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Abstract 

Background:  Infertility is a common problem globally and impaired semen quality is responsible for up to 40% of 
all cases. Almost all infertile couples are treated with either insemination or assisted reproductive techniques (ARTs) 
independent of the etiology of infertility because no medical treatment exists. Denosumab is an antibody that blocks 
RANKL signaling and inhibition of testicular RANKL signaling has been suggested to improve semen quality in a pilot 
study. This RCT aims to assess whether treatment with denosumab can improve spermatogenesis in infertile men 
selected by serum AMH as a positive predictive biomarker. This paper describes the design of the study.

Methods/design:  FITMI is a sponsor-investigator-initiated, double-blinded, placebo-controlled 1:1, single-center, 
randomized clinical trial. Subjects will be randomized to receive either a single-dose denosumab 60 mg subcutane-
ous injection or placebo. The study will be carried out at the Department of Growth and Reproduction, Copenhagen 
University Hospital, Rigshospitalet, Copenhagen. The primary outcome of the study is defined as the difference in 
sperm concentration (millions pr. mL) one spermatogenesis (80 days) after inclusion.

Discussion:  We describe a protocol for a planned RCT aimed at evaluating whether treatment with denosumab 
can improve the semen quality in infertile men selected by using serum AMH as a positive predictive biomarker. The 
results will provide evidence crucial for future treatment in a patient group where there is a huge unmet need.

Trial registration:  Clinical Trials.gov NCT05​212337. Registered on 14 January 2022.

EudraCT 2021–003,451-42. Registered on 23 June 2021.

Ethical committee H-21040145. Registered on 23 December 2021.
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Background
Introduction and rationale
Infertility is a common problem globally and impaired 
semen quality is responsible for up to 40% of all cases. 
Despite the high prevalence there are currently only very 
limited treatment options to improve semen quality for 
infertile men [1, 2]. Instead, almost all infertile couples 
are treated with inseminations or assisted reproduc-
tive techniques (ARTs) independently of the etiology of 
infertility [3–7]. ARTs are very successful but expensive 
and associated with a significant treatment burden of the 
female partner due to the invasive methodology and the 
need for hormonal treatment often for several months.

RANKL is a ligand for the receptor activator of nuclear 
factor κB (RANK), and their pathway plays a prominent 
role in the regulation of bone metabolism. The binding 
of RANKL to RANK on osteoclast precursors induces 
osteoclast maturation and activation, thereby stimulating 
bone resorption [8], and regulates cell cycle i.e., prolif-
eration, differentiation, and apoptosis [9, 10]. Osteopro-
tegerin (OPG) is a secreted decoy receptor that controls 
RANKL-RANK interaction by binding RANKL and 
thereby inhibits activation of RANK [11] and preventing 
osteoclast differentiation and activation [12].

Denosumab, a drug used in millions of patients 
worldwide under the trade names Prolia® and Xgeva®, 
inhibits the RANKL pathway and is used to treat osteo-
porosis and bone metastases [10]. The drug’s mechanism 
of action inhibits RANKL and thus inhibits bone resorp-
tion through reduced osteoclast activation. This reduces 
the loss of bone mineral density (BMD), which reduces 
the risk of bone loss and thereby the risk of fracture and 
osteoporosis [13, 14]. Denosumab has been shown in 
several clinical studies to be a safe and effective drug in 
both women and men and has been in clinical use in both 
sexes for many years [15–18]. As denosumab has a tera-
togenic effect, pharmacokinetic studies in both monkeys 
and healthy men were performed before approval of the 
drug as a treatment for osteoporosis in men. These stud-
ies showed that denosumab concentration in semen does 
not pose a risk to the fetus during sexual intercourse with 
the pregnant woman and therefore is safe to use for the 
suggested infertility indication as there is no risk of fetal 
transmission [19, 20].

Our research
Among others, our research group has demonstrated the 
role of vitamin D in male reproduction by using func-
tional animal studies supported by a randomized clini-
cal trial [7, 21, 22]. Further investigations revealed that 
several bone factors such as Runx2, Osterix, FGF23, and 
in particular RANKL are expressed in the testis [5, 6, 
23–26]. We found expression of RANKL in Sertoli cells, 
the receptor RANK in the testicular germ cells, and OPG 
in the peritubular cells in mice and human tissue [26]. 
The presence of the RANKL system in these distinct 
testicular cell types indicates a possible direct effect on 
spermatogenesis.

We therefore investigated the effect of denosumab in 
human testicular germ cell lines as well as in human 
testicular tissue ex  vivo “hanging drop” cultures [26]. 
Denosumab treatment in both cases increased the 
proliferation of the germinal cells. These studies con-
firmed that denosumab treatment in vitro has a possi-
bly beneficial effect on sperm production by reducing 
apoptosis in the germ cells. To further investigate this 

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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in vivo, we injected the natural RANKL inhibitor OPG 
into mice daily for 14  days and compared them with 
their controls. Here, we found a significantly increased 
testicular weight, increased thickness of germinal cell 
epithelium, and markedly higher sperm production 
[26]. This prompted a human pilot study of 12 infertile 
men who besides infertility were healthy young men 
under 40 years of age. The men were treated with one 
60  mg dosage of denosumab subcutaneous (s.c.). The 
pilot study showed that as a group, the men’s sperm 
production had increased 80  days after treatment. 
However, there was a large variation and 60% of men 
experienced an increase between 100–600% in sperm 
counts. The rest of the participants did not appear 
to benefit from the treatment [26]. To validate puta-
tive biomarkers, a placebo = controlled RCT was con-
ducted in 100 infertile men with severe male infertility 
(Denosumab and male infertility: a RCT. ClinicalTri-
als.gov Identifier: NCT03030196). In this study, active 
treatment with 60  mg denosumab s.c. was compared 
to placebo treatment. Here we identified serum AMH 
as a predictive biomarker. Importantly, we did not 

experience any serious adverse reactions nor severe 
hypocalcemia, or increased abortion rate in the female 
partners of the patients. Data from this study has not 
been published yet.

In general, infertility in men is a heterogeneous dis-
ease but by identifying serum levels of AMH as a posi-
tive predictive biomarker, it seems we can select the 
group of infertile men where treatment with deno-
sumab most likely will increase their semen quality.

Objective
This RCT aims to assess whether treatment with deno-
sumab can improve semen quality in infertile men 
selected by serum AMH as a positive predictive bio-
marker. This paper describes the design of the study.

Methods/design
Trial design and setting
FITMI is a single-center, sponsor-investigator-initiated, 
placebo-controlled, double-blinded randomized clini-
cal phase 2 trial, designed as a superiority trial with 
two parallel groups and a primary endpoint defined as 

Fig. 1  The expected flow diagram of the progress through the study (CONSORT). Figure legend: An expected CONSORT diagram showing the 
expected flow of FITMI
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the difference in sperm concentration (million pr. mL) 
between the denosumab and placebo arm. Following 
successful completion of screening procedures, subjects 
will be randomized in a 1:1 fashion to receive either 
denosumab 60  mg  s.c. or a placebo. The study will be 
carried out at the Department of Growth and Reproduc-
tion, Copenhagen University Hospital—Rigshospitalet, 
Copenhagen. The SPIRIT reporting guidelines have been 
used for reporting [27] and a CONSORT diagram has 
been shown in Fig. 1.

Inclusion criteria
Eligible participants will be infertile men ≥ 18  years 
and < 60  years of age with a sperm concentration ≤ 20 
million pr. mL and serum AMH levels ≥ 38 pmol/L. These 
inclusion criteria were selected based on the two previ-
ous intervention studies in infertile men. To be included, 
the participants must have appropriate Danish or English 
language skills and give written informed consent.

Exclusion criteria
Potential participants will be excluded from participa-
tion for the following reasons: Chronic diseases, defined 
as diagnosis where signs, symptoms, and treatment imply 
an expected long duration and lack of a cure, such as 
diabetes mellitus, thyroid disorders, autoimmune dis-
eases such as arthritis, vasculitis or inflammatory bowel 
disease and osteoporosis. A sperm concentration < 2 
million pr. mL. Also, men with current or previous malig-
nancies, or at potential risk of testicular cancer after 
baseline examination and ultrasound will be excluded. 
Furthermore, men with hypocalcemia, vitamin D defi-
ciency or impaired kidney function at baseline, defined as 
ionized calcium of < 1.18  mmol/L or albumin corrected 
calcium < 2.17  mmol/L or total calcium < 2.14  mmol/L, 
serum vitamin D (25OHD) levels < 25  nmol/L or 
eGFR < 60  mL/min/1,73 m2 will also be excluded. 
Finally, insufficient dental status, vasectomy, semen vol-
ume < 0.9 mL or hypersensitivity to latex, denosumab, or 
to any of the excipients (acetic acid, sodium hydroxide, 
Sorbitol (E420), Polysorbate 20) will be excluded.

Withdrawal
Participants will be withdrawn from the study after ran-
domization if they meet one or more of the following 
criteria: occurrence of malignancies, calcium disorders, 
parathyroid disorders, thyroid disorders, diabetes or 
other endocrine disorders that require hormone treat-
ment, fever defined as a temperature above 38.5  °C for 
more than 24 h. Furthermore, treatment with drugs such 
as chemotherapies, diuretics, calcium channel block-
ers, Salazopyrines, corticosteroids, TNF-alpha block-
ers, Cellcept, Imurel, Protopic, or methotrexate. Also, if 

a testicular biopsy or other genital surgery is performed 
during the trial period or if the patient is admitted with 
temporary or permanent organ failure of either liver, 
heart, kidney, lung, gastrointestinal system, or urogenital 
system. Lastly, if participants withdraw consent or there 
is a breach of blinding on the subject.

Recruitment, screening, and enrollment
The participants will be recruited via different channels, 
but mainly from the outpatient clinic at our department. 
In addition, we will contact and visit public and private 
fertility clinics, endocrinology departments, and private 
practices in Copenhagen and encourage sites to refer 
patients directly to our study. We will also draw atten-
tion to the study via media. A website where potential 
participants can read about the study will also be created. 
When we are contacted by a potential participant, he will 
be briefly informed about the study and offered to receive 
detailed material. As a starting point, we will only invite 
infertile men with a sperm concentration that is expected 
to meet the eligibility criteria. In a screening visit, we will 
explain the trial in detail and if he is still interested and 
agrees to participate, informed consent will be signed. 
Also, at the screening visit, the participant must produce 
a semen sample and have a blood sample taken where we 
measure serum AMH, vitamin D, calcium, and creati-
nine. In the event where a participant has had ejaculation 
(including intercourse and masturbation) less than 2 days 
before the visit, the semen sample will not be included 
in the final analysis. Participants will be included in the 
trial regardless of ethnicity and social status, as long as 
they fulfill the eligibility criteria. Informed consent is 
always obtained by an investigator or under the supervi-
sion of an investigator. Patients will be reminded of their 
appointments by text message to promote participant 
retention and a better follow-up. Potential drop-outs will 
be contacted by one of the investigators to evaluate the 
reason which will be noted.

Randomization
To ensure a completely randomized distribution accord-
ing to the eligibility criteria, participants will be divided 
into four groups based on their sperm concentration 
and serum AMH. Separation thresholds will be sperm 
concentration at 9 million pr. mL and serum AMH at 
50  pmol/L. In this way, the four groups will consist of 
participants with sperm concentration 2.0–9.0 mil-
lion pr. mL and serum AMH 38–50 pmol/L (Group A), 
sperm concentration 2.0–9.0 million pr. mL and serum 
AMH > 50  pmol/L (Group B), Sperm concentration 
9.1–20 million pr. mL and serum AMH 38–50  pmol/L 
(Group C) and sperm concentration 9.1–20 million pr. 
mL and serum AMH > 50 pmol/L (Group D). The sperm 
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concentration used, and serum AMH thresholds are esti-
mated based on previously conducted experiments with 
infertile men, whereby we get 4 groups with the same 
number of expected participants in each group.

Blinding process
The blinding itself will be prepared centrally by a local 
pharmacy (Glostrup Apotek). Treatment drug will 
be allocated as block randomization in the four arms 
described above, in blocks of eight unknown to investiga-
tors. The pharmacy will be responsible for labeling both 
placebo and intervention treatment. The medicine will 
arrive in closed boxes with labels on the outside, indi-
cating each unique random number. A nurse who has 
not had contact with the participant will handle the box 
and transfer the contents, either a prefabricated syringe 
containing 1  mL denosumab 60  mg or a prefabricated 
ampoule containing isotonic saline, to a new syringe 
that thereby is blinded for everyone else. Unfortunately, 
this step is necessary as matching placebo only can be 
obtained through the pharmaceutical company Amgen, 
who declined to provide this. To ensure that the trial will 
be double-blind only the nurse who prepares the injec-
tion will be aware of whether participants have received 
denosumab or saline but will not have any contact with 
the participant. Another nurse will pick up the prepared 
syringe and thus be blinded and inject the participant 
with the medicine (denosumab or placebo). This means 
the allocated trial medication will be blinded to the par-
ticipant, the clinical staff caring for the participant, the 
investigators, the outcome assessors, the data manager, 
the statistician conducting the analyses, and the writing 
committee when drafting the abstract for the primary 
publication. The empty packaging will be put back in 
the box, which is sealed with tape. All used boxes will be 
stored in a locked room. If an individual breach of code 
is required, the box with the associated unique random 
number can be found and opened.

Outcome measures
The primary outcome of the study is defined as the dif-
ference in sperm concentration (million pr. mL) between 
the denosumab and placebo arm. For this purpose, the 
average sperm concentration of two semen samples 
delivered on day 80 and day 83 after inclusion is used.

Secondary endpoints include the difference in semen 
quality (total sperm count, total number of motile 
sperm, percentage of motile sperm, total number of 
progressive motile sperm and percentage of progres-
sive motile sperm, total number of morphologically 
normal sperm, and percentage of morphologically nor-
mal sperm) between the denosumab and placebo arm. 

Also, differences in pregnancies achieved spontaneously 
or by IUI before day 180, live births where pregnancy 
is achieved spontaneously or at IUI before day 180, and 
the number of live births where pregnancy is achieved 
by artificial insemination (IVF and ICSI) before day 180. 
Furthermore, the difference in the number of miscar-
riages throughout the trial period and difference in serum 
levels of reproductive hormones (testosterone, estradiol, 
FSH, LH, AMH, Inhibin B, SHBG, and INSL3) on day 80. 
All the mentioned secondary endpoints will be quantified 
as the difference between groups.

As exploratory endpoints, we will look at the change in 
testosterone/estradiol ratio, changes in serum levels of 
RANKL and OPG, changes in RANKL, OPG, AMH, and 
Inhibin B in seminal fluid, and modifications of mineral 
homeostasis in serum and seminal fluid (measurements 
of calcium, albumin, phosphate, magnesium, zinc, bicar-
bonate, PTH, 25OHD, and creatinine/eGFR).

Timeline
Table  1 shows the timeline for the participants of the 
trial. If the participant fulfills the eligibility criteria, he is 
invited to the day 1 visit. Here they will provide another 
semen sample, have a blood sample drawn, and finally 
receive a subcutaneous injection of either denosumab 
60 mg or placebo. They will also be handed out supple-
mentation containing 180 tablets of 10 μg vitamin D and 
400  mg calcium. On day 80, another semen sample is 
provided, another blood sample is drawn, and a clinical 
follow-up visit is scheduled with a nurse. Three days later 
on day 83, the participant delivers the final semen sample. 
This is the last physical visit for the participant. On day 
180, the participants will receive an electronic question-
naire focusing on pregnancies and adverse events. If they 
do not respond to this form, they will be contacted by tel-
ephone. If they have achieved pregnancy before day 180, 
there will be sent an additional electronic questionnaire 
on day 450 regarding pregnancy complications, birth 
complications as well as data on the child (gender, birth 
weight, birth length, and whether the child is healthy). 
Finally, 2  years after last participant last visit, we will 
extract data from The Danish National Patient Register, 
to follow up on unexpected long-term side effects.

Ethical considerations
The trial will be conducted in accordance with the prin-
ciples of the Declaration of Helsinki and compliance 
with the protocol approved by the competent authority 
and Ethics Committee, and according to GCP standards 
[28]. No deviation from the protocol will be implemented 
without the prior review and approval of the regulatory 
authorities except where it may be necessary to elimi-
nate an immediate hazard to the trial participants. All 
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participants will be informed of potential adverse effects, 
and that they can leave the trial at any point without 
any consequences. Denosumab is proven to be safe in 
several randomized studies and is already approved by 
both FDA and EMA. There was no effect on sperm DNA 

fragmentation index (DFI) or abortions in the first two 
clinical trials performed by our research group so there 
are no known safety concerns. All side effects will be 
closely monitored and reported. Furthermore, in gen-
eral, there is currently no medical treatment to improve 

Table 1  The expected timeline flow for patients participating in the trial

A SPIRIT figure showing the expected timeline for the participants. If the participant fulfills the eligibility criteria, he is invited to the day 1 visit. Here they will provide 
another semen sample, have a blood sample drawn, and finally receive a subcutaneous injection of either denosumab 60 mg or placebo. On day 80 and day 83, the 
participants deliver the final semen samples. This is the last physical visit, while they will receive an electronic questionnaire asking about pregnancies and adverse 
events 6 months later. If they have achieved pregnancy before day 180, there will be sent an additional electronic questionnaire on day 450 regarding pregnancy 
complications, birth complications as well as data on the child
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male fecundity which makes ARTs the primary option for 
infertile couples. This is a treatment where women must 
undergo fertility treatment and often receive several hor-
monal drugs associated with side effects. This is a signifi-
cant ethical issue which in our view fully justifies the mild 
potential side effects caused by denosumab.

Data analysis
Analysis population
Data will be analyzed using intention-to-treat (ITT) prin-
ciples. When applying the ITT principle, all randomized 
participants will be analyzed in the groups to which they 
were originally allocated, regardless of whether they 
received the intended treatment or whether a protocol 
violation or protocol deviation occurred. Participants 
who withdraw consent for the use of their data will not be 
included in any analysis and withdrawal of consent will 
be reported. A CONSORT flow diagram of participants 
will be presented in the study.

Sample size
With the power to avoid a type II error set to 80% (1-β) 
at a two-sided 5% significance level 141 men in each of 
the investigation arms are needed to detect a difference 
in sperm concentration of 45% between the intervention 
and placebo group in the primary outcome. A group-
sequential design allows one interim analysis at half tar-
get recruitment. We estimate to screen 1,300 infertile 
men as around 30% will meet the eligibility criteria and 
70–75% will agree to participate in the trial. The calcula-
tions are based on the intra-individual variation in sperm 
concentration when including infertile men with sperm 
concentrations between 2 and 20 million pr. mL. We 
expect that the placebo group will have a post-trial sperm 
concentration of 11 million pr. mL while the denosumab 
group will have 16 million pr. mL with a maximum SD of 
15. At an SD of 10, the same effect can be demonstrated 
by the inclusion of 170 men which is the basis for the 
interim analysis.

Statistics and underlying assumptions
A detailed statistical analysis plan is attached as an addi-
tional file (see Additional file  1). In brief, descriptive 
statistics, including unadjusted baseline and follow-up 
averages for the entire study population, as well as base-
line and follow-up averages for the four subgroups will 
be presented. The primary analysis will be a covariance 
analysis in which day 80 measurements are analyzed, 
initially as crude values but also regressed on base-
line (including treatment assignment and subsequently 
AMH assignment). This will correctly take into account 
the grouped randomization scheme as well as the cor-
relation between the day 80 and baseline measurements. 

Baseline is defined as the average of day − 30 and day 1 
and day 80 is defined as the average of day 80 and day 
83, unless abstinence time is < 2 days or high fever which 
will result in exclusion of data. In both cases, data will be 
transformed as necessary to meet model assumptions. 
Subgroup analyses, e.g. for the group > 9 mill/mL semen 
concentration will be performed. These analyses will not 
have the nominal type I error and will be interpreted as 
“hypothesis generating” results. Subsequently, subgroup 
analyses, e.g. for the group > 9 mill/mL sperm concentra-
tion, low versus high baseline, FSH, Inhibin B and testis 
size, and men with and without cryptorchidism and vari-
cocele will be performed. Also, all regression analyses 
will be tested for major interactions between each covari-
ate and the intervention variable. For each combination, 
we will test whether the interaction term is significant 
and assess the effect size. When reporting a potentially 
relevant clinically significant effect, due diligence will be 
exercised because of the risk of type I errors when per-
forming multiple tests.

Interim analysis
One interim analysis of safety and efficacy data will be 
evaluated when 170 patients have delivered their final 
semen sample at day 83. These assessments will be made 
by an independent statistician with focus on primary 
outcomes and serious adverse events. The interim anal-
ysis will be carried out using a two-sided significance 
test with the O’Brien–Fleming alpha spending func-
tion [29] and a type I error rate of 5 percent. To adjust 
the type 1 error rate for multiplicity, we will use the 
O’Brien-Fleming method in a group-sequential design, 
resulting in an alpha level for the interim analysis at 
0.01 and the final analysis at 0.046. The statistician will 
review the protocol and monitoring guideline, evaluate 
the attempts to recruit participants and participants’ 
risk, and, based on interim analyses, make recommen-
dations to sponsor and investigators as to whether to 
continue the study or end it.

Data management
Software
All data will be entered as an electronic database in 
REDcap. REDcap is a worldwide online system devel-
oped specifically for non-commercial clinical research 
to significantly reduce data entry and study management 
errors to improve data fidelity. The system is offered to 
researchers in the capital region of Denmark. Our data 
is thus protected by a security code and only accessible 
for registered users. Besides informed consent, there will 
be no data in paper form. The study will be notified to 
the Research and Innovation Unit, The Capital Region of 
Denmark (Videnscenter for Dataanmeldelser). The law 
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on the processing of personal data will be complied with. 
After completion of the trial, data will be anonymized 
and shared with “XY Therapeutics” who can use the 
data for possible approval by the EMA and FDA authori-
ties. The sharing of data with “XY Therapeutics” will be 
reflected in participant information and informed con-
sent so that it is clear for the participants.

Monitoring
The trial will be externally monitored by the national 
Good Clinical Practice (GCP) unit at Bispebjerg hospital. 
A monitoring plan will be conducted before trial initia-
tion. The frequency of onsite monitoring will depend on 
compliance with the protocol, the number of enrolled 
participants, and the quality of data handling. There will 
be mandatory monitoring before the trial and at least 
three times during the trial. The GCP will monitor inclu-
sion and exclusion criteria, consent obtained in all sub-
jects according to legislation, and data included in the 
eCRF. The investigators will be responsible for all data in 
the eCRFs. All personal information about potential and 
enrolled participants are collected in the eCRF and only 
accessible by relevant users which secures confidentiality 
before, during, and after the trial.

Follow‑up data and handling of missing data
Missing data will be minimized by performing repeated 
monitoring of data entry into electronic case report 
forms (our eCRFs). In this way, we will be able to moni-
tor the extent of missing data and intervene if necessary. 
Hence, we do not anticipate that there will be any signifi-
cant number of missing values.

Safety
Denosumab is a drug already used in millions of patients 
worldwide. Common adverse effects associated with 
denosumab are abdominal pain, constipation, muscu-
loskeletal pain, skin rash, and infection. Rare adverse 
effects are symptomatic hypocalcemia, osteonecrosis of 
the jaw, atypical femoral fracture, and anaphylaxis [30]. 
The side effect profile is better than most competing drug 
treatments used to treat osteoporosis, and denosumab is 
well tolerated by patients with competing diseases such 
as kidney disease, in contrast to, i.e., zoledronic acid. 
In FITMI, Adverse events (AE), serious adverse events 
(SAEs), serious adverse reactions (SARs), and suspected 
unexpected serious adverse reactions (SUSARs) will be 
recorded in the intervention period and will be reported 
to the relevant authorities according to guidelines from 
GCP and the Danish Medicines Agency. To avoid symp-
tomatic hypocalcemia participants with vitamin D 
deficiency and/or hypocalcemia are excluded and con-
comitant treatment with 10  μg vitamin D and 400  mg 

calcium is given to all participants for 180 days. Further-
more, to ensure that the handling of safety is independ-
ent of sponsor and investigators, a safety committee will 
be set up. The members of the safety committee will be 
four senior medical doctors who are leading experts in 
bone diseases and reproductive diseases in men. All seri-
ous incidents or side effects will be referred to the safety 
committee within 72 h and they will decide on the need 
for code breaches.

Biological specimens
All samples are stored in a research biobank so all ana-
lyzes can be run simultaneously to avoid excessive inter-
assay variation. The biobank consists of − 20° freezers 
located at Rigshospitalet in a locked room. A maximum 
of 5 years after the start of the experiment (01.01.2027), 
the samples will be transferred to a biobank at Hvidovre 
hospital and stored at − 80° for future research. The 
samples are stored here for another 25  years, i.e., until 
01.01.2047. If a participant withdraws his or her consent 
to participate, all collected biological material will be 
destroyed.

Dissemination plans
The results of the trial will be submitted for publication 
in international peer-reviewed journals and submitted 
for presentation at international conferences. Authors 
SKY and RH will be shared as first authors, MBJ will be 
the last author, and other researchers contributing will be 
listed as co-authors. There are no plans to grant public 
access to participant-level datasets or any other individ-
ual patient data after the trial is completed, but requests 
can be submitted directly to the corresponding author.

Discussion
Infertility is a common problem globally and male factor 
with impaired semen quality is responsible for up to half 
of all cases [31, 32]. Despite the high prevalence there 
exist no medical treatment options to improve semen 
quality for most men [1, 2]. Contrary, most treatments 
are targeted at the woman, as she must undergo hor-
monal treatment to optimize conditions for ART. These 
treatments are often associated with many side effects 
including serious side effects and a high economic cost 
for the couple and/or the health care system. Today, we 
are treating females for a male disease.

The FITMI study is therefore highly relevant and is the 
first RCT designed to evaluate the effectiveness of deno-
sumab as a first-in-class treatment for male infertility in 
men with impaired semen quality and high serum AMH. 
In addition to the relatively large sample size, follow-
up data will be provided, an intention-to-treat analy-
sis will be carried out, and the statistician performing 
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the statistical analyses will be blinded to the allocation. 
Furthermore, baseline data will be collected to allow a 
comparison of the two groups, data on future pregnan-
cies will be documented, and data on safety and serious 
adverse events will be reported. The results will provide 
evidence crucial for future treatment in a patient group 
where treatment options are sparse at best.

Trial status
Participants are currently being recruited. The recruit-
ment period is estimated to run from January 2022 to 
December 2023, with follow-up until September 2025. 
Further information will be available at http://​www.​fitmi.​
dk and clinicaltrial.gov (NCT05212337).

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13063-​022-​06478-4.

Additional file 1: Appendix. A statistical analysis plan (SAP) for the FITMI 
study.

Acknowledgements
We are grateful to our contributors, the study participants, and the Depart-
ment of Growth and Reproduction, Copenhagen University Hospital—Rig-
shospitalet, including the staff for playing a key part in helping facilitate the 
study and for their patience and high professionalism.

Authors’ contributions
SKY and RH are the principal investigators of the FITMI trial. MBJ designed 
the trial and coordinated the main preparation of study documents and the 
funding application. SKY, RH, LJM, AJ, and NJ contributed to the funding appli-
cation and the study design. JHP provided statistical assistance and advice on 
the statistical analysis plan. SKY and RH wrote the first draft of the manuscript. 
All authors read and reviewed study documents, participated in the prepara-
tion of the manuscript, and read and approved the final manuscript.

Funding
This protocol presents independent research funded by XY Therapeutics.

Availability of data and materials
Data sharing does not apply to this article, because no datasets were gener-
ated or analyzed during the present study.

Declarations

Ethics approval and consent to participate
The study will be carried out to include the protection of human subjects 
according to the 2008 Declaration of Helsinki and following Good Clinical 
Practice Guidelines. After verbal and written information is given to potential 
participants, informed consent will be obtained. All risk or safety issues will 
be reported to the principal investigators, who will take any necessary further 
steps. The study has been approved by the National Ethics Committees of the 
capital region of Denmark (H-21040145) and the Danish Medicines Agency 
(EudraCT no: 2021–003451-42) which qualified for registration in the Clini-
calTrials.gov database (identifier NCT05212337). Major modifications, such as 
changes to outcome measures or change of design, will be sent to and evalu-
ated by the National Ethics Committees of the capital region of Denmark, 
Good Clinical Practice unit, and Danish Medicines Agency.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests except that Martin 
Blomberg Jensen also is the CEO of “XY Therapeutics.”

Author details
1 Group of Skeletal, Mineral, and Gonadal Endocrinology, Department 
of Growth and Reproduction, Copenhagen University Hospital - Rigshospita-
let, Copenhagen, Denmark. 2 International Center for Research and Research 
Training in Endocrine Disruption of Male Reproduction and Child Health 
(EDMaRC), Copenhagen University Hospital - Rigshospitalet, Copenhagen, 
Denmark. 3 Section of Biostatistics, Faculty of Health Sciences, University 
of Copenhagen, Copenhagen, Denmark. 4 Department of Growth and Repro-
duction, Copenhagen University Hospital - Rigshospitalet, Copenhagen, 
Denmark. 5 Department of Clinical Medicine, University of Copenhagen, 
Copenhagen, Denmark. 6 Division of Bone and Mineral Research, HSDM/HMS, 
Harvard University, Boston, USA. 

Received: 31 January 2022   Accepted: 11 June 2022

References
	1.	 Huynh T. Selected genetic factors associated with male infertility. Hum 

Reprod Update. 2002;8(2):183–98.
	2.	 Krausz C. Male infertility: pathogenesis and clinical diagnosis. Best Pract 

Res Clin Endocrinol Metab. 2011;25(2):271–85.
	3.	 Skakkebaek NE, Rajpert-De Meyts E, Buck Louis GM, Toppari J, Anders-

son A-M, Eisenberg ML, et al. Male reproductive disorders and fertility 
trends: influences of environment and genetic susceptibility. Physiol Rev. 
2016;96(1):55–97.

	4.	 Blomberg Jensen M, Lawaetz JG, Petersen JH, Juul A, Jørgensen N. Effects 
of vitamin D supplementation on semen quality, reproductive hormones, 
and live birth rate: a randomized clinical trial. J Clin Endocrinol Metab. 
2017;103(3):870–81.

	5.	 Bøllehuus Hansen L, Kaludjerovic J, Nielsen JE, Rehfeld A, Poulsen NN, Ide 
N, et al. Influence of FGF23 and Klotho on male reproduction: Systemic vs 
direct effects. FASEB J. 2020;34(9):12436–49.

	6.	 Juel Mortensen L, Lorenzen M, Jorgensen N, Andersson A-M, Nielsen 
JE, Petersen LI, et al. Possible link between FSH and RANKL release from 
adipocytes in men with impaired gonadal function including Klinefelter 
syndrome. Bone. 2019;123:103–14.

	7.	 Jensen MB. Vitamin D and male reproduction. Nat Rev Endocrinol. 
2014;10:175–86.

	8.	 Kearns AE, Khosla S, Kostenuik PJ. Receptor activator of nuclear factor κB 
ligand and osteoprotegerin regulation of bone remodeling in health and 
disease. Endocr Rev. 2008;29:155–92.

	9.	 Kearns AE, Khosla S, Kostenuik PJ. Receptor activator of nuclear factor κB 
ligand and osteoprotegerin regulation of bone remodeling in health and 
disease. Endocr Rev. 2007;29(2):155–92.

	10.	 Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess T, et al. Osteo-
protegerin ligand is a cytokine that regulates osteoclast differentiation 
and activation. Cell. 1998;93(2):165–76.

	11.	 Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS, Lüthy R, et al. 
Osteoprotegerin: a novel secreted protein involved in the regulation of 
bone density. Cell. 1997;89(2):309–19.

	12.	 Khosla S. Minireview: The OPG/RANKL/RANK System. Endocrinology. 
2001;142(12):5050–5.

	13.	 Anastasilakis AD, Toulis KA, Polyzos SA, Terpos E. RANKL inhibition for the 
management of patients with benign metabolic bone disorders. Expert 
Opin Investig Drugs. 2009;18(8):1085–102.

	14.	 Makras P, Polyzos SA, Papatheodorou A, Kokkoris P, Chatzifotiadis D, 
Anastasilakis AD. Parathyroid hormone changes following denosumab 
treatment in postmenopausal osteoporosis. Clin Endocrinol (Oxf ). 
2013;79(4):499–503.

	15.	 Schwarz P, Rasmussen AQ, Kvist TM, Andersen UB, Jørgensen NR. Paget’s 
disease of the bone after treatment with Denosumab: A case report. 
Bone. 2012;50(5):1023–5.

	16.	 Polyzos SA, Singhellakis PN, Naot D, Adamidou F, Malandrinou FC, 
Anastasilakis AD, et al. Denosumab Treatment for Juvenile Paget’s 
disease: results from two adult patients with osteoprotegerin deficiency 

http://www.fitmi.dk
http://www.fitmi.dk
https://doi.org/10.1186/s13063-022-06478-4
https://doi.org/10.1186/s13063-022-06478-4


Page 10 of 10Yahyavi et al. Trials          (2022) 23:525 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

(“Balkan” mutation in the TNFRSF11BGene). J Clin Endocrinol Metab. 
2014;99(3):703–7.

	17.	 Papapoulos S, Chapurlat R, Libanati C, Brandi ML, Brown JP, Czerwiński E, 
et al. Five years of denosumab exposure in women with postmenopausal 
osteoporosis: Results from the first two years of the FREEDOM extension. 
J Bone Miner Res. 2012;27(3):694–701.

	18.	 Boonen S, Adachi JD, Man Z, Cummings SR, Lippuner K, Törring O, et al. 
Treatment with denosumab reduces the incidence of new vertebral and 
hip fractures in postmenopausal women at high risk. J Clin Endocrinol 
Metab. 2011;96(6):1727–36.

	19.	 Sohn W, Lee E, Kankam MK, Egbuna O, Moffat G, Bussiere J, et al. An 
open-label study in healthy men to evaluate the risk of seminal fluid 
transmission of denosumab to pregnant partners. Br J Clin Pharmacol. 
2015;81(2):362–9.

	20.	 Bussiere JL, Pyrah I, Boyce R, Branstetter D, Loomis M, Andrews-Cleav-
enger D, et al. Reproductive toxicity of denosumab in cynomolgus 
monkeys. Reprod Toxicol. 2013;42:27–40.

	21.	 Uhland AM, Kwiecinski GG, DeLuca HF. Normalization of serum 
calcium restores fertility in vitamin D-deficient male rats. J Nutr. 
1992;122(6):1338–44.

	22.	 Kwiecinski GG, Petrie GI, DeLuca HF. Vitamin D is necessary for reproduc-
tive functions of the male rat. J Nutr. 1989;119(5):741–4.

	23.	 Jørgensen A, Blomberg Jensen M, Nielsen JE, Juul A, Rajpert-De ME. Influ-
ence of vitamin D on cisplatin sensitivity in testicular germ cell cancer-
derived cell lines and in a NTera2 xenograft model. J Steroid Biochem Mol 
Biol. 2013;136:238–46.

	24.	 Blomberg Jensen M, Jørgensen A, Nielsen JE, Steinmeyer A, Leffers H, 
Juul A, et al. Vitamin D metabolism and effects on pluripotency genes 
and cell differentiation in testicular germ cell tumors in vitro and in vivo. 
Neoplasia. 2012;14(10):952-IN18.

	25.	 Blomberg Jensen M, Lieben L, Nielsen JE, Willems A, Jørgensen A, Juul A, 
et al. Characterization of the testicular, epididymal and endocrine phe-
notypes in the Leuven Vdr-deficient mouse model: Targeting estrogen 
signalling. Mol Cell Endocrinol. 2013;377(1–2):93–102.

	26.	 Blomberg Jensen M, Andreassen CH, Jørgensen A, et al. RANKL regulates 
male reproductive function. Nat Commun. 2021;12(1):1–15.

	27	 Chan A-W, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin JA, et al. 
SPIRIT 2013 explanation and elaboration: guidance for protocols of clini-
cal trials. BMJ. 2013;346(jan08 15):7586.

	28.	 International Council for Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use (ICH) ICH Harmonised Guideline 
Integrated Addendum to ICH E6(R1): Guideline for good clinical practice 
E6(R2). 2016.

	29.	 Demets DL, Lan KKG. Interim analysis: The alpha spending function 
approach. Stat Med. 1994;13(13–14):1341–52.

	30.	 Adler RA, Gill RS. Clinical utility of denosumab for treatment of bone loss 
in men and women. Clin Interv Aging. 2011;6:119–24.

	31.	 Boivin J, Bunting L, Collins JA, Nygren KG. International estimates of 
infertility prevalence and treatment-seeking: potential need and demand 
for infertility medical care. Hum Reprod. 2007;22(6):1506–12.

	32.	 Lunenfeld B. Infertility in the third millennium: implications for the 
individual, family and society: Condensed Meeting Report from the 
Bertarelli Foundation’s Second Global Conference. Hum Reprod Update. 
2004;10(4):317–26.

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


	Effect of a single-dose denosumab on semen quality in infertile men (the FITMI study): study protocol for a randomized controlled trial
	Abstract 
	Background: 
	Methodsdesign: 
	Discussion: 
	Trial registration: 

	Administrative information
	Background
	Introduction and rationale
	Our research
	Objective

	Methodsdesign
	Trial design and setting
	Inclusion criteria
	Exclusion criteria
	Withdrawal
	Recruitment, screening, and enrollment
	Randomization
	Blinding process
	Outcome measures
	Timeline
	Ethical considerations

	Data analysis
	Analysis population
	Sample size
	Statistics and underlying assumptions
	Interim analysis

	Data management
	Software
	Monitoring
	Follow-up data and handling of missing data
	Safety
	Biological specimens
	Dissemination plans

	Discussion
	Trial status

	Acknowledgements
	References


