 ± 3.14 kg/m2, indicating that
the study population had a healthy weight range. Adju-
vant chemotherapy was administered to 52 patients, ensur-
ing comprehensive treatment of their condition. Accord-
ing to the 2018 International Federation of Gynecology and
Obstetrics (FIGO) staging criteria [15], the patient distri-
bution across different stages was as follows: stage IB1 (n
= 38), stage IB2 (n = 21), stage IIA1 (n = 16), and stage
IIA2 (n = 2). Radiotherapy played a crucial role in the
treatment plan, with external beam irradiation administered
to 75 patients, while 2 individuals received external beam
irradiation followed by brachytherapy. Various radiother-
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apy techniques were employed based on individual patient
needs: 3D conformal radiotherapy (n = 35), IMRT (n = 39),
and high-dose rate (HDR) brachytherapy (n = 3). A frac-
tionated approach was employed, involving a single dose
ranging from 170 cGy to 200 cGy, delivered over 25–27
fractions to optimized therapeutic outcomes. Importantly,
all patients demonstrated normal ovarian endocrine func-
tion prior to initiating radiotherapy.

2.2.2 Data on Bilateral Ovarian Displacement
Data were compiled from all 10 young cervical cancer

patients who underwent bilateral ovarian protective radio-
therapy at Zhejiang Cancer Hospital between January 2016
and August 2018. Pre-treatment procedures included cervi-
cal cancer resection and bilateral ovarian displacement prior
to radiotherapy initiation. The patients’ ages ranged from
26 to 38 years, with a median age of 34 years. Among them,
8 were diagnosed with squamous cell carcinoma, while 2
were diagnosed with adenocarcinoma. According to the
FIGO 2018 staging criteria, 2 cases were classified as stage
IA, 4 as stage IIA, 1 as stage IB, and 3 as stage IIB. All pa-
tients received external irradiation for radiotherapy, 7 pa-
tients were treated with IMRT plans, while 3 received HT
plans. The prescribed dose consisted of a single fraction of
180 cGy, administered over 25 fractions. Normal ovarian
endocrine function was confirmed through hormone exam-
ination prior to initiating radiotherapy.

2.3 CT-Simulation, Target, and Organ at Risk Plots

All patients were positioned supine, immobilized in
the abdominal and pelvic regions, and instructed to con-
sume 500 mL of mineral water 1 hour prior to scanning
to ensure optimal bladder filling. The simulation was
performed using a Philips Brilliance™ 16 (Amsterdam,
Netherlands) large aperture CT simulator with a slice thick-
ness of 5 mm, covering from the upper edge of the second
lumbar vertebra to 5 cm below the ischial tuberosity. Sub-
sequently, the CT images were transferred to the treatment
planning system for further analysis. The clinical target vol-
ume (CTV) was delineated following postoperative pelvic
delineation guidelines provided by the US Radiation Treat-
ment Oncology Group (RTOG) for cervical cancer [16].

The CTV includes anatomical structures within the
upper portion of the vaginal segment, encompassing the
vaginal stump, paravaginal tissue, and pelvic lymphatic
drainage region. The superior demarcation point for lymph
nodes is defined of the level of fourth and fifth lumbar ver-
tebrae, while the inferior limit corresponds to the level of
osseous closure. Additionally, the CTV encompasses re-
gions such as the cervical myometrium and the presacral
lymphatic drainage territory. To define the planning tar-
get volume (PTV), an additional 1 cm margin was added
around the CTV. The organs at risks (OARs), including the
rectum, bladder, pouch, bone marrow, spinal cord, ovaries,
and bilateral femoral heads, were delineated with a 2 cm

extending beyond the PTV boundaries. This included all
segments of the small intestine, colon, sigmoid colon, the
upper rectum up to the rectosigmoid junction, and the lower
rectum down to the anus. The bladder was contoured in its
entirety, while the fourth and fifth lumbar vertebrae, along
with sacrum and iliac bone were included for bone marrow
delineation. The ovaries were outlined considering soft tis-
sue shadow between silver clip marks, while the left and
right femoral heads were delineated separately.

2.4 Bilateral Ovarian Preservation Planning

IMRT treatment was administered to 7 patients, while
3 patients received HT. The treatment plans for each patient
included three radiotherapy techniques: IMRT, VMAT, and
HT. A total of 30 plans were made for the 10 cases. A
prescribed dose of 45 Gy was delivered in fractions of
1.8 Gy. The IMRT and VMAT plans were generated us-
ing the RayStation version 4.0 (RaySearch Labor, Stock-
holm, Sweden), while the HT plans were created with the
TomoHelical™ version 2.0 (Accuracy Inc, Madison, WI,
USA). The IMRT plans employed 6 MV X-rays with a 7-
field coplanar technique, optimizing the gantry angles to
avoid the ovaries. The primary objective was to exclude
the ovaries from the beam’s eye view (BEV) shooting field,
resulting in a total of 70 segments, as show in Fig. 1. Sim-
ilarly, for the VMAT plan, 6 MV X-rays were utilized, and
treatment was divided into three double arcs based on ovar-
ian positioning. The angle settings were optimized to min-
imize the overlap between the ovaries and the field in the
BEV direction, with a 2-degree interval, as shown in Fig. 2.
For the HT plan, a field width (FW) of 2.5 cm, a pitch
of 0.43, and a modulation factor (MF) of 2 were selected,
along with a fine dose calculation grid. The ovaries were
positioned in half-beam mode.

Fig. 1. IMRT field arrangement. IMRT, intensity-modulated
radiation therapy. The red structure is the planning target volume
(PTV), while the green and rose-pink ones are the left and right
ovaries respectively. The white dotted line represents the central
axis of the radiation field.
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Fig. 2. VMAT field arrangement VMAT. VMAT, volumetric
modulated arc therapy. The red structure is the PTV, while the
green and rose-pink ones are the left and right ovaries respectively.
The white dotted line marks the boundary of the VMAT radiation
field.

The dosimetric constraints for the plans were as fol-
lows: (1) at least 95% of the PTV should receive the pre-
scribed dose of 45 Gy, with less than 0.03 cm3 of the vol-
ume exceeding 115% of the prescribed dose; (2) a mini-
mum of 99% of the CTV must receive the prescribed dose
of 45 Gy; (3) the maximum dose (Dmax) to the spinal cord
should not exceed 45 Gy; (4) for the bladder, rectum, and
bowel bag, the minimum dose received by 2 cm3 (D2cc)
should be below 50 Gy, with the volume receiving 40% of
prescribed dose (V40) for bladder being less than 70%, for
the rectum being less than 100%, for the bowel bag being
less than 70%, and absolute volume receiving 45 Gy (V45)
being below 195 cm3; (5) for the bone marrow, the per-
centage volumes receiving doses of 10 Gy (V10) and 20 Gy
(V20) should be below 85% and 70%; and (6) themean dose
(Dmean) to be femoral heads should be below 14 Gy, and the
Dmax and Dmean to the ovaries should be below 5 Gy and 3
Gy, respectively.

2.5 Evaluation and Comparison of Treatment Plans and
Dosimetry Outcomes

The IMRT, VMAT, and HT plans were assessed by an-
alyzing isodose curves and dose-volume histogram (DVH)
using the RayStation version 4.0 and TomoHelical™ sys-
tems, respectively. The Dmax, minimum dose (Dmin), Dmean,
conformity index (CI), and homogeneity index (HI) of the
PTV were documented. CI = (Vt,ref )

2
/ (Vt × Vref ),

Vt,ref represents the PTV volume covered by the prescrip-
tion dose, Vt is the total PTV volume, and Vref is the
full volume of the prescribed dose [17]. HI = 100 ×
(D2 −D98) /Dp, D2 andD98 are the lowest doses accepted
by 2% and 98% of PTV, and Dp is the prescribed dose [18].
The Dmax and Dmean for the left and right ovaries, the Dmax

for the spinal cord, the percentage volume of irradiation re-
ceived by the bladder, rectum, and bowel bag at 30Gy (V30)
and 40 Gy (V40), as well as the D2cc for the bowel bag, were
evaluated. Additionally, V45 for the bowel bag, the per-
centage volume of irradiation received by the bone marrow
at 10 Gy (V10) and 20 Gy (V20); and the Dmean for both left
and right femoral head were evaluated.

2.6 Follow-up and Assessment of Ovarian Function
Serum concentrations of follicle-stimulating hormone

(FSH), luteinizing hormone (LH), and estradiol (E2) were
assessed prior to radiotherapy and during the post-treatment
period at both three-months and one-year mark. Approx-
imately five milliliters of venous blood were collected at
around 7:00 AMon the third day of each patient’s menstrual
cycle. Climacteric symptoms were evaluated, and corre-
sponding serumFSH andE2 concentrationsweremonitored
throughout the treatment duration when symptoms were
present. Ovarian function was assessed based on specific
criteria: patients without perimenopausal symptoms along-
side serum FSH concentrations below 40 international units
per liter (≤40 IU/L) were categorized as having normal
ovarian function. However, the onset of perimenopausal
symptoms accompanied by elevated serum FSH concentra-
tions exceeding 40 international units per liter (>40 IU/L)
indicated a decline in ovarian function [19].

2.7 Statistical Data Processing
Statistical analysis was performed using SPSS version

22 (IBM, Armonk, NY, USA). The normality of the data
was examined through the Shapiro-Wilk test. When the
data followed a normal distribution, an analysis of vari-
ance (ANOVA) test was performed to compare the differ-
ences. When the data did not follow a normal distribution,
the Kruskal-Wallis test was performed. Quantitative data
were expressed as the mean± standard deviation (x̄± SD)
or as the median and interquartile range [M (Q1, Q3)], sep-
arately. A p< 0.05 was considered statistically significant.

3. Results
3.1 Literature Search

Over the past decade, a total of 24 comprehensive re-
ports on ovarian protection in cervical cancer patients un-
dergoing radiotherapy have been published, as detailed in
Table 1 (Ref. [4,14,20–41]).

3.2 Patient Data
Hormone level test results for serum: prior to ra-

diotherapy, 73 individuals exhibited normal hormone lev-
els, while 4 showed a decrease. Three months post-
radiotherapy, 26 individuals maintained hormone levels
within the normal range, 13 displayed a decrease, and 38
experienced hormonal failure. One year after radiotherapy,
45 individuals sustained normal hormone levels, 13 exhib-
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Table 1. Literature overview of ovarian-sparing radiation techniques for cervical cancer (2015–2024).
Author and year Main ideas
Soda et al., 2015 [20] The PRV margin for the transposed ovary was set to 2 cm in all directions.
Rousset-Jablonski et al.,
2016 [21]

IMRT combined with OT can preserve fertility function.

Du et al., 2017 [22] Limiting the ovarian radiation dose to V7.5 <26% in IMRT prevents the disruption of ovarian function.
Yoshihiro et al., 2018 [23] To reduce the Dmean of the ovary to less than 3 Gy, the ovaries should be transposed laterally 6.1 cm away from

the PTV surface when using VMAT.
Hoekman et al., 2018 [24] OT prior to pelvic radiation is effective in women up to the age of 35 years and should be considered in patients

aged 36–40 years.
Yin et al., 2019 [25] An ovarian Dmax of <9.985 Gy, a Dmean of <5.32 Gy, and a V5.5 <29.65% were associated with better preser-

vation of ovarian function. Patients younger than 38 years old were more likely to keep normal ovarian function.
Lv et al., 2019 [26] When the transposed ovary is positioned below the upper boundary of PTV, an ovarian Dmax ≤4 Gy could be

obtained when the transverse distance between the ovary and the PTV was>3.265 cm, and an ovarian Dmax ≤5
Gy could be obtained when the transverse distance was >2.391 cm.

Costa-Roig et al., 2020 [27] OT is a feasible and safe technique. However, patients require extended follow-up to assess ovarian function
after oncological treatment.

Guo et al., 2021 [28] When the ovary was located above the PTV, the Dmean of the ovary for IMRT and VMAT was (177.8 ± 90.7)
cGy and (166.7 ± 70.6) cGy, respectively. When the ovary and PTV were in the same plane, the Dmean of the
ovary was (459.1 ± 239.9) cGy and (428.3 ± 238.2) cGy, respectively. VMAT exhibited an advantage over
IMRT.

Marchocki et al., 2021 [29] It is recommended to move the bilateral ovaries to the upper abdomen through high laparoscopy, transposing
and securing ovaries above the inferior liver edge on the right and above the splenic flexure on the left.

Laios et al., 2021 [30] OT should be performed in pre-menopausal women with cervical cancer undergoing pelvic irradiation, irre-
spective of their desire for fertility, to preserve ovarian function and prevent early menopause. Menopause is
not an indication for OT.

Jung et al., 2021 [14] The 5-year ovarian survival rate was 60.3% in patients who underwent OT before RT. Patients who received RT
without OT experienced ovarian failure, while the OT procedure itself did not affect the occurrence of ovarian
failure.

Gross et al., 2021 [31] Proton therapy is a viable radiation strategy for fertility preservation.
Xu et al., 2021 [32] When the distance between the center of a transposed ovary and the PTV margin was >2.1 cm, and the Dmax

<9.8 Gy with a Dmean <4.6 Gy, the function of transposed ovaries could be preserved.
Gay et al., 2021 [4] Unilateral or bilateral OT was performed prior to radiation therapy. The amount of the 10 Gy isodose line within

the ovary contour should be limited in at least one ovary using 3D-CRT or IMRT.
Gill et al., 2022 [33] For patients <40 years old and with ovarian radiation doses <5 Gy, the equation LOF = 2.70 + (11.08 × Dose)

was applied to estimate the decrease in time to premature ovarian insufficiency.
Anderson et al., 2022 [34] Anti-Müllerian hormone was used to identify the damaging effects of cancer treatments on ovarian function.
Kelsey et al., 2022 [35] A curve relating a woman’s age to the average effective dose to the ovaries was constructed, which can be

utilized to establish clinical reference dose limits for ovarian radiation therapy.
Huang et al., 2023 [36] Ovarian-sparing IMRT plans with ovarian protection successfully reduced the ovarian dose while meeting the

D95% target prescription requirements, thereby significantly reducing ovarian radiation toxicity.
Dong et al., 2023 [37] The Dmean to the ovary in coplanar and noncoplanar IMRT plans was 731 cGy and 680 cGy, respectively, with

the noncoplanar design effectively reducing the dose to the ovary.
Ma et al., 2023 [38] Human oocytes are highly sensitive to radiation. With advanced age, the effective radiation dose that causes

premature ovarian failure decreased. The maximum tolerated dose for the ovaries is 16.5 Gy at age 20, 14.3 Gy
at age 30, and only 6 Gy at age 40. For women in their 30s, a radiation dose of 5–10 Gy can induce menopause,
while for those over 40, a dose of 3.75 Gy may cause ovarian failure. VMAT and HT are recommended for
ovarian-sparing.

Barcellini et al., 2024 [39] Carbon ion radiotherapy can limit the ovaries’ Dmean to 51 cGy, offering better protection for the ovaries.
Luan et al., 2024 [40] Deep learning was used to predict the dose distribution for cervical cancer, assisting clinicians in performing

OT surgery.
Hill-Kayser et al., 2024 [41] Precise delineation of ovarian structures and limiting the average dose received by the ovaries are crucial for

ovarian protection. The doses to the uterus and vagina should also be limited.
Note: IMRT, intensity-modulated radiation therapy; MRI, magnetic resonance imaging; VMAT, volumetric modulated arc therapy; PTV, planning
target volume; FSH, follicle-stimulating hormone; Dmean, mean dose; Dmax, maximum dose; PRV, planning organ at risk volume; HT, helical
tomotherapy; OT, ovarian transposition; OAR, organs at risk; RT, radiotherapy; LOF, loss of ovarian function; 3D-CRT, three-dimensional
conformal radiation therapy.
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Table 2. Ovarian function data 1 year after radiotherapy.
Normal group Declining group Exhausted group Analysis result

Age (years) 35.00 (32.00, 37.00) 39.00 (34.50, 40.50) 36.00 (34.00, 39.00) H = 5.670, p = 0.059
BMI (kg/m2) 20.96 (19.50, 22.54) 20.20 (19.77, 13.92) 20.43 (18.49, 22.06) H = 1.181, p = 0.554
Ovary Dmax/cGy 387.00 (353.50, 434.00) 385.00 (362.00, 425.00) 405.00 (369.00, 483.00) H = 1.385, p = 0.500
Ovary Dmean/cGy 272.69 ± 59.20 278.84 ± 61.43 287.84 ± 60.83 F = 0.462, p = 0.632
Notes: BMI, body mass index; Dmean, mean dose; Dmax, maximum dose. p< 0.05 represents a statistically significant difference
between the three groups.

Table 3. Treatment parameters for 10 patients.

Cases
Volume/cm3 Closest distance to the PTV (cm) Distance from ovary to iliac crest (cm)

PTV OL OR OL OR OL OR

1 1291.52 12.84 12.47 3.31 2.89 2.61 5.09
2 1199.96 20.40 13.78 6.03 4.02 2.16 –0.50
3 1168.22 9.90 13.41 2.83 4.98 –0.50 4.31
4 1172.87 11.67 17.32 3.60 3.30 –1.01 3.09
5 914.81 9.81 25.58 2.23 3.32 –3.69 –1.47
6 880.81 6.98 5.49 2.42 3.16 –2.75 –1.53
7 1046.53 10.41 14.27 4.91 3.87 0.35 –0.47
8 975.64 4.70 8.69 2.89 4.76 –1.95 0.11
9 1111.71 25.74 5.98 3.53 4.28 –0.21 2.32
10 888.16 18.71 18.24 2.20 2.42 –3.71 0.12
Mean ± SD 1065.02 ± 145.33 13.12 ± 6.52 13.52 ± 6.04 3.40 ± 1.23 3.70 ± 0.83 –0.87 ± 2.21 1.11 ± 2.41
Notes: OL, ovary left; OR, ovary right; SD, standard deviation; PTV, planning target volume. When the ovary is positioned above the iliac
crest, the distance value is positive; conversely, when it is located below the iliac crest, the distance value is negative.

ited a decrease, and 19 experienced hormonal failure. The
results were classified into three categories: normal group,
declining group, and exhausted group.

According to the data analysis, only the ovary Dmean
followed a normal distribution in all three groups, while
the other parameters did not fully conform to a normal dis-
tribution. The ANOVA test and Kruskal-Wallis test were
performed separately to compare the differences. Further
details regarding ovarian function and other related infor-
mation can be found in Table 2. No significant differences
were observed in age, BMI, ovary Dmax, and ovary Dmean
among the three groups.

3.3 Data from Cases with Preserved Bilateral Ovarian
3.3.1 Treatment Parameters

The radiation dosage administered during radiother-
apy for cervical cancer exhibits a positive correlation with
tumor displacement and its proximity to the PTV edge [42].
This study encompassed the calculation of geometric pa-
rameters for both PTV and OARs, as well as an evaluation
of the positioning of the ovaries and PTV in relation to the
iliac crest, within a cohort of 10 patients. The detailed find-
ings are presented in Table 3 below.

3.3.2 Dosimetric Parameters of the Radiotherapy Plan

All IMRT, VMAT, and HT plans were designed to
minimize the dose to the ovaries while fulfilling the dosi-

metric requirements for PTV and OARs. The dose distri-
bution and DVH curves for the three plans are presented
in Figs. 3,4. The planning parameters for each plan were
recorded separately.

The dosimetric parameters of the PTV for the three
treatment plans are presented in Table 4.

Analysis of the PTV dosimetric parameters for the
three groups revealed that they all follow a normal distri-
bution. The differences among the three groups were ana-
lyzed through an ANOVA test. Statistically significant dif-
ferences were observed in PTV Dmax, Dmin, and CI among
the IMRT, VMAT, and HT groups (F = 7.284, p = 0.003; F
= 30.629, p < 0.001; F = 5.918, p = 0.007). Pairwise com-
parisons showed that the Dmax value of the HT plan (49.01
± 0.92 Gy) was significantly better than that of IMRT and
VMAT (p = 0.003, p = 0.003), with statistically significant
differences. The Dmin value of the HT plan (33.23 ± 5.73
Gy) was lower than that of IMRT and VMAT (p < 0.001,
p < 0.001), and the difference was statistically significant.
The CI of the HT and IMRT plans was superior to that of
VMAT (p = 0.016, p = 0.03), with statistically significant
differences observed.

The dosimetric parameters of OARs for the three treat-
ment plans are presented in Table 5.

The dosimetric parameters of OARs were subjected
to normal distribution testing. It was found that all data in
the IMRT group followed a normal distribution, while the
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Fig. 3. Dosimetric distribution of the three treatment plans: IMRT (a), VMAT (b), andHT (c). IMRT, intensity-modulated radiation
therapy; VMAT, volumetric modulated arc therapy; HT, helical tomotherapy.

Table 4. Dosimetric parameters of the PTV for IMRT, VMAT, and HT.
IMRT VMAT HT Analysis result

Dmax/Gy 50.39 ± 0.96† 50.38 ± 0.91† 49.01 ± 0.92 F = 7.284, p = 0.003*
Dmean/Gy 46.59 ± 0.33 46.68 ± 0.34 46.91 ± 0.75 F = 1.043, p = 0.366
Dmin/Gy 43.74 ± 0.30† 42.85 ± 0.62† 33.23 ± 5.73 F = 30.629, p < 0.001*
HI 0.094 ± 0.017 0.103 ± 0.018 0.092 ± 0.028 F = 0.752, p = 0.481
CI 0.850 ± 0.037# 0.791 ± 0.054† 0.848 ± 0.038 F = 5.918, p = 0.007*
Note: *, p < 0.05 represents a statistically significant difference between the three groups.
Pairwise comparison: #, represents a statistically significant difference with VMAT; †, rep-
resents a statistically significant difference with HT. PTV, planning target volume; IMRT,
intensity-modulated radiation therapy; VMAT, volumetric modulated arc therapy; HT, helical
tomotherapy; Dmax, maximum dose; Dmean, mean dose; Dmin, minimum dose; HI, homogene-
ity index; CI, conformity index.

ovary left (OL) Dmax and Dmean, bladder (B) V30, bowel bag
(BB) V40, and bone marrow (BM) V20 in the VMAT group,
as well as the OL Dmax, rectum (R) V30, spinal cord (SC)
Dmax, and B V40 in the HT group, did not follow a normal
distribution. The ANOVA and Kruskal-Wallis tests were
performed separately to compare the differences. The dif-
ferences in ovary right (OR) Dmax, femoral head left (FHL)
Dmean, B V30 and V40, BB V40, BM V20, and SC were sta-
tistically significant (F = 8.394, p = 0.001; F = 5.021, p =
0.014; H = 12.943, p = 0.002; H = 15.01, p = 0.001; H
= 7.837, p = 0.020; H = 6.720, p = 0.035; H = 15.037, p

= 0.001). Upon further comparison, the OR Dmax (3.10 ±
0.66 Gy) of HT was found to be significantly lower than
that of IMRT and VMAT, demonstrating superior perfor-
mance (p = 0.024, p< 0.001). The FHL Dmean (5.86± 1.85
Gy) for the VMAT plan exhibited the lowest value, indicat-
ing that HT plans were inferior to both IMRT and VMAT
(p = 0.021, p = 0.006). Additionally, the B V30 and V40

values for HT were significantly better than those of IMRT
and VMAT (p = 0.027, p = 0.002; p = 0.036, p < 0.001),
while the BBV40 value for HTwas significantly better than
that of VMAT alone (p = 0.016). Furthermore, the BM V20
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Table 5. Dosimetric parameters of the OARs for IMRT, VMAT, and HT.
OARs IMRT VMAT HT Analysis result

OL Dmax/Gy 4.10 (3.63, 4.53) 4.75 (3.83, 4.90) 4.02 (3.59, 4.29) H = 5.546, p = 0.062
OL Dmean/Gy 2.47 (2.10, 2.91) 2.73 (2.58, 3.37) 2.65 (2.15, 2.84) H = 1.680, p = 0.432
OR Dmax/Gy 3.74 ± 0.71† 4.20 ± 0.39† 3.10 ± 0.66 F = 8.394, p = 0.001*
OR Dmean/Gy 2.16 ± 0.73 2.49 ± 0.58 1.97 ± 0.52 F = 1.893, p = 0.170
R D2cc/Gy 46.74 ± 1.10 46.86 ± 1.15 47.93 ± 1.20 F = 3.229, p = 0.055
R V30/% 96.05 (90.83, 98.28) 93.75 (87.80, 98.35) 99.25 (92.33, 100.00) H = 2.246, p = 0.325
R V40/% 74.49 ± 15.46 78.15 ± 16.67 83.25 ± 13.42 F = 0.833, p = 0.446
B D2cc/Gy 47.85 ± 0.59 47.85 ± 0.89 48.21 ± 1.19 F = 0.503, p = 0.610
B V30/% 88.80 (81.02, 96.95)† 99.85 (79.50, 100.00)† 64.50 (57.78, 70.58) H = 12.943, p = 0.002*
B V40/% 49.20 (44.28, 57.25)† 67.25 (46.85, 78.38)† 34.95 (30.37, 38.55) H = 15.010, p = 0.001*
BB D2cc/Gy 48.14 ± 0.59 48.35 ± 0.63 48.19 ± 0.89 F = 0.234, p = 0.793
BB V30/% 50.79 ± 8.42 50.27 ± 8.21 46.16 ± 9.33 F = 0.805, p = 0.458
BB V40/% 29.25 (25.90, 34.63) 35.70 (30.48, 37.08) 25.55 (21.18, 30.55)# H = 7.837, p = 0.020*
BB V45/cm3 145.80 ± 37.91 178.39 ± 36.41 155.15 ± 44.67 F = 1.771, p = 0.189
BM V10/% 69.45 ± 8.12 67.75 ± 6.48 69.97 ± 3.64 F = 0.342, p = 0.714
BM V20/% 61.65 (52.28, 62.87) 61.00 (51.64, 62.01) 51.50 (47.08, 52.98)# H = 6.720, p = 0.035*
FHL Dmean/Gy 6.32 ± 2.82† 5.86 ± 1.85† 8.50 ± 0.69 F = 5.021, p = 0.014*
FHR Dmean/Gy 7.06 ± 2.50 6.90 ± 1.44 8.37 ± 0.82 F = 2.167, p = 0.134
SC Dmax/Gy 39.24 (38.05, 40.45)† 40.56 (39.03, 41.37)† 37.27 (34.14, 38.03) H = 15.037, p = 0.001*
Note: IMRT, intensity-modulated radiation therapy; VMAT, volumetric modulated arc therapy; HT, helical tomother-
apy; Dmean, mean dose; Dmax, maximum dose; V10, 10 Gy; V20, 20 Gy; V30, 30 Gy; V40, 40 Gy; D2cc, the minimum
dose received by 2 cm3; OAR, organs at risk; OL, ovary left; OR, ovary right; R, rectum; B, bladder; BB, bowel bag;
BM, bone marrow; FHL, femoral hea left; FHR, femoral head right; SC, spinal cord. *, p < 0.05 represents statistically
significant differences between the three groups. #, represents statistically significant differences with VMAT. †, repre-
sents statistically significant differences with HT.

Fig. 4. The DVH of the three treatment plans: IMRT,
VMAT, and HT.DVH, dose-volume histogram; IMRT, intensity-
modulated radiation therapy; VMAT, volumetric modulated arc
therapy; HT, helical tomotherapy. The red DVH curve represents
the PTV, and the rose red DVH curve represents the left ovary.

value for HT was significantly better than that of VMAT
(p = 0.044). Lastly, the SC Dmax value for HT was signifi-
cantly better than both IMRT and VMAT plans (p = 0.047,
p < 0.001).

4. Discussion

Advancements in radiotherapy technology made the
protection of normal organ function during treatment a key
focus in clinical research. The protection of normal organs
like the hippocampus, heart, parotid, and R during radio-
therapy has been extensively studied and widely adopted
in clinical practice [43–46]. The ovaries are a crucial or-
gan that determines the reproductive health and quality of
life for young women. Hence, protecting ovarian function
during radiotherapy is of particular significance. After ana-
lyzing relevant literature, this study discovered that tech-
nical approaches for protecting the ovaries during radio-
therapy for cervical cancer have not been widely reported,
highlighting a significant gap for research for this technol-
ogy. Currently, the prevailing technical trends in preserving
ovarian function during cervical cancer radiotherapy focus
on several pivotal aspects: first, it is widely acknowledged
that ovaries exhibit high radiation sensitivity. Second, a
standardized tolerance dose for the ovaries remains unde-
fined, with variations that closely correlated to patient age,
radiotherapy method, and chemotherapy regimen. Third,
extensive research has elucidated the safety of ovarian pro-
tection and established the maturity of techniques such as
OT. Finally, modern radiation techniques, including IMRT,
VMAT, and HT, have emerged as effective strategies for
safeguarding ovarian function.
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In this study, 77 patients with normal ovarian function
prior to radiotherapy had their ovarian function assessed
following radiotherapy. After excluding cases of complete
ovarian function loss, 56 patients (72.7%) maintained their
ovarian function after one year follow-up, achieving a sat-
isfactory outcome. Yin et al. [25] carried out a study on
ovarian protection in 105 cervical cancer patients, finding
that 41 patients (39%) maintained their ovarian function af-
ter one-year follow-up. In our study, the dose limits for the
ovaries in radiotherapy planning were established as Dmax
≤4 Gy and Dmean ≤3 Gy. In contrast, the dose limits were
set at Dmax ≤9.985 Gy and Dmean ≤5.32 Gy in a study by
Yin et al. [25]. A comparison indicated that stricter dose
limits for the ovaries are more effective in protecting ovar-
ian function. As such, the recommended dose limits for the
ovaries are as follows: Dmax ≤4 Gy and Dmean ≤3 Gy.

Winarto et al. [47] concluded that, when the pre-
scribed dose for the pelvic field in traditional cervical can-
cer treatment was 45 Gy, the dose to the ovaries at various
displacement positions, based on the calculated isodose dis-
tribution curve perpendicular to the central axis of the radi-
ation beam, ranged from approximately 1% to 10% of the
prescribed dose, or 0.45–4.5 Gy. During surgeries for cer-
vical cancer patients, doctors are often unaware of the exact
location of the radiation target area. Therefore, reposition-
ing the ovaries to an appropriate position is a crucial fac-
tor in protecting them during radiation therapy. Some re-
searchers have adopted deep learning techniques to predict
dose distribution for cervical cancer, assisting clinicians
in performing OT surgery [40]. Lv et al. [26] analyzed
176 ovaries in a pelvic cancer radiotherapy plan involving
ovarian-sparing. Among them, 32 ovaries had lower mar-
gins above the PTV, while 144 had lower margins below
the PTV. A receiver operating characteristic (ROC) curve
was established based on the relationship between the lower
margin of the ovary and the iliac crest, as well as the ac-
tual Dmax of the ovary, to predict the optimal cutoff point of
Dmax ≤4 Gy at a distance of 1.12 cm. Another ROC curve
was established based on the horizontal distance between
the ovary and the PTV, along with the actual Dmax of the
ovary, to predict the optimal cutoff point of Dmax ≤4 Gy at
a distance 3.265 cm for the 144 ovaries with lower margins
below the PTV. In China, expert consensus suggests that
after transposition, the ovaries should be positioned at least
4 cm from the upper limit of the irradiation field or at least
1.5 cm above the iliac crest. The most commonly adopted
position for the ovaries is the ileocolic fossa [39]. Based on
our study, we propose that the criteria for optimal ovarian
protection are as follows: the distance between the ovary
and the edge of the PTV should exceed 3 cm, and the infe-
rior margin of the ovary should be at least 1 cm above the
iliac crest.

This study compared the dosimetric disparities among
IMRT, VMAT, and HT techniques in ovarian-sparing radi-
ation therapy plans for cervical cancer. The result show

that the utilization of HT enables superior homogeneity in
the PTV, ensuring optimal coverage of the prescribed dose
to the target while effectively managing bilateral Dmax and
Dmean volumes, as well as minimizing exposure to other
surrounding normal tissues. IMRT offers advantages in
maintaining precise control over low doses within the PTV
and outperforms VMAT in various dosimetric parameters.
Our findings are consistent with previous reports. Huang
et al. [36] found that IMRT plans with ovarian protection
successfully reduced the ovarian dose while meeting the
D95% target prescription requirements, significantly reduc-
ing ovarian radiation toxicity. This results align with the
findings of this study. Dong et al. [37] reported that the me-
dian dose to the ovary in coplanar and noncoplanar IMRT
plans was 731 cGy and 680 cGy, respectively, with the non-
coplanar design reducing the dose to the ovary. The ovarian
dose in this study is higher than the reported in the afore-
mentioned study. A literature review revealed that there
are limited reports on the design of approaches for radia-
tion therapy plan focused on ovarian protection in cervical
cancer radiotherapy. This study provides the first dose com-
parison among IMRT, VMAT, and HT techniques, offering
specific methods for plan design and serving as a reference
solution for medical physicists.

5. Conclusions
OT is a key step in protecting the ovaries during cer-

vical cancer radiotherapy. Significant advancements have
been made in the surgical technique for ovarian reloca-
tion. Although ovarian dose thresholds have not been stan-
dardized, it is well established that ovarian tolerance doses
are closely correlated with patient age, absorbed dose, and
chemotherapy regimen. In this study, we propose an ovar-
ian dose threshold to preserve ovarian function, with Dmax
≤4 Gy and Dmean ≤3 Gy. When planning radiotherapy, HT
has demonstrated a reduction in bothmaximum and average
ovarian doses compared to IMRT and VMAT, while ensur-
ing a favorable dosimetric distribution for PTV and other
OARs. Despite the high costs and specialized equipment
required for HT technology, IMRT with customized fields
can be recommended as a viable option when resources are
limited. This study encompassed a limited number of cases
and had restricted follow-up duration. Future research ef-
forts could further explore this topic through multi-center
collaborations to derive more clinically pertinent conclu-
sions.
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