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Tabie 1
Laboratory findings and clinical features
Patient  Dryeye/  Positive findings Initial Motor involvement  Sensory involvement Autonomnic
agejex . drymouth  of Sibgren's ymp Prog 3 Atophy  Distribution wmﬁmmm
syndrome of pain
1 - SSA. B Pain Chronic . - - T (distal) B = m' Aching 1234586
7M™ lip biopsy hyperalgesia
T (middie portion)
2 ++ Lip blopsy Pain Chronic - - 1 (distal) + - e Tingling 124
RF hyperalgesia
HE (ledt side back)
3 [+ s5-B Sensory Subacute - - Right hand (radial)  + - et -
54M lip biopsy disturbance static allodynia
L° (dital) hyperalgesia
T (upper portion)
4 4+ S5-A Pain Subacute - - L* (diistal) - - ++ Aching 24
57[F lip biopsy hyperalgesia
5 +f- 55-A Pain Chronic + - F (left side) + + +++4 Tingling 234
59/F lip biopsy hyperalgesia
L (upper)
L (right=lefi)
1, Abnormal pupils; 2. H is; 3, Orthostatic h jon; 4, C jon; 5, Urinary di ®; 6, Decreased uptake of "™1-MIBG.

* Superficial; reduction oprerﬂdal sensation including light touch and pinprick perception and temperature sensation.

® Deep: reduction of deep sensation including vibration and joint position.
© F, Face; H. Head; L Limb: T, Trunk.
9 'AfA. moderate pain; 'A{A{A(, severe pain.

normal levels in these patients, Prior to treatment, all patients under-
went neurological examination, blood studies, CSF studies, nerve
conduction studies (NCS), and sural nerve biopsy. Profiles of the
patients are summarized in Tables 1, 2, and 3. The group of patients
included two men and three women, ranging from 54 to 72 years old.
In all patients, the initial symptom of neuropathy was paraesthesia or
painful peripheral dysaesthesia in the distal portion of the extremities.

Patient 1, a 67 year old man, was diagnosed as Sjigren’s syndrome
16 years ago, had suffered painful dysaesthesia and numbness in the
feet for 10 years, which spread to the proximal portion of the legs and
arms. Neurological examination revealed a reduction in superficial
sensation, including light touch/pinprick perception and temperature
sensation; painful dysaesthesias were elicited over the middle portion
of the trunk and the four extremities. The pain experienced in this
patient's hands was so intense that he could not extend his fingers or
touch objects. The pain in his feet almost precluded ambulation. Pa-
tient 2, a 72 year old woman had experienced painful dysaesthesia and
numbness in the legs and hands for 3 years. Neurological examination
revealed reduced superficial sensation along with painful dysaesthe-
sias in the distal portion of the four extremities. Patient 3, a 54 year old
man, had experienced pain in all four extremities and the head for
4 years. Neurological examination revealed no reduction in superficial

sensation. Hyperalgesia was evident over the left side of the back of
the head. the upper portion of the trunk, and the radial side of the
right hand and feet. The patient needed to wear gloves to protect
himself from the hand pain during his normal daily life. Sometimes,
the patient also experienced difficulty walking as a direct result of
pain. Patient 4, a 57 year old woman had suffered pain in her left foot
for 1 year. Neurological examination revealed a reduction in super-
ficial sensation; painful dysaesthesias were elicited over distal parts
of the four extremities. Patient 5, a 59 year old woman had suffered
spontaneous pain for 20 years along with painful dysaesthesia and
numbness in all four extremities, but predominantly on the right side.
Neurological examination revealed reduced superficial sensation.
Painful dysaesthesias were elicited over the left-side cheek, the radial
side of the upper extremities, and the lower extremities, predomi-
nantly on the right side. The pain in this patient's legs almost pre-
cluded ambulation.

Fluctuation in the intensity of pain was seen, to some extent, in
all patients. Asymmetric pain symptoms and sensory impairments
were seen in three patients (patients 3, 4, and 5). Although deep
sensation, such as joint position and vibration, was mildly impaired in
the distal portion of the extremities in one patient (patient 5), this was
not accompanied by sensory ataxia, pseudoathetosis in the hand, or a

Table 2
Nerve conduction study
Patient Median nerve Tibial nerve Sural nerve
MCV (m/s) DL (ms) CMAP (mV) SCV (mfs) SNAP (j4V) MCV (mfs) DL {ms) CMAP (mV) SCV (mfs) SNAP (V)
1 56 34 54 48 52 42 42 il 47 30
2 55 LK | 45 o4 23 32 41 57 43 7
3 55 31 126 63 251 48 38 158 51 272
4 54 29 103 58 41.6 40 46 105 60 155
5 55 2.7 [ 62 252 42 34 159 48 113
Controls 576138 34104 82+29 563453 280+115 460+38 40206 11,8235 492248 16878

Contral values were obtained in 171 normal volunteers for the median nerve, 161 for the ulnar nerve, and 163 for the sural nerve [11].
MCV = motor nerve conduction velocity; DL = distal latency; CMAP = compound muscle action potential.

SCV = sensory nerve conduction velocity: SNAP = sensory nerve action potential.
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Table 3
Pathological findings in the sural nerve
Patient Myelinated fiber density (nofmm?®) Smallflarge Unmyelinated Tested-fiber study (%)

Total fiber Large fiber Small fiber ratio ?bTﬂ‘:;;?"Y Dejre-myelination Axonal degeneration

no|

1 4557 1778 2779 15 19245 30 240
2 5728 2594 334 12 13,557 80 03
3 6085 2845 3240 11 mns 05 05
4 6902 3530 3n 1.0 13,397 11 19
5 4807 2766 2041 07 21531 62 28
Controls (n=10) meantSD 7087+1413 2T17+617 436321067 1705 30,876£3713 90259 18220

Control values were oblained from subjects with nonneurologic disease at autopsy.

positive Romberg's sign. Muscle strength was preserved in all patients
except for patient 5; this particular patient could not exert full muscle
strength in the right lower extremity due to severe pain, and appeared
to reveal slight weakness. Autonomic dysfunctions, including con-
stipation, orthostatic hypotension and hypohidrosis were seen in
four of the patients. Reduced uptake of '#1-MIBG was evident in two
patients (Table 1). Cerebrospinal fluid cell count was normal in all
patients, while protein was elevated in two patients (patients 1 and 5).
Nerve conduction studies revealed preserved motor and sensory con-
duction velocities and distal latencies (Table 2). Amplitudes of com-
pound muscle action potential (CMAF) and sensory nerve action

Fig. 1. Sural nerve pathology. (A) Specimen from patient 4. (B) Specimen from a control
patient. Specimen from patient 4 revealed predominantly small-fiber loss. No axonal
sprouting was seen. Vasculitis was not observed. Scale bar=20 pm.

potential (SNAP) were greater than the mean +2SD of normal control
subjects [11], except for SNAP of the median nerve in patient 1. Sural
nerve specimens revealed mild reduction in small-myelinated fibers
and unmyelinated fibers in all patients (Fig. 1, Table 3). The density
of large myelinated fibers was 27204627 fibers/mm?® (100% of mean
control values), while that of small myelinated fibers was 2913+
535 fibers/mm?” (66% of mean control values), indicating a predomi-
nant reduction in the number of small myelinated fibers. The density
of unmyelinated fiber was 16,970+3550 fibers/mm? (55% of mean
control values). Axonal degeneration was evident in patient 1, There
was no evidence of axonal sprouting in any of the patients, suggesting
ganglionopathy as a cause of neuropathy. Vasculitis was not abserved
in any patient.

All patients were treated with 0.4 g/kg intravenous immunoglo-
bulin (IVig) for 5 days. In all patients, the effect of IVlg treatment was
scored by use of the Visual Analogue Scale (VAS) [12]. In addition, we
performed quantitative sensory testing (QST) to determine the cold
detection threshold (CDT), vibration detection threshold (VDT), and
heat-pain (HP) threshold in both the upper and lower extremities
using computer aided sensory evaluation version (CASE ; Medical
Electronics, Michigan). This evaluation was carried out on one patient
(patient 5), before and after treatment. For the CDT, a series of cold
stimulation tests, using a range of different temperatures were
delivered with a sensor placed on the dorsum of the foot. Patients
were asked to respond when the stimulus was felt. The testing algo-
rithms used were the 4, 2, and 1 stepping method for CDT [13], the
aim being to determine the smallest temperature differential from
the baseline temperature that can be reliably detected. For the VDT,
a series of vibration stimulation tests were delivered with a sensor
placed on the great toe using the 4, 2, and 1 stepping method. For the
HP thresholds, a series of warm stimulation tests were delivered to
the dorsum of the foot, using the non-repeating ascending with null
stimuli algorithm [14]. HP: 0.5 is the heat-pain detection threshold,
HP: 5.0 is a intermediate heat-pain response and the difference bet-
ween the two (HP: 5.0-0.5). CASE IV normative data were used in
accordance with previous studies [13]. Abnormal CDT and VDT were
defined as above the 97th percentile (hypoesthesia), and an abnormal
HP: 0.5 was defined as below the 3rd percentile (hyperalgesia). QST
studies were performed by the same technician in two different
patients (patients 4 and 5).

3. Results

All patients responded well to IVlg therapy. Severe pain had been
reduced from 7.6£2.9 to 2.2+ 1.5, according to the Visual Analogue
Scale (VAS) (Fig. 2). Several relapses were seen in two patients
(patients 1 and 2) over long-term follow up. IVlg treatment was
effective at each relapse, but the effect of IVlg became less pronounced
in patient 2 after 6 years of treatment (Fig. 2 B). The effect on pain
was reported to begin 2 to 14 days after the IVIg infusion started.
The clinical improvement lasted for about 2 to 6 months (4.0%
2,65 manths). The second IVIg therapies were performed in four
patients when relapse occurred, with the interval of second IVig
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Fig. 2. Clinical course of the Visual Analogue Scale. A 10 cm VAS was anchored by two extremnes of pain (left. no pain; right, the worst pain imaginable). Pain ratings were applied
subjectively according to the manner described by Kelly (12}, (A) Clinical course of patient 1. (B) Clinical course of patient 2. (C) Clinical course of patient 3, (D) Clinical course of

patient 4. (E) Clinical course of parient 5.

treatment ranging from 7 months to 1 year. IVig therapy reduced pain
by 50-100% on the VAS scale; the significant effect of IVig upon pain
relief was clearly evident (p<0.01). All patients experienced accom-
panied superficial sensation, such as numbness, tingling or painful
dysaesthesia, but these showed simultaneous improvement. Muscle
strength in patient 5 also improved. Following IVIg treatment, patients
1,3 and 5 were able to walk smoothly and patient 3 no longer required
gloves. Direct evidence of sensory improvement was clearly demon-
strated by CASE IV analysis in patient 5. VDT 5 was less than +25D and
there was no significant difference before and after treatment. Before
treatment, CDT was 28.1 "C (hand) and 10.0 °C (foot), representing

abnormal levels greater than +2SD. Following IVlg therapy, CDT
improved to 29.8 °C (hand) and 17.3 °C (foot), which was within the
normal range of -=1.045D (hand) and +1.885D (foot). These results
clearly demonstrate significant improvement in superficial sensory
impairment following IVIg therapy. HP threshold was not different
before and after treatment.

4. Discussion

IVlg therapy was effective in alleviating pain symptoms in all 5
patients involved in the present study. Painful symptoms involved
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proximal regions of the limbs, face, or trunk in a non-length de-
pendent manner with predominantly superficial sensory involve-
ment. Motor nerve function was well preserved. Pathologically, there
was a predominantly small-fiber axon loss with relative preservation
of large myelinated axons, without evidence of regenerating fibers.
Pathological evaluation of the dorsal root ganglia in patients with
major causes of ganglionopathy have been reported for patients with
Sjbgren's syndrome and paraneoplastic syndrome, via the analysis
of tissue obtained by biopsy or autopsy [2,15]. The major symptom
in these syndromes is sensory ataxia resulting from the impairment
of deep kinaesthetic sensation corresponding to the involvement of
large-sized neurons [215]. On the other hand, it is uncommon for
ganglionopathy to preferentially affect small-diameter neurons [16,17].
However, recent studies have suggested that this type of ganglionopathy
may occur in patients with Sjégren’s syndrome accompanying pain-
ful symptoms [5.17]. Our patients were well concordant with these
clinico-pathological features of ganglionopathy with preferential invol-
vement of small-sensory neurons. The concept of ganglionopathy,
preferentially involving small neurons, although not yet widely
recognized, is rapidly becoming a clinically important field [17).

In our patients, painful symptoms were very severe and signifi-
cantly interfered with the activity of daily living. Conventional treat-
ments for painful neuropathies, including anticonvulsants, tricyclic
antidepressants, SSRI (selective serotonin reuptake inhibitor) or
opioids, were not sufficient to ameliorate pain in our patients, Conse-
quently, it was highly evident that other new approaches were
needed. Although the mechanisms of pain in painful sensory neuro-
pathy associated with Sjogren’s syndrome have yet to be fully clarified,
it is considered that immunomodulatory therapy may be effective,
based on the hypothesis that painful sensory neuropathy is a con-
tinuum of the sensory ataxic form as described above, In the sensory
ataxic form, the lesion is located at the level of the sensory ganglion
neurons associated with T-cell infiltration [2]. Indeed, IVig therapy
has proved to be effective, to some extent, in the sensory ataxic form
[5,18-21]. The putative IVIg effect mechanism includes blockade of the
Fc receptor, enhanced antibody catabolism and the suppression of
pro-inflammatory cytokines. Therefore, macrophage and B-cell func-
tions would be inactivated and circulating auto-antibodies reduced.
IVIg can also exert effect upon superantigens and can modulate T-cell
function and antigen recognition [22]. In the ataxic type of Sjogren’s
syndrome, some of the remaining dorsal root ganglion neurons, which
tend to be impaired owing to inflammation, may have regained func-
tion because of the IVIg treatment [21]. We speculate that [Vig would
elicit the same effect upon small dorsal root ganglion neurons in
painful Sjogren's syndrome-neuropathy.

Pro-inflammatory cytokines such as TNF-alpha, IL-1 beta, and IL-6
contribute to the development of inflammatory and neuropathic pain,
and hyperalgesia [23,24]. Indeed, in patients with painful neuropathy,
or complex regional pain syndrome, TNF-alpha has been reported
to correlate with the presence of mechanical hyperalgesia [25,26].
However, participation of such cytokines in painful sensory neuro-
pathy associated with Sjégren’s syndrome remains largely unknown,
In one of our patients, some serum cytokines, e.g., TNF-, IL-8 were
shown to be reduced by IVIg (patient 3, data not shown). A question of
IVIg treatment is cost. It is certain that IVIg is very expensive, but IVig
bring rapid and sufficient improvement, Therefore, IVIg treatment is
considered to be useful for patients who have severe pain or have
insufficient improvement by conventional treatment. Therefore, IVIg
might be an effective treatment for pain in Sjdgren's syndrome-asso-

ciated neuropathy. Further studies should be done in a controlled,
blind study.
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Objective: Spinal and bulbar muscular arrophy (SBMA) is a hereditary motor nenron 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 evaluating the efficacy and safety of androgen deprivation by leuprorelin acetate
in patients with SBMA.

Methods: Fifry SBMA paticnts underwent subcuraneous injections of leuprorelin acetate or placebo in a randomized, placebo-
controlled rial for 48 weeks, followed by an open-label trial for an additional 96 weeks, in which 19 patients of the leuprorelin
group and 15 of the placebo group received leuprorelin acetate. The patients who did nor participate in the open-label trial were
also followed up for the 96-week period (UMIN000000474).

Results: Leuprorelin acerare significantly extended the duration of cricopharyngeal opening in videofluorography and decreased
mutant 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 leuprorelin acetate for 118 weeks suggested that androgen deprivation inhibirs the nuclear accumulation or stabilization,
or both, of mutant AR in the motor neurons of the spinal cord and brainstem.

Interpretation: These observations suggest that administrarion of leuprorelin acetate suppresses the deterioration of neuramus-
cular impairment in SBMA by inhibiting the toxic accumulation of murant AR. The results of this phase 2 trial support the starc
of large-scale dinical trials of androgen deprivation for SBMA.

Ann Neurol 200%:65:140-150

Spinal and bulbar muscular atrophy (SBMA), also usually slow, bur life-threarening respiratory tract infec-

known as Kennedy's disease, is the first of the neuro-
degenerative diseases 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 arrophy, weakness, contraction fasciculations,
and bulbar involvement.'™* Its prevalence has been es-
timated to be 1 1o 2 per 100,000, although a consid-
crable number of patients may be misdiagnosed with
aother neuromuscular discases such as amyotrophic lat-
eral sclerosis (ALS).*® The progression of SBMA is

tions often occur in the advanced stage of the disease,
resulting in dearh.” Laboratory tests show increased se-
rum levels of creatine kinase and liver enzymes in most
cases. The expanded CAG rriplet repeat sequence,
which encodes a polyglutamine tract, is found in the
androgen receptor gene (AR).® The CAG repeat num-
bers range from 38 to 62 in SBMA paucms, whereas
healthy individuals have 9 to 36 CAGs.>®*'® The
number of CAGs is correlated with disease severity and
inversely correlated with the age of onset, as observed
in other polyglutamine-related neurodegenerative dis-
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cases, including Huntingron's disease and several forms
of spinocerebellar ataxia.'"'? In polyglutamine dis-
cases, nuclear localization of the respective mutant pro-
tein is considered important for inducing neuronal cell
dysfunction and degenerarion.'*"® The extent of dif-
fuse nuclear accumulation of mutant AR in spinal mo-
tor neurons is closely related to the CAG repeat length
in autopsied SBMA cases,'® In addition, nuclear accu-
mulation of mutant AR in scrotal skin correlates with
both disease severity and CAG repear length, suggest-
ing that the number of scrotal skin epithelial cells pos-
itive for 1C2, an anti-polyglutamine antibody, is a po-
tent pathogenic marker of SBMA and can serve as a
uscful biomarker in therapeutic trials.'”

A characreristic clinical feature of SBMA is that full
disease manifestations occur in male but not in female
individuals even when they are homozygous for the
mutation.'®!” The sex dependency of discase manifes-
ration 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 phenotypes.”®** Leuprorelin acetate, a lu-
teinizing hormone-releasing hormone agonist that re-
duces testosterone release from the rtestis and inhibits
nuclear accumulation of murant AR, ameliorates moror
dysfunction in male transgenic mice carrying full-
length mutant human AR with an expanded polyglu-
tamine rract.”!

Although dara from animal studies indicared that
androgen deprivation via leuprorelin acetate is a prom-
ising therapeutic agent for SBMA,***' clinical experi-
ence using this drug in SBMA parients is limired.™
The safery and efficacy of leuprorelin acerare 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
repeat length was more than 38; (3) patients who were 30 w0
70 years old at the time of informed consent; (4) patients
who had no desire to father a child; and (5) parients who
gave written informed consent. Parients were excluded if
they met any of the following criteria: (1) medical history of
allergy to leuprorelin acetate; (2) had raken testosterone
within 8 wecks before the informed consenr; (3) had severe

o

complications; or (4) were not eligible for other reasons (eg,
previous use of luteinizing hor leasing hormone ago-
nists or medical history of allergy ro barium sulfate).

Study Design

We conducted a 48-week, prospective, randomized,
placebo-controlled, single-site trial and a 96-weck open-
label follow-up trial at Nagoya University Hospital (Fig 1).
Fifty patients were included between Seprember 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-hem) under the Identifier Num-
ber UMINO00000474. In the 48-week RCT, patients were
randomized in a 1:1 ratio of leuprorelin acerate or identi-
cally appearing placebo using the minimization method by
an independent investigator, Dynamic allocarion was per-
formed based on parient age and severity to reduce bias.”®
Patients were blinded throughout the RCT, and ar week
48, they decided whether to participate in the follow-up
trial without 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 patients who declined o participate in the
open-label trial were followed up for these 96 weeks; 1 pa-
tient who discontinued early in the 48-week RCT was not
followed up. The last patient terminated the follow-up rial
in February 2007,

All the e ions and tr s were performed ar
the Nagoya University Hospital throughour the rrials. The
patients were hospitalized for 7 days ar weeks 0 and 48, and
were evaluated every 4 weeks in the 48-weck RCT. During
the 96-week follow-up rrial, 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 throughour the RCT period.

Trearment

Leuprorelin acetate was subcutancously injected ar a dose of
3.75mg every 4 weeks in the 48-weck RCT, and 11.25mg
was administrated every 12 weeks in the 96-week follow-up
wrial. Leuprorelin acetate suppresses testosterone release by
downregulating luteinizing hormone-releasing hormone re-
ceptors in the pituitary, We did not conducr a dose-response
study in this trial, because previous studies suggested char
leuprorelin-mediated androgen deprivation is incomplere ar
dosages less than 3.75mg/4 weeks in men.”” 2%

Outcome Measures

The primary end point of this trial was moror funcrion mea-
sured by the widely used and validated Revised ALS Func-
tional Raring Scale (ALSFRS-R; Japanese edition). Although
there are no validated scales for SBMA, all the items in the
ALSFRS-R are applicable to this disease.'”***" Secondary
outcome measures included cricopharyngeal opening dura-
tion visualized by videofluarography (VF), the frequency of
1C2-positive cells in scroral skin biopsies, lung function val-
ues [forced expiratory volume in 1 second/forced vital capac-
ity (FEV,/FVC) and vital capacity as the percenrage 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-asparcate ami i ferase, and
creatine kinase. As other ourcome 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-
ducred a nerve conduction study, The Beck depression in-
ventory and standard laboratory parameters were checked for
evaluating safery. Scrowal skin biopsies were performed at
weeks 0 and 48 of the 48-week RCT. The ALSFRS-R, lung
funcrion test, maximum voluntary isometric contraction, and
Beck depression inventory were measured every 24 weeks
throughout the trials, whereas VF was examined ar weeks 0
and 48 in the 48-weck RCT, and at the end of the 96-week
follow-up rrial. The nerve conducrion 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-week RCT, and every 12 weeks in the 96-week follow-up
trial. Outcome for the efficacy analysis was assessed at the
final visit at the end of 48-week RCT and at the end of the
96-week follow-up trial.

In VF examinations, patients were instructed to swallow
3ml of 40% wi/vol barium sulfate twice in a standing posi-
tion. VF data were recorded on Mini DV videotape (Sony,
Tokyo, Japan) at 30 frames/sec. For scrotal skin biopsies at 0
and 48 weeks, three specimens were taken from each patient
ar cach time by punch biopsy using a 3mm diamerer Der-
mapunch (Nipro, Tokyoe, Japan) under local anesthesia (li-
docaine acetare, 10ml) and processed for immunohistochem-

ferase, L-al aminot
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ical analysis using an anti-polyglutamine (1C2) antibody, as
described later. All 50 patients underwent biopsies ar week 0,
but 2 patients’ specimens did nor artach ro the slides and
were not included in the analyses. All patients 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
ultravioler measurement using hexokinase and glucose-6-
phosphate.*' Serum rone 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 outcome mea-
sure in this wial, we performed a preliminary analysis of
quantitative swallowing evaluation using VF in 18 addirional
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 rotal duration of maximal laryngeal elevation. As a
resulr, we found that cricopharyngeal opening duration was
the most reliable measurement of swallowing, and thar this
duration correlated well with functional scores such as the
Norris Scores and the ALSFRS-R. None of the other param-
eters exhibited both high reliability and correlation with
functional scores. Therefore, we adopred cricopharyngeal




opening duration as the secondary end point of this rrial and
measured other parameters as references. All the paramerers
were measured blindly by two independent evaluators ac-
cording to standard procedures.**** In brief, duration of cri-
copharyngeal opening was defined as the length of rime dur-
ing which the cricopharyngeal sphincter was  open.
Pharyngeal delay time was defined as the interval from the
bolus passing the base of the tongue to the onser of laryngeal
clevation, whereas duration of maximum laryngeal elevation
was the length of time during which the larynx was maxi-
mally elevated from its rest position. Pharyngeal residue was
measured using semiquantitative scales: 0, 2, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, and 100%.

Immunobistochemical Detection of Mutant

Androgen Recepror

Immunochistochemistry of scrotal skin (from biopsies), spinal
cord, and pontine base (from aumgsies) specimens were con-
ducted as described previously.'™'” In bricf, 6jLm-thick,
formalin-fixed, paraffin-embedded sections were prepared,
deparaffinized, rehydrated, and prerreated by immersing in
98% formic acid for 5 minutes and then microwaving for 15
minutes in 10mM citrate buffer ar pH 6.0. Secrions were
incubated with a mouse anriexpanded polyglutamine anti-
body (1C2; 1:20,000; Chemicon, Temecula, CA)** to eval-
uate the nuclear accumulation of mutant AR [mmune
complexes were visualized using the Envision-plus kit (Dako,
Glostrup, Denmark). Sections were counterstained  with
Mayer's hematoxylin. Quantitative assessment of 1C2-
positive cc]ls in scroral skin was performed as described pre-
viously."” In brief, the frequency of diffuse nuclear staining
was calculated from counts of more than 500 nuclei in 5
randomly selected fields of cach section (BX51TF; Olympus,
Tokyo, Japan). To assess the nuclear accumulation of mutant
AR in spinal cord motor neurons, we prepared at least 100
serial transverse sections from the cervical spinal cord and
immunostained  every 10th  seciion with the anr-
polyglutamine 1C2 andbody. For the purposes of counting,
a neuron was defined by the presence of its obvious nucleo-
lus in a given Gpum-thick section. The numbers of 1C2-
positive and -negative cells within the ventral horn on both
the right and left sides were counted under the light micro-
scope with a compurer-assisted tmajgc analyzer (BXS1TF;
Olympus), as described previously,'™**¢ For quantification
of 1C2-positive neurons within the pontine base, the fre-
quency of diffuse nuclear na.ining was calculared from counts
of more than 500 neurons in a ol of 50 or more fields
from r:uch section (BX51N-34; Olympus), as described pre-
viously.*” Populations of 1C2-positive cells were expressed as
percentages of the roral cell counts.

Autapsy Study

Autopsy specimens of cervical spinal cord (seven patients)
and pons (five patients) were obtained from nine control,
genetically confirmed SBMA patients who had not partici-
pated in any therapeutic trials (5283 years old: men; 41-52
CAG repears) and one subject (70 years old) who died at
week 67 of the 96-week follow-up study (Pacient 16), who
had been allocated to the leuprorelin group in the 48-week
RCT and had continued leuprorelin administration in the

96-week follow-up trial. The last administration of leuprore-
lin acetate was ar week 60 of the follow-up rrial. The causes
of death of the control patients were pneumonia in three,
respiratory failure in three, unknown in two, and lung cancer
in one. Immunohistochemistry of the specimens was per-
formed as described carlier. The collection of rissues and
their use for this study were approved by the Ethics Com-
mirtee of Nagoya University Graduate School of Medicine.

Genetic Analysis
Genomic DN’A was extracted from peripheral blood of the

patients using conventional rechniques, and the CAG repeat
size was determined as described previously.”'=** In brief,
polymerase chain reaction amplification of the CAG repear
in exon 1 of the AR gene was performed using a fluorescein-
labeled forward primer (5-TCCAGAATCTGTTCCAGA-
GCGTGC-3') and a nonlabeled reverse primer (5'-TGG-
CCTCGCTCAGGATGTCTTTAAG-3'). Size of the CAG
repeat was analyzed using Fraglys software version 2.2 (Hi-
tachi Electronics Engineering, Tokyo, Japan) by comparison
with coclectrophoresed polymerase chain reaction standards
with known repeat sizes. Patients with 38 or more CAGs
were diagnosed with SBMA.'" All patients gave their wrirten
informed consenr ro generic analyses.

Staristical Analyses

The effectiveness analysis and safety evaluation were con-
ducted on dara from the intention-to-treat population in the
48-weck RCT. We analyzed the data by Pearson's coeffi-
cient, Spearman’s rank correlation, and Student’s r rest. The
Mann-Whitney U/ test was used to analyze serum testoster-
one levels. p values less than 0.05 were considered indicarive
of significance. For multiple comparisons, p values were cor-
rected using the Dunnete test. Compurarions were performed
with SPSS software (version 14.0] for Windows; SPSS Japan,
Tokyo, Japan).

Ethics

This study was conducted according to the Declaration of
Helsinki (Hong Kong Amendment). Written informed con-
sent was obtained from each padent. Padents were free o
withdraw from the study at any time for any reason, The
protocol was approved by the Nagoya University Hospital
Institutional Review Board. Confidentiality was ensured by
assigning a study code to each patient. All studics conformed
to the ethics guidelines for h /gene analysis re-
search and the ethics guidelines for epidemiological studies
endorsed by the Japanese government.

Results

Demagraphics

Fifty participants met the eligibility criteria, gave in-
formed consent, and were assigned to either the leu-
prorelin or placebo group. There were no significant
differences in the characteristics of the rwo groups (Ta-
ble 1). There were no protocol deviations, although
one patient in the leuprorelin group discontinued the
drug after 16 weeks because of the patient’s schedule,
but this patient was included in the end-point analyses.
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Characteristics
Mean age * SD, yr
Mean height = 5D, cm
Mean weight = SD, kg
Mean duration of weakness = SD, yr
Mean (CAG)n = SD
Mean ALSFRS-R score = SD (Japanese edition)
ADL (cane-assisted/independent)

Table 1. Characteristics of Patients in the 48-Week Randomized Controlled Trial (RCT)

Leuprorelin (n = 25) Placebo (n = 25) P
52874 520*89 NS

167.5 £ 6.2 168.1 = 6.1 NS

584 =57 60.2 = 6.2 NS

10.8 £ 6.3 129 £ 8.2 NS

48.5 * 3.2 48.1 £ 2.5 NS

411 37 420+ 34 NS

6/19 7/18 NS

CAG repears in the undrogen recepior gene; ALSFRS-

SD = smndard deviation; NS = not significant; (CAG)n = number of expanded
R = revised amyotrophic lateral sclerosis funcrional raring scale; ADL = activities of daily living.

No patients discontinued treatment prematurely be-
cause of adverse events during the 48-week RCT. Ar
the end of the 48-weck RCT, 34 of the 50 patients
elected to receive leuprorelin administration in the
follow-up trial before the key was broken. During this
96-week follow-up trial, one patient discontinued treat-
ment mainly because of depression but was followed
up without leuprorelin administration. One patient
(Patient 16) died of acute cardiac failure ar week 67
and was not included in the cnd-poim analyses (see Fig
1).

Forty-cight-Week Randomized Controlled Trial

The outcome measures of the 48-weck RCT are shown
in Figure 2. In partients who received leuprorelin ace-
tate, serum restosterone levels decreased to near zero
within 4 weeks of the trearmenr (see Fig 2A). In the
placebo group, ALSFRS-R scores had declined by 0.9
point at week 48, suggesting that the change in motor
function of patients in this trial was similar to that in a
previous study on the natural history of SBMA.*" Al-
though there was no significant difference in the
changes in ALSFRS-R rotal scores at week 48 in the
lcupmrc]in and piaccbo groups (see Fig 2B), there was
a Lcndmcy for the sw:a]lowing subscores to be im-
proved in the leuprorelin group (see Fig 2C). This view
was supported by the fact that the cricopharyngeal
opening duration was significantly extended in the leu-
prorelin group compared with the placcho group, sug-
gesting that androgen deprivation suppressed deteriora-
tion of swallowing function in SBMA (p < 0.05; sec
Fig 2D). The serum level of creatine kinase, a marker
of muscular invelvement in SBMA, and those of liver
enzymes also tended to be decreased in the leuprorelin
group (see Fig 2E; see Supplemental Table 3). Diffuse
nuclear staining was predominantly observed in the
scrotal skin biopsy. The frequency of 1C2-positive cells
in the scrotal epithelium was significantly decreased ac
week 48 in the leuprorelin group (p < 0.001; see Fig
2F). There were no significant effects of leuprorelin ac-

etate on all other secondary end points (see Supple-
mental Table 3). Although we performed stratified
analyses, neither CAG repeat size nor age had any in-
fluence on the ourcome measures (dara not shown).

Ninety-six-Week Follow-up Trial

All but one patient, who discontinued treatment carly
in the 48-weck RCT, underwent an additional 96-
week follow-up. Fifteen patients declined to continue
leuprorelin administrarion mostly because of economic
reasons. As shown in Table 2, at the rime of enroll-
ment in the follow-up trial, there were no differences
in the characteristics of patients who participated and
those who were not enrolled, indicating no selection
bias for the enrollment.

In the follow-up trial, we compared ALSFRS-R
scores and VF findings of the following groups: Group
A—patients who were allocared to the leuprorelin
group for 48 weceks and reccived leuprorelin for an ad-
ditional 96 weeks; Group B—patients who were allo-
cated to the placebo group and received leuprorelin for
an additional 96 wecks; Group C—patients who were
allocated to the leuprorelin group for 48 weeks but did
not receive treatment during the 96-week follow-up;
and Group D—patients who were allocated to the pla-
cebo group and were followed up withour leuprorelin
trearment for 96 weeks. Multiple comparisons were
performed with Group D as the conrrol. We did nor
include the following rwo subjects in these analyses:
one patient in Group A who died during the follow-up
period and one in Group C who was diagnosed witch
multiple myelomas during the follow-up period. Ar
week 96 of the follow-up trial, ALSFRS-R scores were
significantly greater in Groups A and B than in Group
D (Figs 3A, B). Similarly, the swallowing subscores of
the ALSFRS-R were significantly greater in Group A
than in Group D (see Fig 3C). Cricopharyngeal open-
ing duration in VF was also significantly longer in
Groups A and B than in Group D (see Fig 3D).
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Fig 2. Eﬁmq results of the 48-week randomized controlled trial (RCT). (A) Treatmens with leuprorelin acctate (black circles)
rapidly d. d serum levels. White circles represent placebo group. (B) There was no significant difference in the
rfmugr m R:w.rm' Amyotrophic Lateral Sclerosis Funetional anng Scale (ALSFRS-R) score between the groups. (C) There was a
dency in the swallowing subscores of the ALSFRS-R in the leuprorelin group. (D) Cricopharyngeal opening duration
“Swas significantly mndd by the 48-week leuprorelin treatmens. (E) Serum creatine kinase (CK) levels alo tended 1o be decreased
in the leuprorelin group. (F) The frequency of diffuse nuclear 1C2 staining fmdramw of musant androgen receptor [AR]) in the

scroral epithelial cells was significantly decreased after the 48-weck admi of leuy

1 acerare. White bars represent pla-

cebo group; black bars represent leuprorelin acetate group. Scale bars = 50um. Data are npr:ma’ as means = standard error of

the mean. p < 0.05; **p < 0.001.

Safety and Tolerability

There were a toral of 58 adverse events recorded dunng
the 48-week RCT; none was so serious as to require
hospmlhzauon (Table 3). The most frequent adverse
event in the leuprorelin group was a loss of sexual
function, recorded as erectile dysfunction, bur this
symprom was also often seen in the placebo group,
suggesting androgen insensitivity in SBMA patients,
Although increases in rotal cholesterol, rriglyceride,
fasting blood sugar, or glycosylated hemoglobin
(HbAlc) were seen in the leuprorelin group, no
marked exacerbations were observed. The details of ad-
verse events during the 96-weck follow-up trial were
obtained from Groups A, B, and D. As shown in Table
4, there were no trearment duration—dependent adverse
effects of leuprorelin acetate as reported previously.*

Autopsy Study

One participant (Patient 16) who received leuprorelin
acetate in the 48-week RCT and continued to receive
leuprorelin acetare in the 96-week follow-up trial died
118 wecks after initiation of the trearment. Autopsy of
the patient indicated acute cardiac failure caused by
cardiac arrhythmia as a possible cause of death. Other-
wise, no specific causes of death were reported. Autop-
sied specimens were assessed by anri-polygluramine
(1C2) immunochistochemistry as in the scroral skin bi-
opsy and were compared with the findings of previ-
ously autopsied SBMA cases who had nor been rreated
with leuprorelin acetate or with relevant drugs. In the
spinal motor neurons, diffuse nuclear staining of 1C2
was predominantly observed, and nuclear inclusions
were less frequent. The frequencies of 1C2-positive
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Table 2. Characteristics of Patients in the 96-week Follow-up Trial
Leuprorelin in 48-week RCT Placeho in 48-week RCT
(n = 22) (n = 25)
Leaprorelin ~ No Treatmeat  p Leuprorelin =~ No Treatment
Treatment in 96-week (G"-T A, (Group C, (Gw-q B, (Group D,
Follow ap n = 18) n = 4) n = 15) n = 10)
Age (1) 520 * 6.5 $63=81 NS 525=82 S513=102 NS
Height (cm) 168.6 = 5.8 1643 = 94 NS 168550 1676 = 7.7 NS
Weight (kg) 586 =59 58862 NS 59.6 £ 5.6 61273 NS
Duration of Weakness (yr) 1.7 £ 64 8374 NS 128 =55 130 =115 NS
(CAG)n 49.1 £33 45822 NS  480=25 48226 NS$
ALSFRS-R (Japanese Edition) * 413 28 40577 NS 42126 42045 NS
412+37 398 £ 6.7 NS 40.7 £ 3.6 419 5.0 NS
ADL (cane-assisted/independent) * 3/15 1/3 NS 41 am NS
7111 21 NS 6/9 37 NS
*Upper valucs indicate dara at inclusion in the 48-week RCT, mdb!unhadutumdu“ in the 96-weck follow-up wial. Other
vdmmdauuwhmdl&wulkﬂ(ﬁ&ﬁ)u' ber of d CAG in the andro gene; ALSFRS-
R = revised phic lateral sclerosis funcrional raring scale. Dara rey mn:*SDmprﬁrIDL
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Fig 3. Effcacy resls of the 96-week follow-up il (A, B) i !a, o
Changes in the Revised Amyotrophic Lateral Sclerosis Func- b
tional Rating Scale (ALSFRS-R) scores showed reatment du- Predrostment o 10

ration—dependent i in the leuproreli

groups. (C. D) ntALSFRS-R&ul&mmhnm (C) and
vm'mﬂmmgmyby (VF) findings (D) were alio significantly
wproved in the elin ; Data are ex-
pressed as means * ;mndam'nmraflh'mum P < 0.05
“p < 0.005; **p < 0.001 with respect to Group D. Red
represents Group A: 48-week lenprorelin/96-week levprorelin
(n = 18); orange Group B: 48-week
week lewprorelin (n = 15); light blue represents Group C:
48-week leuprorelin/96-week no treatment (n = 4); blue rep-
resents Group D: 48-week placebol/96-week no treatment
(n = 10).

Fig 4. Effects of leuprorelin acetate on nuclear accumulation
0fmnrmtmdmgm receptor (AR). (A, B) Accumulation of
AR in was kable both in the pontine
base and in the spinal anterior horn of all the control, non-
treated autopsied cases, Mﬁcnmkrvff&pmmww
rons was relatively small in the lewprorelin
(Patient 16). Scale bars = Im;.l.m. (&) Mutoxt AR secam-
lation in scrotal skin epithelial cells thas underwent biopsy was
markedly reduced by leuprorelin acetate in Patient 16 (Patiens
16 was excluded from this mean.) Scale bars = 50pm. Data
are expressed as means = standard deviarion.
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Table 3. Adverse Events in 48-Week Randomized
Controlled Trial

AEs Leuprorelin Placebo

(n = 25) (n = 25)

At least one AE 21 (84%) 9 (36%)
Ar least one AE other

than ED 16 (64%) 6 (24%)
ED* 13 (52%) 4 (16%)
Hypertriglyceridemia 7 (28%) 0
Lumbago 5 (20%) 1 (4%)
Headache 5 (20%) 1 (4%)
Numbness 3(12%) 2 (8%)
Hand arthralgia 4 (16%) 0
Farigue 3 (12%) 0
Hot flush 3 (12%) 0
Injection site lump 3(12%) ]
Hypertension 2(8%) 0
Fracture 0 2 (8%)
"Number was calculated by qucmommre on every visit. AE =
adverse event; ED = crectile d

neurons in the anterior horn and brainstem of Patient
16 were less than those in non-treated SBMA patients
(Figs 4A, B). By way of comparison, the pretrearment
frequency of 1C2-positive cells in the biopsied scrotal
skin of Patient 16 was a little higher than the mean
value of other study parricipants ar week 0 bur de-
creased after 48 weeks of leuprorelin trearment in the
RCT (see Fig 4C). Hence, this patient's pretreatment
frequency of 1C2-positive cells in the anterior horn
and brainstem were pr:sumcd to also be greater than
the posureatment levels.'”

Discussion

Recent research on ncumdcgcncralivc discases has re-
peatedly shown that abnormal prorein accumulation in
neuronal cells is lmpom.m m the molecular pathogen-
esis of neurodegeneration.*' In polyglutamine discases
including SBMA, the aberrant proteins that contain an
extended polygluramine tract accumulate chiefly in the
nucleus, resulting in the dlsruPuon of cellular func-
tions such as transcription. To date, no disease-
modifying therapies for polygluramine diseases have
proved beneficial in clinical trials, The results of this
interventional trial suggest that androgen deprivation
therapy for SBMA is a promising therapy targeting the
molecular pathogenesis of polyglutamine diseases.

In this study, we demonstrated that leuprorelin ace-
tate suppressed toxic accumulation of the murant AR
protein, and thereby slowed down the progression of
SBMA. As shown previously in animal and human
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studics, leuprorelin-mediated androgen deprivation sig-
nificantly decreased mutant AR accumulation in scroral
skin.'”?! Furthermore, our histopathological analysis
in the autopsied case suggests that leuprorelin trear-
ment also attenuates the nuclear accumulation of
pathogenic AR within neuronal cells. AR did not ag-
gregate cven in the cytoplasm of scrotal epithelial cells
or in thar of spinal motor neurons, presumably because
androgen deprivation destabilizes AR and facilitates
degradation of the protein.*® Alternatively, androgen
deprivation may enhance the protective effects of hear
shock proteins, which are normally associated with AR
and dissociate on ligand binding.

The 48-weck treatment with leuprorelin acetate sig-
nificantly extended cricopharyngeal opening duration,
indicating that this therapy blocked disease progression
measured with the most reliable VF parameter. The
opening of the cricopharyngeal sPhinncr is triggered
by the morion of the larynx and is widened by pha-
ryngeal pressure.** Therefore, cricopharyngeal opening
durarion reflects the strength of deglutition and has
been used as a quantitative parameter of swallowing
funcrion in discase conditions such as stroke and in-
flammatory myopathy.*>*® Moreover, in patients with
ALS, cricopharyngeal opening durarion is shortened as
a consequence of delayed opening or premarure closure
of the cricopharyngeal sphincter, or both, and this
shuncnmg correlates well with the severity of dyspha-
gln 7 The amelioration of dysphagia by androgen de-
privation is also supported by the 96-week follow-up
wial, in which leuprorelin trearment significantdy pro-
longed cricopharyngeal opening duration and im-
proved the bulbar subscores of the ALSFRS-R. Given
that pneumonia and respiratory distress are the main
causes of death in this disease, leuprorelin treatment
appears (o be beneficial for the prognosis of SBMA pa-
nl:ﬂ{s

Although the effect of leuprorelin acetate on general
motor function was not dear in the 48-week RCT, the
toral ALSFRS-R score was significantly greater in pa-
tients who received androgen deprivation therapy for
144 or 96 weeks than in those who received no therapy
throughout the trial. Although the total ALSFRS-R
score is a reliable marker of the progression of ALS,
this score is less sensitive for SBMA.***® This study
suggests thar the ALSFRS-R score is not an appropriate
end point in a short-term trial but may be useful in a
long-rerm clinical rrial on SBMA.

No unexpected or serious safety issues associated
with the long-term use of leuprorelin acetate were
identified during this study. The adverse effects of leu-
prorelin acetate did nor differ from those in trials for
prostate cancer.*”*” Although erectile dysfunction after
leuprorelin administration was more frequent in this
trial than in previous trials for prostare cancer, this is
likely because of pre-existing androgen insensitivity in
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“All patients were analyzed including Patient 16. "Number was calculated by questionnaire on every visit. AE = adverse even; ED =

Table 4. Adverse Events during Leuprorelin Admini
Follow-up)
AEs Group A (n = 19)*
At least one AE 18 (95%)
At least one AE other than ED 15 (79%)
ED" 13 (68%)
Numbness 7 (37%)
Arthalgia 5 (269%)
Hot flush 5 (26%)
Injection-site lump 5 (26%)
Lumbago 5 (26%)
Myalgia 2(11%)
Edema 3 (16%)
Headache 3 (16%)
Farigue 2(11%)
Hyperglycemia 2(11%)
Hypertension 1 (5%)
Death 1 (5%)
Neuralgia 1(5%)
Pollakiuria 1(5%)
Depression ]
Fracture 0
Hyperlipidemia 0
erectile dysfuncrion.

(48-Week Randomized Controlled Trial and 96-Week

Group B (n = 15) Group D (n = 10)
15 (100%) 7 (70%)
11 (73%) 5 (50%)

9 (60%) 2(20%)
3 (20%) 2 (20%)
5 (33%) 1 (10%)
4 (27%) ]
4 (27%) 0
1 (7%) 1 (10%)
2 (13%) 0

0 0

0 1 (10%)
1 (7%) 0
1 (7%) 1 (10%)
1 (79%) 0

0 0

0 0

0 0
1 (7%) 0
1 (7%) 1(10%)
1 (7%) 1 (10%)

SBMA.*>' The high tolerability of leuprorelin acetate
was also supported by rhe low dropout rate in this trial.

An important limitation in this study is the erial du-
ration. SBMA is a slowly progressive discase, with a
disease duration of approximately 20 years.” Given thar
leuprorelin acetate did not suppress the decline in
ALSFRS-R scores in our 48-weck RCT, a long-term,
placebo-controlled trial may be necessary to evaluate
the efficacy of leuprorelin acetate on general moror
function in SBMA. Based on this study, cricopharyn-
geal opening duration in VF appears to be a practical
biomarker to evaluate therapy efficacy for SBMA in
short-term trials.

In conclusion, the results of this study suggest thar
leuprorelin acetate administration suppresses nuclear
accumulation, stabilizarion, or both of mutant AR, the
causative protein of SBMA, and appears to inhibit
funcrional deteriorarion of the patients. The results of
this phase 2 trial support the start of large-scale clinical
trials of androgen deprivarion for SBMA.
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B-type natriuretic peptide and

cardiovalvulopathy in Parkinson disease
with dopamine agonist

ABSTRACT

Objective: To elucidate the usefulness of plasma B-type natriuretic peptide (BNP) values for eval-
uating adverse effects of pergolide or cabergoline on cardiovalvulopathy in patients with Parkin-
son disease

Methods: Twenty-five patients treated with pergolide or cabergoline (ergot group) and 25 pa-
tients never treated with ergot derivatives (non-ergot group) were enrolled. Plasma BNP values
and detailed echocardiography were eveluated. Thirty age- and gender-matched controls were
similarly evaluated.

Results: Patients with regurgitation more than grade 3 were more frequent in the ergot group than
in the non-ergot group as well as control groups (24%, 0%, 3%, p = 0.001). Both composite
regurgitation scores and plasma BNP values were significantly higher in the ergot group than in
controls. In the ergot group, the cumulative dose correlated to both tenting area [r = 0,57, p =
0.004) and tenting distance [r = 0.62, p = 0.001). Furthermore, plasma BNP values were higher
in patients with severe or multiple regurgitation groups (p < 0.001), and were correlated with
composite regurgitation score (r = 0.70, p < 0.001). Multiple regression analyses revealed that
BNP values were independently correlated with both composite regurgitation and left ventricular
ejection fraction.

Conclusion: The combination of comprehensive echocardiography and plasma B-type natriuretic
peptide levels elucidates the presence of cardiac damage in patients with Parkinson disease us-
ing ergot derivative dopamine agonists. Neurology® 2009;72:621-626

GLOSSARY
AR = aortic regurgitation; BNP = B-type natriuretic peptide; MR = mitral regurgitation: PD = Parkinson diseass; TR =
tricuspid regurgitation; UPDRS = Unified Parkinson's Disease Rating Scale,

Ergor derivative dopamine agonists including pergolide and cabergoline are some of the most
effective drugs to treat parkinsonian symptoms and have the potential to reduce the motor
complications observed in patients with Parkinson disease (PD) treated with L-dopa.! How-
ever, several reports have shown an association of ergot derivative dopamine agonists and
cardiac multivalvular regurgitation.”'® In particular, high cumulative doses and long-term
treatment with pergolide and cabergoline have been considered to be risk factors for increased
valvulopathy in patients with PD. The US Food and Drug Administration public health
advisory of March 29, 2007, cautions against abruptly stopping pergolide and is looking for
ways to provide the drug to those people who cannot successfully switch to alternative treat-
ments. On the contrary, over 60% of patients did not show valvulopathy, despite several years’
exposure.” In Japan, similar to some European countries, pergolide and cabergoline are still
used, and moderate doses of pergolide are associated with a low incidence of restrictive valvu-
lopathy.*?
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School of Medicine; and Departments of Medical Technology (A-M.) and Clinical Prevenrive Medicine (T.M.), Magoys University School of Health
Sciences, Japan,
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Although echocardiography is an essential
tool to evaluate valvulopathy, a simple screen-
ing test that does not require specialized tech-
niques would be beneficial for management of
patients under various conditions in particu-
lar institutes without a department of cardio-
vascular medicine. B-type natriuretic peptide
(BNP), which is secreted mainly from the
heart and belongs to the natriuretic peptide
family, is indicative of cardiac dysfunction
in patients with not only heart failure and
coronary artery disease but also valvular
disorders."*! Since plasma BNP values can be
measured in serum by fully automated and com-
mercially available assays with excellent test pre-
cision, it would be beneficial for monitoring the
cardiac findings in patients with PD.

In this study, we investigated the usefulness
of plasma BNP values for identifying and
monitoring cardiac involvement in padents
with PD treated with ergot derivative dopa-
mine agonists.

METHODS The records of 121 patiens with PD who ar-
tended the Deparement of Neurology, Nagoya Univensity Hos-
pital, and were nominated to our clinical cohort study at Nagoya
area™ during January o December 2006 were investigated. Of
these, 34 patients with PD who fulfilled probable PD criteria
according 1o the established diagnosic mwu" and were con-
tinuously raking ergot agonists (pergolide or cabergoline) but

severity was assessed with the Unified Parkinson’s Disease Rating
Scale (UPDRS) and the Hochn & Yahr stages. All patients
thowed normal renal function. Two of the ergot group and three
of the non-ergot group patients had mild hyp ion. Patients
were | tewed with a d ionnaire about the fre-
@myofdymn&:pmlqedmandpdpm-ndm
scored from 0 (no disability) to 4 (maximum). As for the con-
trols, 30 age- and sex-marched normal volunteen who have no
luwwy oF cardiac disorders and related conditions requiring

were ined (age at i 67 = 11 years:
16 women, 14 men). This study was approved by the ethics
munmofl*lw Unrm:rrjr Graduate School of Medicine.
We | written i from each paricipant
before dara collection.

All patients were assessed by an echocardiography GE VIVID 7
machine (GE Medical Systems, Milwaukee, W) with two indepen-
dent observers (AN, and AY.) who were blinded to the dinical
uﬁxmhfmi.mumiumq:dnbummddﬁwn

allpmihlzunwnhdum on. In asteth
was performed before ech ',;,bykNand
ALY, Semiquantitative and quantitast o Gpomaihe

m&wmmﬁmhmm
pulsed wave, and color Doppler examinarions were assessed. Tent-
ing distance and renting area of the mitral valve were also evaluated
s quantitative dara.” “"chumuﬁedwtlsnmbym
gration of all semiq and g and
tﬁlﬂmwwaiﬂmm ©; trace, 1; mild, 2; moder-
ate, 3; severe, 4.7 A composite regurgitation score was caleulared by
(MR, and tricuspid regurgitation (TR}, The proportion of pa-
tients with any regurgitation grade from 3 1o 4 was also assessed.”
We derived the syslic pulmonary anery pressurss from che TR jet,
adding 10 mm Hg 1o the maximum gradient of the TR jet or § mm
Hg if the vena cava inferior diameter was less than 10 mm with
complete respiratary collapse and 15 mm Hg if the vena cava infe-
sior was grester than 20 mm without respiratory variation. Left ven-
wnicular end-diastolic and end-systolic dimensions were measured,
dmwaldﬂmnnfsbrhtpwxvmumlm&mmmnmg

not got ones for a oflywmdﬁutmdwut
levodopa were lled. Switching d g

pergolide and cabergoline or bined use of pergolide and
cabergoline often occurs in clinical practice. Although there are
no lled data for the comparison of two or more dog

agonists to define equivalent dosages, several reports have been
puhluhcd on the clinical experience of experts. In addition, the

gth on 5-hydroxyuryptamine 2B (5-HT,5) recep-
tors is similar | cabergoline and pergolide, in parallel with
their molecul, ights.”™* Thus, according to a previous re-

port,* we calculated thar 2 mg of pergolide is equal 10 3 mg of
cabergoline. Asc—and!:xmrdiﬁlpzmnumthmwhnm
never treated with ergot derivative dog gonisty were also
included. Six patients taking itted medication (anorec-
tic or ergot nl.hlmd agents, Cluam herbs, anticancer or
immune-suppressive drugs before enrollment), having a history
of significant coronary heare disease, impaired funcrion/dilara-
tion of left/right ventricle, history of peripheral artery occlusive
disease, and any clinically significant illnesses that may interfere
with their capability to parmicipate in the study were excluded.
We also excluded three patients who wete not treated in our
institute because their history of raking dopamine agonists was
found ro be inaccurate. As a result, 25 patients treated with per-
golide or cabergoline were enrolled in the ergoe group. Thirteen

graphy. In addi a chest X-ray was also performed if
rmr‘_r.

Blood for BNP quantification was collected in the fasting
state in EDTA acid-treated rubes and placed on ice. After cen-
wrifugation at 2,500 rpm and 3°C, the plasma was stored at
—80°C. BNP levels were measured directly with a specific im-
munoradiometric assay kit TOSOH AIA-PACK BNP (TOSOH
Corp., Tokyo, Japan) including 30 age- and gender-matched
controls.

Statistical analyses were performed using SPSS 15.0 for Win-
dows (5PSS Inc.). Compmsonsofagemddmudmnbe—
tween groups were performed using one-way analysis of variance
followed by post hoc Bonft ion. Group compari
of frequencies of valvular regurgitation were restricred ro grades
3 and 4 and were pesformed using the Fisher exact test. The
statistical threshold for post hoe comparisons berween each trear-
mnt;mupvsﬂumnmlgmupmmnp(ﬂ.ﬂl? (0.05/3),
The rel hips b the lati dmenfe@cdmv:—
regurgitation score, and BNP were analyzed using Peanon corrdation
tese. Staristical significance was considered as p < 0.05.

patients were treated with pergolide or cabergoline, Five
were only treated with pergolide and seven patients only with
cabergoline. In addition, 25 p never treated with ergot

derivarives were also enrolled in the non-ergot group. Disease
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RESULTS Patient characteristics. Patient character-
istics were as follows: 22 men and 28 women; age at

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.




examination, 66 % 9 years; duration, 11.8 = 9.6
years; mean Hoehn & Yahr stage 2.8. There were no
significant differences berween the ergot group and
the non-ergot group in terms of Hoehn and Yahr
staging (3.0 = 0.9 vs 2.6 * 0.9), duration of illness
(12.9 = 9.1 vs 10.6 = 10.2 years), dosages of levo-
dopa (494 = 216 mg vs 481 * 257 mg), age ar
examination (64.9 = 9.2 vs 66.4 * 7.7 years), and
gender. Mean daily/cumulative dosage of pergolide
was 1.1 £ 0.4/1,752 £ 1,512 mg and that of caber-
goline was 3.1 % 1.0/14,230 = 2,566 mg. There
were no patients who required a surgical operation
during the course of this study. The frequency of leg
edema, dyspnea, palpitation, and fatigue were not sig-
nificandy different berween the ergor group and the
non-ergot group. All patients demonstrated more than
50% ejection fraction and did not show hearr failure
fulfilling the criteria of the Framingham study.?*=*
Echocardiographic findings and plasma BNP levels.
With respect to regurgiration, frequencies of equal to
or greater than grade 3 regurgitation were only ob-
served in the ergot group (12%, aortic valve; 12%,
mitral valve; and 8%, wicuspid valve), except for one
subject in the control group. The frequency of any
grade 3 to 4 regurgitation was significant berween the
ergot group and non-ergot group as well as the ergor
group and control group (ergor group vs non-ergot
group; p < 0.001, ergot group vs control group; p <
0.001). Composite regurgitation scores in the ergor
group were higher than in the control group (p <
0.001), but there were no differences berween the
ergot group and non-ergot group as well as berween
the non-ergot group and control group. Differences of
tenting arca and tenting distance berween the ergor
group and non-ergot group were slight (renting area;
ergot group, 1.26 £ (.42, non-ergor group, 1.05 =
0.21, p = 0.04, tenting distance; ergot group, 7.53 *
2.57, non-ergot group, 6.10 £ 1.65, p = 0.09).

The plasma BNP levels as well as the composite
regurgitation score were elevated in the ergor group
vs the control group (p = 0.004, p < 0.001) (table).
The BNP levels and composite regurgitation score in
the ergot group showed a tendency to be increased as
compared o those in the non-ergor group but did
not show a significant difference. The BNP levels
and composite regurgitation score in the non-ergot
group were slightly elevared compared to control, al-
though there was no significant difference.

Belarionchin h

p cumulative dose of ergot derivative
n‘ ) -- and ech "a—r.. .emv T‘h:
cumulative dose of ergor derivarive dopamine ago-
nists was related to tenting distance (r = 0.62, p =
0.001) as well as to tenting area (r = 0.57, p =

0.004) bur did not show any relationship with the

-74 -

composite regurgitation score (r = 0.36, p = 0.08).
Within the high dose group (more than 4,000 mg),
33.3% of patients showed grade 3 to 4 regurgitation,
while 15.4% of the low dose group (less than 4,000
mg) exhibited similar grades.

Plasma BNP levels in patients with severe valvulopa-
thy. Plasma BNP values were higher in the ergor pa-
tient group with grade 3 to 4 regurgitation, which
were seen only in the ergot group, than in those with-
our such a high grade of regurgitation in the ergor
group as well those in the non-ergor group (65.3 +
47.8 pg/mL vs 24.7 * 17.1 pg/mL vs 21.1 % 15.4
pg/mL, p < 0.001). Patients with multiple regurgita-
tion equal to or greater than grade 2 also had higher
BNP values than those without (57.8 * 46.1vs22.5 =
11.9vs 21.1 % 15.4 pg/mL, p < 0.001).

According to receiver operating characteristic
curve analyses to determine the adequarte values for
discriminating paticnts with severe regurgitation
from those without, the most appropriate cutoff level
of plasma BNP was 39.6 pg/mL, which showed
67.4% sensirivity and 84.4% specificity. In the ergot
group, the positive predicrive value was 66.7% and
the negative predictive value was 89.4% if the plasma
BNP level of 39.6 pg/mL was determined as the cur-
off value.

Relationship between BNP and echocardiographic
findings. The BNP levels showed a correlation to the
composite regurgitation scores (r = 070, p < 0.001,
figure) and a correlation to the left ventricular ejec-
tion fraction (r = —0.42, p < 0.04) but not age ar
examination, motor examinartion section (part I11) of
the UPDRS, and disease duration. Mulriple regres-
sion analyses demonstrated that BNP values were in-
dependently correlated with composite regurgitation
scores (r = 4.08, p = 0.001) and the left ventricular
cjection fraction (r = —2.07, p = 0.045, R* =
0.60).

DISCUSSION We demonstrated thar a significant
elevation of plasma BNP values was observed in the
ergot group vs in control groups. In particular, the
BNP values were significantly elevated in the ergot
group with more severe or multiple regurgitation
than those with no to mild regurgiration and those in
the non-ergot group, Furthermore, composite scores
of regurgiration were well correlated with BNP val-
ues. Serum BNP is elevated in patients with valvular
disorders due 1o ventricular pressure and volume
load,***! and this may be one reason why plasma
BNP values increased in the ergor group. More re-
cently, animal models have demonstrated that left
ventricular cardiomyocyres were hypertrophic in
both serotonin and pergolide-treated animals com-
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Table

Valvular sbnormalities and plasma BNP values in the ergot group and
non-ergot group
o Dol patons e gt o o
Aortic regurglitation
Otol 13{80) 22 (88| 27(80)
2 7(28) 312 3010)
3 2i8) o) o
4 1{4) o ool
Mitral regurgitation
Otol 13(60) 18(72) 2687
7(28) 7(28) 3{10)
L] o) 13
0(0) o oo
Tricuspid regurgitation
Otel 19(78) 21(84) 25(83)
2 4(18) 4(18) 517
3 1(4) o) (1]
4 1(4) o) oo
Any grade from 3 to 4 regurglitation, Bi24r olo) 1(3)
maan [SD)
[ its regurg scora 330231 238(1.29) 173{1.83)
BNP (pg/mL) 336(31.8¢ 21.1(154) 14.2(8.3)

Composite regurgitation score Is the sum of mitral, acrtic, and tricuspid regurgitation
scores.

“ The frequency of any grade 3 to 4 regurgitation was statistically significant between the
ergot group and the non-ergot group [p < 0.0001) as well the ergot group and the control
group p < 0.001).

" Composite regurgitation score in the ergot group was significantly higher than that in the
control group [p < 0.001). Composite regurgitation score of the argot group tended to be
Increased whan compared to the non-ergot group, but was not significantly different. Pa-
tients with grade 3 to 4 regurgitation were seen only in the ergot group.

* The plasma BNFP level was significantly elevated in the ergot group vs in the control groupp =
0.004), The plasma BNP level of the ergot group tended to be Increased when compared to the
non-ergot group, but was not significantly different. The plasma BNP of patients with grade 3to
4 regurgitation seen only in the ergot group was significantly elevated.

BNP = B-type natriuretic peptida.

pared with placebo-treated animals, and macroscopi-
cally, left ventricular cavities were more dilared in
both the serotonin and pergolide groups.® Thus, the
second possible explanation is thar direct roxic effects
on the cardiomyocytes may have an influence on in-
creased plasma BNP values. Since ventricular in-
volvement in patients with PD using ergot derivative
dopamine agonists has not been fully assessed, fur-
ther prospective and pathologic studies will be
needed to clarify this issue,

BNP is expected to derect preclinical structural
and functional myocardial alterations not derectable
by current techniques. Thus, BNP testing for struc-
wral heart disease screening in community-based
populations is useful for cohorts with a high preva-
lence of heart disease.’'** However, age, renal dys-
function, and fluid overload can also contribute
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Figure Corral b pasit
regurgitation scores and serum B-
type natriuretic peptide [BNP) values
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Composite regurgitation score

Composita regurgitation scores were corrslated with BNP
values [r = 0.70, p < 0.001). Composita ragurgitation score
was calculated by adding the score of aortic regurgitation,
mitral regurgitation, and tricuspid regurgitation.

elevated BNP concentrations.” Furthermore, elderly
hypertensive subjects with orthostatic systolic blood
pressure decrease also show significandy higher BNP
values than in the control group, suggesting greater
cardiac burden although the influence of orthostatic
hypotension on BNP is not well known.* In this
study, no patients exhibited sympromaric orthostaric
hypotension bur sympathetic dysfunction in PD
might result in a slight clevation of plasma BNP lev-
els in the non-ergot group compared with conurols.
Since ergot derivative dopamine agonists can exacer-
bate not only cardiac fibrosis bur also renal dysfunc-
tion and orthostatic hyp ion, measurement of
plasma BNP values may be beneficial to detect and
prevent the worsening of these clinical conditions by
means of administration of such dopamine agonists.

This study showed thar plasma BNP values were
significantly higher in the ergot group than in con-
trols, while the plasma BNP values showed a ten-
dency to be elevated in the ergor group vs the
non-ergot group, but did not show a significanc dif-
ference. In this study, over three-quarters of patients
in the ergot group did not develop significant valvu-
lar regurgitation. Such a low occurrence of severe val-
vulopathy may be a consequence of the lower dose of
pergolide and cabergoline prescribed to our Japanese
patients when compared to Western countries.””
However, six patients of the ergot group with grade 3
1o 4 regurgitation clearly showed a significant eleva-
tion of plasma BNP values compared to those of the
non-crgot group. These results demonstrate that
plasma BNP values can be used as 2 marker for pa-
tients who have reached a significant degree of heart
valve involvement prior to heart failure.
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This study also showed that the composite regur-
gitation score in the non-ergot group showed a slight
clevation when compared to controls. We cannot
rule our the possibility that other drugs including
L-dopa or sympathetic dysfunction have an influence
on the increase of regurgitation in the non-ergot
group, but no patients with grade 3 to 4 regurgita-
tion were observed in this group, According to a re-
cent review, a considerably large proportion of
patients do not develop valvulopathy, despite several
years' exposure 1o high doses of pergolide, suggesting
the presence of patients with a low suscepribility o
pergolide.? Furthermore, the low dose of pergolide
used in Japan can be associated with the low fre-
quency of severe valvulopathy in our patients treated
with ergot as mentioned above.*? The striking point
here is, as mentioned above, patients with a grade 3
1o 4 composite score were present in the ergot group
but not in the non-ergot group.

Both pergolide and cabergoline are porent ago-
nists of not only dopamine bur also the 5-HT,y re-
cepror. It is supposed that stimulation of 5-HT,p,
which is expressed in heart valves, induces prolonged
activation of fibroblast mitogenesis resulting in val-
vular fibroplasia.***¢ Thus, high dose and long-term
crgot derivative administration is thought to be a risk
factor for valvulopathy in patients with PD.2* The
significant association of the cumulative dose of ergot
derivatives and mitral valve tenting area/distance,
which have been proposed as restrictive changes duc
to valvular fibroplasia, was observed.”*1%1% However,
these significant adverse events did not occur in all
ergor patients, including those administered high cu-
mulative doses as previously reported,’ suggesting
that patients who receive benefit from ergot-derived
dopamine agonists without valvuloparhy will exist at
a constant rate under careful follow-up.

In Germany, if any abnormalities are seen on
echocardiography, non-ergor dopamine agonists are
recommended.”” Although there has been no report
concerning plasma BNP values in patients with PD,
our results support the view that plasma BNP levels
will be a beneficial marker for moniroring cardiac
fibrosis due ro ergort derivative dopamine agonists.
Measurement of plasma BNP levels is quicker, more
accessible, and cheaper than echocardiography and
may contribute to the assessment of not only the de-
velopment of valvulopathy and myocardium damage
but also several other important factors deteriorated
by ergot derivative dopamine agonists in patients
with PD. In addition, plasma BNP values can predict
the prognosis of patients with chronic hearr failure**
and mitral regurgitation.”” Echocardiography is ef-
fective and able ro idenrify valvulopathy as a cause of
incipient or present right heart failure, and it is a

i, 7

satisfactory screen for valvulopachy itself, bur BNP is
a suitable marker for the relevant forms of cardiac
dysfunction. The combination of comprehensive
echocardiography and plasma BNP levels will
complementarily elucidate the presence of cardiac
damage in patients with PD using ergot derivative
dopamine agonists.
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