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Abstract

Introduction: There is an unmet need to better control motorplications in Parkinson’s disease
(PD). Naftazone, which exhibits glutamate relead®@bition properties, has shown antiparkinsonian
and antidyskinetic activity in preclinical modelsRD and in a clinical proof of concept study.

Methods: We conducted a double-blind randomized placebdroted cross-over trial in PD patients
with motor fluctuations and dyskinesia testing aafine 160 mg/day versus placebo for 14 days. The
two co-primary endpoints were the area under c@AC) of motor (MDS-UPDRS part 1ll) and
dyskinesia (AIMS) scores during an acute levoddpalenge performed at the end of each period.
Secondary endpoints were UDysRS and axial sympsmami®es during the challenge; AIMS, UDysRS,
and time spent with or without dyskinesia the dajole the challenge. The primary analysis was

performed in the per protocol population.

Results: Sixteen patients were included in the analysieré&twas no difference between naftazone
and placebo for the AUC of MDS-UPDRS III (-89, 95%C071; 893], p=0.85), and AIMS (70,
95%CI[-192; 332], p=0.57). At the end of treatmeetiods, AIMS score tended to be lower with
naftazone than placebo (4.4+3.4 versus 6.7+4.4,0030but UDysRS scores and other secondary

outcomes were not different. Naftazone was safenaatidtolerated.

Conclusions: This study did not confirm previous results on ¢iffecacy of naftazone on dyskinesia
nor motor fluctuations highlighting the problemtrdnslating results obtained in preclinical models
into clinical trials. Further investigation of nafione may be conducted in PD with longer treatment

duration.



Introduction

Levodopa remains the most effective drug for treptParkinson’s disease (PD), but most patients
develop motor fluctuations and dyskinesia which aipheir activities of daily living and quality of
life [1]. Motor fluctuations are not fully contr@tl by the adjunction of other antiparkinsonian
medications in a number of patients, while amamntadihe only approved antidyskinetic drug [2], has
a moderate tolerability profile. This leads to tiee of second-line device-based approaches, imgjudi
functional neurosurgery or pump-aided continuouision of dopaminergic drugs which are
incompletely efficacious, invasive, expensive amdidated for a limited number of patients. There is

thus an unmet need to better control motor fluabnatand dyskinesia in PD.

Naftazone (1-2-naphtoquinone-2-semicarbazoneniglacule registered and marketed for more than
20 years in European countries and South Korea38snag daily oral treatment for varicose veins and
venous insufficiency for its vasoprotectant actidh Naftazone exhibits glutamate release inhibitio
properties [4], which explain its antiparkinsonemd antidyskinetic activity in the-methyt4-phenyt
1,2,3,6-tetrahydnoyridine (MPTP)-lesioned macaque model when astmtiaith an optimal dose of
levodopa [5]. In a pilot, randomized, double-bliq@acebo-controlled, multiple-cross-over n-of-1
designed trial performed in 7 PD patients with mammplications [6], naftazone has shown potential

benefit on motor scores and the duration of “ONetiwithout troublesome dyskinesia.

The present study was thus aimed at assessindfidaeg of naftazone on motor symptoms of PD and
levodopa-induced dyskinesia during an acute levaddyallenge test in PD patients suffering from

levodopa-induced motor complications.



Methods
Trial Design

This was a double-blind, randomized, placebo-cdlietip cross-over, multicenter study in patients
with advanced PD and levodopa-induced dyskinesia. Study was conducted with the support of the
French NS-Park/F-CRIN network for clinical reseaictPD (http://www.parkinson.network/fr). The

primary objective was to assess the efficacy ofazahe in combination with levodopa during an
acute challenge on (a) motor symptoms of PD, andiblevodopa-induced dyskinesia. Secondary
objectives were to assess efficacy of naftazonaddson therapy during 2 weeks on motor and non-
motor symptoms, motor fluctuations, time spent wothwithout dyskinesia, and pharmacokinetic
parameters of naftazone in relationship with mostmte and dyskinesia during the levodopa

challenges.

The two co-primary endpoints were the area underec(AUC) from baseline (t0) to the end of the
levodopa challenge of the change (t) in (a) the &moent Disorders Society - Unified PD Rating Scale
(MDS-UPDRS) part lll, and (b) the Abnormal Involany Movement Scale (AIMS) scores.
Secondary endpoints during the levodopa challemgas the change of Unified Dyskinesia Rating
Scale (UDysRS) part Il + IV scores between bagelind 90min post levodopa, evolution of axial
symptoms measured on the MDS-UPDRS part Il (suniteshs 3.9 “arising from a chair”, 3.10
“gait”, 3.11 “freezing of gait”, 3.12 “postural 4i#ity”, 3.13 “posture”), and ON-time without
dyskinesia. Other secondary endpoints were thel ©fd-time, ON-time without troublesome
dyskinesia, “good” ON time (ON-time without dyskgsi@ + ON-time with non-troublesome
dyskinesia), percentage of “good” ON/total ON-tinfu)ysRS and AIMS scores the day before the
challenge test, and safety parameters. Plasma mipatens of levodopa and naftazone were also

planned as secondary endpoints.
Participants

Inclusion criteria were male or female patientshwD according to the UK PD Society Brain Bank
Clinical Diagnosis criteria [7], aged 40 to 75, Hoeand Yahr stage between 2 and 4 in OFF state,
experiencing motor fluctuations and dyskinesia veitHeast 2 hours of OFF state per day, >25% of
time spent with dyskinesia. Patients had to be wnmgimal and stable doses/regimens of
antiparkinsonian medications for at least one mantbr to randomization and intended to remain
constant throughout the course of the study. Otheusion/exclusion criteria are detailed in the

Supplementary methods
Conduct of the study

Patients were recruited from February 2016 to Rd§7 at five centers of the NS-Park/F-CRIN

network. The visits schedule is presented as soppieary material upplementary Figure S).
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After a screening period of 2 weeks, patients wanelomized into two cross-over periods of 14 days
with naftazone or placebo, separated by a washeng of 1 to 2 weeks. Three levodopa challenge
tests were performed during a 2 days hospitalinatime at screening (V1) with the usual morning
levodopa equivalent dose (LED) [8], and one atdhd of each treatment period (V3 and V4) with

levodopa plus naftazone or placelsugplementary method$. At each visit, patient assessments
included the MDS-UPDRS [9], the AIMS [10], the URS [11], the day before and during the

challenge tests. Patients completed the Hauser ldaamg[12,13] every 30 minutes for 3 consecutive
days before baseline, and before each end of testperiod. Pharmacokinetics of both levodopa and
naftazone were performed during the challenge (8stsplementary method3.

Treatment

Patients were randomized to receive either nafazban placebo or placebo then naftazone for 14
days, 1 capsule 4 times a day, and 1 capsule omaheing during the levodopa challenge, separated
by a washout period of 1 to 2 weel&ipplementary methods.

Statistical analysis

Sample size was calculated on the assumption @4 iBcrease of the AUC in MDS-UPDRS Il
scores during the naftazone challenge test verseslm, and a correlation between periods of 0.6.
Thirty patients were needed with a two-sided typerbr rate of 0.05, a power of 0.9, and a missing
data rate of 5%. For this pilot study, the primanalysis was planned to be performed on the per
protocol (PP) population. The co-primary criteri@re also analyzed in the intent to treat (ITT)
population Supplementary methods.

The comparison of the AUGbetween the treatment groups was assessed usimgpa iihixed model
with sequence, period and treatment as fixed eff@atl patient within sequence as random effect [14]
Statistical tests were two-sided and were carrigdap the 5% level of significance. For secondary
endpoints, the comparison between the treatmenipgravas assessed using the same linear model.
Considering the small sample size, trends in thection of improvement reaching a 10% level was
also considered as preliminary evidence of efficacy

Pharmacokinetic parameters were calculated foramafte and levodopa by standard non-
compartmental methods for patients with sufficiglihisma concentration dat&upplementary
methods.

Study sponsoring

The study was sponsored by Clevexel Pharma. Stuolpgqol was reviewed and approved by an
ethics committee and the Competent Authorities @7XL-0107-01, EudraCT Number 2015-
004103-23); all participants gave written informeghsent. The steering committee (J.C.C., O.R.,



J.P.A, F.D., W.G.M.) had full access to the dataswesponsible for interpretation of the results| a
the redaction of the manuscript.



Results
Patient characteristics

A total of 21 patients were screened. Three paigrdre screen failures: one of them had elevated
CPK levels; another one had abnormal ECG at sargemind the third patient had no dyskinesia
during the challenge test at screening. The 18 iréntapatients were randomized in two groups of 9
patients with reverse treatment sequences. Aleptiwere treated with levodopa, 16/18 (89%) with
dopamine agonists, 3 with COMT inhibitor (entacagorand 9 with monoamine oxidase inhibitors.
All 18 patients completed the study, and were idetlin the ITT analysis. Two patients were
excluded from the PP population (one patient inheweatment sequence group) because they
presented a major protocol deviation during thdytone patient was not in OFF state at tO durfireg t
challenge tests; the other patient had taken oblgapsules out of 56 (71% of compliance) at the end
of the naftazone period. The PP population was ttamposed of 16 patients, 8 patients in each
treatment sequence gro(@upplementaryigure S2. Baseline characteristics were similar between

sequence period allocation groupsifle 1).
Efficacy outcomes during the challenge tests

The scores of the MDS-UPDRS IIl and the AIMS scaler time during the challenge tests are
presented irFigure 1. All patients improved their motor status afterddopa with a relatively small
inter-subject variability, with a peak of motor pesse and dyskinesia around 90 minutes post-
levodopa dosing. Baseline scores (t0) of MDS-UPDRSand AIMS were not different under
naftazone and placebo. No sequence effect or peffedt was detected, i.e. there was no carry-over
concern in this cross-over trial. The analysishia PP populationT@ble 1) showed no significant
difference between naftazone and placebo for the derprimary outcomes, AUG of the MDS-
UPDRS Il score (-89, 95%CI[-1071; 893], p=0.85hdathe AIMS score (70, 95%CI[-192; 332],
p=0.57). The analysis in the ITT population shoveiahilar results (data not shown). Secondary
outcomes (UDysRS score at 90min, and axial subscbrthe MDS-UPDRS Il at t0) were not
significantly different between group$dble 2). UDysRS results showed a treatment effect inrfavo

to placebo 180 minutes post-levodopa dosing (B3Pwersus 11.3 + 7.1, p=0.009).
Other secondary outcomes

Other secondary outcomes were assessed at thé eadroperiod, the day before each challenge test
during the inpatient hospitalization. AIMS scoraded to be lower after 14 days of naftazone than
after 14 days of placebo (4.4 + 3.4 versus 6.74 g=0.07). However, results on patient diary and

UDysRS did not reveal any significant treatmengeetfbetween group3éble 3). A post-hoc analysis

performed on the axial subscore of the MDS-UPDR&dbessed in the same conditions also tended



to be lower after 14 days of naftazone than aftecgbo (2.6 + 3.5 versus 3.3 £ 3.7, p=0.08). MDS-
UPDRS | score remained stable after 14 days oémafte and was slightly improved under placebo.

Levodopa and naftazone plasma concentrations

Pharmacokinetic parameters are presente@upplementary Table 1and Figure 1. During the
challenge test with naftazone, naftazone pharmaetiki profiles were heterogeneous between
patients with a high inter-variability observed B« and AUG .« (coefficient of variation (%CV)
ranging from 96% to 115%). Because the samplinge4mints were defined to follow the
pharmacokinetic of levodopa and not that of naft@zohe apparent half-life of naftazone could reot b
estimated. The observed medigg,twas 1.7 hours post naftazone dose (i.e. 2 howt|pwodopa
dose), i.e. later than the both observed levodapaxTand the peak dose dyskinesia (90 min). By
contrast, under co-administration with placeboaftarone, levodopa plasma concentrations reached a
peak at a similar mediap,g of 20 minutes, then declined with a similar meamminal half-life of
nearly 70 minutes with a low inter-individual varibity (%CV 17.0-19.2). Ga/dose and AUg
asfdose of levodopa were marginally higher (16% aB6@oIrespectively) in presence of naftazone
when compared to the placebo co-administratiomo(raftazone/placebo, 1.163, 95%CI[0.981;1.379]
for Chaddose, 1.175, 95%CI[1.031;1.340] for Ablg{dose).

Safety and tolerability outcomes

Three adverse events (vomiting, and two vasovapmlodes) were observed in 2 patients before
randomization, due to a too high dose of levodogeduwduring the first challenge test. The dose for
these two patients was then lowered during the tvextchallenge tests. Study drugs were generally
well tolerated. There were no serious adverse swdunting the study and no study withdrawal due to
adverse events. There were 35 treatment emergeatsadevents observed in 11 patients (61%) of the
safety population (n=18Supplementary Table 3. Fourteen adverse events had a possible or
probable relationship to treatment; 5 started dutime placebo period and 9 during the naftazone
period; they were somnolence, PD worsening, abdalinpiain upper, dyspepsia, dyskinesia during the
placebo period, and gastrointestinal disorder, e&us?2), dizziness, orthostatic hypotension, fall,

balance disorder, muscle spasms, and cognitiveddisduring the naftazone period.
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Discussion

Our results did not show significant evidence aifichl efficacy of naftazone compared to placebo on
motor symptoms or dyskinesia, as assessed duringcate challenge of levodopa. It should be
considered that such negative results might repte$alse negatives” caused by methodological
biases. We used a cross-over design with acutelégzo challenges at the end of each treatment
period because this strategy has been previouslgessful for detecting efficacy of drugs either
prolonging the response to levodopa, like entacagbh], or improving dyskinesia, like amantadine
[16], both effects being expected for naftazone. 8¢k not use intravenous levodopa infusions for
practical and regulatory issues, and this mightehmduced greater variability due to levodopa
absorption, leading to greater variance in pharikiaetic and pharmacodynamics responses, thus
reducing the power and sensitivity of the trial J[LAowever, to limit inter- and intra-individual
variability and to optimize individual dose of lel@pa, we performed an oral levodopa challenge
prior to the two cross-over periods. Levodopa wdmiaistered in fasting conditions, using a
dispersible formulation, rapidly followed by a lighreakfast to facilitate gastric emptying and
absorption. We used a supra-optimal dose of levadbp mg supplement over the morning dose) to
maximize the chance to observe peak-dose dyskinAsia result, all patients experienced “ON”
condition after each of the two challenges, witlakpdose dyskinesia around 90 min post-dose as
expected, and with relatively limited variability evodopa plasma concentrations. Consequently,
despite a lower number of patients than targetedrdong to our initial hypotheses, the study turned
out to be sufficiently powered to detect an efi@cB83% of naftazone on the AUC of MDS-UPDRS
part 1ll. This suggests that using such a cross-design, 20 patients provide a sufficient power to

detect a potentially clinically significant effect.

If study under-power is unlikely to explain our a#ige findings, other potential explanations colodd
related to dosing, timing and/or pharmacokinetsties. The schedule of administration of levodopa
and naftazone was designed to standardize as rsysbsaible the response to levodopa between the 2
treatment periods. Naftazone/placebo was admieidt@0 minutesafter levodopa and previous
pharmacokinetic data (median Tmax of about 1 hggssted a maximum exposure to naftazone at
the time of the peak-dose effect of levodopa onomsymptoms and dyskinesia. However, it turned-
out that the Tmax of naftazone occurred later taaticipated, with a median delayed Tmax of 2.1
hours, consequently after the maximal effect obtpa (90 min) and maybe too late to observe
potential interactions. Another possibility mighe that the tested dose of levodopa or naftazone was
inappropriate. We added 50 mg to the usual mordioge of equivalent levodopa to maximize the
chance to induce peak dose dyskinesia in patibntsthis supra-optimal dose may have masked a
potential effect of naftazone in enhancing levodogfficacy or reducing milder dyskinesia.
Pharmacokinetic relationships analyses suggesttchtitazone marginally increased levodopa AUC

and G,ax Which may explain the increase of the UDysRS sotrserved at 180min under naftazone.
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The AIMS scale used in our trial to assess dyskinegmy be less sensitive than the UDysRS scale
[18], but it was easier to perform in the conteixao acute challenge with repeated measures. ¥inall
we cannot exclude that the dose of naftazone lgjf tgas not appropriate to demonstrate efficacy
even though we used a higher dose (160 mg/day)rdpanted in a previously published n-of-one trial
(120 mg/day) [6]. Longer naftazone exposure mayp &ls necessary to detect an effect on motor

complications in PD.

The present results are in contrast with the pesiiffects found in a primate model of LID [5] and
with prior pilot clinical results from a n-of-ondircal trial [6]. In the model of MPTP-lesioned mo
human primates, naftazone prolonged the effectesbdopa on motor symptoms and decreased
dyskinesia during an acute challenge as compargthtebo This effect could be linked to the anti-
glutamatergic properties of naftazone [4], as oséra glutamatergic transmission in the striatura ha
been found to be associated with levodopa-inducgskidesias [19]. Such a design is rather
comparable to that of the cross-over acute levodbpdienge we used in the present study. However,
cross-over designs may not be adequate becauseviempent of dyskinesia may be sustained for a
long-period of time, and the rate of disappearaotelyskinesia may not be similar to the re-
emergence of motor fluctuations following withdrawed the drug [20,21]. The reliability of animal
models’ acute levodopa challenge test to predicicell responses in PD patients is thus a chalifengi
issue. In some instances, animal and clinical figdihave been consistent [16,22,23]. However, in
many cases, clinical findings failed to confirm itiwe animal experiments [24—-27]. Reasons for these
discrepancies remain poorly understood and quitéraeersial. In the previous n-of-one clinical tria
comparing naftazone with placebo, patients weraéeckfor longer periods (four consecutive 28-days
cross-over periods instead of 14 days), and witbwaer dose (120 rather than 160 mg/day). It is
possible that naftazone requires more than a 2-svergosure to develop its full effects in humans,
and/or that some “inverted U-shape” dose-resporaksionship exists. Such hypotheses should be
considered if further studies are planned to ast#essantiparkinsonian effects of the drug in PD
patients. In the present study, AIMS and UDysRSescassessed the day before levodopa challenges
tended to be lower under naftazone than placebch 8urend must be interpreted cautiously as the
study was not powered to detect such effects. @mwther hand, they are consistent with resultaeén t
previous n-of-one trial in which 5/7 patients “regped” positively to naftazone regarding “ON-time
with troublesome dyskinesia”, and 6/7 regarding “@Ne without troublesome dyskinesia” [6].
Similarly, some improvement was reported in the eanml regarding levodopa non-responsive
UPDRS items with 7/7 patients “responding” to nadiae for falling, freezing when walking, posture,
gait, postural stability. Interestingly, a post-hmtalysis of the present data found a trend inrfavo
naftazone over placebo for “axial” motor functiohdDS UPDRS items 3.9 to 3.13) the day before
the levodopa challenge. Such exploratory findingsild need to be confirmed in specific clinical
trials specifically designed to assess axial mftoctions.
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Overall, naftazone, at 160 mg/day for 2 weeks piloice be safe and well tolerated. Although the
levodopa challenge test was well designed and pena low variability in motor symptom and

dyskinesia ratings, it did not confirm previousules on the efficacy of naftazone on dyskinesia nor
motor fluctuations. Further investigation of phaomalinical dose-response of naftazone may be
conducted in PD, with a special emphasis on pdégait disturbances and possibly with longer

treatment duration.
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Figure/Table legends

Table 1. Patient characteristics

Values are means = SD. MMSE, Mini Mental State Exation; LEDD, levodopa equivalent daily
dose. Hauser diary: values are mean times (hous§) dluring the 3 consecutive days before
randomization.
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Table 2. Efficacy outcomes during the challenge $é&s

Outcomes results are given as means + SD.
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Table 3. Other secondary outcomes measured at thaceof each treatment period

Outcomes results are given as means + SD. AIMS,dR3y and MDS-UPDRS scores are at the end
of each periods. For diaries, values (hours) arergat baseline, end of period, and change. p-salue
are naftazone versus placebo for values at th@kedch period for pre-specified secondary
endpoints.
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Figure 1

Values are quoted as the mean of individual schi®EM and have not been adjusted for the
levodopa dose. n are reported as labels on gragmeA. A: Time-course of motor score (MDS-
UPDRS part Ill) in treatment population. B: Timeudecse of dyskinesia score (7 first items of AIMS)
in treatment population. C: Time-course of levodpfzsma level in PK population/ levodopa (n=15,
1 patient with missing values). C: Time-course aftazone plasma level in PK population/naftazone
(n=14, 2 patients with missing values).
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Table 1. Patient characteristics

Placebo/naftazone  Naftazone/placebo Overall
(n=8) (n=8) (n=16)
Age, years 62.5+9.3 62.0£7.6 62.3+8.2
Male, n (%) 7 (87.5) 5 (62.5) 12 (75.0)
PD duration, years 9.60 £ 2.63 11.81+6.88 10.71 £5.16
MMSE 28.9£2.0 29.1£15 29.0£1.7
Hoehn and Yahr stage 19+04 24+05 21+05
Hauser diary
OFF time, h 46£3.0 51 £2.0 48+24
ON time without dyskinesia, h 56 +4.2 45+2.6 50+3.4
ON time with non-troublesome dyskinesia, h 4.4+26 31+1.4 37+2.1
ON time with troublesome dyskinesia, h 1.7+3.0 3.4+4.2 2.6 + 3.6
Levodopa daily dose, mg/day 831.9 £356.9 646.9 + 268.1 739.4+319.5
Dopamine agonist daily dose, LEDD, mg/day 281.6 +251.4 313.8+94.7 297.7 +184.3
Total LEDD, mg/day 1113.5 £503.1 960.6 + 304.7 1037.1 + 409.5

Values are means + SD. MMSE, Mini Mental State Exation; LEDD, levodopa equivalent daily
dose. Hauser diary: values are mean times (hous§) dluring the 3 consecutive days before

randomization.



Table 2. Efficacy outcomes during the challenge tests

Placebo Naftazone p-value
N=16 N=16

Co-primary outcomes

AUC,; of MDS-UPDRS Part |11 5102 + 1984 5013 + 1746 0.85
AUC,, of AIMS 997 + 637 1067 + 542 0.57
Secondary outcome

UDysRSat 90 min 136+5.8 14.0+5.6 0.53
Axial subscore of MDS-UPDRS Part 111 at tO 58+3.7 56+3.4 0.65

Outcomes results are given as means + SD.



Table 3. Other secondary outcomes measured at thaceof each treatment period

Placebo Naftazone p-

N=1€ N=1€ value
AIMS 6.7+4.4 44+34 0.07
UDysRS Part llI+1V 12.0+5.9 10.8+7.0 -
MDS-UPDRS
Part | 10.1+4.3 11.8+3.8 0.04
Part Il 14.€+5.C 15.4+5.2 0.47
Part IV 10.0+2.6 106 £2.7 0.27
Diaries Baseline End of Change Baseline End of Chang

period period
OFF time 5026 48+1.7 -02+24 48+17 5529 0.7+x24 -
ON without 5.7+3.4 6.1+ 3.3 04+15 56+3.0 54z%31 -0.1+27 0.26
dyskinesia
ON with non- 3.4+ 2.2 3.3+23 -0.2+25 33+17 29%19 -04+1.9 -
troublesome
dyskinesia
ON with troublesome 2.0+2.7 1.8+2.3 -0.2+2.6 25+35 2329 -0.3+£2.9 0.76
dyskinesia
ON time 11.2+25 11.2+2.0 0.04 £2.7 11.4+2.3 10.6+3.3 -0.8+2.3 0.54
“Good” ON time 9.2+ 3.3 9.4+26 02+2.8 89+37 83+338 -0.6+29 0.32
Ratio Good/total 0.8+ 0.2 09+0.2 0.02 +0.2 0.8+0.29 0.8+0.3 0.01+0.2 0.46

Outcomes results are given as means + SD. AIMS,dR3y and MDS-UPDRS scores are at the end
of each periods. For diaries, values (hours) arergat baseline, end of period, and change. p-salue

are naftazone versus placebo for values at th@kedch period for pre-specified secondary

endpoints.





