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Introduction

Prostate cancer is the most common form of cancer in Dutch
men [1]. Chemical or surgical castration is a key strategy in
patients with locally advanced or metastatic prostate cancer
[2]. Currently, chemical and surgical castration are considered
equally effective modalities to achieve castration levels of
testosterone [3,4]. Chemical castration is achieved by admin-
istering Luteinizing Hormone Releasing Hormone (LHRH)
agonists on a regular basis (either intermittently or continu-
ously) [5–7].

In patients with advanced prostate cancer, the treatment
aim is to maintain serum testosterone levels below castrate
level (<1.7 nmol/L) [8,9]. However, after prescribing LHRH
agonists physicians do not monitor the testosterone levels
routinely. Moreover, current dosing regimens are manufac-
turer-recommended and not personalized per patient.

Several studies have shown that serum testosterone levels
can remain at or below castrate levels for over 3months
after discontinuation of LHRH agonist injections [10–15]. This
creates opportunities for a personalized way of dosing LHRH
agonists depending on the patient’s testosterone level and
by monitoring the testosterone levels closely (scrutinization).

Current randomized, controlled trial was initiated to inves-
tigate the possibility to extend the dosing interval of gosere-
lin 10.8mg with a testosterone level-based dosing regimen
and to determine whether this new regimen is cost-saving.

Patients and methods

Study design and participants

This study was a randomized (1:2), controlled trial. Patients were
randomized to (1) standard treatment: 3-monthly depot injec-
tions of goserelin 10.8mg (control group) or (2) injections based

on testosterone-serum levels (interventional group). Included
were males (�18year) diagnosed with locally advanced or meta-
static prostate cancer with a clinical indication for ADT (�2years
or permanently). Patients were included before or in the 2
months after the first injection of goserelin 10.8mg. Patients
received goserelin 10.8mg injections by the home service of the
outpatient pharmacy. All participants gave written informed con-
sent before any study-related activity. Excluded were patients
with a history of hypersensitivity to LHRH agonists, receiving
anti-androgens (bicalutamide for 4weeks around the first injec-
tion was allowed) and patients unable to measure testosterone
levels at the hospital.

A serious adverse event was defined as a testosterone
level above castration level (testosterone level > 1.7 nmol/L).

The study was performed at the Franciscus Gasthuis &
Vlietland, Rotterdam and Schiedam (The Netherlands). The
study was approved by Ethical Committee and registered in
the Dutch Trial Registry (Nederlands Trial Register), number
NTR6537 and conducted in accordance with the principles of
the declaration of Helsinki. The final version of the study
protocol is included as supplementary material.

Randomization and masking

Participants were randomly assigned (2:1) to either the inter-
vention group or the control group. Stratification was done
for concurrent use of chemotherapy. The randomization
code was generated by Castor EDC [16]. Blinding of partici-
pants and physicians was not applied.

Procedures

Control group: Patients were treated as usual being 3-
monthly depot injections of goserelin 10.8mg, regardless of
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the testosterone level. Testosterone levels were measured 2
weeks before the next depot injection of goserelin 10.8mg.

Intervention group: At week 10 after an injection of goser-
elin 10.8mg testosterone levels were measured. According to
the following algorithm the next injection of goserelin
10.8mg was postponed at week 12 if the testosterone level
was <1.2 nmol/L and had increased maximal 0.5 nmol/L from
the nadir.

When the next injection of goserelin 10.8mg was post-
poned a new testosterone level was measured after 4 weeks,
according to the study of Pathak et al., and checked with the
algorithm [11]. This cycle continued for every patient as long
as the testosterone level did not meet the criteria for a
repeat injection.

Testosterone levels were measured using a validated
method on Abbott I2000SR analyzers in heparin plasma.

Outcomes

The primary outcome was median number of goserelin
10.8mg injections per participants per strategy during fol-
low-up. Secondary outcome was the difference in costs
between the treatment strategies. Costs included costs for
the goserelin 10.8mg injections, laboratory tests, regular out-
patient monitoring costs and costs due to treatment
complications.

Statistical analysis

A sample size of 42 patients was planned for this study. To
be able to reject the hypothesis that the median number of
injections per patient during follow-up is equal between the
treatment strategies the following assumptions were taken
into account: during 24months 6 injections of goserelin
10.8mg in the interventional group and 8 injections of
goserelin 10.8mg in the control group, a standard deviation
of 1.5, an alpha (2-sided) of 0.05, a power of 80% and a ran-
domization ratio of 1:2.

The primary endpoint was analyzed using the two-sample
Poisson test. Since the length of follow-up was different
between the intervention and control group, the cumulative
cost difference was estimated using the sum-limit method.
Differences were tested using bootstrapping. Significance
level was set at p< 0.05.

All data were collected in CastorEDC and statistical analy-
ses were performed using IBM Statistics SPSS, version 25
(SPSS, Chicago, IL) and GraphPad Prism version 7.02
(GraphPad Software, LA Jolla, CA, USA).

Results

Between August 2017 and May 2018, 19 patients were
enrolled. One participant randomized in the intervention
group withdrew before start of the intervention due to men-
tal health issues (Supplementary Figure 1).

Table 1 shows the baseline characteristics. Most patients
included did not receive any previous prostate cancer ther-
apy. All patients had a performance status of 0 or 1 on the

Zubrod scale [17]. Because of two SAEs in two participants in
the interventional group the study was prematurely ended.
The SAEs occurred in the participants 5 and 7 months after
the first injection of goserelin 10.8mg.

Primary endpoint

The median number of goserelin 10.8mg injections per
patient during follow-up was 2 (IQR: 1.75–3.25) in the control
group versus 1 (IQR: 1.00–2.00) in the interventional group.
The number of goserelin 10.8mg injections per patients was
not different between the two groups (incidence density:
0.58 (0.28–1.18), p¼ 0.13). The median time to the next injec-
tion goserelin 10.8mg in the intervention group was 22.8
(range 14–40) weeks. In the control and the interventional
group, the median follow-up in weeks per patient was 21.5
(IQR: 14.4–30.1) versus 22.5 (19.3–25.0), the total follow up of
all patients was 138.3 versus 277.7weeks and the total num-
ber of given goserelin 10.8mg injections was 14 versus 16.

Figure 1 shows the testosterone and PSA levels measured
in the interventional arm during follow-up. One goserelin
10.8mg injection was given in month zero to all patients
shown. Except for two measurements, all testosterone levels
are below castrate level (<1.7 nmol/L). Due to the premature
end of the study, patients have differences in the follow-
up time.

Secondary endpoint

In total, in the control and interventional group the mean
costs per patient per day was e6.06 (5.99–6.13) versus e4.37
(4.29–4.46). The mean costs per patient per day are 27,9%
lower in the intervention group compared with the control
group (supplementary Table 1).

Discussion

This is the first randomized, controlled trial comparing a tes-
tosterone-based dosing regimen and usual treatment with
goserelin 10.8mg injections. The investigated dosing algo-
rithm in this trial is unsafe due to a rapid and unexpected
rise in the testosterone level above castrate level (>
1.7 nmol/L) in two participants treated with the testosterone-
based dosing algorithm. Therefore, the study is prematurely
ended because of these two events in the interven-
tional group.

Our results show that the testosterone concentration stays
longer below the castrate level as described in current litera-
ture. Dai et al. showed that, in LHRH-agonist naïve patients,
1 and 3 month(s) after cessation of monthly injections of
goserelin acetate 3.6mg or triptorelin acetate 3.75mg, tes-
tosterone recovered to supracastrate level in 43.2% and
97.9% of the patients [18]. Furthermore, Gulley et al. found
that, in LHRH-agonist naïve patients, after 6months of injec-
tions of leuprolide 22.5mg and goserelin 10.8mg, more than
80% of the patients achieved supracastrate serum testoster-
one level by 15weeks. After a second cycle of 6months of
injections of leuprolide 22.5mg and goserelin 10.8mg, in the
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Table 1. Baseline characteristics.

Control group
(N¼ 6)

Intervention group
(N¼ 12)

Age (years) (median, IQR) 71 (62.5–77.8) 64 (61.3–77.5)
BMI (kg/m2) (median, IQR) 27 (26.3–27.2) 24.1 (22.9–26.5)
Ethnicity
Caucasian 6 (100%) 11 (91.7%)
Afro-American – 1 (8.3%)
Gleason score (median, range) 8 (6–10) 8 (7–10)

T category
T1c 2 (33.3%) –
T2a – 1 (8.3%)
T2b 1 (16.7%) –
T2c – 1 (8.3%)
T3a 2 (33.3%) 7 (58.3%)
T3b – 2 (16.7%)
T4 1 (16.7%) 1 (8.3%)

N category
N0 2 (33.3%) 8 (66.7%)
N1 3 (50%) 4 (33.3%)
Nx 1 (16.7%) –

M category
M0 3 (50%) 6 (50%)
M1a 1 (16.7%) –
M1b 2 (33.3%) 5 (41.7%)
M1c – 1 (8.3%)

Previous prostate cancer therapy
No local therapy 4 (66.7%) 9 (75%)
Radiation therapy 1 (16.7%) 2 (16.7%)
Radical prostatectomy – 1 (8.3%)
(Neo)Adjuvant hormonal therapy 1 (16.7%) –
Time to start ADT after diagnosis
(days) (median, range)

28 (7–989) 31 (5–1478)

Initial therapy
ADT 5 (83.3%) 11 (91.7%)
ADTþ chemotherapy 1 (16.7%) 1 (8.3%)
Testosterone level
(nmol/L) (median, IQR)

8.8 (5.9–16.1) 15.5 (10.7–29.1)

PSA level
(ng/ml) (median, IQR)

60 (29–297) 59 (28.8–132.5)

Comorbidities
Diabetes Melitus II 2 (33.3%) –
Hypertension 2 (33.3%) 4 (33.3%)
Ischemic heart diseases 1 (16.7%) 1 (8.3%)

N: number of patients; IQR: interquartile range; BMI: Body Mass Index; TNM classification; ADT: androgen deprivation ther-
apy; PSA: Prostate specific antigen.
Variables are described with descriptive statistics: n (%) for nominal and ordinal variables and median (inter-quartile range)
for the continuous variables.

Figure 1. Testosterone and PSA levels in the interventional arm. (A) Testosterone levels versus time in the interventional arm. Dashed line represents castrate level
of 1.7 nmol/L. The arrow represents the goserelin 10.8mg injection at month 3. (B) PSA levels versus time in the interventional arm.
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same patients, Gulley et al. found that more than 90% of the
patients achieved supracastrate serum testosterone level by
18weeks [19]. We found a median time to the next injection
goserelin 10.8mg in the intervention group of 22.8weeks.
For all patients in the intervention group the next injection
of goserelin 10.8mg could be postponed safely for 4months.

The difference in recovery time of the testosterone level
to supracastrate levels compared with current literature
might be explained by the fact that our patients had other
patient characteristics. Several patient characteristics are pos-
sibly correlated to the recovery time of the testosterone lev-
els to supracastrate levels after cessation of ADT, e.g. age,
Gleason score, ethnicity, testosterone level before start ADT
and treatment duration of ADT [18,19]. Our patients had
received a different pretreatment, had higher Gleason scores
and higher PSA levels at initiation of ADT in comparison with
the trials performed by Dai et al. and Gulley et al.

The testosterone level appears to have a non-linear course
in the time, which probably may have contributed to the
occurrence of the two SAEs. We applied a rather conservative
algorithm, however a sudden rise in testosterone will only
be captured with a more intensive measurement strategy.
After the administration of goserelin 10.8mg, LHRH-receptors
in the pituitary gland are downregulated. This causes a
reduction in the production of FSH and LH and eventually a
reduced testosterone production in the testis [20]. However,
a certain time after cessation of ADT the negative feedback
loop will become ineffective and a rapid rise in the testoster-
one level will occur. Possible explanations are reactivation of
the available LHRH-receptors, a fast upregulation of LHRH-
receptors or a combination of both mechanism. These effects
might be stronger in patients that only had a limited number
of injections of LHRH. Therefore, investigating a testosterone
based strategy in patients that have already been treated
with ADT for a longer period of time (> 1 year) could be
interesting.

There are several strengths to note in this MIDAS trial.
First, this is the first randomized controlled trial testing the
testosterone-based dosing regimen. Second, despite the fact
that the study was prematurely ended we achieved a good
median follow up in the control and interventional group.
Treatment compliance among patients starting treatment
was good due to the fact that the goserelin injections were
administered at home. Finally, this trial adds evidence that
prolonging the dosing interval to once every 4 months keeps
testosterone low and prevents for antineoplastic medication
overuse. There are also some limitation to our study. The
most important limitation is the fact that we measured the
testosterone levels every 4 weeks in the intervention group.
If testosterone levels had been measured more frequently,
we might have detected the rapid rise in testosterone level
without reaching supracastrate levels. However, at this time
the clinical opinion is that a short rise in testosterone level
above the castrate level has no clinical implication.
Furthermore, we did not measure patients satisfaction with
the new dosing regimen.

Despite the fact that LHRH agonists have been available
over the past 30 years, so far no research has been done to

determine whether efficiently dosing LHRH agonists reduces
costs. In the Netherlands, approximately 8000 patients per
year are considered for starting ADT. The majority of these
patients (95%) choose chemical castration by a LHRH agonist
[1]. Our study shows that for all patients in the intervention
group the next injection of goserelin 10.8mg could be post-
poned safely with at least 1 month. Based on the available
literature and this study, if we start dosing goserelin 10.8mg
injections every 4 months instead of 3 months, total health
care costs will drop with 2 million euros per year just in the
Netherlands.

In summary, the investigated algorithm for testosterone
level-based dosing of LHRH agonists, in which testosterone
levels are monitored every 4weeks when an injection is post-
poned, in patients with locally advanced or metastatic pros-
tate cancer aiming for continuous testosterone suppression,
in the first year of treatment, is unsafe due to the risk of a
rapidly rising testosterone level.
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