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ABSTRACT
Introduction  Leiomyoma recurrence is a major concern 
for long-term myomectomy management, especially for 
multiple leiomyomas. Gonadotropin-releasing hormone 
agonist (GnRHa) is one of the most effective medications 
to reduce the volume of fibroids and the uterus. However, 
its role in preventing recurrence after conservative surgery 
remains unclear. At present, there is no randomised 
clinical trial determining the efficacy of GnRHa treatment 
for preventing multiple leiomyomas recurrence after 
myomectomy.
Methods and analysis  We are conducting a phase 
IV randomised controlled trial in women aged 18–45 
undergoing myomectomy for multiple leiomyomas. After 
surgery, women whose pathological result confirms 
multiple leiomyomas are randomised in a 1:1 ratio into 
an observation or GnRHa group. The primary outcome 
is the recurrence of either clinical symptoms or fibroids 
on imaging. Patients will be assessed for adverse events 
during the follow-up.
Ethics and dissemination  The study was approved 
by the Medical Ethics Committee of the Tongji Hospital 
Affiliated with the Tongji Medical College of Huazhong 
University of Science and Technology (TJ-IRB20180311) 
according to the submitted study protocol (V.1.0, 10 
November 2017) and informed consent (V.1.0, 10 
November 2017). The results will be presented at domestic 
and international conferences and published in peer-
reviewed journals.
Trial registration number  ChiCTR-IPR-17012992.

INTRODUCTION
Leiomyoma, also called myoma or uterine 
fibroid, is the most common benign uterine 
tumour among women of reproductive age. 
Its clinical presentations include a pelvic 
mass, chronic pelvic pain, abnormal uterine 
bleeding and infertility.1 Leiomyoma occurs 
in 50%–60% of women of reproductive age, 

rising to 70% by age 50,2 translating into 
880 million women worldwide. It originates 
from the smooth muscle cells in the myome-
trium and is highly dependent on oestrogen 
stimulation. Multiple uterine fibroids are a 
special form of leiomyoma, referring to more 
than one type of myoma in the uterus with 
a much higher recurrence risk than a single 
leiomyoma.3 4

Currently, multiple leiomyoma treatment 
involves primarily surgical interventions. 
However, the surgical approach is largely 
dependent on the patients’ age and desire 
to preserve fertility. In Asian culture, patients 
are prone to preserving the organ’s integrity 
and, therefore, myomectomy is more popular 
among the Asian population. Gynaecologists 
are also increasingly realising that preserving 
the uterus can help maintain the blood supply 
to the ovaries, maintaining ovarian function. 
Therefore, myomectomy has become the 
dominant choice. After myomectomy, close 

Strengths and limitations of this study

►► This is the first randomised controlled trial investi-
gating the efficacy of a gonadotropin-releasing hor-
mone agonist for preventing high-risk leiomyoma 
recurrence after myomectomy.

►► This is a large-scale, multiple centres, prospective 
study.

►► The pictorial blood loss assessment chart and im-
aging will be employed to evaluate multiple leiomy-
omas symptoms.

►► Data on the recurrent time and rate will be collected.
►► The hypogonadal side effects may lead to drop-outs 
during the study.
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follow-ups are recommended. However, it is widely known 
that the leiomyoma recurrence rate after myomectomy 
can be as high as 60% after 5 years5 6 and even higher for 
multiple leiomyomas.5

The oestrogen level heavily influences leiomyoma 
growth. Thus, starting in the 1980s, gonadotropin-
releasing hormone agonists (GnRHa) were investi-
gated as a potential treatment. Studies have confirmed 
that GnRHa decreases the volume of fibroids and the 
uterus.7 8 Currently, GnRHa is recommended preopera-
tively, as it reduces preoperative and perioperative blood 
loss.9 However, clinical investigations regarding its ability 
to prevent multiple leiomyomas recurrence after conser-
vative surgery are lacking.

At present, there is no guideline for long-term multiple 
leiomyoma management. A randomised trial is warranted 
to test the efficacy of GnRHa for preventing multiple leio-
myoma recurrence. This study is a multicentre, prospec-
tive, randomised controlled trial aiming to determine 
the efficacy of GnRHa compared with expectant manage-
ment for recurrence prevention among women who 
underwent myomectomy.

We believe that the proposed trial is significant because 
it evaluates the effectiveness of GnRHa treatment for 
preventing multiple leiomyoma recurrence, which is 
one of the most common benign tumours among repro-
ductive-age women. Further, it will provide evidence 
for long-term multiple leiomyoma management after 
myomectomy.

METHODS AND ANALYSIS
Overall design
This study is designed to compare the multiple leio-
myoma recurrence rate after a myomectomy with and 
without GnRHa treatment. We will recruit patients aged 
18–45 years diagnosed with multiple leiomyomas and 
undergoing myomectomy. Eligible and willing partici-
pants will be randomised to a either GnRHa treatment 
or observational group in a 1:1 ratio. The GnRHA treat-
ment will be six intramuscular injections of 3.75 mg of 
GnRHa administered once per month. Participants will 
be followed for 36 months after enrolment. The assess-
ment will be recorded by a masked interviewer at 3, 6, 12, 
18, 24, 30 and 36 months after enrolment. The primary 
outcomes will be the leiomyoma recurrence. Bias will be 
minimised by a rigorous randomisation procedure and by 
having interviewers masked to the participant’s treatment 
group.

Study population
This study is being conducted in 12 academic hospitals 
located in central China.

Sample size calculation
Based on the preliminary retrospective data from our 
department, the multiple leiomyoma recurrence rate 
3 years after surgery is approximately 30%. We assumed 

that an absolute difference of 10% in the recurrence rate 
is clinically significant. Therefore, the number needed to 
treat is 100. We aim to test a 10% difference in the recur-
rence rate between the treatment and observation groups 
(ie, 20% in the GnRHa group and 30% in the observa-
tion group) at a significance level of 0.05 with a statistical 
power of 80%. The minimum calculated sample size is 
291 per group. Considering a 10% drop-out rate, we will 
enrol 320 subjects per group.

Inclusion criteria
The inclusion criteria are:
1.	 Women aged ≥18 and ≤45 years.
2.	 Women diagnosed with multiple leiomyomas, which is 

more than one type of leiomyoma in the uterus, in-
cluding subendometrial, intramural and subserosal 
leiomyoma.

3.	 Women undergoing myomectomy and have histo-
pathologically confirmed leiomyoma.

4.	 One month after the surgery, the ultrasound must con-
firm no fibroid or the fibroid diameter is smaller than 
2 cm.

5.	 Women who have not used leiomyoma medications 
within 3 months before the enrolment.

6.	 Women who can give written consent.

Exclusion criteria
The exclusion criteria are:
1.	 Women diagnosed with congenital uterine abnormali-

ties, such as a uterine malformation (eg, a unicornuate 
uterus, septate uterus or duplex uterus).

2.	 Pregnant women.
3.	 Patients with inadequate fibroid removal, defined as 

residual fibroids larger than 2 cm in the ultrasound 
scan 1 month after myomectomy.

4.	 Women diagnosed with other oestrogen dependent 
diseases, such as adenomyoma or endometriosis.

5.	 Women who used a GnRHa treatment within 3 months 
before enrolment.

6.	 Women with medical conditions that contraindicate 
surgery, such as uncontrolled hypertension or known 
symptomatic heart disease, poorly controlled type 1 or 
type 2 diabetes mellitus, undiagnosed liver disease or 
dysfunction (based on a serum liver enzyme test), re-
nal disease or abnormal serum renal function, severe 
anaemia, a history of deep venous thrombosis, pulmo-
nary embolus or cerebrovascular accident, a history of 
(or suspected) cervical carcinoma, endometrial carci-
noma or breast carcinoma.

7.	 Women allergic to the GnRHa treatment.
8.	 Women simultaneously undertaking other clinical 

trials.

Screening and enrolment
At the screening visit, the medical history and the current 
medication status will be recorded with the standardised 
case report forms. Laboratory measurements, including 
basal sex hormone tests, the anti-müllerian hormone 
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(AMH) level, safety assays (eg, liver function and renal 
function), antibodies for hepatitis virus, HIV and syph-
ilis, coagulation and routine blood and urine tests were 
performed in the local labs of the study sites. The symp-
toms are assessed using the Short-Form Health Survey 
(SF-36) and pictorial blood loss assessment chart (PBAC).

The patients will undergo myomectomy for multiple 
leiomyomas, and the histopathology report must confirm 
leiomyoma. Myomectomy can be conducted by the lapa-
roscopic, hysteroscopic or abdominal approach. The 
surgery length, numbers and size of the fibroids, the 
blood loss volume and the uterine cavity integrity will 
be recorded. Imaging, such as transvaginal ultrasound 
scan or MRI, will be performed 1 month after the surgery 
to confirm that there are no remaining fibroids or the 
fibroid diameter is smaller than 2 cm.

After the initial screening, the clinicians will approach 
potential participants, introduce the study, explain the 
current treatment progression and invite participation. 
The patients will be aware of the randomised assign-
ment for the treatment group. Written consent will be 
obtained from the patients after a thorough discussion. 
The enrolled population will include all patients who 
provided informed consent.

Randomisation and blinding
Subjects will be assigned to two groups with a 1:1 ratio 
using simple randomisation. All centres except for one 
(the main centre) have the same scale regarding inpatient 
number and surgery volume. Therefore, a simple rando-
misation is suitable for this study. The estimated recruit-
ment rate is 12 cases in the main centre and 6 cases in the 
other centres per month. The randomisation sequence 
was generated by biostatisticians in a data coordinator 
centre using Microsoft Excel. The original sequence is 
kept secure and is input into the online central rando-
misation system by the data coordinator centre staff 

members who are not involved in subject enrolment. 
The online sequence is not accessible to any investiga-
tors or study coordinators. If a subject fulfils the enrol-
ment criteria, the authorised study coordinator will get 
the assignment for the subject. The patient’s name will be 
replaced by a sequence number to maintain confidenti-
ality. After randomisation, the patients and clinicians will 
be informed about the assignments.

During the follow-up, the investigator will be blinded 
to the participant’s treatment assignment to minimise 
reporting bias. The data will be collected and uploaded 
to an online data storage application as it develops.

The intervention
Participants in the treatment group will receive one 
3.75 mg GnRHa intramuscular injection (Diphereline, 
Debiopharm, Ipsen, France) on menstruation day 1 after 
the surgery. The intervention will be repeated monthly 
for 6 months. The rationale for six GnRHa courses is that 
suppression is the greatest at 6 months, and the side effects 
are manageable at this time. Since the patients underwent 
myomectomy, pregnancy is not recommended for 18 
months. Therefore, six GnRHa courses will not interfere 
with the patients’ pregnancy plan. A Standard Protocol 
Items: Recommendations for Interventional Trials flow 
diagram of enrolment, interventions and assessment is 
provided in figure 1.

Follow-up checks and interviews
All enrolled participants will be checked and interviewed 
according to the follow-up schedule outlined in figure 1. 
There will be seven follow-ups after the surgery, once 
every 3 months for the first two visits, then once every 
6 months for the remaining visits. During each visit, 
oestradiol (E2), follicle-stimulating hormone (FSH) and 
AMH levels will be tested, and a pelvic ultrasound will be 
performed. The blood samples will be destroyed after 

Figure 1  The SPIRIT flow diagram of the study illustrating the enrolment, intervention and assessment of this project. AMH, 
anti-müllerian hormone; FSH, follicle-stimulating hormone; GnRHa, gonadotropin-releasing hormone agonist; PBAC, pictorial 
blood loss assessment char; SF-36, Short-Form Health Survey.
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laboratory evaluation. The SF-36 and PBAC results, the 
medication history and any side effects will be recorded. 
If there is a withdrawal, the investigator will record the 
time and reason for the drop-out.

Data collection
Patients will be recruited from March 2018 to September 
2021, and the follow-up will be completed over the 
3 years after surgery. One allocated investigator is in 
charge of recording follow-ups, and this investigator will 
be blinded to the participant’s treatment assignment. 
The data will be collected with a standard case report 
form and uploaded to an online data storage applica-
tion developed by a third party. Data will be deidentified 
before uploading into the online recording platform. 
Regular study site monitoring and database checking will 
be performed to ensure data collection accuracy. A data 
monitoring committees is not set up in this study as this 
is a phase IV trial.

The principal investigator will have the access to the 
final dataset on the online data storage application.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

Data analysis
Safety assessment
Adverse events (AE) are any unfavourable medical occur-
rence associated with the subject’s participation in the 
research, whether or not it is related to the study interven-
tion. All potential AEs will be monitored throughout the 
trial with supervision from the Huazhong University of 
Technology and Science Ethnic committee. Participants 
can quit the trial at any time if there is an intolerance to 
the therapy.

Hypogonadal side effects from GnRHa treatment, such 
as hot flashes, anxiety and bone loss, should be carefully 
evaluated and may be treated with add-back therapy to 
maintain E2 levels at 30–50 pg/mL.

AEs unrelated to GnRHa will also be recorded and 
assessed by investigators. A severe AE (SAE) is any reac-
tion that led to the discontinuation of the medication 
owing to intolerable side effects, which can sometimes 
be fatal. The AE severity will be assessed by the attending 
investigator, who will also decide on the discontinuation 
of the medication.

Primary outcomes
The primary outcome is the recurrence time and the 
recurrence rate. Recurrence is the return of symptoms 
or fibroid growth. The symptoms are increased menstru-
ation blood loss (ie, a PBAC score greater than 100) and 
fibroid growth, which is a fibroid diameter larger than 
2 cm or the number increases compared with the baseline 
image 1 month after the surgery.

Secondary outcomes
The secondary outcomes are comparisons between the 
treatment and observational groups: (1) The proportions 
of participants with AEs, (2) pregnancy outcomes and (3) 
the quality of life after the myomectomy assessed by SF-36 
questionnaire, the ovarian reservation (ie, AMH, E2 and 
FSH levels) and the uterine size.

Data analysis
Data analysis and reporting will be conducted following 
the Consolidated Standards of Reporting Trials guide-
lines (recorded in the flow chart, figure 1) and include 
the number of eligible participants and the number lost 
to follow-up for various reasons.

The relevant medication used after enrolment will be 
recorded by the interviewer in each follow-up interview. 
The use of combined oral contraceptive will be consid-
ered a variable in the analysis. Intention to treat will 
be used as the foundation in our analysis and includes 
all enrolled patients. The per-protocol population will 
include all participants who met the inclusion and exclu-
sion criteria, received a full course of the GnRHa treat-
ment and completed the primary relevant visits. This 
population excludes patients with major protocol devia-
tions, such as those not completing all six GnRHa courses 
or using other sex hormonal devices.

Baseline characteristic comparisons will be performed 
between the observational and intervention groups. 
Continuous data will be analysed by Wilcoxon rank-sum 
test and reported as means and SD. Categorical data will 
be analysed by Pearson’s χ2 test and reported as numbers 
and percentages.

The primary outcome measure is the recurrence rate 
difference between the observational and intervention 
groups after 3 years of follow-up, which will be analysed 
by Pearson’s χ2 test. For efficacy parameters, such as the 
menstruation blood loss score, the uterus size and lesions, 
will be analysed using generalised estimating equations 
to identify correlations among these observations at 
different follow-up points.

The secondary outcomes parameters, such as the SF-36 
score and the PBAC score, will be calculated during the 
3-year follow-up by mixed model for repeated measures 
analysis to compare differences between the two groups 
at different time points. The intention-to-treat results will 
be compared with the per-protocol analysis to provide 
information on the potential effect of selective lost to 
follow-up.

The number of participants with AEs or SAEs will be 
presented for each treatment arm, and the proportion of 
AEs and SAEs will be analysed as secondary outcomes. A 
post hoc sensitivity analysis will also be executed to iden-
tify the reasons for participants’ withdrawal.

ETHICS AND DISSEMINATION
The experiments outlined in this protocol involve a 
randomised controlled clinical trial on humans and 
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were approved by the Medical Ethics Committee of the 
Tongji Hospital Affiliated to Tongji Medical College of 
Huazhong University of Science and Technology (TJ-
IRB20180311) based on the submitted study protocol 
(V.1.0, 10 November 2017) and informed consent (V.1.0, 
10 November 2017). The ethical approval was approved at 
the central and local levels. The central ethical approval 
was confirmed by the Medical Ethics Committee of the 
Tongji Hospital (ref approval no. TJ-IRB20180311), and 
we will not begin recruiting at other centres in the trial 
until local ethical approval has been granted.

This study is registered with the Chinese Clinical Trial 
Registry. The results will be submitted for academic 
conference presentations and publication in peer-
reviewed journals, and the conclusions will be presented 
at each participating centre and shared with the trial 
participants.

DISCUSSION
This study compares participants with and without GnRHa 
intervention after a myomectomy for multiple leiomy-
omas. We plan to enrol 640 subjects across 12 teaching 
hospitals in China. The enrolment began in March 2018.

At the time of manuscript preparation, the recruitment 
is still undergoing. The result of this large multicentre 
randomised trial will provide level I evidence for a long-
term management strategy for multiple leiomyomas after 
myomectomy.

Currently, the treatment for leiomyoma largely relies 
on surgery. Hysterectomy is more radical, but it can also 
cause more short-term and long-term complications. 
Conversely, myomectomy preserves the uterus’s integ-
rity,10 but the recurrence rate can be as high as 30% 
3 years after surgery. Repetitive surgery would be more 
challenging because of the iatrogenic adhesion, and 
sometimes hysterectomy is inevitable. The aetiology of 
leiomyoma is still not fully understood. However, epigen-
etic and metabolic abnormalities have been identified 
in a large percentage of leiomyomas.11 12 These could be 
valuable for developing new therapeutic strategies.13 Most 
leiomyoma medications are based on hormone modula-
tion, such as selective progesterone receptor modulators 
(SPRM), GnRHa and the combined contraception pill 
(COP). While COP administration in women aged more 
than 40 is controversial, the efficacy of SPRMs versus 
other treatments is also unclear.14 GnRHa was first used 
to treat leiomyoma in 2010, and using GnRHa preoper-
atively was confirmed to significantly reduce uterine and 
fibroid volumes.15 However, there remains a lack of clin-
ical trial evidence into the effect of GnRHa for preventing 
the leiomyoma recurrence after myomectomy, and its 
role in long-term leiomyoma management is unclear.

Currently, long-term leiomyoma management lacks 
a standard guideline. We expect this study to provide 
a reliable answer regarding GnRHa as a preventative 
intervention for multiple leiomyomas recurrence after 
myomectomy.
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