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ORIGINAL ARTICLES

Phase 2 Trial of Leuprorelin in Patients with
Spinal and Bulbar Muscular Atrophy

Haruhiko Banno, MD, PhD,' Masahisa Katsuno, MD, PhD,'” Keisuke Suzuki, MD, PhD,'

Yu Takeuchi, MD," Motoshi Kawashima, MD,' Noriaki Suga, MD,' Motoko Takamori, MD, PhD,?
Mizuki Ito, MD, PhD,' Tomohiko Nakamura, MD, PhD," Koji Marsuo, MD, PhD,'
Shinichi Yamada, MD, PhD,' Yumike Oki, MD, PhD,* Hiroaki Adachi, MD, PhD,'

Makoto Minamiyama, MD, PhD,' Masahiro Waza, MD, PhD," Naoki Atsuta, MD, PhD,’'
Hirohisa Watanabe, MD, PhD,' Yasushi Fujimoto, MD, PhD,* Tsutomu Nakashima, MD, PhD,*
Fumiaki Tanaka, MD, PhD," Manabu Doyu, MD, PhD,® and Gen Sobue, MD, PhD'

Objective: Spinal and bulbar muscular atrophy (SBMA) is a hereditary motor neuron disease caused by the expansion of a
polyglutamine tract in the androgen receptor (AR). Animal studies have shown that the pathogenesis of SBMA is dependent on
serum testosterone level. This study is aimed at evaluacing the efficacy and safery of androgen deprivation by leuprorelin acerate
in partients with SBMA.

Methods: Fifty SBMA patients underwent subcutaneous injections of leuprorelin acetate or placebo in a randomized, placebo-
controlled trial for 48 weeks, followed by an open-label trial for an additional 96 wecks, in which 19 patients of the leuprorelin
group and 15 of the placebo group received leuprorelin acetate. The patients who did not participate in the open-label trial were
also followed up for the 96-week period (UMINOO0D00474).

Results: Leuprorelin acetate significantly extended the duration of cricopharyngeal opening in videofluorography and decreased
murant AR accumulation in scrotal skin biopsy. The patients treated with leuprorelin acetate for 144 weeks exhibited signifi-
cantly greater functional scores and better swallowing parameters than those who received placebo. Autopsy of one patient who
received leuprorclin acetate for 118 wecks suggested that androgen deprivation inhibits the nuclear accumulation or stabilization
or both, of mutant AR in the motor neurons of the spinal cord and brainstem.

Interpretation: These observarions suggest thar administration of leuprorelin acetate suppresses the deterioration of neuromus-
cular impairment in SBMA by inhibiting the toxic accumulation of mutant AR. The results of this phase 2 trial supporr the start
of large-scale clinical trials of androgen deprivation for SBMA.

Ann Neurol 2009;65:140-150

Spinal and bulbar muscular atrophy (SBMA), also
known as Kennedy's disease, is the first of the neuro-
degenerative discases for which the molecular basis was
discovered to be the expansion of a trinucleotide CAG
repeat in the gene of the causative protein. SBMA is an
adult-onser, motor neuron disease characterized by
muscle atrophy, weakness, contraction fasciculations,
and bulbar involvement.' * Its prevalence has been es-
timated ro be 1 to 2 per 100,000, although a consid-
crable number of patients may be misdiagnosed with
other neuromuscular diseases such as amyotrophic lat-
eral sclerosis (ALS).™® The progression of SBMA is

usually slow, but life-threatening respiratory tract infec-
tions often occur in the advanced stage of the disease,
resulting in death.” Laboratory tests show increased se-
rum levels of creatine kinase and liver enzymes in most
cases. The expanded CAG triplet repeat sequence,
which encodes a poiyg]u(amine tract, is found in the
androgen receptor gene (AR).® The CAG repeat num-
bers range from 38 to 62 in SBMA patients, whereas
healthy individuals have 9 0 36 CAGs.>*'% The
number of CAGs is correlated wich disease severity and
inversely correlated with the age of onset, as observed
in other polyglutamine-related neurodegencrative dis-
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eases, including Hunrington's disease and several forms
of spinocerebellar ataxia.'"'? In polyglutamine dis-
eases, nuclear localization of the respective mutant pro-
tein is considered important for inducing neuronal cell
dysfunction and degeneration."*'* The extenr of dif-
fuse nuclear accumulation of mutant AR in spinal mo-
tor neurons is closely related ro the CAG repeat length
in autopsicd SBMA cases.'® In addition, nuclear accu-
mulation of mutant AR in scrotal skin correlates with
both disease severity and CAG repeat length, suggest-
ing that the number of scrotal skin epithelial cells pos-
itive for 1C2, an anti-polyglutamine antibody, is a po-
tent parthogenic marker of SBMA and can serve as a
useful biomarker in therapeutic trials.'”

A characteristic clinical feature of SBMA is thar full
disease manifestations occur in male but not in female
individuals even when they are homozygous for the
muration.'®'? The sex dependency of discase manifes-
tation in SBMA may arise from a testosterone-
dependent nuclear accumulation of mutant AR
In mouse models of SBMA, surgical castration delays
disease onset and progression, as well as reverses neu-
romuscular pl'l:nm')rpcs.m'23 Leuprorelin acetate, a lu-
teinizing hormone-releasing hormone agonist that re-
duces testosterone release from the testis and inhibits
nuclear accumulation of murtant AR, ameliorates motor
dysfunction in male transgenic mice carrying full-
length murant human AR with an expanded polyglu-
tamine tract.”’

Although data from animal studies indicated that
androgen deprivation via leuprorelin acetate is a prom-
ising therapeutic agent for SBMA,*™?" clinical experi-
ence using this drug in SBMA patients is limited.**
The safety and efficacy of leuprorelin acetate were
demonstrated for treating prostate cancer, endometrio-
sis, uterine fibroids, and central precocious puberty in
children.”® To determine whether androgen depriva-
tion therapy prevents the progression of SBMA in hu-
mans, we conducted a two-arm, randomized, placebo-
controlled, phase 2 clinical trial of leuprorelin acetate
in patients with SBMA for 48 weeks, followed by an
open-label trial for an additional 96 weeks.

Patients and Methods

Patients

Inclusion criteria of this trial included: (1) genetically con-
firmed SBMA male Japanese patients with more than one of
the following symproms: muscle weakness, muscle atrophy,
bulbar palsy, or hand tremor; (2) patients whose AR CAG
repear length was more than 38; (3) partients who were 30 ro
70 years old at the rime of informed consent; (4) paticnts
who had no desire to father a child; and (5) patients who
gave written informed consent. Parients were excluded if
they met any of the following criteria: (1) medical history of
allergy w leuprorelin acetare; (2) had wken testosterone
within 8 weeks before the informed consent; (3) had severe
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complications; or (4) were not eligible for other reasons (eg,
previous use of luteinizing hormone-releasing hormone ago-
nists or medical history of allergy to barium sulfate).

Study Design

We conducted a 48-week, prospective, randomized,
placebo-controlled, single-site trial and a 96-week open-
label follow-up trial at Nagoya University Hospital (Fig 1).
Fifty patients were included berween September 2003 and
March 2004. The last patient terminated the randomized
controlled trial (RCT) in February 2005. The protocol for
the trial was filed with the open clinical trial registry
(www.umin.ac.jp/ctr/index.htm) under the Identifier Num-
ber UMIN000000474. In the 48-week RCT, parients were
randomized in a 1:1 ratio of leuprorelin acetate or identi-
cally appearing placebo using the minimization method by
an independent investigaror. Dynamic allocation was per-
formed based on patient age and severity to reduce bias.*®
Patients were blinded throughour the RCT, and at week
48, they decided whether to participate in the follow-up
trial withour knowing to which drug group they had been
allocated. As a result, 19 patients in the leuprorelin group
and 15 in the placebo group entered the open-label
follow-up trial between August 2004 and March 2005. The
remaining 15 partients who declined to participate in the
open-label trial were followed up for these 96 weeks: 1 pa-
tient who disconrinued early in the 48-week RCT was not
followed up. The last patient terminated the follow-up trial
in February 2007.

All the examinations and treatments were performed ar
the Nagoya University Hospital throughout the trials. The
patients were hospitalized for 7 days ac weeks 0 and 48, and
were evaluated every 4 weeks in the 48-week RCT. During
the 96-week follow-up trial, they were examined every 12
weeks. Blinding was ensured by the use of identical opaque
injection syringes. Clinical scores and muscle strength were
assessed by blinded neurologists throughout the RCT period.

Treatment

Leuprorelin acetate was subcutaneously injected at a dose of
3.75mg cvery 4 weeks in the 48-weck RCT, and 11.25mg
was administrated every 12 weeks in the 96-week follow-up
trial. Leuprorelin acetate suppresses restosterone release by
downregulating luteinizing hormone-releasing hormone re-
ceprors in the pituitary. We did nor conducr a dose-response
study in chis tial, because previous studies suggested that
leuprorelin-mediated androgen deprivarion is incomplere ar
dosages less than 3.75mg/4 weeks in men.?’2#

Outcome Measures

The primary end point of this trial was motor function mea-
sured by the widely used and validated Revised ALS Func-
tional Rating Scale (ALSFRS-R; Japanese edition). Alchough
there are no validated scales for SBMA, all the items in the
ALSFRS-R are applicable to this disease.'”*”*" Secondary
ourcome measures included cricopharyngeal opening dura-
tion visualized by videofluorography (VF), the frequency of
1C2-positive cells in scrotal skin biopsies, lung function val-
ues [forced expiratory volume in 1 second/forced vital capac-
ity (FEV/FVC) and vital capacity as the percentage of pre-
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Fig 1. Patient selection flow diagram. RCT = randomized controlled trial.

dicted (%VC)], and serum levels of the following enzymes:
L-aspartate aminotransferase, L-alanine aminotransferase, and
creatine kinase. As other outcome measures, we analyzed the
sum of the following three ALSFRS-R subscores: speech, sal-
ivation, and swallowing. We also measured muscle strength
using maximum voluntary isometric contraction and con-
ducted a nerve conduction study. The Beck depression in-
ventory and standard laboratory parameters were checked for
evaluating safety. Scrotal skin biopsies were performed at
weeks 0 and 48 of the 48-week RCT. The ALSFRS-R, lung
function test, maximum voluntary isometric contraction, and
Beck depression inventory were measured every 24 weeks
throughour the trials, whereas VF was examined at weeks 0
and 48 in rthe 48-week RCT, and at the end of the 96-week
follow-up trial. The nerve conduction study was conducted
at weeks 0 and 48 in the 48-week RCT. All laboratory tests
were performed at weeks 0, 4, 8, 12, 24, 36, and 48 in the
48-weck RCT, and every 12 weeks in the 96-week follow-up
trial. Outcome for the efficacy analysis was assessed ar the
final visit at the end of 48-week RCT and ar the end of the
96-week follow-up rrial.

In VF examinations, patients were instructed o swallow
3ml of 40% wt/vol barium sulfate rwice in a sanding posi-
tion. VF data were recorded on Mini DV videotape (Sony,
Tokyo, Japan) at 30 frames/scc. For scrotal skin biopsies at 0
and 48 weeks, three specimens were taken from each patient
at each time by punch biopsy using a 3mm diamerer Der-
mapunch (Nipro, Tokyo, Japan) under local anesthesia (li-

docaine acetate, 10ml) and processed for immunohistochem-
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ical analysis using an anti-polyglutamine (1C2) antibody, as
described later. All 50 patients underwent biopsies at week 0,
but 2 patients’ specimens did not attach to the slides and
were not included in the analyses. All parients who under-
went biopsy sterilized the wound for several days themselves
and underwent antibiotic therapy after the procedure, as
needed. Serum creatine kinase levels were determined in
blood samples obrained on the second day of admission by
ultraviolet measurement using hexokinase and glucose-6-
phosphare.” Serum testosterone levels were measured by ra-
dioimmunoassay using the DPC total testosterone kit (Diag-
nostic Products Corporation, Los Angeles, CA).

Quantitative Measurement in Videofluorography

To identify the appropriate parameters for the ourcome mea-
sure in this wial, we performed a preliminary analysis of
quantitative swallowing evaluation using VF in 18 additional
SBMA patients (see Supplemental Tables 1 and 2). In this
preliminary study, we assessed the reliability and validity of
pharyngeal residue and those of the various temporal mea-
sures: pharyngeal delay time, cricopharyngeal opening dura-
tion, and toral duration of maximal laryngeal elevation. As a
result, we found that cricopharyngeal opening duration was
the most reliable measurement of swallowing, and that this
duration correlated well with functional scores such as the
Norris Scores and the ALSFRS-R. None of the other param-
cters exhibited both high reliability and correlation with
functional scores. Therefore, we adopred cricopharyngeal
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