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Abstract 

Background  Uterine leiomyomas are common for reproductive-aged women and affect women’s quality of life 
due to heavy menstrual bleeding or dysmenorrhea. Leiomyomas grow according to estradiol exposure and decrease 
after post-menopause. In case serious symptoms are caused by leiomyomas, pharmacotherapy or surgical treatment 
is proposed. Prior to surgical treatment, pharmacotherapies aimed at the reduction of leiomyoma and uterine volume 
or improvement of anemia are introduced to conduct minimum invasive surgery (i.e., to reduce blood loss or surgical 
duration). Recently, relugolix (40 mg orally once daily) as a gonadotropin-releasing hormone (GnRH) receptor antago-
nist has proved its sufficient efficacy in suppressing estradiol levels without the transient estradiol flare-up compared 
with GnRH agonist. However, long-term administration should not be permitted liable to for climacteric disorder 
or osteoporosis, and evidence is lacking on the actual efficacy and extent of adverse effects of the every-other-day 
dosing regimen. This trial aimed to prove non-inferiority in volume reduction effect on leiomyoma and safety (i.e., 
reduction of adverse effects) by every-other-day administration after 2 months of everyday administration compared 
to daily administration throughout the duration.

Methods  A minimization adaptive randomized control trial (RCT) will be conducted. Patients (over 20 years old) har-
boring leiomyoma who will be undergoing surgical treatment will be invited to participate. Patients who are enrolled 
in the intervention group will receive every-other-day administration for 16 weeks after 8 weeks of daily administra-
tion. Patients who are enrolled in the control group will receive daily throughout the 24 weeks. The primary outcome 
is the leiomyoma volume reduction, and the secondary endpoints are the reduction of uterine volume, the occur-
rence of the climacteric disorder, genital bleeding days, change rate of serum hormone or bone turnover markers, 
and bone mineral density after 24 weeks compared to before administration.
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Discussion  This study aims to prove both the non-inferiority in leiomyoma volume reduction and superiority 
in adverse effects occurrence reduction, which will provide a novel method to escape adverse effects while maintain-
ing the effect of leiomyoma reduction.

Trial registration  Japan Registry of Clinical Trials jRCTs051230078. Registered on 26 July 2023.

Keywords  Relugolix, GnRH receptor antagonist, Uterine leiomyoma, NARA trial

Introduction
Background and rationale {6a}
Uterine leiomyomas are commonly detected with a 
prevalence reaching up to 60% of reproductive-aged 
women [1, 2] and affect women’s quality of life due to 
heavy menstrual bleeding or dysmenorrhea [3–5]. Lei-
omyomas grow according to estradiol exposure and 
decrease after post-menopause [6, 7]. In clinical prac-
tice, pharmacotherapy or surgical treatment is proposed 
for serious symptoms like abdominal distension, dysu-
ria, infertility, or severe anemia due to heavy menstrual 
bleeding caused by leiomyomas. In the case of pharma-
cotherapy, a gonadotropin-releasing hormone (GnRH) 
receptor agonist (i.e., leuprorelin acetate or goserelin 
acetate) has been used to pause the menstrual cycle 
[8]. However, it induces a transient increase in gonado-
tropins and sex hormones, resulting in a clinical flare-
up or temporary worsening of symptoms, and typically 
takes about 4 weeks to achieve a therapeutic effect [3, 9]. 
GnRH receptor antagonists (i.e., relugolix, elagolix, or 
linzagolix) are also used as newer treatments for uter-
ine leiomyomas [10, 11]. Relugolix is a new orally active 
small molecule GnRH receptor antagonist [12–14] 
which proved its sufficient efficacy to suppress estradiol 
without the transient estradiol flare-up compared with 
GnRH agonist [15, 16]. However long-term administra-
tion should not be permitted liable to for climacteric dis-
order or osteoporosis. In the case of surgical treatment, 
pharmacotherapies like GnRH agonists or antagonists 
aimed at the reduction of leiomyoma and uterine volume 
or improvement of anemia are also introduced before 
the surgical treatment to conduct less invasive surgery 
(i.e., to reduce blood loss or surgical duration). However, 
the clinician often encounters cases in which menopau-
sal symptoms are thought to be drug-related at about 
8 weeks after the beginning of treatment, making it dif-
ficult to continue treatment [17]. Since the phase III trial 
was designed for relugolix administration to patients 
with leiomyoma, the leiomyoma volume as a secondary 
endpoint was reduced by 43.28 ± 33.85% by 12 weeks and 
49.75 ± 34.33% by 24 weeks of administration compared 
with the baseline; we have hypothesized that everyday 
administration for 8  weeks and subsequently every-
other-day administration of relugolix only for maintaining 
the effect could be a compatible method [18].

Objectives {7}
This trial aims to prove the non-inferiority of leiomy-
oma reduction effect and safety evaluation (i.e., reduc-
tion of side effects) by every-other-day administration 
for 16  weeks after 8  weeks of everyday administration 
compared to throughout the duration.

Trial design {8}
This is a phase IV study designed as a randomized, par-
allel-group comparative trial, with a 1:1 allocation for 
non-inferiority assessment.

Methods: participants, interventions, 
and outcomes
Study setting {9}
This will be a minimization adaptive randomized con-
trol trial, at the Nara Medical University Hospital in 
Nara, Japan. The study was conducted in accordance 
with the principles outlined in the Declaration of Hel-
sinki, the International Council for Harmonization 
Guideline for Good Clinical Practice, and all applicable 
local regulatory requirements. The study, including the 
protocol and informed consent form, was approved by 
the Nara Medical University Certified Review Board 
(Approval Number: CRB5200002). Registration is from 
September 25, 2023, to August 31, 2024. The observa-
tion period will last until February 28, 2025, and the 
study is scheduled to end on August 31, 2025. Each 
patient will be provided informed consent before 
undergoing any study-related procedures. In the case 
of the study protocol modification, the information will 
be noticed and confirmed after approval by the review 
board and the Japan Registry of Clinical Trials (jRCT) 
modification.

Eligibility criteria {10}
Inclusion criteria
These are the requirements for participating in the 
study: the participant must have been diagnosed with 
uterine myoma, be scheduled to undergo an abdomi-
nal or laparoscopic hysterectomy or myomectomy, 
be a pre-menopausal female between 20 and 51  years 
old, can provide written consent of her own free will, 
and have an ECOG-PS1 rating or lower. ECOG-PS1 
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is a condition that limits strenuous activity but allows 
walking, light or sedentary work. However, it does limit 
strenuous activity (Fig. 1).

Exclusion criteria
Patients with the following factors will be excluded: 
adenomyosis, administration of sex steroid hormone 
within 4  weeks with informed consent, history of uter-
ine artery embolism or focused ultrasound surgery, diag-
nosed as a malignant tumor, diagnosed as a disease of 
abnormal blood coagulation, undertreatment of an anti-
coagulant agent, pregnant or susceptible to pregnancy or 
in lactation; abnormal genital bleeding without a diag-
nosis, allergy history to relugolix or synthetic luteinizing 
hormone-releasing hormone (LH-RH) or LH-RH deriva-
tives, patients who are continuously taking erythromycin 
or rifampicin, or others which principal investigator or 
collaborator decided as not appropriate (Fig. 1).

Who will take informed consent? {26a}
The principal investigator/participating physician will 
give the patient an informed consent form including 
an explanatory document describing the research and 
explain it in accordance with the form. After explain-
ing the research, giving the patient sufficient time to 
think about it, and confirming that the patient fully 

understands the content of the research, the patient will 
be asked to participate in the study. If the patient agrees 
to participate in the study, the consent document will be 
signed by the patient herself. One copy of the consent 
document will be kept by the site, and one copy will be 
given to the patient.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Depending on the nature of the research, it will be con-
ducted after review and approval by the relevant Ethics 
Review Committee and permission by the administrator 
of the implementing medical institution and after a sepa-
rate explanation to the patients.

Interventions
Explanation for the choice of comparators {6b}
The control group is taking 40 mg of relugolix every day 
for 24 weeks.

Intervention description {11a}
The initial dose of relugolix is 40  mg orally once daily 
before meals, starting on days 1–5 of the menstrual cycle 
until day 56. On day 57, the control group will continue 
taking 40 mg of relugolix every day, and the intervention 

Fig. 1  Patient disposition chart showing study participation. Of randomized patients, 70 patients will be included in the control group 
as the continuous administration, and the other 70 patients in the intervention group as the other day administration after 8 weeks every day 
of relugolix. PS, performance status



Page 4 of 11Kawahara et al. Trials           (2024) 25:68 

group will switch to 40 mg of relugolix every other day. 
However, change to another group will not be permitted.

Criteria for discontinuing or modifying allocated 
interventions {11b}
The criteria for discontinuing are as follows: (1) If the 
subject declines to participate in the study or with-
draws consent; (2) If the subject is found to be ineligible 
after enrollment; (3) If the primary illness is completely 
cured by emergency surgery or other means and there 
is no longer a need for continued administration; (4) If 
the subject has persistent heavy genital bleeding due to 
deterioration of the primary illness and anemia of grade 
3 or higher as defined in CTCAE v5.0 Grade; (5) The fol-
lowing serious adverse reactions associated with study 
drug administration are observed. Depression: when the 
patient does not respond to psychiatric treatment and the 
main cause is considered to be the study drug. Hepatic 
dysfunction: AST/ALT levels of grade 2 or higher in the 
CTCAE v5.0 Grade definition. Angina pectoris: diag-
nosed during the period of study drug administration; (6) 
Exacerbation of side effects associated with study drug 
administration that makes continuation of study drug 
administration inadvisable; (7) If the subject develops 
hypersensitivity to the study drug itself; (8) If the subject 
becomes pregnant; (9) If the subject’s medication adher-
ence is extremely poor or over (< 70% of the total sched-
uled doses or > 120% of the total scheduled doses); (10) 
The subject fails to come to the hospital due to relocation 
or other reasons and is unable to receive relugolix for 
more than 8 weeks; (11) The entire study is terminated; 
(12) The physician deems it appropriate to terminate the 
subject’s continued participation in the study for other 
reasons; and (13) If the subject has any of the following 
serious adverse reactions to the study drug.

Strategies to improve adherence to interventions {11c}
To improve adherence to medication by calculating the 
number of remaining doses based on the medication 
records in the patient logbook.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Since relugolix is a substrate of p-glycoprotein, concomi-
tant use of erythromycin, which inhibits p-glycoprotein, 
or rifampicin, which induces p-glycoprotein, increases 
or decreases the blood concentration of relugolix, so 
these drugs will be restricted to concomitant use dur-
ing the study period. Patients will be carefully monitored 
for adverse reactions to the study drug by interview and 
examination, and the study drug will be continued under 
supportive care. Supportive care includes antidepressants 
for depression, hepatotropic agents (ursodeoxycholic 

acid or stronger neo-minophagen C) for abnormal liver 
function, oral hemostatic agents (carbazochrome sodium 
sulfonate hydrate and tranexamic acid) for irregular vagi-
nal bleeding, and iron intravenous and oral administra-
tion of iron for iron deficiency anemia associated with 
illicit genital bleeding are acceptable.

Provisions for post‑trial care {30}
The post-trial care is planned to conduct myomectomy 
(laparotomy, laparoscopically, or hysteroscopically) or 
total hysterectomy (laparotomy or laparoscopically). The 
post-treatment is performed within 1  week after com-
pletion of 24 weeks of study drug administration. In the 
unlikely event that the time between the end of the study 
and this post-treatment is extended, patients will receive 
relugolix continuously during the period.

Outcomes {12}
The primary endpoint will be the reduction of leio-
myoma volume before and after the administration of 
relugolix. The secondary endpoints will be the reduc-
tion (%) of uterine volume compared with pre-treat-
ment, change (score) of total Kupperman Index score at 
24 weeks compared with pre-treatment, change rate (%) 
of bone mineral density (BMD) at 24  weeks compared 
with the baseline, and change rate (%) of bone metabo-
lism markers(serum BAP) at 24  weeks compared with 
the baseline. The investigative assessments will be the 
total number of days of genital bleeding and the change 
in gonadotropic and sex hormone levels such as lute-
inizing hormone (LH), follicle-stimulating hormone 
(FSH), estradiol (E2), and progesterone (P4) at 24 weeks 
compared with the baseline. The MRI scans will be out-
sourced to another hospital, and tumor and uterine vol-
ume will be evaluated by the radiologist in the hospital 
with blind.

Participant timeline {13}
Eligible participants who are referred to our hospital 
will be recruited. Participants will be asked to complete 
an informed consent form by an on-site researcher if 
they choose to participate in the study (Fig. 1). They will 
complete the baseline assessments and will be randomly 
assigned to the intervention or control group. All patients 
will have follow-up visits monthly, and all outcome data 
will be collected by research assistants (Table 1).

Sample size {14}
Considering the results of leiomyoma volume reduction 
rate after the 12  weeks of continuous administration of 
20  mg and 40  mg relugolix [19], we assume a change 
from baseline as − 41% and − 36% for the daily and every 
other day groups, respectively, and a common standard 
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Table 1  Overview of the study period (SPIRIT Fig.  2013). PS performance status, MRI magnetic resonance imaging, and BMD bone 
mineral density

Participants will be checked for adverse effect existence, vital sign calculation, physical measurements, and performance status evaluation every visit. Questionnaires, 
laboratory tests, and imaging (ultrasound, MRI, and BMD) will be conducted before, 8 weeks, and after the start of the relugolix administration

ECOG-PS Eastern Cooperative Oncology Group Performance Status, MRI magnetic resonance imaging, BMD bone mineral density
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deviation (SD) as 30%. Set the non-inferiority margin as 
20%, the significance level as 2.5% (one-sided), and the 
power as 0.8; the sample size requires a minimum of 64 
patients in each group. Considering a dropout rate of 
approximately 10%, the total number of patients in this 
trial will be set at 70 patients in each group, for a total of 
140 patients.

Recruitment {15}
Post the information on the website and disseminate it to 
related facilities.

Assignment of interventions: allocation
Sequence generation {16a}
A minimization adaptive randomization will be used for 
random assignment, using (1) the number of leiomyomas 
(2 or less or 3 or more), (2) maximum tumor diameter 
(5 cm or more or less), and (3) age (45 years or more or 
less) as adjustment factors so that there is no large bias 
and ensuring equal recruitment of intervention and con-
trol participants. Because the number of adjustment 
factors is large compared with the sample size, and a 
stratified permuted block randomization might not per-
form well, we select a minimization adaptive randomiza-
tion. To reduce the risk of bias, attending physicians as 
researchers who will be part of the intervention will fill 
out all outcome data into the case report form (CRF), and 
data analysts will be blinded to group allocation. Eventu-
ally, this study will be no blinding, and group changes will 
not be allowed after the randomization.

Concealment mechanism {16b}
Trained research assistants will facilitate the collection 
of questionnaire data, physical measurements, vital signs 
and occurrence of adverse events, imaging assessment 
data, BMD, and blood tests. Imaging data includes an 
ultrasound examination which will be performed by the 
attending physician and MRI which will be outsourced 
and reported by its radiologist. A trained clinical labo-
ratory technician experienced with blood collection will 
collect small blood samples from the patients and then 
analyze them immediately. Inspection items that cannot 
be analyzed at our hospital will be outsourced.

Implementation {16c}
Randomization will be conducted at the registration of 
patients’ data after informed consent completion. We 
use INDICE (UMIN Internet Data and Information sys-
tem for Clinical and Epidemiological research) cloud 
for randomization, and initial settings will be made by 
the responsible allocator completely separated from the 
study. The INDICE is a system provided by the Univer-
sity Hospital Medical Information Network (UMIN) that 

is used for patient registration in clinical trials in Japan. 
It operates on the Internet to create a network-based 
medical research infrastructure by establishing a coordi-
nating center on the network to support the execution of 
investigator-initiated medical research. Then, it is accept-
able that once the initial settings are made by the person 
responsible for the allocation, the randomization is auto-
matically made by entering the information during case 
registration by the principal investigator or collaborator.

Assignment of interventions: blinding
Who will be blinded {17a}
This is an open-label trial.

Procedure for unblinding if needed {17b}
Not applicable.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Eligible participants will be invited to complete ques-
tionnaires, physical measurements, vital signs, imaging, 
laboratory, and bone mineral density testing as a baseline 
before randomization. The regular items of vital signs, 
body weight, PS, and the existence of adverse effects 
will be verified monthly after the beginning of the study. 
Before the administration, 8  weeks, and after 24  weeks 
of relugolix administration, laboratory tests, ultrasound 
examinations, and questionnaires will be conducted in 
addition to the monthly regular items. Additional exami-
nations including laboratory tests or ultrasound exami-
nations will be conducted in case the attending physician 
determined it necessary. Questionnaires include the 
number of days with abnormal genital bleeding and the 
Kupperman Index. Kupperman Index covers 11 meno-
pausal symptoms including hot flushes (vasomotor), 
paresthesia, insomnia, nervousness, melancholia, ver-
tigo, weakness, arthralgia or myalgia, headache, palpita-
tions, and formication. Each symptom is rated on a scale 
from 0 to 3 for having no, slight, moderate, or severe 
complaints, respectively, with the highest possible total 
score being 51. Imaging will be admitted by magnetic 
resonance imaging (MRI) examination, by which select 
the leiomyoma with the longest diameter (excluding a 
calcified leiomyoma), measure in three directions in a 
metric system (vertical and horizontal lengths by coro-
nal section and anteroposterior diameter by sagittal sec-
tion), and calculate the volume (D1 × D2 × D3 × π/6) from 
the 3 diameters (D1, D2, and D3). Pelvic MRI scans just 
after the completion of the relugolix administration are 
acceptable with a timing error of ± 1 week. For abnormal 
genital bleeding, the total number of days of bleeding will 
be recorded using a patient diary.
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Plans to promote participant retention and complete 
follow‑up {18b}
Patients visit our hospital monthly, and each attending 
physician fills out the CRF. Revealed with severe adverse 
effects related to the administration of relugolix, the 
attending physician will examine and consult a special-
ist, and the principal investigator will decide whether 
to discontinue the trial or not, taking the participant’s 
wishes into consideration. The administrator of the insti-
tution will be notified, and the case will be reported to 
an accredited clinical research review committee. Com-
pensation insurance will be purchased to compensate for 
any health problems that may occur to research subjects 
in relation to the clinical research. In preparation for 
liability, the principal investigator will purchase liability 
insurance.

Data management {19}
The data management will be conducted as follows: (1) 
After obtaining written consent, the principal inves-
tigator/participating physician checks eligibility and 
completes the CRF. (2) The principal investigator/partici-
pating physician checks for omissions on the CRF, enters 
the medical record number and subject ID on a collation 
sheet, and brings the CRF to the data center. At the data 
center, the principal investigator/participating physician 
reconfirms eligibility and performs the allocation process 
using the INDICE cloud. (3) After the allocation process 
is completed, the principal investigator/participating 
physician enters the allocated groups in the CRF and the 
collation sheet. (4) In case of withdrawal of consent, dis-
continuation, dropout, etc., the data center will be noti-
fied immediately.

Confidentiality {27}
The personal information in this study will be stored on 
unnetworked PCs in the medical office and laboratory or 
in a locked archive. The collation sheet will be managed 
by the personal information manager. Naoki Kawahara 
as the principal investigator will be appointed as the per-
sonal information manager.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Once blood tests have been completed, any leftover sam-
ples will be transported to the obstetrics and gynecology 
laboratory at Nara Medical University for biobanking 
and future research. Samples will be used when only 
approved by the Research Ethics Board. Samples will be 
labeled with a study identification number prior to stor-
age. The linkage document to collate patient and identi-
fication number will be stored in a vault. The principal 

investigator shall preserve documents related to the con-
duct of the study (e.g., notification documents from the 
hospital director, copies of various application forms 
and reports, research subject identification code lists, 
informed consent forms, case report forms, etc., and 
other documents or records necessary to ensure the reli-
ability of the data) and destroy them in anonymized form 
5 years after the research is published.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The assessment of primary endpoint will be assessed as 
follows: we defined the null hypothesis as “The mean 
rate of change in the intervention group is more than 
20% inferior to the mean rate of change in the control 
group,” and this will be tested with a one-sided t-test at 
a significance level of 2.5%. In addition, 95% confidence 
intervals for the mean rate of change are calculated for 
each group and for the difference between the groups. 
The assessment of the secondary endpoint will be ana-
lyzed as follows. (1) Change in uterine volume from 
before study drug administration at 24 weeks after study 
drug administration (%). The measured values before 
the start of treatment and at 24  weeks and the rate of 
change at 24  weeks will be summarized for each group 
using descriptive statistics. The 95% confidence inter-
val of the difference between the groups will be calcu-
lated for the mean of the rate of change. (2) Change in 
the total score of the Kupperman Index from before the 
study drug administration at 24  weeks after the study 
drug administration (points). (3) Percent change in bone 
mineral density (BMD) from baseline at 24  weeks post-
treatment (%). The measurements before and at week 24 
of treatment and the percent change at week 24 of treat-
ment will be summarized for each group by descriptive 
statistics. In addition, the null hypothesis “the mean 
rate of change for the intervention group is equal to the 
mean rate of change for the control group” will be tested 
with a two-sided 5% t-test at the significance level. In 
addition, 95% confidence intervals for the mean rate of 
change will be calculated for each group and for the dif-
ference between the groups. (4) Percentage change in 
bone metabolism markers (serum BAP) at 24 weeks after 
treatment compared to before treatment with the study 
drug (%). The measured values before the treatment and 
at 8 and 24 weeks of treatment, and the change (%) at 8 
and 24 weeks of treatment will be summarized for each 
group using descriptive statistics, and a graph of the 
mean ± standard deviation will be prepared for each time 
point. The null hypothesis “the mean of the amount (rate) 
of change in the intervention group is equal to the mean 
of the amount (rate) of change in the control group” is 
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tested with a two-tailed t-test at a significance level of 5%. 
In addition, 95% confidence intervals for the mean of the 
amount (rate) of change will be calculated for each group 
and for the difference between the groups. Data for each 
endpoint will be analyzed after the period for collect-
ing the data has ended and the data have been fixed. The 
intermediate analysis will not be performed.

Interim analyses {21b}
Because this study was designed to confirm the non-
inferiority of a dose reduction of an already effective 
drug, it was highly unlikely that the primary endpoint 
would be significantly improved or worsened compared 
to controls.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
There are no plans to conduct subgroup analyses. In case 
there are any modifications to the original statistical anal-
ysis plan, the plan itself and, if necessary, the research 
protocol will be updated accordingly. The summary 
report of the study will include an explanation of the 
updated sections and the reasons for the changes made 
to the statistical analysis plan.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
In terms of protocol compliance, the following cases are 
considered as part of the discontinuation criteria: poor 
drug adherence (less than 70% or more than 120% of 
the total scheduled doses), the inability of the patient to 
come to the hospital due to relocation or other reasons, 
and the inability to administration of relugolix for more 
than 8 weeks.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
The principal investigator shall prepare a primary end-
point report (a document summarizing the results of 
data collection for the primary endpoint) and a summary 
report (a document summarizing the results of the rel-
evant clinical research) and its summary within the fol-
lowing period, and publish them by recording them in 
the jRCT.

1)	 Primary endpoint report: to be prepared and pub-
lished in principle within 1 year after the end of the 
period for collecting data on the primary endpoint.

2)	 Summary report and its summary: to be prepared 
and published in principle within 1 year after the end 
of the period for collecting data on all endpoints.

Full protocol can be provided upon request, but par-
ticipant-level data and statistical code will be provided 
through anonymization after approval by the ethics 
review board.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The facility administrator should receive periodic reports 
regarding the implementation plan, the decision on 
whether or not to conduct the study, opinions from the 
Certified Review Board (CRB), reporting adverse events 
and other illnesses (including serious illnesses) that may 
have a causal relationship with the research, periodic 
reporting every year and within 2 months after the end 
of each relevant period, primary endpoint report and 
summary report preparation, summary report public 
availability, and public disclosure of the summary report. 
The CRB is an organization approved by the Ministry of 
Health, Labor and Welfare. Its roles include evaluating 
and approving the research protocol, inspecting source 
documents, reporting adverse events and other illnesses 
(including serious illnesses) that may have a causal rela-
tionship with the research, submitting periodic reports 
annually and within 2  months after the relevant period 
has expired, submitting noncompliance reports, making 
recommendations for deviations from the research pro-
tocol, or revising or discontinuing the study.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
Monitoring will be conducted to confirm that the study 
is being conducted safely and in accordance with the 
protocol and that data is being collected accurately. The 
details of monitoring (method, timing, content, etc.) 
will be specified in the “Procedures for Monitoring” and 
conducted in accordance with the “Monitoring Plan.” 
Monitoring will be conducted by a specialist who is not 
directly involved in the conduct of the study at the site, in 
accordance with the “Procedures for Monitoring” and the 
“Monitoring Plan.”

Adverse event reporting and harms {22}
The safety endpoints in this study are as follows: (1) 
depression during the trial with the relugolix by which it 
is most likely caused, (2) hepatic dysfunction (aspartate 
aminotransferase [AST]/alanine aminotransferase [ALT] 
levels) indicated as grade 4 by Common Terminology Cri-
teria for Adverse Events (CTCAE) v5.0 during treatment 
with the relugolix, (3) angina pectoris with the relugolix, 
and (4) severe anemia indicated as grade 4 by CTCAE 
v5.0 during treatment with the relugolix. Depression is 
a relatively common side effect, occurring in less than 
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1% of patients, but will be considered less common in 
this trial because half of the participants will be admin-
istered a half dose approved by the Ministry of Health, 
Labor and Welfare in Japan. In the event of the above 
adverse reaction, the patient will be promptly examined 
and treated by a medical specialist, and a decision will be 
made whether to discontinue the trial or not, taking the 
participant’s wishes into consideration. The administra-
tor of the institution will be notified, and the case will be 
reported to an accredited clinical research review com-
mittee. Although the frequency of hepatic dysfunction is 
not revealed but has also been reported, then the same 
measures will be taken. This clinical research does not 
include information about genetic characteristics that 
can be passed on to subjects or their offspring.

Frequency and plans for auditing trial conduct {23}
Trial auditing will not be conducted in this trial. How-
ever, if monitoring reveals serious violations of relevant 
laws and regulations or deviations from the protocol, an 
audit may be conducted at the direction of the principal 
investigator.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
The principal investigator shall promptly submit a revised 
research protocol and a set of documents, including a 
revised explanation document for the patient in accord-
ance with the revised protocol, to the CRB for re-review 
and approval. The same procedure should be followed for 
revisions of the research protocol, etc. based on the opin-
ions of the CRB.

Dissemination plans {31a}
The principal investigator has the responsibility to pub-
lish two reports, namely the primary endpoint report 
and the summary report. The primary endpoint report is 
a document that summarizes the results of data collec-
tion for the primary endpoint, while the summary report 
summarizes the results of the relevant clinical research. 
These reports, along with their summary, should be 
recorded in the jRCT.

Discussion
There is no proceeding trial, at least to our knowledge, 
that investigated into size reduction effect by every other 
day administration of relugolix. The Osuga et  al. [18] 
phase III trial aimed to compare the effectiveness of relu-
golix 40 mg/day with leuprorelin 1.88 or 3.75 mg monthly 
injections in treating uterine leiomyoma patients over 
24  weeks. The trial found that daily administration of 

relugolix 40  mg/day significantly reduced tumor vol-
ume by 41% at 12  weeks. Thereafter, the tumor volume 
appeared to stabilize at 24  weeks with a 49% reduction 
compared to the baseline. This suggests that the volume 
reduction effect of leiomyoma through everyday adminis-
tration of relugolix is likely to reach a plateau at 12 weeks. 
Adverse effects of climacteric disorder induced by relu-
golix administration in clinical settings occur around 
8 weeks after the start of treatment. In the current trial, 
we expect that daily administration of up to 8 weeks, by 
which climacteric disorder symptoms are less likely to 
occur, followed by a change to every other day adminis-
tration, would escape complications while maintaining 
the effect of leiomyoma volume reduction. Relugolix has 
a longer half-life, allowing for once-daily administration 
and improving patients’ compliance with long-term ther-
apy [19, 20]. It may also be suitable for every other day 
administration.

The relugolix combination therapy is a once-daily treat-
ment for uterine myomas or endometriosis. It comprises 
40 mg relugolix, 1 mg estradiol, and 0–5 mg norethister-
one acetate. The therapy helps maintain hormone base 
levels at about the early follicular phase concentration of 
the menstrual cycle, which reduces vasomotor symptoms 
and minimizes bone density loss. Several randomized 
third-tier trials have been conducted to test the effective-
ness of the therapy [15, 21–23]. In the LIBERTY study, 
which focused specifically on myomas, both the relugolix 
combination and the delayed group showed significant 
improvements in menstrual volume, pain, bleeding dis-
tress, pelvic discomfort, anemia, and uterine volume when 
compared with the placebo group [15]. However, neither 
the relugolix combination nor the delayed group showed 
any significant reduction in maximum uterine myoma 
volume. The above trial may not be sufficient for reducing 
myoma volume before less invasive surgery. However, the 
current trial has the potential to advocate new methods of 
administering these combination therapies.

In conclusion, if this study confirms the non-inferiority 
of the primary endpoint and the superiority of the sec-
ondary endpoints of relugolix 40  mg/day for 8  weeks 
followed by every other day for 16  weeks compared to 
the standard treatment of 24 consecutive weeks, a novel 
protocol that can contribute both of the better economic 
prowess and the less burdensome for patients.

Trial status
Protocol version number and date: version 1.2, August 
16, 2023.

Start date of recruitment: October 1, 2023.
Estimated completion date of recruitment: August 31, 

2025.



Page 10 of 11Kawahara et al. Trials           (2024) 25:68 

Abbreviations
ALT	� Alanine aminotransferase
AST	� Aspartate aminotransferase
BAP	� Bone-specific alkaline phosphatase
BMD	� Bone mineral density
CRF	� Case report form
CTCAE	� Common Terminology Criteria for Adverse Events
DXA	� Dual-energy X‐ray absorptiometry
ECOG	� Eastern Cooperative Oncology Group
E2	� Estradiol
FSH	� Follicle-stimulating hormone
GnRH	� Gonadotropin-releasing hormone
INDICE	� UMIN Internet Data and Information system for Clinical and Epi-

demiological research
jRCT​	� Japan Registry of Clinical Trials
LH	� Luteinizing hormone
LH-RH	� Luteinizing hormone-releasing hormone
MRI	� Magnetic resonance imaging
NARA trial	� Non-Adverse Relugolix Administration trial
PS	� Performance status
P4	� Progesterone
RCT​	� Randomized control trial
SD	� Standard deviation

Acknowledgements
Not applicable

Authors’ contributions {31b}
N.K. H.K., T.H., R.T., S.S., K.A., M.K., and F.K. conceptualized the study and 
developed the initial foundation for the intervention components. N.K. and 
F.K. were responsible for the development of the study protocol. N.K. H.K., M.K., 
and F.K. were responsible for the development of the data analysis plan. N.K., 
R.K., K.Y., K.N., M.M., T.M. Y.F., S.Y., S.S., K.I., Y.Y., and F.K. were responsible for the 
supplemental material required for the intervention. N.K. wrote the initial draft 
of the manuscript. All authors provided feedback on the drafts and approved 
the final manuscript.

Funding {4}
This research was funded by ASKA Pharmaceutical Co., Ltd., Nara Medical 
University Clinical Research Grant Program. ASKA Pharmaceutical Co., Ltd. also 
supported the provision of the relugolix.

Availability of data and materials {29}
The final trial dataset will be available to the study investigators and the 
Research Ethic Boards at our institution. The datasets analyzed during the 
current study and statistical code are available from the corresponding author 
upon reasonable request, as is the full protocol.

Declarations

Ethics approval and consent to participate {24}
This study protocol was approved by the Certified Review Board in Nara 
Medical University (CRB5200002). The principal investigator will fix the data 
and publish the result after the registration to the jRCT. The CRFs and collation 
sheets will be stored in a vault at the data center. After the completion of the 
study, they will be stored for 5 years and disposed of with the information 
processed in such a way that specific individuals cannot be identified.
The current protocol adheres to the Standard Protocol Items for Randomized 
Trials guidelines [24] and is registered with jRCT. This study has been approved 
by the Nara Medical University Clinical Research Grant Program. Informed and 
written consent is obtained from patients at the point of recruitment.

Consent for publication {32}
Not applicable.

Competing interests {28}
The authors declare that they have competing interests with ASKA Pharma-
ceutical Co., Ltd. because this research was funded and supported with the 
provision of the relugolix.

Author details
1 Department of Obstetrics and Gynecology, Nara Medical University, Kashi-
hara 634‑8522, Japan. 2 Institute for Clinical and Translational Science, Nara 
Medical University, Kashihara 634‑8522, Japan. 

Received: 23 September 2023   Accepted: 9 January 2024

References
	1.	 Baird DD, Dunson DB, Hill MC, Cousins D, Schectman JM. High cumulative 

incidence of uterine leiomyoma in black and white women: ultrasound 
evidence. Am J Obstet Gynecol. 2003;188(1):100–7. https://​doi.​org/​10.​
1067/​mob.​2003.​99.

	2.	 Dvorská D, Braný D, Danková Z, Halašová E, Višňovský J. Molecular and clinical 
attributes of uterine leiomyomas. Tumour Biol. 2017;39(6):1010428317710226. 
https://​doi.​org/​10.​1177/​10104​28317​710226.

	3.	 Stewart EA, Cookson CL, Gandolfo RA, Schulze-Rath R. Epidemiology of 
uterine fibroids: a systematic review. BJOG. 2017;124(10):1501–12. https://​
doi.​org/​10.​1111/​1471-​0528.​14640. (Epub 2017 May 13).

	4.	 Lethaby A, Puscasiu L, Vollenhoven B. Preoperative medical therapy before sur-
gery for uterine fibroids. Cochrane Database Syst Rev. 2017;11(11):CD000547. 
https://​doi.​org/​10.​1002/​14651​858.​CD000​547.​pub2.

	5.	 Don EE, Mijatovic V, van Eekelen R, Hehenkamp WJK, Huirne JAF. The 
effect of a myomectomy on myoma-related symptoms and quality of life: 
a retrospective cohort study. J Minim Invasive Gynecol. 2023;30(11):897–
904. https://​doi.​org/​10.​1016/j.​jmig.​2023.​07.​001.

	6.	 Kitawaki J, Obayashi H, Ishihara H, Koshiba H, Kusuki I, Kado N, Tsukamoto 
K, Hasegawa G, Nakamura N, Honjo H. Oestrogen receptor-alpha gene 
polymorphism is associated with endometriosis, adenomyosis and 
leiomyomata. Hum Reprod. 2001;16(1):51–5. https://​doi.​org/​10.​1093/​
humrep/​16.1.​51.

	7.	 Suzuki Y, Ii M, Saito T, Terai Y, Tabata Y, Ohmichi M, Asahi M. Establishment 
of a novel mouse xenograft model of human uterine leiomyoma. Sci Rep. 
2018;8(1):8872. https://​doi.​org/​10.​1038/​s41598-​018-​27138-1.

	8.	 Elzaher MA, Moawad A, Madkour WA, Ali M, Salah Eldin Abdel Hamid AM, 
Zaheer H. Does medical debulking with gonadotrophin-releasing hor-
mone agonist facilitate vaginal hysterectomy with a moderate enlarged 
uterus? A randomized control study. Eur J Obstet Gynecol Reprod Biol. 
2013;169(2):326–30. https://​doi.​org/​10.​1016/j.​ejogrb.​2013.​03.​007. (Epub 
2013 Mar 26).

	9.	 Magon N. Gonadotropin releasing hormone agonists: expanding vistas. 
Indian J Endocrinol Metab. 2011;15(4):261–7. https://​doi.​org/​10.​4103/​
2230-​8210.​85575.

	10.	 Farris M, Bastianelli C, Rosato E, Brosens I, Benagiano G. Uterine fibroids: 
an update on current and emerging medical treatment options. Ther Clin 
Risk Manag. 2019;23(15):157–78. https://​doi.​org/​10.​2147/​TCRM.​S1473​18.

	11.	 Ali M, Ar S, Alhendy A. Elagolix in the treatment of heavy menstrual bleeding 
associated with uterine fibroids in premenopausal women. Expert Rev Clin 
Pharmacol. 2021;14(4):427–37. https://​doi.​org/​10.​1080/​17512​433.​2021.​
19007​26.

	12.	 Nakata D, Masaki T, Tanaka A, Yoshimatsu M, Akinaga Y, Asada M, Sasada 
R, Takeyama M, Miwa K, Watanabe T, Kusaka M. Suppression of the 
hypothalamicpituitary-gonadal axis by TAK-385 (relugolix), a novel, inves-
tigational, orally active, small molecule gonadotropin-releasing hormone 
(GnRH) antagonist: studies in human GnRH receptor knock-in mice. Eur J 
Pharmacol. 2014;15(723):167–74. https://​doi.​org/​10.​1016/j.​ejphar.​2013.​12.​
001.

	13.	 Stewart EA, Lukes AS, Venturella R, Arjona Ferreira JC, Li Y, Hunsche E, 
Wagman RB, Al-Hendy A. Relugolix combination therapy for uterine 
leiomyoma-associated pain in the LIBERTY randomized trials. Obstet 
Gynecol. 2022;139(6):1070–81. https://​doi.​org/​10.​1097/​AOG.​00000​
00000​004787. (Epub 2022 May 2. Erratum in: Obstet Gynecol. 2022 Jul 
1;140(1):138).

	14.	 Osuga Y, Enya K, Kudou K, Hoshiai H. Relugolix, a novel oral gonadotro-
pin-releasing hormone antagonist, in the treatment of pain symptoms 
associated with uterine fibroids: a randomized, placebo-controlled, phase 
3 study in Japanese women. Fertil Steril. 2019;112(5):922-929.e2. https://​
doi.​org/​10.​1016/j.​fertn​stert.​2019.​07.​013. (Epub 2019 Oct 6).

https://doi.org/10.1067/mob.2003.99
https://doi.org/10.1067/mob.2003.99
https://doi.org/10.1177/1010428317710226
https://doi.org/10.1111/1471-0528.14640
https://doi.org/10.1111/1471-0528.14640
https://doi.org/10.1002/14651858.CD000547.pub2
https://doi.org/10.1016/j.jmig.2023.07.001
https://doi.org/10.1093/humrep/16.1.51
https://doi.org/10.1093/humrep/16.1.51
https://doi.org/10.1038/s41598-018-27138-1
https://doi.org/10.1016/j.ejogrb.2013.03.007
https://doi.org/10.4103/2230-8210.85575
https://doi.org/10.4103/2230-8210.85575
https://doi.org/10.2147/TCRM.S147318
https://doi.org/10.1080/17512433.2021.1900726
https://doi.org/10.1080/17512433.2021.1900726
https://doi.org/10.1016/j.ejphar.2013.12.001
https://doi.org/10.1016/j.ejphar.2013.12.001
https://doi.org/10.1097/AOG.0000000000004787
https://doi.org/10.1097/AOG.0000000000004787
https://doi.org/10.1016/j.fertnstert.2019.07.013
https://doi.org/10.1016/j.fertnstert.2019.07.013


Page 11 of 11Kawahara et al. Trials           (2024) 25:68 	

	15.	 Al-Hendy A, Lukes AS, Poindexter AN 3rd, Venturella R, Villarroel C, Critch-
ley HOD, Li Y, McKain L, Arjona Ferreira JC, Langenberg AGM, Wagman 
RB, Stewart EA. Treatment of uterine fibroid symptoms with relugolix 
combination therapy. N Engl J Med. 2021;384(7):630–42. https://​doi.​org/​
10.​1056/​NEJMo​a2008​283.

	16.	 Sankaran S, Manyonda IT. Medical management of fibroids. Best Pract Res 
Clin Obstet Gynaecol. 2008;22(4):655–76. https://​doi.​org/​10.​1016/j.​bpobg​
yn.​2008.​03.​001. (Epub 2008 May 12).

	17.	 Leyland N, Estes SJ, Lessey BA, Advincula AP, Taylor HS. A clinician’s guide 
to the treatment of endometriosis with elagolix. J Womens Health 
(Larchmt). 2021;30(4):569–78. https://​doi.​org/​10.​1089/​jwh.​2019.​8096. 
(Epub 2020 Sep 22).

	18.	 Osuga Y, Enya K, Kudou K, Tanimoto M, Hoshiai H. Oral gonadotropin-
releasing hormone antagonist relugolix compared with leuprorelin 
injections for uterine leiomyomas: a randomized controlled trial. Obstet 
Gynecol. 2019;133(3):423–33. https://​doi.​org/​10.​1097/​AOG.​00000​00000​
003141.

	19.	 Hoshiai H, Seki Y, Kusumoto T, Kudou K, Tanimoto M. Relugolix for oral 
treatment of uterine leiomyomas: a dose-finding, randomized, controlled 
trial. BMC Womens Health. 2021;21(1):375. https://​doi.​org/​10.​1186/​
s12905-​021-​01475-2.

	20.	 Barra F, Seca M, Della Corte L, Giampaolino P, Ferrero S. Relugolix for the 
treatment of uterine fibroids. Drugs Today (Barc). 2019;55(8):503–12. 
https://​doi.​org/​10.​1358/​dot.​2019.​55.8.​30201​79.

	21.	 Cramer DW, Barbieri RL, Fraer AR, Harlow BL. Determinants of early follicu-
lar phase gonadotrophin and estradiol concentrations in women of late 
reproductive age. Hum Reprod. 2002;17(1):221–7. https://​doi.​org/​10.​1093/​
humrep/​17.1.​221.

	22.	 Stricker R, Eberhart R, Chevailler MC, Quinn FA, Bischof P, Stricker R. 
Establishment of detailed reference values for luteinizing hormone, follicle 
stimulating hormone, estradiol, and progesterone during different phases 
of the menstrual cycle on the Abbott ARCHITECT analyzer. Clin Chem Lab 
Med. 2006;44(7):883–7. https://​doi.​org/​10.​1515/​CCLM.​2006.​160.

	23.	 Giudice LC, As-Sanie S, Arjona Ferreira JC, Becker CM, Abrao MS, Lessey 
BA, Brown E, Dynowski K, Wilk K, Li Y, Mathur V, Warsi QA, Wagman 
RB, Johnson NP. Once daily oral relugolix combination therapy versus 
placebo in patients with endometriosis-associated pain: two replicate 
phase 3, randomised, double-blind, studies (SPIRIT 1 and 2). Lancet. 
2022;399(10343):2267–79. https://​doi.​org/​10.​1016/​S0140-​6736(22)​00622-
5.​Errat​um.​In:​Lancet.​2022A​ug27;​400(10353):​660.

	24.	 Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krle A-Jerić 
K, Hrobjartsson A, Mann H, Dickersin K, Berlin JA, Dore CJ, Parulekar WR, 
Summerskill WS, Groves T, Schulz KF, Sox HC, Rockhold FW, Rennie D, 
Moher D. SPIRIT 2013 Statement: defining standard protocol items for 
clinical trials. Rev Panam. 2015;38(6):506–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa2008283
https://doi.org/10.1056/NEJMoa2008283
https://doi.org/10.1016/j.bpobgyn.2008.03.001
https://doi.org/10.1016/j.bpobgyn.2008.03.001
https://doi.org/10.1089/jwh.2019.8096
https://doi.org/10.1097/AOG.0000000000003141
https://doi.org/10.1097/AOG.0000000000003141
https://doi.org/10.1186/s12905-021-01475-2
https://doi.org/10.1186/s12905-021-01475-2
https://doi.org/10.1358/dot.2019.55.8.3020179
https://doi.org/10.1093/humrep/17.1.221
https://doi.org/10.1093/humrep/17.1.221
https://doi.org/10.1515/CCLM.2006.160
https://doi.org/10.1016/S0140-6736(22)00622-5.Erratum.In:Lancet.2022Aug27;400(10353):660
https://doi.org/10.1016/S0140-6736(22)00622-5.Erratum.In:Lancet.2022Aug27;400(10353):660

	The clinical trial of alternative relugolix administration for uterine leiomyoma prior to surgically treatment: a study protocol for Non-Adverse Relugolix Administration (NARA) trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Inclusion criteria
	Exclusion criteria

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}

	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}


	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}
	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role, and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}


	Discussion
	Trial status
	Acknowledgements
	References


