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PROCEEDI NGS
(8:30 a.m)
Call to Order
I ntroducti on of Commttee

DR. BADEN. It is now 8:30. Good norning.
| would first like to rem nd everyone to pl ease
sil ence your cell phones, snartphones, and any
ot her devices that go bleep, if you' ve not already
done so. | would also like to identify the FDA
press contact, Theresa Ei senman. She's waving in
t he back.

' m Dr. Lindsey Baden. |'m chairperson of

the Antim crobial Drugs Advisory Commttee, and

"1l be chairing this neeting. 1'Il nowcall this
nmeeting to order. W'Il|l start by going around the
tabl e and introduci ng ourselves. W'IIl start wth

the FDA to ny far left.

DR. COX: Good norning. Ed Cox, director of
the O fice of Antim crobial Products, CDER, FDA.

DR. NAMBI AR Good norning. Sunat hi
Nanbi ar, director of the Division of Anti-Infective

Products, CDER, FDA.
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DR. YASI NSKAYA: (Good norning. Yuliya
Yaski nskaya, clinical team | eader, D vision of
Anti -1 nfective Products, CDER, FDA.

DR. PATEL: Good norning. Sheral Patel,
clinical reviewer, D vision of Anti-Infective
Pr oduct s.

DR. LI: Good nor ni ng. Xi anbin Li,
statistical reviewer from FDA

DR. FOLLMANN: Dean Fol | mann, head of
bi ostatistics at the National Institute of Allergy
and I nfectious D seases.

DR. OFOTCKUN: I ghor O ot okun, a nenber of
the commttee from Enpory University, infectious
di seases.

DR LORE Vincent Lo Re fromthe Division
of Infectious D seases in the Center for dinical
Epi dem ol ogy and Biostatistics at the University of
Pennsyl vani a.

MS. BHATT: Dr. Gipshover, could you pl ease
i ntroduce yoursel f?

DR. GRI PSHOVER: [Il naudi bl e - audio

gap] -- infectious disease, Case Western Reserve

A Matter of Record
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Uni versity. And unfortunately, ny flight was
cancel ed, so |I'mon the phone.

MS. BHATT: Thank you.

Kal yani Bhatt. | amthe designated federal
officer for this advisory conmmttee.

DR. BADEN. Lindsey Baden, infectious
di seases at Bri gham and Wonen's Hospital,
Dana- Far ber Cancer Institute, and Harvard Mdi cal
School in Boston.

DR VEEI NA: Peter Weina, infectious disease,
Walter Reed National MIlitary and Medical Center.

DR. GREEN. M chael G een, pediatric
I nfectious di seases, The Children's Hospital,
Pi ttsburgh and the University of Pittsburgh School
of Medi ci ne.

DR ORZA: Mchele O za, the
Pati ent - Centered Qutcones Research Institute in
Washi ngton, D.C.

MR. MAI LMAN:  Josh Mail man, FDA pati ent
representative.

DR MOORE: Dr. Tom Moore, infectious

di sease physician in Wchita, Kansas, University of
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Kansas.

DR. TAN: Kathrine Tan, chief of the
donestic response unit, malaria branch, CDC.

DR BILKER Warren Bil ker, biostatistician,
Departnent of Biostatistics, Epidemology, and
I nformatics, University of Pennsyl vani a.

DR ZITO Julie Zito, University of
Mar yl and, phar macoepi dem ol ogy.

DR. ATTI LASOY: Good norning. Ercem
Atillasoy. |I'mvice president at Merck research
| abs for vaccines and infectious disease,
regul atory affairs.

DR BADEN: | would |like to thank the
committee and all presenting for being able to make
it here despite the weather. And, Dr. Gipshover,
we feel your pain, as the weather in Washi ngton
yesterday nmade travel for all extremely difficult.
But | appreciate everyone's effort to be here to be
able to have this neeting.

For topics such as those being di scussed at
today's neeting, there are often a variety of

opi ni ons, sone of which are quite strongly held.
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Qur goal is that today's neeting will be a fair and
open forum for discussion of these issues and that

i ndi vi dual s can express their views w thout
interruption. Thus, as a gentle rem nder,

i ndividuals will be allowed to speak into the
record only if recognized by the chairperson. W

| ook forward to a productive neeti ng.

In the spirit of the Federal Advisory
Committee Act and the Governnent in the Sunshine
Act, we ask that the advisory commttee nenbers
take care that their conversations about the topic
at hand take place in the open forum of the
meet i ng.

W are aware that nenbers of the nedia are
anxi ous to speak with the FDA about these
proceedi ngs. However, FDA will refrain from
di scussing the details of this neeting with the
nmedia until its conclusion. Also, the commttee is
rem nded to please refrain from di scussing the
meeting topic during breaks or lunch. Thank you.

"Il now pass it on to Kalyani Bhatt, who

wll read the Conflict of Interest Statenent.

A Matter of Record
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Conflict of Interest Statenent

MS. BHATT: Good norning. The Food and Drug
Adm ni stration is convening today's neeting of the
Antim crobial Drugs Advisory Conmttee under the
authority of the Federal Advisory Conmttee Act, or
FACA, of 1972. Wth the exception of the industry
representative, all nmenbers and tenporary voting
menbers of the conmttee are special governnent
enpl oyees or regul ar federal enployees from ot her
agenci es and are subject to federal conflict of
interest |aws and regul ati ons.

The follow ng informati on on the status of
this commttee' s conpliance wth federal ethics and
conflict of interest |aws, covered by but not
limted to those found at 18 USC Section 208, is
bei ng provided to participants in today's neeting
and to the public.

FDA has determ ned that nmenbers and
tenporary voting nmenbers of this commttee are in
conpliance with federal ethics and conflict of
interest laws. Under 18 USC Section 208, Congress

has aut horized FDA to grant waivers to speci al
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gover nnent enpl oyees and regul ar federal enpl oyees
who have potential financial conflicts when it is
determ ned that the agency's need for a speci al
gover nnent enpl oyee's servi ces outwei ghs his or her
potential financial conflict of interest or when
the interest of a reqgular federal enployee is not
substantial as to be deened likely to affect the
integrity of the service which the governnment may
expect fromthe enpl oyee.

Rel ated to the di scussion of today's
meeting, nenbers and tenporary voting nenbers of
this commttee have been screened for potenti al
financial conflicts of interest of their own, as
well as those inputed to them including those of
their spouses or mnor children and, for purposes
of 18 USC Section 208, their enployers. Their
i nterest may include investnents, consulting,
expert witness testinony, contracts, grants,
CRADAs, teaching, speaking, witing, patents and
royalties, and primary enpl oynent.

Today' s agenda i nvol ves the di scussi on of

new drug applicati on NDA 210607, tafenoqui ne

A Matter of Record
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tablets, 100 mlligrams, sponsored by 60 Degrees
Phar maceuti cals, for the proposed indication of
prevention of malaria in adults for up to 6 nonths
of continuous dosing. This is a particular matters
meeting during which specific natters related to
60 Degrees Pharnaceuticals' NDA wll be discussed

Based on the agenda for today's neeting and
all financial interests reported by the commttee
menbers and tenporary voting nenbers, no conflict
of interest waivers have been issued in connection
wWwth this nmeeting. To ensure transparency, we
encourage all standing commttee nenbers and
tenporary voting nmenbers to disclose any public
statenents that they have nade concerning the
product at i ssue.

Wth respect to FDA's invited industry
representative, we would like to disclose that
Dr. Atillasoy is participating in this neeting as a
nonvoting industry representative acting on behal f
of regulated industry. Dr. Atillasoy's role at
this neeting is to represent industry in general

and not any particular conpany. Dr. Atillasoy's
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enpl oyed by Merck and Conpany.

W would like to rem nd menbers and
tenporary voting nmenbers that if the di scussions
i nvol ve any other products or firns not already on
t he agenda for which an FDA participant has a
personal or inmputed financial interest, the
partici pants need to excl ude thensel ves from such
i nvol venent, and their exclusion wll be noted for
the record. FDA encourages all participants to
advi se the commttee of any financial relationships
that they may have with the firmat issue. Thank
you.

DR. BADEN:. We will now proceed wth the
FDA's introductory remarks from Dr. Yasi nskaya.

FDA Openi ng Remarks - Yuliya Yasi nskaya

DR. YASI NSKAYA: Good norning. M/ nanme is
Yuliya Yasinskaya. |'ma nedical team | eader in
the Division of Anti-Infectives, and | wll| provide
you wth an overview of the subm ssion as well as the
outline for the day.

The topic of today's advisory committee

di scussion is NDA 210607, tafenoquine for the

A Matter of Record
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prevention of malaria. NDA 210607 is for
t af enoqui ne tablet, 100 mlligram The applicant
for this application is 60 Degrees Pharnaceutical s.
The NDA was granted a priority review, and if
approved, tafenoquine wll be added to the
armanent ari um of drugs for mal aria prophyl axi s
i sted here.

The i ndi cati ons bei ng sought is prevention
of malaria in adult for up to 6 nonths of
conti nuous dosing. Anticipated clinical
reginmen -- the presentation will refer to this as
t af enoqui ne ACR -- includes two 100-m || igram
tablets taken daily for 3 days prior to travel to a
mal ari ous area, as |oading dose, followed by a
200-m | ligram dose weekly while in the mal ari ous
area. And once the travel had been concluded, a
single 200-mlIligramdose is taken within a week
upon return fromthe mal ari ous ar ea.

The devel opnent program for tafenoquine ACR
i ncl uded 5 random zed, double-blind efficacy safety
trials. Three of them conpared tafenoqui ne ACR

regi nen to placebo in sem -i mune popul ation in

A Matter of Record
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Ghana and Kenya and i ncl uded studies 43, 45 and 30.
A single trial conpared tafenoquine ACR to
mefl oquine in non-imune mlitary depl oyed to East
Tinor, study 33, and a single challenge study in
heal thy volunteers. The program al so i ncluded the
ophthal m ¢ and renal safety study, study 57.

On this slide, efficacy results are of
summari zed. In two trials, 43 and 45, where
t af enoqui ne was conpared to placebo in the
senm -i nmune popul ati on, Kenya and Ghana, for the
protective efficacy endpoint in all random zed
subjects, it was found superior to placebo. In
study 43, parasitem a was observed in 92 percent of
t he pl acebo subjects at week 15 conpared to
t af enoqui ne ACR of 24.6 percent, whereby protective
efficacy was calculated to be 73.3 percent with a
95 percent confidence interval of 54 to
84.5 percent, defining it as highly statistically
significant.

In study 45, parasitem a in the placebo arm
was observed in 93.6 percent of subjects at week 12

conpared to 26.9 percent of subjects on the

A Matter of Record
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t af enoqui ne ACR arm This finding was al so highly
statistically statistically significant. | would
li ke to note, the source data for studies 43 and 45
were not avail able for FDA audit.

In study 33, tafenoquine ACR was conpared to
mef | oqui ne for the prophylactic success
assessed at 26 weeks. tafenoquine ACR attai ned
prophyl actic success in 96.1 percent subjects
conmpared to nefl oquine of 96.9 percent, with a
difference of 0.76 and a 95 percent confidence
interval of mnus 3.71 to 3.57. As the nalaria
attack rate in the study popul ati on was unknown,
noninferiority margin in the study cannot be
justified. Therefore, this study provides
supportive data for the NDA.

In trial 30, tafenoquine ACR was al so
conpared to placebo. |In addition, a nefloquine arm
served as a benchnmark. However, there was an
erroneous reading of the parasitema slides in this
study, requiring centralized blinded re-read. W
consider this study is not concerning for efficacy.

An additional study of erythrocytic

A Matter of Record
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Pl asnodi um f al ci parum phase chal | enge conpared

t af enoqui ne ACR to pl acebo and found that

t af enoqui ne ACR provi ded 100 percent protection
agai nst the erythrocytic Plasnodi um fal ci parum
phase chal | enge conpared to no protection in the
pl acebo arm The finding was highly statistically
significant.

Wth regard to safety, for the indication of
prophyl axis for the dose and duration proposed, we
consi der the safety database relatively small. 825
heal t hy subj ects had been exposed to tafenoqui ne
ACR in the devel opnent program and 529 of them had
recei ved taf enoqui ne ACR at the proposed duration
of 6 nonths. The safety findings included
henol ysi s and net henogl obi nem a, and the risk for
henol ysi s and net henogl obinema is the highest in
the patients with GGPD defi ci ency.

Upon review of the EKG data submtted, our
Ql multidisciplinary team had identified that the
QT prol ongation potential of greater than 20
mlliseconds could be excluded.

Psychi atric adverse reactions were rare,
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mainly limted to sleep disturbances. However, a
few serious psychiatric adverse reactions primarily
in subjects with underlying psychiatric illnesses
had been observed, both in tafenoquine ACR as well
as the extended safety database that included other
dosing reginens. Ccular safety findings were
primarily limted to vortex keratopat hy.

For today, ny presentation wll be foll owed
by the presentations by the applicant.
Presentations by FDA will include efficacy
presented by Dr. Xianbin Li; nonclinical findings
wll be presented by Dr. Onen MMaster; and safety
findings will be presented by Dr. Sheral Patel.
Bot h applicants and FDA presentations will be
followed by clarifying questions. And after | unch,
we' |l have open public hearing foll owed by
questions to the commttee.

We have two questions to the commttee
today. Has the applicant provided substanti al
evi dence of effectiveness of tafenoquine for the
prevention of malaria in adults for up to 6 nonths

of continuous dosing? |If yes, we ask you to
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provi de any recomrendati ons concerni ng | abel i ng.
If no, we want you to di scuss any additional
studi es or anal yses that are needed.

The second question deals with safety. Has
t he applicant provi ded adequat e evi dence of safety
of tafenoquine for the prevention of nmalaria in
adults up to 6 nonths of continuous dosing? |If
yes, provide any recomendati ons concer ni ng
| abeling, and if no, we want you to di scuss any
addi tional studies or analysis that are needed.
Thank you.

DR. BADEN:. Thank you, Yasinskaya.

Both the FDA and the public believe in a
transparent process for infornmation-gathering and
deci si on-maki ng. To ensure such transparency at
the advisory commttee neeting, FDA believes that
it is inportant to understand the context of an
i ndi vidual's presentation. For this reason, FDA
encourages all participants, including the
applicant's nonenpl oyee presenters, to advise the
conmmttee of any financial relationships they have

with the applicant such as consulting fees, travel
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expenses, honoraria, and interest in a sponsor,
including equity interests and those based on the
out cone of the neeting.

Li kewi se, FDA encourages you at the
begi nni ng of your presentation to advise the
conmmttee if you do not have any such financi al
rel ati onships. |If you choose not to address this
i ssue of financial relationships at the begi nning
of your presentation, it wll not preclude you from
speaki ng.

W will now proceed wth 60 Degrees
Phar maceutical s’ presentations. Dr. Dow?

Applicant Presentation - Geoffrey Dow

DR. DON \While we're getting the slides
going, I'll just nake a few introductory comrents.

My nane is Geoff Dow. |I'mthe CEO and chi ef
scientific officer of 60 Degrees Pharmaceuticals.
| have the privilege today of being the custodi an
of ARAKODA for nml aria prevention, which we as the
sponsor think will be a significant step forward
for both travel nedicine and for malaria

eradication in the event that it's approved.
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Thi s product represents the product of 40
years of joint developrment with the U S. and
Australian mlitaries, and the presentation we'l|
make today woul dn't have been possi ble w thout the
contri butions of generations of researchers, the
efforts of patients, and significant taxpayer
contributions, as well as private investnent.
We're grateful for all of those contri butions.
We'd |like to thank the FDA and the conmttee for
the opportunity to present our data today.

Qur objective wll be to address the two
questi ons posed by the FDA, but we're also going to
take sone tine to address directly the concerns of
t he advocacy community in relation to
neur opsychi atric safety.

Two weeks ago, we convened in this roomto
review the data for GSK s application for a single
dose of 300 mlligrams for Plasnodiumvivax. In
public statenents, representing the sponsor, |
supported this novel addition to the nmalaria
armanentarium But it's not anbitious enough

because the reality is that Pl asnodi umvivax has a
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much smal | er gl obal inpact than Pl asnmodi um
falciparum And if we want to really eradicate
mal ari a eradication, we're going to really have to
think differently about what products we use and
how we use them

The data in this table, and specifically
hi ghl i ghti ng the green nunbers, show the case
i nci dence of Pl asnodi um fal ci parum gl obal ly.
Currently, the nalaria community's approach to
elimnating malaria is to focus on bed nets and the
treatnent of synptonatic di sease. This worked for
a period of tinme with nalaria case rates declining
from 2010 t hrough 2013, but since then, those
efforts have stall ed.

Soif we're really serious about gl obal
mal ari a eradication, we're going to have to think
differently about what types of products we use and
how we use them Specifically, we may need new
therapeutics with different kinds of |abels that
allow multi pl e dosi ng, | onger durations of dosing,
and dosing in asynptonmatic subjects and in

non-i mmune subj ects, because, of course, the
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mal aria parasite reservoir is vastly greater than
just those who have synptonatic nal ari a.

| also want to note that 17 years ago,
contracted falciparumnalaria in a clinical trial
in the context of easy diagnosis and access to
effective treatnents. |If you're an African kid or
travel er returning from holiday and you have
mal aria, that's sinply not the case, and we have an
obligation to do better.

This is the rate of U S malaria. |It's
increasing. And all of this is preventable if
fol ks take their chenoprophylactic drugs. N nety-
six percent of malaria in the U S., according to
the CDC, is because travelers don't take their
medi cati ons.

This lady is Shelley H Il who went to
Thailand to | ook after el ephants, contracted

mal aria, and ended up in the I1CU in a Queensl and

Hospital. These photos are taken fromthe nedi a
coverage associated with that event. She had to
have partial |inb anputations because of the sepsis

associ ated with falciparumnmalaria. This is
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entirely preventabl e.

As a sponsor, we think ARAKODA, because of
its long half-life ability to dose it for 6 nonths
and its broad coverage against all the stages of
mal aria, is the only drug in the next 20 years, in
t he absence of an effective vaccine, that's going
to all ow us to make substantial progress towards
t hese aspirati onal goals.

This slide represents the summary of the
| abel clains, which we've asked the FDA to
consider. Essentially, ARAKODA is presented as
100-m I i gramtafenoqui ne succi nate tablets for
prevention of malaria in adults throughout the
6 nmont hs of dosing, with a sinple 3-day | oad
foll owed by once-a-week dosing and a singl e dose
upon return fromtravel.

Dr. Berman will present our efficacy data,
which we think fairly convincingly shows a sim|lar
rate of efficacy for both prevention of malaria
during travel and for post-exposure prophyl axis,
and Dr. Smth will review the safety data that we

t hi nk shows a safety profile simlar to primquine.
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In the event that tafenoquine is approved,
we think it will offer a nunber of benefits
relative to the other nedications that are
currently available. Those that are FDA approved
i ncl ude doxycycline; Lariam or nefloquine is the
generic version; Ml arone, or atovaquone proguani
is the generic version. ARAKODA affords the
opportunity for weekly dosing, which doxycycline
and Mal arone don't have.

It's the only product that can kill all the
mamual i an stages of Pl asnodi um fal ci parum and
Pl asnodi um vivax. |It's appropriate for gl obal use
because there's no evidence of any drug resistance,
and it's the only product that would allow a single
post - exposure dose to prevent nml aria and rel apses
post-travel. This is significantly inproved pil
burden, and we think our data show that the drug
does not have a neurologic liability.

| just briefly want to sunmarize the life
cycle of malaria and highlight the parts of it that
ARAKODA targets. So as you know, nbsquitoes inject

sporozoites into the bl oodstream which immediately
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travel into the liver. These forma process of
anplification of asexual nerozoites, |leading to the
rel ease of erythrocytic nerozoites into the

bl oodstream which are anplified in red bl ood cells
to cause the synptonatic di sease we know as

mal aria. Sone of these parasites turn into

gamet ocytes, which are ingested by the nosquito to
conti nue the cycle.

Two weeks ago, we heard about GSK' s
application, which targets 1 latent |iver stage
parasite, the hypnozoite. But ARAKODA, applied
weekly and for a duration of period of tine at the
doses proposed, targets all the parasites. And
this is a key aspect of why it may be useful for
mal aria elimnation efforts.

In the next few slides, | just want to spend
alittle bit of time going over what we view to be
the rationale for tafenoquine's devel opnent,
understanding that this is a retrospective view,

Pri maqui ne of course is a useful drug. W know
that it's the only drug that kills both the | atent

hypnozoite and t he devel opi ng hepati c stage of
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mal aria. Data fromthe 1990's show that it's
possi ble to adm ni ster prinmaquine daily with food
for up to 12 nonths with no difference in
tolerability from placebo and with quite an
effective outcone. But in practice, the
effectiveness of primaquine is | ess because it
requires daily adm ni strati on Because of the short
hal f-1ife.

The nmaj or review published by the CDC in
2006 does not nention any specific warnings for
neur opsychiatric events in the context of
prophyl axis. ARAKODA is a primqui ne anal og, and
you can see that fromthe structure. The core
structure of primaquine is on the left, and ARAKODA
represents that sane structure with three
functi onal groups substituted to bl ood netabolism
That results in an extension of the half-life from
6 hours to 14 days, and that's what facilitates the
weekl y dosi ng.

The activity agai nst hepatic stages is
retai ned, and as a consequence of the persistent

pressure of drug in the blood, the activity agai nst
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the bl ood stages is inproved. And again, despite
the long half-life and the high dose for

prophyl axis, we don't think there's any evidence of
any neurologic risk either primquine in the
clinical literature or for tafenoquine in the
sponsor's dat abase.

W may hear a | ot today about the simlarity
of different quinolones, but it's sinply inaccurate
to equate themas all being the same. There are
structural differences that are inportant and need
to be considered. Primaquine is an
8- am noqui noline. You can see the boxed side chain
in green hash on the left. That's what gives
pri maqui ne its structure and node of action. It's
activated to oxidative internedi ates that kil
primarily the hepatic stages of the disease.

In contrast, the defining feature of the
am no al cohols is the am no al cohol side chain, and
that's characterized in the nefloquine structure,
whi ch neans that drug acts directly only on bl ood
stages and increases the frequency of conmnon

neur opsychiatric events relative to the standard of
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care

This table briefly summari zes sone i nportant
particulars of the clinical trials that wll Dbe
reviewed by Dr. Berman and Dr. Snmith, subsequently.
The three studies on the left, 030, 043, and 045,
represent placebo-controll ed studies that were
conducted in areas of high P. falciparummal ari a
endemcity in Africa. Mefloquine was included as
an efficacy conparator in two of these studies.

033 was conducted in a |arge cohort of
Australian mlitary personnel depl oyi ng under
war-li ke conditions to Tinmor. In this study,
because of the practicalities of ethical
consi derations of a deploynent, it was not possible
to include a placebo. There wll be nore
commentary fromour teamon that issue |ater on

Because of the ineffectiveness of daily
prophyl actic drugs, a weekly standard of care was
required in order to have an active conparator in
t hat study, and the only one avail abl e, of course,
was nefl oqui ne, which was why that was used. 033

had 2 safety signals with the vortex keratopathy
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and changes in serumcreatinine, which were
followed up in the healthy volunteer study 057 to
resol ve those safety signals.

As the nost recent sponsor for this
I ndi cation, we've conducted two studies that are
irrelevant for today's conversation. One is a
chal | enge study in non-i mmune volunteers to confirm
the efficacy of the intended dose agai nst P.
fal ci parum and then we're also currently
conducting a long-termsafety study in healthy
vol unteers to docunent the health and safety and
tolerability of ARAKODA versus pl acebo for a
12-nont h exposure period with the intent to change
the | abel down the road. And it's inportant to
remenber that in these studies, the exposure to
ARAKODA was up to six 6 nonths.

In the sponsor's presentation of the safety
data, you'll see a slightly different format from
the way that our coll eagues at the FDA have
presented the data, and we focused it on separating
out the adverse events based on depl oynent versus

non deploynment. And the reason for that is that
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depl oynent is well docunented in the literature as
a maj or risk factor for neuropsychiatric events. S
we feel as the sponsor that you can't really
under st and the inpact and context of those
psychi atric events wthout making that separation
bet ween depl oynment and non-depl oynent.

It's also inportant to renmenber that the
Austral i an government consi dered the Tinor
depl oynent to be war-like. A nunber of specific
traumati c exposures to which soldiers were
subj ect ed have been docunented, together wth a
high rate of PTSD PTSD associated with that
conflict. Soldiers are exposed to a higher rate of
bot h physical and psychiatric injury, and that wll
be evident when we discuss the safety data | ater
on.

It's also inportant to renmenber that the
i npact of deploynent dwarfs any subtl eti es about
adverse event profiles of the drug that you use to
prevent malaria. |In this table, we show that the
rate of increase in neuropsychiatric event burden

is simlar between nefloquine and Mal arone even
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t hough Mal arone is not perceived to have a

neurologic liability.

Qur FDA col | eagues are going to review, in
significant anmount of detail, the nonclinical
t oxi col ogy associated with ARAKODA, so we'll | eave
that job for them W wll be conmenting

specifically on the neurotoxicity of the product,
or rather the lack of it, later in our
present ati on.

We' ve nade a nunber of postnmarketing
commtments to the agency, the nost inportant of
which is the long-termsafety study. This wll
eval uate the safety and tolerability of ARAKCDA
versus placebo for 12 nmonths with an all ocati on of
300 pl acebo subjects and 300 ARAKODA subjects, with
a primary endpoi nt focused on ophthal mc safety.
However, we have al so included sone psychiatric and
hemat ol ogy assessnents as secondary endpoints, and
this study has been enrolling subjects since
Cct ober 2017, nore or less a coincidence with the
subm ssion of the application.

The inclusion criteria for this study al so

a
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all owed the enrollnent of individuals with a prior
psychiatric history. W' ve proposed a health

dat abase outcone study to nonitor rare events
post - approval and have agreed on a tineline and
program for doi ng age and wei ght de-escal ati on
studies to determ ne whether this product would be
appropriate for a pediatric indication.

Finally, before we go into the detail ed data
presentations, | just want to throw out an idea of
how we can think about risk in a different way.

Mal aria itself is a neurotoxin. These are data

fromR c Price that show preexisting neurol ogic

conditions and result in a substantial increased
ri sk of seeing neurol ogic events post-nal ari a.

We're used to thinking about risk in terns
of dose, and there's obviously a natural concern
and question about whether the increased dose
associ ated with prophylaxis nay be associated with
i ncreased risk, and therefore there should be sone
conpari son of | abels. A hel pful way of thinking
about our dose conpared to the dose that's al ready

been approved is that the 300-m | |igram dose of
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GSK' s |l abel is for treatnment of synptomatic vivax
mal ari a.

In contrast, ours is a 600-mlligramdose in
asymptomatic individuals, which is effectively a
600-m I ligram dose mai ntai ned at steady state for
6 nonths, and you'll see that borne out in sone of
the PK curves that Dr. Berman will tal k about |ater
in the presentation.

We don't have any co-nedication. W don't
have synptomatic nalaria. W weren't privy to the
di scussi ons between the agency and GSK about why
t here was warni ng | anguage required for psychiatric
AEs. Perhaps nmalaria was part of that
conversation. These two indications have very
different risk profiles, and we woul d argue shoul d
have | abel s i ndependently deri ved.

Wth that said, I'll just briefly outline
the presentations that follow Dr. Stephen Toovey
and Mark Reid wll address the mlitary and
civilian unnet nedical need for new prophyl actic
drugs. Dr. Jonathan Berman w || present the

efficacy data. Dr. Bryan Smith will focus on the
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safety. You'll hear fromne again later with
respect to neuropsychiatric safety, and then

Dr. Stephen Toovey will sunmmarize the risk-benefit
profile of this product.

At this point, I'd Ilike to hand over to
Dr. Stephen Toovey to tal k about the civilian unnet
medi cal need. Thank you.

Applicant Presentation - Stephen Toovey

DR TOOVEY: Menbers of the committee,
| adi es and gentl enen, | am Stephen Toovey. |[|'ma
tropical and travel nedicine physician. | have
al so spent a nunber of years actively nmanagi ng and
treating malaria, principally in Africa, and have
been involved in antinalarial drug devel opnent. My
PhD was actually exam ned by the Neurol ogic Safety
of Antinmal ari al s.

' mgoing to tal k about the unnet nedical
needs that we see for the civilian traveler. |
just want to tal k about this concept of the
non-i nmune. Essentially, a non-i nmune person to
mal aria is an individual who did not grow up in and

who is not continued to be resident in a mal ari ous
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area, and that is obviously the overwhel m ng
maj ority of the United States popul ation.

I n non-immune individuals, falciparum
mal aria is a nedical energency. |It's a progressive
and often a fatal disease. And I think as we saw,
the lady who visited Thailand to see the el ephants,
even if you survive, you can have pernanent
| ong-term conplications. Vivax nalaria, although
not usually fatal, can in fact be fatal. It is
still a very unpl easant di sease, and inportantly,
it's a recurring di sease.

I think a particular group that we al so need
to be aware of are what are called the VFR
travelers in the travel nedicine trade. These are
folks who are visiting friends and rel ati ves back
home, so this typically is a recent immgrant, a
recent arrival in the United States, who was
sen -i nmune, who possessed sone i mMunity, but whose
imunity begins to wane. These are people who w |
al so need protection when they go back hone.

The final bullet points on this slide,

actually at the risk of sounding dognatic, the
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benefit-risk ratio for mal aria chenoprophyl axis for
a non-inmune person traveling to a nal ari a-endem c

country, the question is settled. The benefit-risk
ratio is clearly in favor of chenoprophyl axis.

So let's just fast forward a little bit, and
what does it look Iike inside a travel nedicine
clinic or indeed a prinmary care physician's
consulting roomwhen a civilian travel er faces you?
What do you put into the m x when you deci de what
you need to do or what advice you need to offer?

You need to understand the nmalaria risk at
t he destination or destinations. You need to
understand -- and this is a very inportant
poi nt -- what the efficacy of these drugs is, or
was, in clinical studies. And you need to
translate that in your mnd into what the
effectiveness will be in clinical use.

So the effectiveness, in a clinical study,
everything is controlled. So you have a very
carefully scientific nmeasured estinmation, or
measurenment, of the drug's efficacy. Qut there in

the real world, outside of a clinical trial, al
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sorts of things can happen, and you really have no
control once you have prescribed the drug. So that
iIs the effectiveness.

The travel nedicine practitioner, the
pri mary care physician, needs to have that picture
in his mnd. He needs to have confidence that this
drug will be effective in use, because if it isn't,
you're going to end up with the sort of picture we
saw earlier of the |lady who visited Thail and.

You then need to understand your patient,
and you're taking a very holistic view and what
wll the patient -- patient or the traveler. You
want to avoid them becomng a patient. Wat wl |
the travel er be doing at the destination? Are they
pregnant ? What other ill nesses do they have? Wat
are the co-nedications that they're taking?

Then you have this picture, and then you try
and fit what we have in our current tool box of
mal ari a chenoprophyl actic agents. You try and fit
that together with the patient, and inevitably
they're going to be a couple of conprom ses there.

But you try and choose the best drug for that
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travel er.

Probabl y once you have di spensed with all of
the hard science, one of the npbst inportant things
is this question of adherence or conpliance. WII
nmy traveler take this drug in a way that wll be
effective? And there you need to understand the
safety and tolerability, bearing in m nd nost
travel ers are probably well when they | eave hone.
You don't want to give thema drug that's going to
make themill. They'll be likely to stop it and
then be at risk of nmalaria.

How often do they have to take it? Is it
daily? Is it weekly? How much of a burden is
this? Wen they get honme and they're forgotten
about the wonderful tinme in Thail and, or wherever
el se they have gone, how |l ong are we asking themto
take the drug for? Do we want themto take the
drug for a nonth after they get back? And how many
pills all together? 1t can be quite intimdating
wal ki ng out of a clinic with a big box of pills.
Psychol ogically, the fewer, the greater the

adherence you're going to have.
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The last bullet point really relates to the

phar macoki netics of the drug. |If it has a |ong
half-life, 1t's going to be a little bit forgiving
wth your civilian traveler who's late with a dose.
So you have a bit of a safety margin built in.

The chart on the left. Dr. Dow has shown
you. And this really is an al nost unforgivable
situation. In a first-world wealthy country, a
di sease that is quite preventable is increasing.
Wiy is this burden increasing? It would
seem-- and | think we know fromthe CDC
data -- that the nain problemis poor use of
chenopr ophyl axi s, poor adherence to the drugs that
we have. So we need to be doing sonething better.
W need to have nore options to offer our
travel ers.

This burden is civilian dom nated as wel |,
so we really need to be doing sonething for the
i ndi vidual traveler, whether that's the
hol i day- maker, whether it's sonebody traveling on

busi ness, NGO worker or a m ssionary, and we need

to be helping themin a new way. | think the curve
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actual ly supports the need for drugs that will make
adherence easier because | think that is really the
key to this.

So what do we have al ready avail abl e?

Casting your mnd back to Dr. Dow s sli des,

essentially we have 4 agents available. |If you
| ook at the notable side effects colum -- and I'm
not going to go through this in any detail -- the

poi nt about it is that the notable side effects are
actually quite different, so each drug has its own
profile. And that actually hel ps you a | ot when
you are trying to fit the patient and the drug and
the destination and the itinerary altogether. But
it would be great to have another drug with a
different profile. That would help us a | ot.

The sane thing applies to the final colum
on the right, the contraindications. |If we had
anot her choi ce, another drug, it would make our
life easier to protect travel ers.

The conti nued dosing after travel, a colum
nore or less in the mddle, if you're a frequent

busi ness travel er and you cone hone, and we're
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aski ng you to take tablets again for another

4 weeks, in 2 weeks, you're probably gone again to
anot her destination. So you m ght well end up
bei ng on conti nuous chenoprophylaxis. |If we had a
drug with a nmuch briefer duration of post-exposure,
t hat woul d be hel pful.

Then the question of daily versus weekly
dosing, I'll show you shortly, generally travelers
prefer weekly dosing, but it would just be nice to
have anot her option. Currently, the only one we
have avail abl e that does that is nefloquine, and
that, as we know, is a drug that has quite a
not abl e side effect profile. Then the question of
resi stance, can we use this drug everywhere? Short
answer would be -- that's an inportant
consi deration. The short answer for tafenoquine
woul d be yes.

So weekly versus daily, this is not a
met a-anal ysis of the literature. That woul d
actually be quite a difficult thing to do. But if
you do look in the literature, you really don't see

anyt hi ng supporting daily over weekly dosing.
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These publications favoring weekly, we see it in
civilians and in the mlitary as well. The Tan
publication of 2011 was actually a CDC expert
committee report on the use of doxycycline, and
this publication does nake the point that the

| onger half-life drugs have a nore forgiving PK
t he point we nmade earlier.

Qur current chenoprophyl actic armamentari um
our current tool box, is it good enough? Well, it's
nice to have, but there are really issues wth al
of the drugs, all of the regi nens that we have, and
there's no ideal one size fits all. And all of us
as travelers these days and as participants in the
heal t hcare system what would hel p us? New
options. Reginens with reduced dosing frequency
and pill burden that are easier to use. Reduced
post - exposure duration; again, easier to use,

i mprovi ng adherence. And a drug with a different
safety profile to that of the existing agents?

This is really just a formal restatenent of
the unnet nedical need. Wat we're really | ooking

for is sinplicity both for the traveler, for the
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clinician, and to try and i nprove adherence, and to
start naking that curve that we saw look a little
different.

I would now |like to hand over to ny
col | eague, Mark Rei d.

Applicant Presentation - Mark Rei d

MR. REID: Thank you, Doctor Toovey, and
thank you to the commttee, |adies and gentl enen,
and nenbers of the FDA. | appreciate the
opportunity of being able to speak today all the
way from Australia, and please forgive ny accent.

I was an infantry platoon commander for 12
years in the Australian defense force. M corps
transferred the nedical corps. | was actually
responsi ble for being -- one of ny assignnents was
to be the study coordi nator of the study 033 during
my first deploynent to East Tinor. W as a defense
force struggled in East Tinor with nmal ari a.

We had an attack in our Second Battalion
Royal Australian Regi nent approaching 13 and a hal f
percent in a 4-nonth wet season period on

unobserved doxycycline. The reasons for that were
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mul tiple, but a lot of themwere due to the
intensity of warfare today, the night operations

w th night-vision goggles and the intensity of what
we are doing, and the fact that we had limted
preventati ve nedical asset with us at the tine, and
the reliance on daily nmedication.

Al so, our platoon positions were extrenely
close to the refugees we were trying to protect.
And t hese poor people were getting up in the mddle
of the night. They were noving out of their homes
wth their children, and they are taking their
mal aria with them Then what we did as an
international comunity is put nmany thousands of
non-i mmune sol diers next to these people, and we
fanned the flanes of an epidem c. You can see here
this young teenager with his nom had fal ci parum
mal aria in Balibo, in the fought town of Balibo on
the East Tinorese border, and |I'mjust thankful
t hat our conbat medics got to this young boy in
time.

The probl em we have when we're soldiering in

the field is that we can't foll ow best practice
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with mal ari a and ot her vector-borne disease
prevention. Wen our soldiers expect to be in
contact with the eneny, they wll not put up a bed
net. They will lie next to their shell scrapes, so
when the contact cones in the mddle of the night,
they can roll into that shell scrape and take
cover. You'll see in our safety data set a numnber
of scorpion stings. The scorpions like to get into
t hose shell scrapes as well.

We don't know when we're going to eat or
sl eep next, and then the Arny says to us, "You have
to take your drug at 12 hours 16 m nutes after the
last tinme you took it." Oten our pills were in
t he bottom of our rucksacks, they're broken apart,
and we're trying to manage dosing while we're
trying to dodge a bullet and dodge an i nprovi sed
expl osi ve devi ce.

Now, we have 5 evacuations fromthe East
Ti mor canpaign to the intensive care unit of the
roll-down hospital. Mdst of them survived. One of
the Mal aysian soldiers died fromcerebral nal aria.

But fromthe 3 ADF soldiers, 18 to 21 years of age,

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

53

one evacuated on a ventil ator, any reason they
survived i s because the roll-down hospital was
prepared and they had a good arnmanentari um ready,

i ncl udi ng non-approved drugs such as |V artesunate.

You can see fromthis slide, this is our
experience with our paratroop battalion in the
m ddl e in the Cecusse province, a nechanized
arnored Battalion 57 Royal Australian Regi nent down
there in the far right-hand corner and our second
battalion there on the left. Wen w arrived and
we we're able to see use weekly nedication, it was
the first time in our living history that we had
achieved no malaria cases in the ADF infantry units
since Vietnamat |east. And we had 8 cases of
rel apsi ng vivax mal ari a when we got back to
Australia. W were certainly exposed, but whil st
we there, we had no clinical cases.

We had an I ndonesi an battalion opposite our
posi ti ons obviously keeping an eye on their side of
the border. Their soldiers were dying from
fal ci parum They were using Fansidar, sulfadoxine

and pryirmetham ne, intermttently to suppress.
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Their medical officer cane across the border in a
nmeeting to neet with our nedical officers. They
knew t hat were on an experinental drug, and they
needed and asked for our help.

So from an ex-sol dier's perspective, what
l'd like to say is what we need in the toolbox is
sonething that was really sinple, sonething that's
safe and effective. W need a long half-life in
the drugs avail able to as soldiers because if we
m ss a dose because of our operation, we need that
protection. |If we can take it wth or wthout
food, that's really handy. W don't know when
we're always going to eat our next neal. And fewer
pills is better froma mlitary perspective.

Certainly, for post-exposure prophyl axis,
when the soldiers get harm we really don't want to
i ssue them anot her 14 days of prinmaqui ne and say,
"Of you go, boys. You need to take these every
day while you're on | eave."” Because frankly, the
aver age young soldier just wants to drink beer and
take as little drug as he has to take once he gets

honme to his | oved ones.

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

55

l'"mgoing to hand it over to Dr. Berman.
Thank you for your attention.

Applicant Presentation - Jonat han Berman

DR BERVAN: |'m Josh Berman, fast-track
drugs. |'ve been given a new clicker, so let's see
how it goes.

My part of this presentation is to discuss
efficacy and to rem nd the recomended regi nen is
200 mlligrans based starting with | oadi ng dose for
days prior to entering the endem c region, then 200
mlligrams weekly while in the endem ¢ regi on, and
once in the week thereafter.

Sunmarizing this way rem nds us that we're
tal ki ng about two periods of prophylaxis: in the
endem c region and al so post-exposure prophyl axi s.
Peopl e generally tal k about in the endem c region,
but it's been enphasi zed al ready today,
post - exposure prophylaxis is also an inportant
consideration, and we'll get to that at the end of
this tal k.

It may be of interest of how our

200-m | li gram based regi nen was derived. It was
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done in a PK/PD type of analysis. Early on, we had
sonme failures in non-imunes and m xed i nmunes, and
they all had drug concentrations at the tine of
failure that were | ess than 50 nanograns per miL.

In this m xed-i nmune study, there were no
failures in persons wth concentrations greater
t han 55 nanograns per nlL, and this suggested that a
cut-of f point of 50 nanograms per nL would be the
right one. But to be precautionary in a margin of
error, we set the cut-off at 80 nanograms per mi,
whi ch neans that trough concentrati on shoul d be
hi gher than 80 nanograns per nL.

At about the sane tine, we had a
dose-rangi ng study in which a 200-ml!|igram dose
conpared to the 400-mlligram dose really showed a
pl ateau of efficacy, just about. The 400-m |l igram
dose was not as well tolerated as the 200-m |l igram
dose, so the 200-mlligram based regi nen was chosen
since it was the highest well-tol erated reginen,
and al so had Mac essentially a maxi num pl at eau of
efficacy.

Turning now to the use -- sorry. One
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further consideration, however, was how the dose we
chose confornmed with our previous pharnmacokinetic
requirements. And to investigate that, we
performed a popul ation PK study of about 10 trials
and nore than 800 subjects. And you can see the
results here on this slide of predicted
concentrations versus tine and nonths on the

hori zontal axis.

| guess an average person would be 75
kil ogranms, which would be this blue line. And you
see that after the | oadi ng dose, we get greater
t han 200 nanograns per nL. And even one week after
that, at a trough, the |l evels are nmuch hi gher than
80 nanogranms per nL after about 6 further dosages
steady state is reached with about a Cnmax of 300
nanograns per nL and the trough far in excess of
200 nanograns per niL.

This graph al so shows the predicted
concentrations for a |l arge person, 150 kil ogramns.
And you see even for that high weight,
concentrations are in excess of 80 nanograns per nL

at all stages of the recommended dosing cycl e.
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So now we can turn to the efficacy dossier.
The first problemwe face in malaria prophylaxis is
that we cannot carry out the ideal experinent.

This is a disease for which there are positive
conparators and which occurs in persons non-i nmune
to mal ari a.

So the ideal study is a new drug, ARAKODA in
this case, versus a positive conparator in a
non-i nmune popul ation. But you do need to have a
pl acebo group to show that there's actually nalaria
in the place where the study was occurring. In
ot her words, if you conpared ARAKCDA to conpar at or
in Washington, D.C., you' d get a zero percent
failure in both cases, but that would be a
nmeani ngl ess result.

The problemis the placebo because for a
rapidly nortal disease in the patient popul ati on of
non-i mmunes, randon zing to placebo in a field
trial 1s ethically questionable. The malaria drug
gui dance of 2007 nentions that other types of study
desi gns have been enployed. And the inplication of

this is that putting themall together, you wll
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get a good inference of the ability of the new drug
to provide successful mal aria prophyl axi s.

One design that's used is the conparator
controlled study in non-inmunes. You do have to
estimate the historic placebo rate, not from
internal data. Another design is a
pl acebo-controll ed study in nal ari a-endeni c
conmmunities. These sem -imunes do not get sick
when they're parasitenmic, so you can random ze to
pl acebo. But the contribution, the conparison of
efficacy in this sem-inmune population to that in
t he non-i mmune popul ation i s unknown.

A third type of study is a chall enge study.
I n non-i nmmunes, you can random ze to pl acebo
because subjects are so carefully foll owed, but
interpretation is difficult here because of an
unknown rel ati onshi p between one parasite used in
the study to the multiplicity of parasites used in
the field. The guidance al so suggests that
treatment studi es would be useful.

When we put together our total dossier, we

were pleased to find that we did in fact have at
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| east one study with each of these characteristics:
study 033, the conparator study in non-immunes; 2
studies in sem -inmunes; a PV treatnent study; and
then also a Pf treatnent study done in a chall enge
nodel to conpl ete the package.

I nstead of going through all these, | think
it's sinplest just to quote from agency's briefing
docunents and start with their summary. They
consi der that studies 043 and 045 denobnstrate
statistically significant protection agai nst
parasitema. This neans in Pf.

They al so | ook at study 033 and say that FDA
anal ysis showed no observed cases of nmalaria in the
prophyl acti c phase of this trial and that FDA
agrees with the assessnent that there's a high
i keli hood that subjects in this study were exposed
to both Pf, Pv. And basically, you put all these
statenments together, and they give confidence in
the efficacy of ARAKODA agai nst both Pf and Pv.

And we are pleased and acknow edge the support of
the efficacy fromthe agency.

Wth that understood, the agency is a
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conservative institution, really, and sponsor is
supposed to be perhaps nore expansive. And we'd
like to go further into soneplace that the agency
did not choose to go, which is a frank conpari son
of ARAKODA to standard of care. And the reason to
go in this direction is that there are standards of
care. W suspect that prospective subjects, and
their doctors, and this advisory commttee may well
ask how ARAKODA conpares to standard of care. So
for that, we wll now get into a noninferiority
conpari son between ARAKODA and standard of care,
whi ch happened to be nefl oquine in studies 045 and
033.

Study 045 is the sinple one to analyze, so
we'll do it first because all the data we need is
contained wwthin the study. This study was done in
sem -i mmunes in northern Ghana. After treating
exi sting parasitem a, subjects were random zed to a
| arge nunmber of reginmens, including ARAKODA,
mef | oqui ne, and pl acebo. The subjects were
followed for 12 weeks. The prinmary anal ytic

popul ati on, you see here, the rates were not | arge.
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Wonen averaged 45 kil ograms and men average 54
kil ograms.

The data is shown in the next slide for
pl acebo. Mbst of the subjects failed, 92 percent,
for ARAKODA. Sone failed, 13 percent, from
mefl oquine. Sone failed really the sane anmount,

13 percent. And protective efficacies with a
primary anal ytic popul ati on that we used were the
sarne.

But this is all a conparison to placebo, and
what we want here is the conparison of everything
to standard of care, and we can do it in this way.
The ARAKODA failure rate was actually 13.1 percent;
mef | oqui ne was 13 percent. The difference is
0.1 percent with a relatively small nunber of
subjects in these groups and a 95 percent
confidence interval for this difference.

ARAKODA coul d be as nmuch as 14 percent worse
than nefl oquine. And the question with
noni nferiority trials is always, well, is this a
| ow nunber that's good or a high nunber that's bad?

And the general way in which this is evaluated is
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by conparing that difference to the difference

bet ween pl acebo and standard of care on the grounds
that the difference between new drug and standard
of care should be nmuch | ess than the difference

bet ween pl acebo and standard of care.

The difference between pl acebo and standard
of care, mefloquine in this case, is 79 percent.

I n sponsor's view 14 percent is a small fraction of
79 percent. So we concl ude that ARAKODA was
noninferior to mefloquine in this study.

Study 033 is much nore conplicated, but in
our m nds, nmuch nore inportant because it contai ned
t he popul ati on non-i nmunes that wll take this
product in the future. And if you |ook at the
bottom bull et, the weight, which is perhaps another
determ ning factor in prophylactic efficacy, a nean
of 81 kilograns is pretty close to at |east sone of
the heavy Anericans that ultimtely will take this
product if approved.

In this study, there were two phases; first,
a prophyl actic phase in which during depl oynents,

subj ects were random zed to ARAKODA or nefl oqui ne,
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and that was 26 weeks. Wen they left the endemc

region and returned to Australia, which is a

non-endem c place -- well, at |east the
barracks -- the nefl oqui ne subjects received 14
days of primqui ne, a good dose, 30 mlligrans a

day, while ARAKODA received just placebo. Then

rel apse was followed in this post-exposure phase,
and the ability of prinmaqui ne, or ARAKODA
respectively, up to the tinme of |eaving the endemc
region in the latter case was assessed.

We do have to say a few words about the
primary anal ytic popul ation. The per-protocol
popul ati on was defined in the protocol as the
pri mary anal ytic popul ation. Sone m ght choose to
use an | TT popul ation for analysis, but an ITT
popul ation really says that persons who are not
fol |l owed, discontinued, or |ost, are assuned to be
a failure, and thus included in the total |ist of
failures.

This definition mght actually be reasonabl e
for, say, study 045, where a sem -inmune who gets

parasitemc wll not knowit and will not cone to

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

65

nmedi cal attention. But this definition is not
consistent with the clinical situation in

non-i nmmunes. A non-i mmune who becones parasitemnc
wll be very sick, wll certainly seek out nedical
attention, and wll not be lost to foll ow up.

So use of the per-protocol population as the
pri mary anal ytic popul ation is both what was in the
protocol and al so nmakes clinical sense in
opposition to using the ITT population for this
pur pose.

We can see the results on the next slide
here. The per-protocol population is given. There
was a 3 to 1 random zation for the two products.
Duri ng deploynment, in the endem c region for
26 weeks, there were no failures, no incidence of
parasitema in either group. Upon return in the
post - exposur e phase of this study, there were
5 relapses, that is P. vivax rel apses for the
24 weeks specified by the protocol, and then beyond
protocol, another 3 failures were found for a total
of 8 failures.

W need to cal cul ate the approxi mate pl acebo
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i nci dence during deploynent to do a noninferiority
anal ysis, and we can start with these rel apses,
which were 8, eight relapses of P. vivax. That
tells us that we can be 100 percent certain that
there was P. vivax during deploynent. These 8
cases did not cone from Australi a.

But we'd |like to be nore preci se about how
many cases of P. vivax there were during
depl oynent, and the way to do this -- a one way to
do it -- is to recogni ze that those 8 cases cone
after prinmaqui ne or ARAKCDA, respectively, rel apse
prevention. |f these products were 80 percent
effective in preventing rel apse, there would be 40
cases in the total popul ation during depl oynent of
whi ch 8 then got relapse. |f these products were
70 percent effective in preventing rel apse, there
woul d have been about 25 cases of P. vivax during
depl oynment .

So the 70 percent nunber is a conservative
nunber, which conmes fromthe recent presentation
fromGSK in which there was about 70 percent

efficacy for these two products conbi ned when
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re-infections are included as relapses. So that's
why this is a conservative nunber. W use those
nunbers, say 25 divided by about 600, and you get
4-plus percent of P. vivax during depl oyment.

It is very hard to challenge this estimate
of the anobunt of P. vivax during deploynent, very
hard. It starts with internal data, the rel apse
rate afterwards, and uses a conservative estimate
of the protecti on agai nst rel apse by these two
products.

We now have to estinmate Pf exposure during
depl oynent, and this is a little looser, and it's
done by sinmply taking the ratio of Pf to Pv in
simlar circunstances and nultiplying by the rate
of Pv exposure that we already have. In prior
exposures, the absolute anount of Pf and Pv doesn't
matter. That can vary between these ot her
exanples. What matters is the ratio of Pf to Pv.
If we take prior deploynents of the ADF in this
region, the ratio was 0.15. The protocol actually
specified a conmmunity survey done at the tine of

this present deploynent within 1 kiloneter of the
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depl oyed troops. The ratio of Pf to Pv was 0. 74.
For a region in which Pv is both Pf and PV
and which Pv dom nates, it's hard to think that the
ratio of Pf to Pv will be less than 0.15 or greater
than 0.74. Anyway, if we use those nunbers and
multiply by Pv, we get a total exposure rate of
about 4.6 percent to 12 percent, with only the | ast
nunber of the Pf nunber being chall engeable. And
even that, it's pretty hard to challenge, as |'ve
i ndi cat ed.
Now we can go into our noninferiority
anal ysis. For the per-protocol popul ation, the
failure rate for ARAKODA was zero. The failure
rate for nefl oquine was zero. The difference
bet ween these is zero. But with a | arge nunber of
subjects in this trial, tafenoquine could be as
much as one 1 percent worse than nefl oqui ne.

It doesn't natter, as you can see here,

really what the historic failure rate is -- iIf it's
4.6 percent, 8 percent, 12 percent -- 1 percent is
a small fraction of that. It literally wouldn't

matter, we think, if the historic control rate was
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4 percent or 3 percent; 1 percent would still be a
small fraction of that. So sponsor concl udes that
ARAKODA was noni nferior to conparator, which
happened to be nmefloquine in this study as well.

To sunmmari ze i n-country prophylaxis -- and
the first two bullets really are just what FDA has
said, that there were no subjects who had
parasitem a for ARAKODA in 033, and there is a high
i keli hood that there would have been at | east sone
exposure to both Pv and Pf in this study in
non-i munes. And in study 045, ARAKODA for Pf was
statistically superior to placebo.

That's really what the FDA i s saying, and we
woul d go, as you see, a little further here. And
t he FDA may not want to go that far, but we would
go a little further to say that in both these
studi es, ARAKODA was noni nferior to conparator.

Whet her you accept the first two concl usi ons
or all three conclusions, it's inportant to point
out that these conclusions hold for two different
raci al groups, African nationals and Caucasi ans.

They hold for two different endem c regions, Africa

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

70

and Cceania. They hold for two different degrees
of immunity, sem -immune and very inportantly
non-i mune. And they hold for both Pf and Pv.

We can finish this talk with one side on
post - exposure prophylaxis. Bottomline up front,
we propose 1 dose of ARAKODA in the week foll ow ng
exposure to be sufficient for post-exposure
prophyl axi s.

Wiy do we need post-exposure prophyl axis?
There are two reasons. One is to kill hypnozoites
of Pv if you're in a Pv area to prevent their
rel apse and to get relapsing nalaria. This is
really the subject of the GSK i ndication, at | east
in their case in a treatnent node, in our case in a
prophyl axi s node, in which 1 dose was approved. So
1 dose wll work for us as well.

The second need is to deal with
| ate-arriving parasites. It takes about 7 days for
parasites to mature in the liver before exiting
liver and infecting the blood. And if you are
chall enged with parasites in the day prior to

| eavi ng the endem c regi on, nost of these
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pat hophysi ol ogi cal processes will occur after you
| eave the endem c region, so you have to continue a
prophyl axis for at |east 7 days.

For an 8-am no- qui noli ne such as prinaqui ne,
whi ch have very high and anti-liver activity,
prophyl axis only has to be continued for 1 week
after |leaving the endemc region, and this is true
for Malarone as well, which is an excell ent
anti-liver agent for initial liver forms.

So since tafenoquine is an anal og of
mef | oqui ne, an 8-am no-qui noline, and in ani nma
studi es has excellent anti-liver activity, we
propose only extendi ng prophylaxis for 1 week for
taf enoquine as well. But for this long half-life
drug, extending prophylaxis for 1 week nmeans nerely
1 dose, 1 dose only in the week after |eaving the
endem c region.

In our view, 1 dose of ARAKCODA, especially
W th respect to conpliance, conpares favorably to
t he conplicated regi nens which still have to be
used. If you're on nefloquine prophylaxis in the

endem c region, nefloquine for 4 weeks plus
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anti - hypnozoite therapy and 14 days of primaqui ne,
and you' re on Mal arone prophylaxis in the endemc
regi on, Malarone daily for 1 week, plus your
anti-hypnozoite therapy, which is prinmaquine for
14 days.

Wth that summary of efficacy, let's turn
now to safety done by Dr. Bryan Smth.

Applicant Presentation - Bryan Smth

DR SMTH. Commttee nenbers, coll eagues at
the FDA, | adies and gentlenen, ny nane is Bryan
Smth. |I'mthe chief nedical officer for 60
Degrees Pharnmaceuticals. |'mpleased to be able to
present an overview of the safety data associ at ed
w t h ARAKCDA

Dr. Berman has just given you an overvi ew of
the dose justification for the 200 mlIligrans per
day for 3 days | oad and then 200 mlligranms weekly
based upon PK/PD. | wanted to throw this slide up
so that we could also | ook and evaluate it froma
tolerability standpoint.

So | draw your attention to the green bars

t hat you see before you. That is the tafenoquine
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200-m |l ligram once-a-day dose. You see a side
effect profile simlar to what one woul d have
anticipated with the G synptons predom nati ng.
And on the far right, then, you see, again, 200
tol erated about as well as a prinaquine reginmen.
But at doses above that, we began to see increasing
amounts of @ adverse events.

The total safety database for tafenoquine is
3,184 subjects of various doses and vari ous
durations. Included wthin this is 825 subjects
t hat have received the anticipated clinical dose.
| nportantly, as displayed here and t hrough the rest
of my talk, you're going to note that of the 825,
492 of those subjects, which we're calling depl oyed
mlitary, were fromstudy 033, recalling war-1ike
condi ti ons and uni que exposures that these
i ndi vi dual s had, which were highlighted by Dr. Dow
and Mark Reid earlier in the talk. The 333, then,
of the anticipated clinical reginen were in
resi dent popul ati ons not exposed to those uni que.
And then for conparator purposes, we have 309 for

mef | oqui ne and 396 for placebo to be able to
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eval uate those adverse events.

Overall, the nmean duration of exposure in
the anticipated clinical reginen was 21. 2 weeks and
nore than half of themreceiving the full 6 nonths.
Maxi mum dur ati on of exposure was just under 30
weeks, and the total nunber of study doses just at
about 24.

There were no treatnent related deaths in
the program There was one death in study 045,
whi ch was consi dered unrelated to study drug. A
53-year-old black nmal e presented wth abdom nal
pai n and was hospitalized. Seventy-five days after
his first ARAKODA dose, it was reveal ed at that
time that he had had prior episodes of abdom nal
pai n. The nmedi cati on was stopped, and the patient
died at day 131 with a presunptive di agnosi s of
suspect ed hepatocel |l ul ar carcinoma that was |i sted
as an SAE; however, no autopsy was perfornmed.

Treatnent rel ated adverse events that have
l ed to discontinuation, there were 34. O those,
if we | ook at those that were considered possibly,

probably, or definitely related to ARAKODA because,
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agai n, of sone of the uni queness of study 033, that
| eaves us with 16 or about 1.9. None were
definitively related to ARAKODA. And of those 19,
there was a uni que procedure in study 045 that
requi red discontinuation of subjects if their
| aboratory eval uati ons went outside of the nornal
range.

So you'll see there 6 subjects were actually
w t hdrawn fromthe study because of ALT increases
over the upper Ilimt of normal of 41, with what
were fairly nodest ALT el evati ons between 47 and
145 that |ikely would not have required w thdrawal
by usual criteria. |If we subtract these
6 subjects, we're left with 10 or about
1.2 percent. For conpari son purposes, there were 4
in the placebo group, or 1 percent, that were al so
consi dered possi bly, probably, or definitely
related to study drug.

Here is a overview of all of the AEs in the
ARAKODA versus placebo. What we can see here is
that the vast majority of the adverse events are

mld and noderate in nature across all of the
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groups. Simlarly, while rare, at about 1 percent,
severe adverse events are simlar across all of
those groups. In subjects wth SAEs, treatnent

rel ated SAEs, simlar at about between 2.2 and

3.3 percent in the non-depl oyed residents.

The listing of adverse events occurring in
greater than or equal to 1 percent of the subjects
wth an incidence nunerically greater than pl acebo,
we see the first 4 are quite common adverse events:
gastroenteritis, back pain, nasal pharyngitis, and
diarrhea. 1'd like to particularly draw your
attention to those to denpnstrate the difference
bet ween t he overall ARAKODA popul ati on and the
non- depl oyed subj ects.

You certainly see, quite clearly, in the
gastroenteritis, the nasopharyngitis, and the
di arrhea, the effects of study 033 and sol diers
living in the conditions, which have been descri bed
to you; whereas one | ooks at the incident rates of
t he non-depl oyed resident subjects and the pl acebo
groups, you actually see quite simlar results.

Movi ng down t hrough the list then, we do see
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kerat opat hy overall at 8.2 percent of subjects in
this database, and we're going to tal k about the
opht hal nol ogi c adverse events a little bit nore

| ater. Then continuing on down the |ist, again,
for those of used to, what |I'll say, nornal
clinical trials, you see quite an interesting |i st
of adverse events; again, in some cases largely
driven by 033 and in sone cases exclusively; so
soft tissue injury; arthral gia; heat rash,
exclusively 033; viral infections; |acerations;

vomting; again, tinea pedis; notion sickness

excl usi vely associated with soldier activities, and

transport in a jungl e area.

Then conpl eting the Iist down through the
end of 1 percent, we see, again, low levels of G
upset, insomia, which is a particular interest to
sonme overall at 1.2 percent. Again, renoving
conf ounders of reasons why sol diers nay not sl eep
very well, we see actually very simlar rates at 2
cases at 0.6 percent non-deployed and 3 are 0.8 in
t he pl acebo group.

Some have postul ated that the
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gastroi ntesti nal adverse events associated with 8-
am no-qui nolines are central ly nedi ated, and
therefore may be prodromal to CNS effects.
Avai | abl e evidence to our interpretation reveal
that G adverse events are locally nediated. W
know t hat for prinaqui ne, despite increasing the
overal | exposure about 40 percent and taking

pri maquine wth food, this actually aneliorates the
d intolerability. And as Dr. Dow has shown, has
adverse event rates very simlar to placebo with
conti nuous dosing even up to a year.

We know that simlarly, the G effects of
ARAKCODA are | ess frequent when given with food at
doses even greater than the 200-m | !ligram
recommended dose. I n 2 rhesus nonkeys that died
during nonclinical testing after being given doses
of 12 mlligrans per kilogram which is noted to be
45 tinmes the dose required for radical cure in the
Rhesus nodel, autopsy of those aninmals reveal ed G
i nfl ammati on and henorrhage fromthe stomach all
the way through to the colon, indicating | ocal d

effects. CNS and brain sections in those studies

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

79

did not reveal any CNS | esions.

One al so cannot really deternm ne that these
G side effects have any link prodronally to the
psychiatric AEs that we're seeing in the data as
well. Only 4 of 32 subjects that had vari ous
psychi atric AEs al so had nausea and vomting. And
of those, only 1 subject in 057 had the nausea and
vom ting, which actually was predating their
psychiatric AE.

As we've nentioned, we do see a kind of
uni que or unusual ophthal nologic profile with
ARAKODA. Initially, before this was known to occur
and descri bed, 5 cases of the benign corneal
deposits, the vortex keratopathy were reported as
SAEs. Once this was identified as a known effect
of the study drug, they ceased to be classified as
SAEs, but extensive eval uation has been done to
| ook at that.

As Mark Reid had intimated, in study 033,
then, a special 100 began to |look with detail ed eye
exans to evaluate the vortex keratopathy but al so

to look at the retina in greater detail. During
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that foll owup, 2 cases of retinal disorders were
described, mld granularity and pignentation of the
retinal pignent epithelium 1 case with hard
drusen. Neither of the cases was there any effect
on vi sion.

The concerns over this and the fact that it
was occurring towards the end of the 6 nonths of
depl oyment |l ed to study 057, which was specifically
desi gned to | ook at ophthal nol ogi ¢ and renal
safety. The primary endpoint on this study was to
assess night vision effects with the forward | i ght
scatter.

This study confirmed the onset of new onset
corneal deposits in 21.4 percent of the ARAKODA
subjects as conpared to 12.5 of the placebo.
| mportantly, there were forward |light scatter test
failures in either treatnment group. There were no
vi sion changes in either group. The keratopathy
itself resolved in 95 percent of the cases by 12
weeks, and in all of the cases by 48 weeks.

Taf enoqui ne is an oxidative drug and puts

i ncreased oxi dative pressure on the henatol ogi c
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system Therefore, we do see slight decreases in

t he henogl obin and a | arge percentage of patients
recei ving continuous dosing for up to 6 nonths as
seen here. So 60.1 percent of subjects would have
very snmall, 0.66 grans per deciliter, decrenents in
t he henoglobin. These are clinically
non-si gni fi cant and asynptomati c.

As was seen wth prinmaquine wth continued
dosi ng, however, you begin to see the response of
the bone marrow, a slight [indiscernible]
parasitem a, and returns towards baseline. Al so
consi stent with the oxidative pressure of
taf enoquine itself, we do see asynptomatic
clinically non-significant elevations in
henogl obi nem a in 13.9 percent of the patients
greater than 1 percent. None were greater than 10
percent in our safety database.

Wth primqui ne, we know that as a cl ass
t hat 8-am no- qui nol i nes have the GGPD defi ci ency
liability, and when given to individuals with G5PD
deficiency, it can cause henolytic anem a. For

mld henmolysis, the class 3 or noderate
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defi ci enci es, as was shown by Alan [ph] in the
"50s, will have a henolysis after 1 or 2 doses of
pri maqui ne. But interestingly, if continued dosing
occurs, you actually will see a response fromthe
bone marrow, again, and returned towards nor nal
blood levels. Only with the very severe
deficiencies, the class 2 Mediterraneans, the
henol ysis continues as |long as drug pressure is
applied. Because of the concerns for this, we
I nterrogated our database to say were there
i ndi vi duals contained within the 3,184 subjects who
recei ved taf enoqui ne.

There were 13 individuals in our database
t hat had received tafenoquine. The top line is
6 subjects that were variant class 3 or noderately
deficient, which were given | ow doses of
t af enoqui ne early in devel opment. These were al
asynptomatic with no henolysis. The other
subj ects, which you see below there, then were
gi ven doses greater than the 200 mlligrans that
has been proposed for the anticipated clinical

regi nen, that for various reasons, clerical errors
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or clinical trials, mstakes, were given
t af enoqui ne.

Only 1 subject, the one at the very bottom
receiving 400 mlligrans per day for 3 days,
required hospitalization and transfusion. She
recovered thereafter. Al of the others were
pi cked up only in | aboratory screening.

Quite interestingly, and I think sonewhat
counter-intuitively and surprisingly, 2 of the nost
severe deficient that are listed in red here, had
asynpt omati ¢ henogl obi n decreases of 2.1 grans per
deciliter and 2.8, relatively nodest from what
maybe we woul d have anti ci pat ed.

This is the final overview slide in the
safety section, where we have pulled sone of the
adverse events, again, to highlight the inportance
of being able to evaluate the unique stressors of
deployed mlitary fromstudy 033 fromthe overall
study database. So again, on the top row, we've
pul | ed subjects with injuries, poisonings,
procedure conplications that have been highli ghted;

things |i ke the scorpion stings that have been
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hi ghl i ght ed bef ore.

You'll see overall, it appears that up to 28
percent of those subjects may have had adverse
events in this classification. However, alnost all
of those are being driven, 39.8 percent of those,
all comng fromthat single study. Simlarly, if
one | ooks at subjects with psychiatric adverse
events, in the overall population, 3.9 conpared to
the placebo at 0.8, it appears that there is this
el evati on. However, when one | ooks at the depl oyed
mlitary subjects, you see 5.1 of themjust from
t hat one study al one; the non-deployed at 7 or 2.1,

conpared to the placebos at 3 and O. 8.

So with that, I will conclude the basic
safety overvi ew. | will turn back over to Dr. Dow,
who wll continue with a

safety presentation.
Applicant Presentation - Geoffrey Dow
DR. DON In the next series of slides,
we're going to directly address the concerns
expressed by the advocacy community about

neur opsychi atric safety. The Qui ni sm Foundati on
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have put this quite succinctly on their website,
stating a belief that tafenoquine, a new quinoline
drug, is even nore neurotoxic than nefl oqui ne.

Based on data, these concerns appear to be
centered around four key issues, which I'm
summari zi ng here before we'll address them
systematically. The first point that is nade is
that nefloquine is neurotoxic in rats; that
t af enoqui ne has a | ower EC50 in vitro against rat
neurons. And as a consequence of that, tafenoquine
must be nore neurotoxic than mefl oqui ne.

The other point that is made is that in the
1940' s and ' 50s, sone 8-am no-qui nolines were found
to be neurotoxic in humans and Rhesus nonkeys as
evi denced by these publications |isted bel ow

The third issue is that there have been a
nunber of adverse event reports nade to the TGA by
vet erans groups 16 years after the conpletion of
clinical trials, in which they attribute their
neur opsychiatric experiences to the exposure to
taf enoqui ne in those sane clinical trials.

Then finally, as Dr. Smth addressed in the
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earlier presentation, there's a hypothesis that G
di stress nmay be centrally nedi ated, and we hope
that we've di scharged that suggestion w th data.
In fact, the A events are locally nedi at ed.

In a forner life, I was a research scientist
at Walter Reed Arny Institute of Research, and
spent nmy time | ooking at the neurotoxicity of
mefl oquine and trying to find drugs that woul d be
an i nprovenent. As a consequence of that work, we
did some neurotoxicity assessnents in rats and
showed that a single dose of nefloquine cause
per manent hi st opat hol ogi cal changes and sone
behavi oral effects. | personally don't know
whet her these data underlie the neurol ogic events
that are associated with mefloquine clinically, but
this paper is often cited by the advocacy community
i n support of that suggestion.

This tabl e sunmari zes the sponsor's view of
what's known about the neurotoxicity of sone 8-
am no-qui nolines. You could see in order of
progression from plasnocid to primquine, there's a

degradation in the therapeutic index both in
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nonkeys and in humans. And in fact, the rhesus
nonkeys predict the therapeutic outcone in humans
pretty well.

Pl asnoci d was the archetypal neurotoxic 8-
am no- qui nol i ne, and then two ot hers, pentaqui ne
and pamaqui ne, had neurotoxicity at higher doses
than we use therapeutically for malaria. |In Rhesus
nonkeys, you only get your neurotoxicity at very
hi gh repeat doses that are systenmatically toxic.
And in fact, in those aninmals, hepatotoxicity is
the maj or toxicological event of concern.

Simlarly with primquine in humans, there's
no evi dence after 60 years of use of any neurol ogic
events that are observed with the earlier 8-am no-
qui nol i nes at the intended dose, and in clinical
trials at doses up to 16-fold higher than the
| abel ed dose, you don't see any of these events
ei t her.

Sone of these neurol ogical events are quite
stri king. They include notor coordination and
equi l i brium death, persistent hypertension,

paral yzed pal ate, and they all occur with fairly
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rapid onset relative to the day of dosing. So in
clinical trials and aninmals studies, they're going
to be noticeabl e.

Anot her concern that's been expressed is
that the rat study, which we'll get to in a mnute,
wasn't in an appropriate spaces. And this is based
on the idea that rats are | ess susceptible to
pl asnocid toxicity than other species. But an
actual fact, neurotoxicity due to plasnocid in all
the | aboratory ani nals species is progressive and
termnal. It just depends on what dose you give
and for how long. This slide here shows that
they're all susceptible.

It's inportant to realize that before we
actually look at the data, is there any reason
based on a nedicinal chem stry platformto suggest
t hat taf enoqui ne even be neurotoxic at all? Dr.
Schm dt, who did all the Rhesus npbnkey studies,
|ater in life published several reviews | ooking at
the structure activity relationships for 8-am no-
qui nol i ne, including up to about 7[00] or 800 of

t hem
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He made an interesting observation that the
installation of a 4-nethyl group on the 8-am no-
quinoline ring basically resulted in the abolition
of neurotoxicity relative to matched pairs of 8-
am no- qui nol i nes that did not have that structural
feature. Taf enoqui ne has such a 4-nethyl
substitution. And if you are neutrally observing
the data, you woul d hypot hesi ze that perhaps the
drug woul d not be neurotoxic at all.

In 2017, we published a GLP neurotoxicity
study in rats and showed that at 9 tines
t her apeuti c exposures, there was no evi dence of any
brain | esi ons on neurobehavi oral changes. Thus, as
a sponsor, we feel we've done an appropriate job of
di schargi ng any plasnocid or nefl oqui ne-1Ilike
neurotoxicity in the appropriate nodel.

We do al so have sone Rhesus data in the
literature and in the sponsor's database, and |I'd
li ke to take the opportunity just to cover sone of
this. First, to draw your attention to the first
row, wth that 1.8-mlligram dose asterisk in the

top left-hand corner, this represents the
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curmul ati ve dose over 3 days of ARAKODA that cures
95 percent of P. cynonol gi infections in Rhesus
nonkeys. The Cmax is 50 nanograns per nL. That

was determned in 35 ani mal s. These data are

publ i shed.
Now, | draw your attention to the bottom row
with a cunul ati ve dose of 7 to 22 mlligrans over 3

to 7 days. These are, again, published studies.
And while they weren't formal neurotoxicity
studies, two of them were conducted by board
certified veterinarians, at preference, in
Thai |l and. These peopl e cared deeply for their
nonkeys and are unlikely to have m ssed the

stri king neurol ogi c synptons described earlier wth
t he ot her neurotoxic 8-am no-qui noli nes.

In a toxicokinetic where doses higher than
the therapeutic dose were given for up to 4 days,
you begin to see G events in nmethenogl obi nem a
cone in as you increase the dose. No evidence of
any neurol ogic events, despite close clinical
observati on of the nonkeys, after each dose for up

to 4 hours.
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In the 2 nonkeys for which this dose of 48
mlligrams per kilogramwere lethal, and in which
the ratio of the Crmax to the therapeutic dose was
11 tinmes exposure, there was no clinical neurologic
signs. There was no evi dence of any
hi st opat hol ogi cal changes consistent wth
neurotoxicity at necropsy. And in fact, the cause
of toxicity and death was hepatotoxicity and ot her
events.

Then, of course, we've also dosed in the
nonclinical programfor up to 2 years in rats and
mce and 2 year in dogs at cunul ative doses, and in
the case of dogs, daily doses, that exceed the
curmul ati ve exposure that you saw with neurotoxicity
with plasnocid. The CNS is not a target organ, and
| ungs, spl een, kidney, and various other organs at
very high doses are the target organ in those

speci es.

Now, we'll turn our attention to sone of the

clinical data. | listed sone of the neurol ogic
synptons as a cluster that are observed in the

nonkey studi es and human studi es with pentaquine,
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pl asnoci d, and pamaqui ne. W' ve turned those into
MedDRA codi ngs and searched our safety database to
see if there was anything there.

At the first columm, you have phase 1
studies 4 to 600 mlligrams, then the 200-m | Iigram
times 3 | oadi ng dose, a high | oadi ng dose of
400 mlligrans tines 3, and then the recommended
dose with placebo on the right. And you can see
that for the phase 1 and phase 2 prograns, there's
no signal .

There's a single case out of 713 of
hypertension at 400 mlligrams tines 3. At the
reconmended dose, there were 2 cases of abnornal
coordi nati on whi ch presented at study entry with
t hat adverse event and 2 cases of mld syncope that
were considered unrelated to study nedication. The
nunbers for erectile dysfunction are simlar in the
reconmmended dose versus placebo. In short, there's
nothing really to see here.

| believe there will be some discussion in
the FDA presentation about serious events in folks

who have a prior psychiatric history, so we'd just
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like to address this up front.

There have been 3, 184 exposures to
t af enoqui ne. These are the 5 cases of psychiatric
SAEs, discontinuations, and severe adverse events
in the whol e exposure database. The first event
was a case of a suicide attenpt, which was
consi dered to be unrelated to study nedication, and
there were other things going on in that patient's
life.

There were 3 cases of psychosis all
consi dered unlikely or due to concomtant ill ness.
And it's inportant to remenber that these fol ks,
because of their unstable condition and the
I i kel'i hood of recurrence of their existing illness,
woul d not actually have been allowed to be entered
or enrolled into formal psychiatric trials to
eval uate psychiatric drugs, for exanple. In this
list, there's really only one case of depression
t hat coul d perhaps be considered related to study
dr ug.

It's also inportant to point out that

al t hough sone of the pivotal studies excluded fol ks
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wth a prior psychiatric history because nefl oqui ne
was used as a conparator, there are actually

15 studies in the total safety database in which
there were not specific psychiatric exclusions by
presenting total exposures of 1,985 subjects.

In that popul ation, there were 8 psychiatric
events that could possibly have sone rel ationship
W th study drug. Four of these were mld i nsomi a,
which Bryan referred to earlier as having an
i nci dence rate overall of 1.2 percent conpared to
pl acebo of 0.8 percent. Two were in the context of
a drug cocktail study where one of the
co- nedi cations adm ni stered was m dazolam One
case, sonmeone was anxi ous about draw ng bl ood. And
there's only one case which was also referred to in
a prior slide where there was an i nci dence of
severe event likely related to concomtant ill ness.

We al so have a number of subjects wth a
known psychiatric history based on concomtant
medi cati ons who did well on tafenoquine, and |'ve
|isted these three cases here for your infornation.

And finally, because we're dosing for a |long period
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of tinme, we wanted to | ook and see whet her there
was any dose and schedul e rel ationships in the
psychi atri c events observed.

In this analysis, we've excluded the 033
study popul ation, as we've already shown you t hat
popul ati on had an i ncreased incidence of
psychiatric illness relative to non-depl oyed
resi dents who al so took ARAKODA. W' ve al so
consi dered events that have sonme reasonabl e
relati onship possibly wth study nedi cation.

In the I eft-hand col unmm, we have the
200-m I ligramintended dose with exposure for
3 days or |l ess conpared to greater than 3 days of
exposure. So with 3 days of dosing or 6 nonths of
dosing, there's basically no difference in
psychi atri c events. And if | can direct your
attention to the second colum fromthe right at

the bottom it's basically simlar to the placebo

rate.

If we increase the dose to a 400- to
600-mlligram | oad over 3 days -- so that's the
third data colum fromthe right -- the total
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i ncrease of psychiatric events increases a little

bit but not much. |If we increase the dose to
400 mlligranms and give it either for
3 days -- sorry, weekly or nonthly, in a smal

popul ation, there was only 1 incidence of insomi a.
So overall with this picture, there aren't any dose
or schedule rel ated increases in psychiatric
events.
At this point, | have to take a step back
and just say a few words that aren't data rel at ed.
| work with veterans on ny teamevery day. |'ve
spent 15 years working with or around mlitary
fol ks, and | deeply respect the service that
Australian and U S. veterans who may be vi ew ng
t hese proceedi ngs today have made to their country.
| understand that the adverse events that
have been reported to the TGA are sincerely
expressed and real as they're experienced, and that
folks who are in that position are deeply i npacted
as are their famlies. But we're trying as a
sponsor to nove a drug forward that we believe wll

make a huge difference to the inpact of malaria in
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the world, so we have to view these adverse events
critically and froma data perspective to do our
best effort to assess causality. So what |I'm going
to say in the next few slides | understand w ||
sound i nsensitive.

Sevent een-year psychiatric event reports
have been reported to the TGA in February 2017.
This was at the tinme that we submtted out dossier.
We understand that these reports were nade by or on
behal f of ADF veterans who believe exposure to
tafenoquine in clinical trials 16 years earlier my
have caused their neuropsychiatric events.

We' ve been provided sone of the details of
t hese cases by the ultimte sponsor for radical
cure at GSK. They wote for these cases up as an
IN safety report, and we were able to link 4 of
these 4 cases two the 049 and 033 studi es based on
sone of the information provided. Wth the
remai ni ng 13 cases, for which there was sufficient
data to do cross-natching, we were able to find 8
in our study records for study 033.

In these two slides, I'"'mgoing to sunmari ze
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what the sponsor's findings were in relation to our
own clinical trial database. In 3 of the 4 GSK | ND
safety report cases, we were unable to find any
evi dence of adverse events, specifically
neur opsychiatric nature in our database. |n one
case, we found a case of insomia, which is
obviously mlder and qualitatively different than
what was reported to the TGA in the adverse event
report and was al so associated with a preexisting
injury that was actively being treated.

For the 8 cases where we could find
information in our database, 7 had no
neur opsychiatric events, and the single case had a
neur opsychi atric event that was reported after
returning fromthe deploynent, having previously
successfully taken 27 days ARAKODA. Fromthe
sponsor perspective, we don't think there's any
causal relationship between these events that have
been reported and taf enoqui ne based on the data
avai l able to us. For the record, we know that the
FDA has audited both 049 and 033.

At this point, I'"mgoing to hand over to
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Dr. Stephen Toovey, who will convey the
ri sk-benefit for tafenoquine overall for travel and
make a few concl udi ng remarks for how we see the
drug bei ng used.

Applicant Presentation - Stephen Toovey

DR. TOOVEY: Ladies and gentl enmen, nenbers
of the commttee, should this drug be approved,
what would it ook |ike? Well, earlier |I was
tal ki ng about the benefit-risk of chenoprophyl axi s,
which is a settled issue. If we |look at the
benefit-risk of this drug, what does it |ook |ike?

Overall on the right-hand side, you can see
the risks. | think as you ve seen fromthe fairly
exhaustive presentation on safety today that
you' ve received, these are actually quite well
under stood, also given the history that we have of
t he whol e drug cl ass.

One of the principle risks is obviously
drug-i nduced henolysis. This is well understood.
This risk can be managed obviously with a G5PD
test before prescription of the drug. O her

adverse reactions | think you have seen in great
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detail, and these are generally not disabling and
are reversible. So on the risk side, | think we
have a fairly clear picture, and there don't appear
to be nmaj or risks.

On the benefits side, obviously that stacks
up. And if you have a | ook, that kind of Iist
wor ks through from preclinical to the actua
effectiveness considerations. So the drug is not
teratogenic, not nmutagenic. | think we saw a
fairly convincing presentati on about the absence of
neurotoxicity. The drug is a causal prophylactic.
In other words, it actually gets at the parasite in
the liver before it gets out into the bl ood and
causes mschief. And that actually translates into
dosi ng and to adherence benefits.

| nportantly, it's active against all
species, so we don't have to split our treatnents
the way that was explained earlier with different
drugs. W have one drug here that's doing
everything we would like. | think we also saw t hat
fairly disturbing picture of the | ady who ended up

havi ng anputations. Malaria is not a disease to
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trifle wwth or to play with. As | said earlier,
falciparummnmalaria is a nmedical energency in a
non-i mune. Vivax nmalaria will nmake your life very
unpl easant, and there is a distinct norbidity and
occasional nortality with it. So these are

di seases we really need to prevent.

"1l make a point here, prevent nalaria
sequel ae. What do we nean by that? These are
| ong-term conplications. Again, | cone back to the
picture of the |ady who visited Thail and. She, for
the rest of her life, will have to live wth these
anput ati ons.

Adherence. Do we think that the weekly
dosi ng, the reduced pill burden, the good safety
and tolerability, and the reduced post exposure
duration of therapy would be a benefit and woul d
i nprove adherence? | think the short answer to
that is it would seemthat they woul d.

The forgiving PK for | ate doses is anot her
benefit, another advantage. And today, we have a
ot of travelers. W have all travelers, travelers

wth chronic di seases who at one tine, these would
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have been stay-at-honme folks. These people are now
out traveling the world. The typical picture you
get is of the silver foxes, as they're called,
traveling the world on their pensions.

These peopl e often are taking other
medi cati ons, and tafenoquine has a | ow potenti al
for drug-drug interactions, which actually
sinplifies the prescribing both in the travel
clinic and in the primary care setting where
physi ci ans and ot her heal thcare providers may not
be that famliar with the antinmal ari a
armanentarium So we're nmaking life easier for the
travel er and the prescriber here.

I think we have al so seen there is an
absence of QI concern, of cardiac liability. And
t he absence of a neuropsychiatric liability
actually is a huge benefit not only to travel ers
but to the prescriber as well. In the clinical
setting, particularly, this these drug, if it is
approved, will be prescribed not only in travel
clinics but across the country in primary care

practices. And if we have a safer drug w thout
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neur opsychiatric liability, it's going to nmake life
easi er for the prescriber, too.
So overall, we have a drug with an

acceptabl e safety and tolerability profile. W
bal ance the risks against the benefits, and the
drug starts to | ook positive. So having said that,
we' ve got a good benefit-risk ratio. Should the
drug be approved, what would it look like in
practice? Wuld it be a drug that woul d be used?
| believe this would enter frontline practice
actually very quickly and would be well received by
prescri bers and travel ers.

| *ve broken out the different categories of
traveler there. | think it's pretty cl ear what
they are. | think the only group there who would
not gain i nmedi ate benefit would be the individual
traveler traveling on short-termnotice, where you
don't actually have tine to do the GGPD testing.
Once you' ve got that out of the way, this drug
shoul d be available to all, all classes of
travel ers.

I think it will be a particular
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benefit -- well, the mlitary has been discussed in
detail. Fromny perspective as a civilian
practitioner, | can see the mlitary benefits. For

the long termtravel er and the expatriate who is
away for 6 nonths or even longer in country, a drug
that's well tolerated, easier to use wth a
forgiving reginen, that's a benefit. Sonething
that one sees a lot of are the frequent travel ers.
The person | nentioned, this week he's in Brazil.
He's hone for 10 days; 2 weeks later, he's in
sout heast Asia. Gve the guy a break. Don't ask
himto take 4 weeks of tablets after he gets back.
| think the other thing, if you | ook at the
bottom bul |l et point, we have here a drug with
gl obal efficacy working around the worl d.
Currently, we don't have a concern about
resistance. And it's working against all species.
This is going to, again, make |ife easier for the
prescri ber and obviously for the travel er, too.
Thi s fanpbus curve that we have shown you, |
think this is your third viewng of this. W

actually have to do sonething to bend that curve
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down. It can't be right that in our current state
of know edge, in the devel oped world, in an

affl uent society, that we actually have a curve
that | ooks like this. W should be, and we nust be
able to be doing sonmething better.

New Drugs with a different safety profile,
different side effect profile, with inproved
adherence are the keys to this, |I think. 1've
summari zed here the benefits for the traveler.
It's going to make his |ife easier with i nproved
adherence. It's a sinple forgiving reginen. Even
the mlitary would prefer, we understand, a sinpler
reginen. | think you've heard that quite clearly.
And this will be a benefit to the frequent
travel er.

For the prescriber -- and | think, again,

let's bear in mnd that not everybody who's going

to prescribe this drug will be a travel or tropical
medi ci ne expert. This wll be used in a prinmary
care setting, quite a lot | believe. This wll

make those practitioners |lives nmuch sinpler. They

w ||l have a safer drug w thout the neuropsychiatric
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liability. It works everywhere. |It's a forgiving
reginen, and it's a weekly dosing.

So | think at this point, we've cone to the
end of our presentation, and I'd |like to thank
everybody. And just to | think reiterate the
message, we have a potential here for a drug that
wor ks agai nst all species of the parasite across
t he gl obe. Thank you.

C arifying Questions

DR. BADEN. | would like to thank the
applicant for covering a lot of data in a very
short anpunt of tine, and the commttee very nuch
appreciates that. W now have 9 m nutes for sone
clarifying questions. W will, if we don't cover
all of the clarifying questions, have opportunity
later in the norning to ask further questions.

So let me start with Dr. Orza. And for our
conmttee nenbers, we'll have the sane practice.
Let nyself or Ms. Bhatt know if you have a
question. |If wth a question you have a foll ow on
question, please indicate that to ne, so we can try

to be as thematic as possi bl e and hopeful ly inprove
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efficiency of getting the concepts clarified.

Dr. Oza?

DR ORZA: Mchele O za. | think we're
| ooking at really distinct popul ations potentially
using this, so | wanted to focus first on the U S
travelers and just ask a couple of clarifying
questi ons.

The CDC data that you showed a coupl e of
ti mes about poor adherence, is that because people
are not getting prophylaxis in the first place;
they're not thinking to get it, and/or they get it,
and they just don't adhere to it? They don't take
it properly.

Then related to the adherence question, you
showed ki nd of a rough neta-analysis, but is there
really any data about the sinplicity -- if you're a
traveler and you're out of your daily or weekly
routine, that it really is not nmuch easier to
remenber to take a pill once a week versus once a
day.

The last tine, we heard a | ot about because

of the long half-life of the drug, del ayed
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sensitivity reactions. So | was thinking about a

travel er who woul d take this for 3 days and

then hit the road, and then maybe a week or two

| ater, they woul d experience the del ayed

sensitivity reaction, and then be who knows where.
So I'mjust wondering if you had any data

about those three issues.

DR. DON So, I'll ask Dr. Toovey to address

the first two questions, what's the reason for the
| ack of adherence. And then maybe, Sally [ph], if
you coul d get the hypersensitivity backup slides
prepped for Bryan to address that question once
Dr. Toovey has finished.

DR. TOOVEY: Thank you for the questions.

think it's a very good question. | think the short
answer is it's -- and we've seen this in other
countries as well. It's a conbination of factors.

Qobviously, if don't start with prophylaxis in the
first place -- well, you can't really fai
prophyl axi s, but you're at risk of nmlaria.

So we see that. But we al so see peopl e not

conpleting their reginens. They often start out
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with good intentions. W used to see it actually
quite a lot. At one tinme, we were using

chl oroqui ne with proguanil, which one was weekly,
then one was daily. It was a very cunbersone
regi mren. And people would get that all wong and
would end up with toxicities and all sorts of

t hi ngs.

So | think the short answer is it is people
failing to take the drug in the prescri bed manner.
And there have been studies -- there are sone | can
think of from France, for exanple, where bl ood
| evel s show that despite what people are saying,
clearly sonething's gone wong. And the only way
you can really explain it is they haven't taken the
drug. So anything that nakes it easier for themto
take the drug has got to be hel pful.

Now, your second question is a little nore
difficult to answer. It was, is there really a
water-tight clinical trial in a way that woul d
conpare weekly against daily studies or daily use
of the drug? |'mnot sure how you'd do that,

because you woul d have to be giving placebos and
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you couldn't blind it. So everybody would end up
on a daily dose.

You can only, | think, rely on experience
from what one hears in travel clinics and travel
medi ci ne practice, and in surveys that are taken in
the literature, which is what I showed you. And I
think you were right. | think it was a rough view
of it, but I think that's as good as it gets, to be
honest .

So | think it turns out to be a conmbn sense
answer. Personally, | should know better. But if
" mtaking something, | prefer it weekly. There
will be definitely people who would prefer it
daily; | accept that. But | think that conmes back
to the point we need nore choices. At the nonent,
we only have one drug that's avail able for weekly
use, nefloquine, with all the problens that are
associ ated with that. So | think it conmes down to
choi ce and just having nore options available in
t he end.

DR. TOOVEY: Thank you, Dr. Orza, for the

questions. W took note of the sane concern two
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weeks ago fromthe advisory commttee, and we

t hought it was an astute and appropriate question.
So obviously, we had two weeks to prepare for this,
so we went back and i nterrogated our database to
see if we could get sone answers.

One thing I would say before we start is,
remenber that this is quite different because we' ve
got the 3-day | oad before you' re | eaving hone
station and heading into a nmal ari ous area. So
we're at very close to steady-state concentration
bef ore you' ve junped on the plane, or the boat, or
what ever and left. So whatever side effects, we
woul d have anticipated that you woul d see t hem
initially right there.

Hypersensitivity reacti ons have been
reported 3 tines wthin our safety database, and
you see those reflected here. On day 165, there
was conjunctivitis, sinusitis, and rhinitis treated
wth anti histam ne, and the synptons resolved in a
day. On day 183, an allergic reaction, body as a
whol e, again, treated with anti hi stam ne and

resol ved the next day. And then at doses
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substantially higher than the anticipated clinical
dose, again on day 112, allergic dermatitis and
sone eye edema, unspecified treatnent therapy and
resolution of the synptons in 5 days.

So over a 6-nonth protracted period of
dosing, these look like allergic reactions that
many of us m ght have to ragweed, or grasses, or
flowering plants, life.

| just want to show you, then, the two cases
that were reported by GSK with Krintafel that
caused the concern from 2 weeks ago, you can see on
day 17, the lip swelling, difficulty breathing; the
second case, day 18, again, difficulty swall ow ng.
This was nmuch nore clinically concerning, so
treated with anti hi stam nes and t he
corticosteroids. The descriptions for us
clinicians of these two events are quite distinct
fromthe three nore benign.

I would point out, again, which was nade a
earlier, this is within the context of
co-adm ni stration with chl oroqui ne, and these are

in malaria patients. So it's a quite different
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popul ation, as well, than what we have for
pr ophyl axi s.

DR. BADEN. Thank you.

It is 10:40. W have a list of questions
from al nost every nenber of the panel that we w ||
need to get to. But |I think we need to take our
10-m nute break, give the agency the opportunity
present their view of the data, and then we w ||
have as much tinme as possible for further
clarification. |[1'll ask all of the commttee
menbers, as well as all of the respondents, to be
as poi nted as possible so that we can cover as much
ground as possi bl e because there are nany, nany
i mportant issues that we need to clarify.

I'd like to thank, again, the applicant for
covering a lot of ground. W'I|l have a 9-m nute
break and resune at 10:50, pronptly. Thank you.

(Wher eupon, at 10:40 a.m, a recess was
t aken.)

DR. BADEN. W will now resune and proceed
wth the FDA presentations. | think Dr. Li wll

present on the clinical efficacy.
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FDA Presentation - X anbin Li

DR LlI: Good norning. |'m Xianbin Li, a
statistical reviewer fromthe D vision of
Bi onetrics IV, Ofice of Biostatistics. | wll be
di scussing the FDA' s assessnent of the efficacy of
t af enoqui ne in the prophylaxis of nalari a.

The proposed indication of this NDA is
prophylaxis for nalaria in adults for a period of
up to 6 nonths. | wll skip the dosage, as you
have seen this before, several tines.

There were 5 prophyl axis efficacy studi es at
t he proposed dose. Three of the studies provided
substanti al evidence of efficacy of TQ for this
i ndi cation. They were random zed, doubl e-blind
controll ed studies. Studies 043 and 045 were
simlarly designed, placebo-controlled studies in
sem -i nmune subj ects.

There were two addi tional studies that I
Wl discuss. The first is study 033, which was an
active control trial in non-immune treated
soldiers. Due the difficulty of determ ning the

extent of nalaria exposure for this study
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popul ati on, we consider this study informative but
difficult in determining conclusively if it shows

the effect of TQ (Qbserving no case of nmalaria in
an active-controlled study can nean proposed drugs
work or that no one was exposed to nal ari a.

The other study is study 030. This was a
pl acebo-controlled trial in sem-inmune subjects
that failed to show a treatnent effect. Wen there
is a failed study, we need to nake sure that it
does not point to evidence against the efficacy of
t he drug.

The applicant determ ned that the failure to
detect the treatnent effect was |ikely a problem
with the snear slide reading. Additionally, the
positive control failed to show a effect.

Therefore, we do not believe this study points to a
problem | will only briefly discuss this study
| ater.

Study 043 was a phase 2B pl acebo-controll ed,
singl e-center study in Kenya, an area of P.
falciparummalaria infection. Healthy subjects

recei ved a 3-day presunptive course of hal ofantrine
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to elimnate any existing plasnodi um parasiteni a.

Subj ects were then random zed equally to 1
of the 4 groups. TQ load only 400 mlligramfor
3 days, TQ lowdose 200 mlligramfor 3 days, and
weekly for 10 to 15 weeks. TQ high dose 400
mlligrams for 3 days, and weekly for 10 to 15
weeks, and then placebo. O the folks on the TQ
| ow dose group, study visits included day 1 of
| oadi ng dose, then weekly including 4 weeks of
fol | ow up.

The key inclusion criteria included healthy
subjects of 18 to 55 years. The key excl usion
criteria included any cardi ovascul ar, |iver,
neur ol ogic, or renal functional abnormality, which
coul d place subjects at an increased risk of an
adverse event, AE, or confuse the results; and al so
use of antimalarial drugs not prescribed by study
physician wthin 2 weeks of study drug initiation
and a G6PD defi ci ency.

The primary endpoi nt or confirned
parasitem a by week 15 was defi ned as havi ng

2 consecutive weekly bl ood snears positive for
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pl asnodi a, read i ndependently by two m croscopists
bl i nded to one another's di agnosi s.

Regardi ng the anal ysis popul ati on, the
applicant defined the ITT efficacy popul ati on,
intention-to-treat popul ation, that included
subj ects who conpl eted cl earance treatnment and
| oadi ng dose and at |east 1 weekly dose. They al so
defined the efficacy popul ati ons, which incl uded
subjects in the ITT efficacy popul ati on who had at
| east 1 on-therapy snear.

Most of these popul ations included subjects
based on post-treatnent infornmation, which could
|l ead to differences across random zed treat nent
arms. For this reason, we used an all random zed
popul ati on, which included all random zed subjects
for our efficacy assessnent. Note, use of this
di fferent popul ation did not inpact the overall
concl usi ons.

The protective efficacy, PE of a TQ regi nen,
relative to placebo was cal cul ated where PE was
derived fromthe proportion of subjects who had

parasitem a at any tine during the prophyl actic
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phase. In the fornmula, | is the instance of
parasitema and RRis relative risk. PE could be
under st ood as reduced instance of parasitema wth
zero indicating no protection and the one indi cated
100 protection.

Al t hough there were 3 TQ groups, there was
no pl anned adjustnment for the confidence | evel due to
mul ti pl e conpari sons. W used Bonferroni method
for multiple conparisons with a type 1 error
adjusted to 0.05 divided by 3 equals 0.17.

Chi -square test was used for conparing proportions
of parasitemia using a type 1 error rate just

menti oned. 98.3 percent confidence intervals for
the difference between TQ and t he pl acebo were

cal cul at ed.

Only limted baseline characteristics were
avai |l able. Approximately 60 subjects were
random zed per arm There was a hi gher proportion
of males in the TQ | ow dose group. The distribution
of age was conpar abl e.

The proportion of parasitem a was |lower in

the TQ group conpared to placebo. In this analysis
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of all random zed subjects, subjects with m ssing
outcome were considered a failure. M ssing val ues
were due to AE, loss to foll ow up, and protocol
devi ation. The percent of m ssing data was | ower
in the placebo arm

In the TQ | ow dose group, a higher
proportion of subjects had protocol deviations.
Three subjects not starting cl earance nedi cati on or
t aki ng enough doses of it, 3 having no further
details. Five of these 6 subjects were not
included in the applicant's defined |ITT popul ati on.

The estimated PE for the TQ | ow dose group
was 73.3 percent. For the three TQ groups, all the
lower Iimts of Cl's were greater than 35 percent and
t he chi-square p-values were highly significant.

The majority of the subjects wth observed
parasitem a, 99 percent were infected with
P. falciparum P. nalariae parasites were only
detected in 1 subject in the TQ | ow dose only
group. The treatnent effect was consi stent
bet ween nal es and fenales in the TQ

| ow- dose group. In conclusion, this study
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denonstrated the efficacy of TQ 200-m|1igram
conpared with the placebo group.

The second trial in a sem -inmune popul ati on
was study 045. This was a pl acebo-controlled tri al
wth nultiple TQ doses in Ghana. Prior to study
drug adm ni stration, subjects received 18-day
antimal arial radical cure treatnent.

Subj ects were random zed to one of the
6 groups, including 4 TQ groups, a placebo group,
and the nefl oqui ne MQ group. Treatnent included
| oadi ng dose for 3 days and weekly doses, i ncluding
12- week prophyl actic phase. Study visits included
day 1 of | oading dose and 12 weekly visits during
t he prophyl acti c phase and 4 additional weekly
followup visits, including bl ood snear.

The inclusion criteria included subjects in
good general health; nmales aged 18 to 60 years and
femal es aged 50 to 60 years, excluding wonen in
reproducti ve ages. The exclusion criteria were
very simlar to those in study 043. The prinary
endpoint for parasitem a by week 12 was defined as

the first occurrence of malaria infection as
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docunented by a single positive blood smear from
both field m croscopi sts.

Full data set was the anal ysis popul ati on
used by the applicant. The definition contained
excl usi ons that could have been affected by
random zed treatnent. Because that mght lead to
differences in treatnent groups, we used the
safety data set for the prinmary analysis, which
i ncluded all random zed subjects who conpl eted the
radi cal cure phase successfully and started the
| oadi ng dose of nedicati on.

Since this study was blinded, whether or not
a subject started random zed treat nent shoul d not
be i npacted by treatnent. Using different analysis
cal cul ations did not inpact the overall concl usions
of the study.

The anal ysi s included cal cul ati ons of CI for
PE. The confidence | evel was not specified in the
protocol. W used Bonferroni adjustnent for the 4
TQ versus pl acebo conparisons. Type 1 error was
0.05 divided by 4 equals 0.0125, and the confi dence

| evel was 98. 75 percent.
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This table only contains placebo, TQ
200 mlligram and M) group. The safety popul ation
contai ned 94 pl acebo subjects and 93 TQ subj ects.
Basel i ne characteristics were conparable. Note
that the nean age for femal es was hi gher than for
mal es because wonen younger than 50 years old were
not eligible for the trial, so they excluded wonmen
of chil d-bearing ages.

Usi ng FDA' s efficacy anal ysis, where
m ssi ng outconme was considered as a failure,
parasitem a was about 94 percent in the placebo
group; 27 in the TQ group, and 17 in the
MQ group. The difference between TQ and MQ
were due to different proportions of m ssing data,
mai nly due to a high proportion of discontinuation
fromAEs in the TQ group. O 8 subjects with AEs in
this TQ group, 3 had henogl obi n reduced and 5 had an
ALT i ncrease.

The PE for TQ was 71 percent. The lower limt

of CI for PE was greater than zero at 55.8 percent,
indicating a significant protective effect. The other

three TQ groups al so achieved a significant PE. In
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conclusion, this study denonstrated that TQ was
statistically significant.

O the majority of subjects wth observed
parasitem a, 98 percent were infected with
P. falciparum P. nulariae parasites were only
detected in 4 subjects in the placebo group.
Subgroup anal ysi s i ndi cates consi stent treatnment
effect anobng sex, age, and wei ght groups. Note that
the sanpl e sizes were small in sonme groups. Anal ysis
by study site did not show any concerni ng differences.

Study TQ 2016-02 was a phase 1B
pl acebo-control |l ed chal |l enge study conducted in
Australia in healthy, non-inmune adults to determ ne
the efficacy of TQ after bl ood stage P. falciparum
chal |l enge. Subjects received TQ of placebo on days
1 to 3. On day 13, subjects received asexual
bl ood stage parasites by intravenous inocul ati on.
Subj ects were followed until day 34, the end of the
st udy.

Si xt een subjects were random zed 3 to 1 to
the TQ or placebo group. The efficacy endpoi nt was

mal aria by the end of the study based on
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parasitem a and the clinical synptons. The
anal ysi s population was I TT, which included all
random zed subjects. No subjects were renoved from
any analysis. The proportion of malaria by the end
of the study was conpared using Fisher's exact
test. Four subjects were random zed to pl acebo and
12 to TQ This inbalance in denbgraphic factors is
expected given the very snmall sanple size.

The study results showed that all 4 placebo
subj ects had asexual positive counts from
day 17, 4 days after the chall enge and devel oped
mal aria fromdays 20 or 21. No TQ subjects had
mal aria. The difference in malaria incidence
rates was highly significant based on the p-val ue
fromthe Fisher's exact test.

Pl acebo subjects received antimal aria rescue
treatnment fromdays 21 to 25. No TQ subjects
met the criteria for early initiation of rescue
t herapy, and as planned, received it fromday 30 to
33, as nmandated in the protocol to nmake sure there
was parasite clearance prior to the end of the

st udy.
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Now I will nove to the active control study
i n non-immune subjects. Study 033 was a phase 3
active-controll ed, doubl e-dumy study for
prevention of P. falciparumand P. vivax nal aria
conducted in East Tinor in non-inmune
Australian soldiers. Subject were random zed 3 to
1 tothe TQ or MQ group. There were 2 phases in
the study, a 26-week prophyl actic phase and a
24- week rel apse foll owup phase after the soldiers
returned to Australi a.

Duri ng the prophyl axis phase a | oadi ng dose
and nmai nt enance doses were given. During the
rel apse phase, subjects in the TQ group received
pl acebo, while subjects in the MQ group received
pri maqui ne PQ 15 mlligrans twi ce daily for
14 days. Note that the final dose in the proposed
regi men given in the week following exit from
the mal aria area was not included in this
st udy.

Inclusion criteria included healthy nale or
femal e subj ect between ages 18 and 55 years.

Exclusion criteria included denponstrated Go6PD.
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Hi story of allergy or intolerance to M) PQ or

anot her 8-am no-quinoline and clinically significant
abnormalities. The prinmary efficacy endpoi nt was a
prophyl acti c success, no clinical nalaria during

t he prophyl acti c phase.

Cinical nalaria was defined as having a
single positive snear with concurrent clinical
signs and synptons consistent with nalaria
infection. Blood snears were taken at baseli ne and
at each visit during the prophylactic phase at weeks
4, 8, 16, and 26.

Anal ysi s popul ations included the ITT
popul ati on, which included all random zed subjects
who took at | east 1 dose of prophylactic study
medi cation. W used this as the analysis
popul ation for the primary analysis. The
per - prot ocol popul ati on was used by the applicant
for the primary anal ysis.

The difference in prophylactic failure
proportions was cal cul ated along with 95
percent Cl. As there was an active control

group in the study, the applicant attenpted to
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establish noninferiority of TQto MQ As we
di scussed, we do not believe this is possible.

Basel i ne denographi c characteristics on the
nmedi cal conditions were conparable. During the
26- week prophyl axi s phase, TQ had 96. 1 percent
success rate and M) 96.9 percent success rate. All
failures were due to m ssing outcones. The difference
I n success proportions was mnus 0.8, and the | ower
limts of 95 C was negative 3.7 percent,
i ndicating that TQ could have as nuch as a
3.7 percent |lower rate of success conpared wth
TQ

The study conti nued once subjects returned
fromthe nalaria area for an additional 24-week
followup. There were 5 failures during this tine
period, 4 in the TQ group and 1 in the M) group,
| ess than 1 percent per arm Al were due to
P. vivax. There were 25 subjects with m ssing
data during the foll owup phase. These
subj ects were considered as failure in the FDA' s
anal ysi s.

The proportion of success for TQ and MQ was
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95 percent and 96 percent, with a difference of
about negative 1.2 percent. The lower limt of C
was about negative 4.7 percent, indicating that TQ
could be as nuch as 4.7 percent |ower in success
proportion than M

In order to establish noninferiority, it is
i mportant to know the pl acebo attack rate at the
time and place where a study was conducted. Seeing
no case of malaria in a study could nean that both
treatnent were effective or that subjects were not
exposed to malaria. The applicant provided the
i nformati on on a conmuni ty-based survey of | ocal
subj ects and on reports of nmlaria from previ ous
years. W believe it was |likely that the subjects
exposed to nal ari a pat hogen. W cannot know this
concl usively, however, we believe this study
provi ded reassuring evidence of efficacy in
non-i nmmune subj ects.

Now, | will briefly discuss study 030, a
study that failed to show the efficacy of TQ This
study was a placebo and active-controlled study in

sem -i nmune subjects from Wstern Kenya. Subjects

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

129

recei ved 3-days of hal ofantrine to clear any
exi sting parasitem a. Malaria-free subjects were
equal ly random zed to one of the groups: placebo,
TQ and MQ  Efficacy assessnent was prophylactic
out cone at week 25.

The original analysis of this study did not
show any efficacy of TQ or the active control M)
Where the study was still ongoing, it becane clear
that there was a problemwi th the slide reading.
Unpl anned , blinded slide re-readi ng was conduct ed
at the end of the study. 766 slides were provided
to the Navy nedical research unit for blinded
re-reading. O those that were originally read as
positive, only 31 was re-read as positive. Based
on this information, as well as the | ack of
significant effect of the active control MY the
| ack of effect seen in study 030 did not appear to
be a cause of concern.

I n conclusion, three studies, 043, 045, and
TQ 2016-02, provided evidence for TQ s efficacy in
prophyl axis of malaria. Study 033 provi ded

reassuring evidence in non-imune subjects.
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Thi s concludes ny presentation. Thank you very
much for your attention.

DR. BADEN. Thank you.

Dr. McMaster?

FDA Presentation - Onen MMaster

DR. McMASTER  Good norni ng and wel cone. My
nane is Onen McMaster. |'m a pharnacol ogy and
toxi col ogy reviewer in the D vision of
Anti-Infective Products, and this norning |'m goi ng
to give a brief overview of the nonclinical
phar macol ogy and toxicol ogy data submtted to
support this NDA.

Taf enoqui ne i s an 8-am no-qui noline, as
synt hetic anal og of primqui ne and al so a cationic
anphi philic conmpound. This is a group of conpounds
known to be associ ated w th phosophol i pi dosis, and
we'll discuss this a bit nore | ater on.

The package was conprehensi ve and eval uat ed
phar macol ogy, toxicol ogy, and the pharnacokinetics
of tafenoquine. It was conplete as consistent with
t he gui delines put out by I CH and eval uat ed

genotoxicity, reproductive toxicity, juvenile

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

131

toxicity, carcinogenicity, in addition to single-
and repeat-dose studies. The pharnacol ogy studies
eval uat ed cardi ovascul ar functi on, pul nonary
functi on, and neurobehavi oral function. None of
the findings fromthese studies indicated any risk
to patients taking tafenoquine.

As a result of the particular interest in
t he neurotoxic potential of the drug, what 1'Il do
is gointoalittle bit nore detail on two studies,
whi ch focused on the potential neurobehavi oral
effects of tafenoquine. The first was a single
dose neurobehavi oral assessnent in adult rats, and
the second was a multiple dose juvenile toxicity
study in rats.

The first study eval uated doses up to a
500 mlligranms per kilogramin adult rats, which
wer e subj ected to neurofunctional assessnents,
particularly functional observational battery and
notor activity. The |oconpbtor activity was
eval uated pre-dosing as well as 6, 24, and 48 hours
post -dose. The functional observational battery

eval uati ons were conducted pre-dose as well as 30
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m nutes and 3 hours post-dose.

As you can see by this slide, the functional
observational battery was very invol ved but
i nvol ved a couple of particular functions which
m ght address the issue of perhaps whether or not
the animals were nore anxious than usual. In
particul ar, the ease of renoval, responds to visual
approach, reactivity to handling, arousal, auditory
assessnents, in addition to all the other ones
listed on this slide.

Motor activity was evaluated in 60-m nute
sessions, which were divided into 12 5-m nute
sessions because the notor activity of rats, as
ti me goes on, changes very drastically. Total
hori zontal and vertical novenents were recorded,
and there were no drug rel ated adverse findi ngs
fromthese studies at doses and exposures, which
were nultiple times conpared to the hunman dose.

The second study was an oral juvenile
toxicity study where animals were dosed fromday 7
postnatally into adul thood. The doses went up to

25 mlligranms per kilogram and ani nals were dosed
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every 5 days. At the end of the dosing on day 62,
animals were allowed a 2-week drug-free period
after which notor activity and auditory startle
response and | earni ng and nenory were eval uat ed.
This was to allow the sponsor to denonstrate

whet her or not there were any latent effects from
the drug, given the particul ar pharmacoki netic
properties of the drug. Again, there were no drug
rel ated effects on neurobehavioral function at
several -fold, what woul d be expected fromthe human
exposur es.

The toxi col ogy studi es eval uat ed
genotoxicity, carcinogenicity, and reproductive
function, in addition to single- and repeat-dose
studi es, which went as long as 6 nonths for the
typical tox study in rats and one year in dogs, in
addition to the 2-year studies in rats and dogs
which were specifically designed differently to
eval uate carcinogenicity. Adverse events that were
of special interest to us affected bl ood, kidneys,
| ungs, liver, and reproductive function, and were

consistent in general with what we saw in the
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clinic.

So for exanple, in the bl ood,
met henogl obinem a, mle anem a, and reticul ocytosis
wer e observed. Kidney nephrosis could possibly
refl ect sequelae fromthe nethenogl obi nem a, and as
"Il discuss in a bit nore detail |later on, there
were increased renal tunors in male rights only.
In the lung, we saw evi dence of phospholi pi dosis
and i ncreased lung weight. And in the liver, there
was i ncreased wei ght, again, phospholi pi dosis,
increases in certain enzyne markers, as well as
henosi deri n deposition, which was not consi dered
adver se.

Al'l of these findings were reversible except
for two, the cytoplasm c vacuol es, which is
i ndi cative of phospholi pidosis and which did
reverse over tine, but they did not conpletely
di sappear, and the henosi derin deposition, both of
whi ch are not consi dered adverse.

I n reproductive studies, we found that there
were abortions in the rats. Consistent wwth ICH S1

reconmends carcinogenicity studies in rats and
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m ce. These studies were conducted over the
lifetime of the aninals, and renal tunors were
identified in male rats only. This slide shows the
i ncrease i n adenomas and carcinonmas in the two

hi ghest doses in the rat carcinogenicity studies.

We detected renal tunors in male rats, but
there were no tunors any of the mce or in the
female rats. The genotoxicity eval uati ons show
that this conpound was non-genotoxic, and given the
above considerations, it's not clear if the
positive findings in male rats indicates a risk to
humans t aki ng tafenoqui ne for prophyl axis.

Repr oducti ve toxicol ogy studies were
conducted in rats and mce, and while there were no
abortions in rats, pregnant rabbits dose of
t af enoqui ne duri ng organogenesi s showed aborti ons.
At the highest dose, abortions seen in the presence
of maternal toxicity decreased food consunption and
bodywei ght, whi ch woul d have confounded the result
if that was the only finding. But at the | ower
dose, in the absence of these confounders, in other

wor ds, where there were no decreases in food
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consunpti on and no decreases in bodywei ght, we did
al so see abortions.

Questions have been raised, as we've heard
di scussed previously, regarding the adequacy of the
nonclinical neurotoxicity assessnents, and these
are based | argely on published data that i ndicate
t hat 8-am no-qui noline are associated with
neurotoxicity. Questions also have been raised
regardi ng whether or not rats and dogs are
sensitive to the neurotoxicity of the 8-am no-
qui nol i ne.

W in fact have data, including published
data, that show that nonkeys, rats, and dogs are in
fact sensitive to 8-am no-quinoline toxicities, and
"1l discuss these data from Ri chter and Schm dt,
admttedly very old papers, which outline the
findings after these other 8-am no-quinolines.

I*"mgoing to take plasnocid as an exanpl e.
In his 1949 paper, N Schm dt descri bed
hyper est hesi a, incoordination, |oss of equilibrium
after plasnocid in dogs, while the Schm dt paper

didn't show a | ot of neurobehavi oral effects,
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al t hough they did show sone G findings and

paral ysis of the nictitating nenbrane, abdom nal
cranping. The Ri chter paper showed tunors,

i ncreased muscl e weakness, ataxia, and | oss of deep
reflexes. So there's a difference as you go across
i nvestigators. Rats showed paral ysis of the | ower
jaw and tongue and m ce showed ataxia and paral ysis
of the hind linbs, as well as tongue and | ower jaw.

Just to be clear, these are plasnocid
ef fects.

Hi st opat hol ogy findings after plasnocid
adm ni stration include severe degenerative | esions
in the spinal cord and brain and cerebell um and
nonkeys and dogs showed sone |l esions in the dorsal
not or nucl eus of the vagus and noderate |esions in
the dorsal root ganglia. Rats showed noderate to
severe |l esions in the nmesencephal i c nucl eus.

Overall, our neurotoxicity concl usions are
as follows. dearly, the findings that we' ve just
described in the Schm dt paper were described as
being at fatal intoxication. Lethal doses of

pl asnoci d do produce a variety of effects, which
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vary across species and vary across studies.

G ven the fact that we' ve denpnstrated that
rats and dogs, which were closely evaluated for the
t af enoqui ne NDA, are in fact sensitive to the
neurotoxicity of plasnocid. And given that brain
| esi ons by thensel ves do not al ways predict
neur obehavi oral effects, and vice versa,
neur obehavi oral effects do not always predict brain
| esi ons, we consider that additional nonclinical
studies would be difficult to interpret and are not
war r ant ed.

Taf enoqui ne was appropriately eval uat ed
according to I CH guidelines and was not shown to be
associ ated wi th neurobehavi oral or histol ogical
effects in rats, mce, or dogs at clinically
rel evant doses despite findings, which have been
publ i shed, with other 8-am no-quinolines at very
hi gh doses.

The principal nonclinical findings were
hemat ol ogi ¢, pul nonary, hepatic, renal, and
reproductive. These were generally reversible.

And when they were not reversible were not
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consi dered adverse. Taf enoqui ne was not associ at ed
w t h neur obehavi oral or histopathol ogi cal findings.
Thank you.

DR. BADEN. Thank you. Dr. Patel wll
review the safety dat a.

FDA Presentation - Sheral Pat el

DR PATEL: Thank you, and wel cone. M nane

is Dr. Sheral Patel, and I'lI|l be presenting the
safety data for NDA 210607.

Taf enoqui ne has been studied in the fed
state. The nmedian Tnmax is 14 hours wth a range of
6.1 to 72 hours. It is highly protein bound. It
has sl ow and negligible in vitro CYP450 net abol i sm
in human |liver mcrosones and hepatocytes. The
mean half-life is 16.5 days with a range of 10.8 to
27.3 days. There is no significant effect of TQ on
t he PK of substrates CYP2D6, 3A4, 2C9, and 1A2.
There are no significant transporter interactions.

This slide summari zes the overview of the
presentation today. First, 1'll go through our
approach to the safety review, then I'l|l review

exposure, adverse event sunmmary, discontinuations
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and study w thdrawal, serious adverse events,
treat nent - energent adverse events, and

subm ssion-specific safety i ssues of which there
are six. W'Il be spending quite a bit of tine on
that final section.

More than 20 clinical trials were included
by the applicant. Mst of these were conducted
from 1992 to 2006. Pool ed anal yses were conduct ed
to detect potential |ow frequency events. Al the
subj ects receiving the tafenoquine anticipated
clinical reginmen, or TQ ACR, regardl ess of exposure
duration, were included in this extended dosing
safety set.

We acknow edge i nherent weaknesses in
combi ni ng data from het erogeneous studi es, and we
avoi ded drawi ng safety concl usi ons across treatnent
groups fromthe pool ed anal yses. For
subm ssion-specific safety issues, individual study
data as well as pooled data from sel ect studies
were revi ewed. Several agency disciplines
contributed to the safety revi ew.

In addition to the D vision of
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Anti-Infective Products, we had consultants from
cardi ovascul ar, renal, neurol ogy, psychiatry, and
opht hal nol ogy. |In addition, the ear, nose, and

t hroat devi ces branch provi ded input.

There were five main studies that we used
for our safety review, and these studies conprised
t he extended dosing safety set. This was
study 033, 057, 030, 043, and 045. Study 033 was a
phase 3 study conducted from 2000 to 2001. This
was a random zed, doubl e-blinded, active conparator
study in non-inmune subj ects where depl oyed
mlitary personnel were enroll ed.

These subjects received the TQ ACR, the
t af enoqui ne anti ci pated clinical reginen, 200
mlligranms daily for 3 days, then 200 mlIligrans
weekly. The TQ ACR was conpared to nefl oqui ne or
MQ and study 033 had the nobst nunber of subjects

wth a planned TQ dosi ng of greater than 23 weeks.

Study 057 was a phase 1 study conducted from

2003 to 2006. This was a random zed,
doubl e- bl i nded, pl acebo-controlled study in healthy

volunteers to eval uate renal and ocul ar safety.
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The TQ ACR was conpared to placebo, and the pl anned
TQ dosi ng was greater than 23 weeks.

Finally, study 030, 043, and 045 were phase
2/ 3 studi es conducted in 2000, 1997, and 19908.
Al'l were random zed, doubl e-bli nded,
pl acebo-controll ed studies. Study 030 and 045 al so
had an active conparator. These studies enrolled
senm -i nmmune subjects from Kenya and Ghana. The TQ
ACR was conpared to other TQ doses, nefloquine,
and/ or pl acebo, and the planned TQ dosi ng was from
12 to 15 weeks.

More than 3,000 subjects were exposed to
tafenoquine in clinical trials and received
mul tiple TQ doses. 825 subjects received the
t af enoqui ne ACR for any duration. Renenber, the
ACR is the anticipated clinical reginen,
t af enoqui ne 200 mlligranms daily for 3 days, then
200 mlIligrans weekly. The nean exposure in this
group was 21.12 weeks wth a range of 10 to 29
weeks.

529 subjects were exposed to the ACR for

greater than or equal to 23 weeks, and the majority
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of these subjects were non-i mune. These 825
subj ects who received the ACR for any duration
conpri sed the extended dosing safety set. These
subjects were enrolled in those five studies
di scussed previously.

This tabl e summari zes the adverse events in
t he extended dosing safety set. Renmenber, this is
a pool ed anal ysis of heterogeneous studies, so
we're really |ooking at that one treatnent group.
In the TQ ACR group, there were zero deaths. There
was one subject who received tafenoquine
50 mlligrans weekly who di ed due to suspected
hepat ocel l ul ar carcinoma. 5.7 percent of the
subjects in the TQ ACR group had at |east one
serious adverse event or SAE. 1.3 percent of the
subj ects had an SAE | eading to study w t hdrawal .
83.9 percent of the subjects in the TQ ACR group
had at | east one treatnent-enmergent adverse event
or TEAE, and 4.1 percent of these subjects had a
TEAE | eading to study w t hdrawal .

The nost commobn TEAEs | eading to study

di scontinuation in the TQ ACR group i ncl uded
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i ncreased ALT, decreased henpgl obin, and decreased
GFR.  SAEs | eading to study discontinuation in the
TQ ACR group included visual field defect,

henol ytic anem a, suicide attenpt, and gl onerul ar
filtration rate decreased. |In the placebo group,

t he SAE was net anor phopsia, which is a visual
distortion where straight |ines appear curved. In
t he nmefl oqui ne group, SAEs | eading to study

di scontinuation included anxiety and rash. W'lI
di scuss nore about these TEAEs and SAEs later on in
t he presentati on.

This tabl e summari zes sel ected seri ous
adverse events in the extended dosing safety set.
This is a pool ed anal ysis of heterogeneous studi es,
so we're | ooking for those | owincidence adverse
events within a treatnent group. |In the TQ ACR
group, selected SAEs incl uded kerat opat hy,
glonerular filtration rate decreased,
gastroenteritis, retinal disorder, henolytic
anem a, visual field defect, and suicide attenpt.
Sel ected TEAEs occurring at greater than or equal

to 2 percent in the extended dosing safety set
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i ncl uded vertigo, abdom nal pain, diarrhea, nausea,
vom ti ng, nuscul oskel etal pain, arthralgia,
nyal gi a, headache, di zzi ness, and | et hargy.

Next, we'll nove on to the discussion of
subm ssion-specific safety issues. There are six
which I'll focus on in the presentation today.
Thi s i ncludes ophthal mc, cardiac, henatol ogi c,
neur ol ogi ¢, psychiatric, hepatic biliary, and
gastrointestinal. Wen discussing these specific
safety issues, I'lIl first review known safety
i ssues and | abels for quinoline drugs approved for
mal ari a prophylaxis or treatnent, and then 1"l
nove on to a discussion of the specific safety
anal yses.

Taf enoqui ne, as you know, is an 8-am no-
qui noline. Prinaquine is also an 8-am no-
qui nol i ne. Chl oroqui ne and hydroxychl oroqui ne are
4-am no-qui nolines, and nmefl oquine is a quinoline
nmet hanol .

Ophthal mc issues are noted in the | abeling
for chl oroqui ne, hydroxychl oroqui ne, as well as

mef | oqui ne. QOcul ar effects include effects on the
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ciliary body, cornea, and retina. Visual field
def ects have al so been described. The |abel notes
irreversible retinal danage with | ong-term use or
hi gh dosages for chl oroqui ne and
hydr oxychl or oqui ne, and the mefl oqui ne | abel has
war ni ngs for optic neuropathy and retinal
di sorders.

This tabl e sunmari zes the ophthal m ¢ adverse
events in the extended dosing safety set.
Remenber, this is a pool ed anal ysis of
het er ogeneous studi es, and we're | ooking for those
| owi nci dence adverse events within a treatnent
group. Ophthal mc TEAEs | eading to discontinuation
in the TQ ACR group included night blindness and
vi sual acuity reduced in the sane patient.
Opht hal m ¢ SAEs 1 ncl uded ker at opat hy and reti nal
di sorder, and ophthal m ¢ TEAEsS occurring in greater
than or equal to 1 percent of the study subjects
i ncl uded conjunctivitis.

I wanted to take a nmonment to just describe
ker at opat hy. Vortex keratopathy can occur wth

drugs with cationic anphi philic structures such as
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t af enoqui ne, chl oroqui ne, and hydr oxychl or oqui ne.
These drugs can cause corneal epithelial deposits.
There typically is no effect on visual acuity and
few ocul ar synptons, and the deposits usually
resolve with cessation of therapy. Al the
subjects with keratopathy were enrolled in

study 033, which was 1 of 3 studies conducting
opht hal m ¢ assessnents.

As was noted, detail ed ophthal mc
assessnents were conducted in three studies. TQis
associated with reversi ble keratopathy. Effects on
the retina were difficult to ascertain. There was
a potential problemw th the quality of the
f undoscopi ¢ exam nati ons and/or their
interpretation. The applicant has an ongoi ng
heal thy volunteer study to characterize the TQ
ophthal mc effects over one year.

The tabl e summuari zes ker at opat hy observed in
studi es conducting detail ed ophthal mc assessnents.
In study 033, in the TQ ACR group, 69 of the 74
subj ects experienced keratopathy at 6 nonths. This

resolved in 42 of the 69 subjects at 3 nonths
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post-treatnent and all resolved by 1 year. In
conmpari son in the nefl oqui ne group, zero subjects
had ker at opat hy.

In study 057, 15 of the 70 subjects in the
TQ ACR group experienced keratopathy during
treatnent. This resolved in 14 subjects by 14
weeks of onset and by 48 weeks in the final
remai ni ng subject. In the placebo group, 4 of the
32 subj ects experienced keratopathy and all
resolved by 6 weeks of onset. And finally, in
study 058, which was a P. vivax treatnent study, 12
of the 46 subjects had keratopathy at day 28, and
by day 90, this resolved in 6 subjects, was ongoi ng
in 4 subjects, and 2 subjects were lost to
followup. |In conparison in the prinmqui ne and
chl oroqui ne group, zero subjects had keratopat hy at
day 28.

Cardi ac issues are noted in the |abel for
pri maqui ne, chl oroqui ne and hydr oxychl or oqui ne, as
wel | as nefl oquine. This includes potential QT
prol ongati on, cardi ac arrhythm as, cardi onyopat hy,

and ot her cardiac effects. No thorough QI study
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data were subnmtted. However, ECG data from study
14 were reviewed. Fifty-eight healthy subjects
receive 1 of 3 TQ 200-mlligramformulations at a
dose of 400 mlligrans each day for 3 days. There
was no significant rel ationship between TQ
concentration and QIc interval changes. There was
no | arge nmean i ncrease greater than 20 mlli seconds
in the QIc interval for TQ 400 mlligrans, and
preclinical studies did not reveal a QI liability.

Hemat ol ogi c i ssues are noted in the | abel
for primaqui ne, chl oroqui ne, hydroxychl or oqui ne,
and nefloquine. This includes the association of
henol yti c anem a and G5PD deficiency. O her
hemat ol ogi ¢ i ssues i nclude aneni a,
met henogl obi nem a, | eukopeni a, and ot her bl ood
dyscrasi as.

This table sumrmari zes t he hemat ol ogi c
adverse reactions in the extended dosing safety
set. Renenber, this is a pool ed anal ysis of
het er ogeneous studi es, and we're | ooking for those
| ow-i nci dence adverse events. Henmatol ogi c TEAEs

| eading to discontinuation in the TQ ACR group
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i ncl uded henogl obi n decreased and henol yti ¢ anem a.
Henol yti c SAEs included that one case of henolytic
anem a. And henatol ogic TEAEs occurring at greater
than or equal to 1 percent of the study subjects

i ncl uded anem a, | eukocytosis, and

t hr onbocyt openi a.

Al'l three subjects wth henogl obin decreased
were enrolled in study 045 where study criteria had
subj ects discontinued for m nor changes in
| aboratory paraneters. For all three cases, no
treatnent was required, and the TEAE resolved in 28
to 50 days.

Both subjects with henolytic anem a were
G6PD negative. One subject experienced a
henogl obin drop of 14.4 to 9 grans per deciliter at
day 3, and the other subject experienced the
henogl obin drop from 13.1 to 10.9 grams per
deciliter at day 23. One subject was treated wth
mul tivitam ns and ferrous sulfate, while the other
received no treatnment, and the anem a resolved in
bot h subj ects.

We | ooked at henogl obi n decrease in the
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ext ended dosing safety set, and it appeared that TQ
may be associ ated with decreases in henogl obin

| evel s. Two percent of the subjects in the TQ ACR
group experienced a henogl obi n decrease from
baseline of greater than or equal to 3 grams per
deciliter.

We had | aboratory results for nethenogl obin
for study 033 and study 043, and it appears that TQ
is associated with increases in nethenogl obin
| evels. Fifteen percent of the subjects in
study 033 and 74.6 percent of the subjects in
study 043 had a net henogl obin | evel of greater than
or equal to 1 percent. |In conparison, there were
zero subjects in the nefl oqui ne group and
4.9 percent of the subjects in the placebo group
had net henogl obin | evels of greater than or equal
to 1 percent.

1.8 percent of the subjects in study 033 and
12. 7 percent of the subjects in study 043 had a
nmet henogl obin | evel of greater than or equal to
3 percent to less than 5 percent. | n conpari son,

there were zero in the placebo group and the
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mef | oqui ne groups. There was one subject in

study 033 and 9 in study 043 that had net henogl obi n
| evel s of greater than or equal to 5 percent. |It's
important to note that there was no subject who had
a net henogl obin | evel of greater than or equal to
10 percent, a | evel where cyanosis typically nay
appear .

Neur ol ogic issues are noted in the | abeling
for primaqui ne, chl oroqui ne, hydroxychl oroqui ne,
and nefl oqui ne. The primqui ne | abel notes adverse
reacti ons of dizziness. The chl oroquine,
hydr oxychl or oqui ne | abel notes issues such as
muscul ar weakness or skel etal nuscl e nyopat hy,
auditory effects, headache, dizziness, verti go,
tinnitus, nystagnus, nerve deaf ness, convul sions,
ataxia, and polyneuritis. The nefloquine | abel has
a boxed warni ng, contraindi cations, warnings,
precautions, and adverse reactions for neurol ogic
i ssues in the | abel.

This tabl e sumrari zes the neurol ogi c adverse
events and extended dosing safety set. Once again,

this is a pool ed anal ysis of heterogeneous studi es,
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and we're | ooking for those | owincidence adverse
events in a particular treatnent group. Neurologic
TEAEs | eading to discontinuation in the TQ ACR
group i ncluded hyperesthesia and visual field
defect. Neurologic SAEs in the TQ ACR group
i ncl uded headache and the one case of visual field
defect. Neurol ogic TEAEs occurring at greater than
or equal to 1 percent of the study subjects
i ncl uded headache, dizziness, and | ethargy.

It should be noted that systematic
nmoni toring for neurol ogi c synptons was not
performed, and we nay be underestinmating the true
i nci dence of these neurologic TEAEs. |n addition,
neur ol ogi ¢ TEAEs after TQ di sconti nuati on was
difficult to assess.

The one case of hyperesthesia |leading to
di scontinuation occurred in a 26-year-old white
mal e who has hepatitis B carrier positive. He
reported noderate hyperesthesia on study day 12.
Prior to the TEAEs, study personnel docunented at
| east one epi sode of heavy al cohol use in the

subj ect together with al cohol associ ated nal ai se
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whil e on study. Hyperesthesia was treated using
unspeci fi ed non-nedi ci nal nodalities and resol ved
after 130 days.

Visual field defect occurred in a 45-year-
old femal e who devel oped mlId reduction in visual
field approximately 3 weeks after starting
treatnent. This was confirmed in both eyes by a
visual field analyzer. No retinopathy was
observed. The subject received no treatnent, and
the event resol ved approxinately 6 weeks after
onset .

In study 033, it appeared that the TQ ACR
may be associated wth neurol ogic TEAEs. These
TEAES were nunerically lower or simlar to
mef | oqui ne. These TEAEs i ncl uded headache,
fatigue, and | ethargy, vertigo and tinnitus,

di zzi ness, and nyalgia. |It's inportant to note
that there was one case of deafness in the
mef | oqui ne group.

In study 057, the TQ ACR may be associ at ed

wth nyalgia. There were 6 cases in the TQ ACR

group versus the zero in the placebo group. This
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is a small study, so it's difficult to nmake
definitive safety conclusions. However, there is
one case of tinnitus in the TQ ACR group, which
shoul d be not ed.

St udy 030, 043 and 045 were pool ed toget her,
and it appeared that TQ ACR nay be associated with
headache, nyal gia and, dizziness. |In general,
these TEAEsS were higher or simlar to placebo and
| ower than nefl oqui ne.

Psychiatric issues are noted in the | abeling
for chl oroqui ne, hydroxychl oroqui ne, as well as
mefl oquine. This includes irritability,
nervousness, enotional changes, ni ghtnares,
psychosi s, and suicidal behavior. The nefl oquine
| abel has a boxed warni ng, contraindications,
war ni ngs, precautions and adverse reactions for
psychiatric issues.

This tabl e sunmari zes the psychiatric
adverse events in this extended dosing safety set.
Once again, this is a pool ed anal ysis of
het er ogeneous studi es, and we're | ooking for

| ow-i nci dence adverse events within a treatnent
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group. In TQ ACR group, psychiatric TEAEs | eadi ng
to di scontinuation included depression and sui ci de
attenpt. The one case of suicide attenpt was
consi dered an SAE. 3.9 percent of the subjects in
the TQ ACR group experienced a TEAE within the
psychi atri c di sorders system organ cl ass, and
specifically 2.5 percent of the subjects
experienced a TEAEs consi dered a sl eep synptom

Simlar to neurologic issues, systematic
nmoni toring for psychiatric synptons was not
perforned, and we may be underestimating the true
i nci dence of these adverse events, and psychiatric
TEAEs after TQ discontinuation were difficult to
assess.

The one case of depression |leading to
di sconti nuation occurred in a 28-year-old white
male with a history of intercranial head injury who
reported noderate depression begi nning on study
day 24. He was wthdrawn fromthe study and
treated with paroxetine. Hi s depression resolved
after 87 days [indiscernible].

The other case was a case of suicide attenpt
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in a 24-year-old male who was found to be acutely
i ntoxi cated with ethanol 8 days after TQ exposure.
The famly reported the subject had nmarital
probl ems and had taken poison for suicide. He had
et hanol on his breath, was conbative, and
di soriented on presentation to the drug center.
The subject was hospitalized, and the event
resol ved 2 days | ater.

| study 033, psychiatric TEAEsS were
nunerically higher in the TQ versus MJ) group,
5.1 percent versus 4.3 percent. Sleep synptons
were simlar in the TQ and MJQ groups, 3.5 percent
versus 3.7 percent. In study 57, the incidence of
psychi atric adverse events were simlar in the TQ
and pl acebo groups, 4.9 percent versus 5.1 percent.
However, a TQ may be associ ated w th depression,
and here were 2 cases in the TQ ACR group versus
zero in the placebo group. Again, study 057 is a
small study, so it may be difficult to draw
definitive safety concl usi ons.

In study 030, 043 and 045, the incidence of

any psychiatric TEAE in the TQ group was
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nunerically |Iower than the nefl oqui ne group but
hi gher than placebo. In the TQ ACR group, the
i nci dence was 1.2 percent conpared to 0.4 percent
in placebo and 2 percent in mefloquine. You should
note the 1 case of suicide attenpt in the TQ group
di scussed previously.

This tabl e summari zes TEAES in subjects with
an underlying psychiatric illness exposed to
t af enoqui ne. These subjects did not receive a TQ
ACR, the tafenoquine anticipated clinical reginen,
200 mlligrans daily for 3 days, then
200 mlligranms weekly. However, it's inportant to
note the tinme of onset of these TEAEs relative to
the half life of tafenoquine.

There was a 23-year-old mal e who recei ved
400 mlligrams per day for 3 days of tafenoquine
who experi enced paranoid ideation and
hal | uci nati ons 25 days into the study. This
subj ect had a history of psychosis undi scl osed at
enroll nment. There was a 22-year-old mal e who
recei ved a single dose of tafenoquine

350 mlligrans who experi enced psychosis 3 weeks
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into the study, and this subject had a history of
two psychiatric hospitalizations.

There was a 30-year-old mal e who was
adm ni stered a single dose of tafenoquine 500
mlligrams who al so experi enced psychosis 1 week
into the study, and he had an underlying illness of
schi zophreni a not disclosed at enrollment. And
finally, there was a 44-yea- old femal e who
received a single 8- mlligramdose of tafenoquine
who experienced nervousness 3 weeks later. It was
found that she was self-nmedicating with di azepam
pronet hazi ne, and tranadol .

Gastrointestinal and hepatobiliary issues
are noted in the | abeling for primaquine,
chl oroqui ne, hydroxychl oroqui ne, and nefl oqui ne.
Adverse reactions include nausea, vomting,
epi gastric distress, and abdom nal cranps. |In the
chl or oqui ne hydr oxychl oroqui ne | abel, there are
precautions for use in patients with hepatic
di sease or alcoholismor in conjunction with known
hepat ot oxi ¢ drugs, and the nefl oqui ne | abel

reconmends periodic evaluation of hepatic function
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wth | ong-term use.

There were no major gastrointestinal or
hepatobiliary toxicity observed wth the TQ ACR
I n the extended dosing safety set, 2 subjects
W t hdrew due to abdom nal pain and irritabl e bowel
syndrone. Both were considered SAEs. Six subjects
w t hdrew due to increased ALT. Al of these
subjects were enrolled in study 045. So simlar to
t he subjects that w thdrew for decreased
henogl obi n, these subjects were excluded due to
m nor variations in | aboratory paraneters.

In addition to the SAEs of abdom nal pain
and irritable bowel syndronme, there was an
addi ti onal SAE of diarrhea. No subjects nmet Hy's
law criteria. TEAEs occurring at greater than or
equal to 1 percent in the extended dosing safety
set in the TQ group included diarrhea, nausea,
vom ting, and abdom nal pain. These TEAEs in study
033 were nunerically lower, but simlar to the
mef | oqui ne group. It is difficult to assess the TQ
ACR safety when adm ni stered w t hout food.

This tabl e summari zes our key safety
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findings associated with TQ ACR, the tafenoquine
anticipated clinical reginen, tafenoquine 200
mlligrams daily for 3 days, then 200 mlligrans
weekly. The TQ ACR is associated with reversible
vortex keratopathy. An ongoing study may help
clarify the effects of the TQ ACR on the vision and
the retina. There is no |large nean increase in the
Qfc interval anticipated at TQ 400 mlligrans, a
dose hi gher than the ACR

TQ ACR exposure was associated wth a
decrease i n henogl obin , henolytic anem a, and
met henogl obi nema. In addition, TQ ACR was
associ ated with headache, | ethargy, dizziness,
vertigo, tinnitus, and nyalgia. It's inportant to
note that systematic nonitoring for neurol ogic
I ssues was not conducted, so we may be
underestimati ng the true incidence of these adverse
events.

Psychi atric adverse reactions, particularly
sl eep di sturbances, were associated with TQ ACR
exposure, and adverse reactions |eading to study

di sconti nuati on included suicide attenpt and
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depression. Simlar to neurol ogi c adverse events,
systematic nonitoring for psychiatric adverse
events was not conducted, so we nmay be
underestimati ng the true incidence of these adverse
reactions. There were no ngjor gastrointestinal or
hepatobiliary toxicity observed wth the TQ ACR
and di arrhea, nausea, and vomting were all conmmon
TEAES.

Thi s concludes ny safety presentation. |
want to take a noment to acknow edge the entire FDA
review team who contributed to the safety revi ew.
Thank you for your attention.

Cl arifying Questions

DR. BADEN:. Thank you very nuch, Dr. Patel
And | would like to comend the agency for covering
a |l ot of ground and conveying it very efficiently.

I will open discussion for clarifying
questions to the agency, and then we wll turn back
to clarifying questions for the applicant and nore
di scussion. Please get our attention to get you on
the list of questions. | wll start with the first

questi on for Dr. Patel.
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In | ooking at the data, if | understand,
much of the data is collected 26 to 13 years ago.
And you alluded in your conments that you were
bri ngi ng together data from di sparate studies. How
confortable are you that the data had been
collected in a simlar way, the toxicity tables are
simlar, the scoring, the assays, like the
met henogl obi n assays were simlar? Because |
noti ced sone significant differences between
studies, and that just for ne raises questions to
make sure data consistency and interpretability are
substantial. I'minterested in your thoughts.

DR. PATEL: These were heterogeneous studies
conducted over a large tine span. Wen we pool ed
the data together, we were really concentrating and
| ooki ng for those | ow frequency adverse events,
acknow edgi ng the differences in study designs, the
differences in nonitoring that were taking place
for each different study.

DR. BADEN. They used the sane tox tables?
Was t hat honbgeneous or not, or a lot of this is

you're left with what was done, of course?
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DR PATEL: Yes. So we worked with wh
had. As you know, the ways of codi ng adverse
events changed t hroughout the course of when t
trials were conduct ed.

DR. PATEL: Thank you. Dr. Bilker?

DR. BILKER | realize ny questions ar
the sponsor. Should I wait?

DR. BADEN. Yes, please.

DR BILKER  Ckay.

DR. BADEN. For comments to the agency
builds on a thene, please get our attention.
will go back to the sponsor, and obviously the
question | asked wll be relevant to both

di scussants. Dr. Lo Re?
DR LORE: This is a question for

Dr. Patel. The sponsors this norning showed a
slide, nunber 39, in their material where they
| ooked at the pharnmacoki netics of tafenoquine

according to different body weights. And they
| ooked at the different predicted concentratio
t af enoqui ne according to tine by the different

wei ghts. And they particularly showed an

at we

hose

e for

t hat

W

ns of

body
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interesting figure that for the people who were
underwei ght, particularly at 50 kil os, the
concentrati on above the 80 nanogram per niL
threshold was actually quite high.

So |'mwondering if you had | ooked at in the
agency adverse events according to specifically
subgroups of BM to see if toxicities in
particul arly underwei ght individuals, given that
t he serum concentrations are so high, were
magni fied in those BM subgroups.

DR. PATEL: W're going to have our
phar macometrics respond to that question.

DR. BADEN. Thank you. And if the reviewer
can just state your nane and perspecti ve.

DR LIU It's Chao Liu. I'mthe
phar maconmetrics team | eader for this subm ssion
In ternms of addressing the question whether or not
the safety adverse reactions are related, we
quantitatively assessed the rel ati onshi p bet ween
t af enoqui ne exposure to diarrhea and the henbgl obin
changed from baseli ne based on the data from

study 033 And based on avail able data, we didn't
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see a significant trend in terns of correl ation
bet ween t af enoqui ne exposure to di arrhea and
henogl obi n change.

For psychiatric disorder, we tried to do
this assessnent, but due to the |owincidence rate,
it wasn't quite conclusive in terns of quantitative
anal ysi s.

DR. BADEN. Dr. O otokun? Thank you.

DR OFOTCKUN:  This question is for
Dr. Patel. | just wanted additional clarity on the
hemat ol ogi ¢ side effects of the product. @ ven
what we know about GG6PD deficiency in prinmaquine,

W th these hematol ogic side effects, how severe
were they? Were they reversible, and what happened
to those few individuals with hematol ogi c side
effects, henoblytic anem a, nethenogl obi nem a? Wat
happened to then? Wre they foll owed | ong enough

t o know what happened afterwards?

DR. PATEL: The cases of the subjects who
wer e di sconti nued due to decreases in henogl obin,
those cases | think were -- we typically probably

woul dn't know t hem provided treatnent or such.
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They were excluded due to mnor variations in
| aboratory paraneters. They were asynptonatic and
did not require any treatnent.

There were the two cases with henolytic
anem a. Both of those subjects were asynptonmati c,
and one received sone treatnent wiwth nultivitam ns
and | believe iron sulfate, and the other one
received no treatnent, and both of those resol ved.
The applicant may be able to describe. There are
sone cases of subjects who received ot her doses
that were G6PD positive and exposed to tafenoqui ne
who experi enced henol ytic anem a.

DR. BADEN. If I may build on that coment,
and it's on your slide 25, the nethenogl obin anem a
appears to be, between 033 and 043, a 60 percent
delta. |'m having troubl e understandi ng that
observation, and I'minterested in your thoughts.

DR. PATEL: Yes, | agree. So these studies
were conducted at different tines and in different
pl aces, and we can ask the applicant if there is
differences in how the | aboratories were obtai ned.

DR. BADEN. Along those lines, I'll ask the
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applicant if you can nake a running |ist of issues
that get raised, and then we wll re-address this
after we finished clarifying fromthe agency. And
along those lines as well, the applicant nentioned
8 individual s enroll ed who had GPD defi ci ency.

Did you have a chance to review those cases, and do
you have any insight?

DR. PATEL: Yes, we reviewed those cases,
and our findings were consistent with what the
appl i cant had di scussed.

DR. BADEN. Dr. O otokun, did you have
foll ow-on questions?

DR. OFOTOKUN: Probably, | would need sone
additional clarity fromthe applicant |ater on.

DR. BADEN. Ckay. Dr. Foll mann?

DR. FOLLMANN:  Thank you. This is Dean
Foll mann. | had a question for Dr. Li. | was
interested in study 033, which was in the soldiers
who went to East Tinor. And | assuned this would
be designed as a noninferiority study because
they're just two arns and you woul d expect siml ar

outcones for it. So with a noninferiority study, |
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woul d have expected there to be sort of a margin
prespecified in the protocol along with sone rul es
or di scussi on about how you woul d ascertai n whet her
the attack rate in the area, the mlitary end was
sufficient.

So ny question is, really, was there a
protocol that the FDA | ooked at and contri buted on
or was it sort of an after the fact kind of study
you had to anal yze? That's one question.

The other is, you were hesitant to
extrapol ate to concluding noninferiority fromthe
study, and 1'd like to hear a little nore about
your thinking about your hesitancy.

DR LlI: It's a very good question. | took
areviewin the mddle, at the very begi nning of
NDA review. | believe we did not reviewthe
protocol. W received the study report at the
pre-NDA stage. So | think at the very beginning in
the protocol, they proposed a 10 percent nmargin if
ny menory is correct. Then after the NDA
subm ssion, they proposed a different margin. This

margin i s not pre-approved by the FDA based on ny
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under st andi ng.

DR. FOLLMANN: Thank you. Maybe 1I'll have a
followup for the sponsor then. That's all | have

DR Ll: Regarding the noninferiority

conclusion for this study, the sponsor derived at
an attach rate for the untreated subject from
the current study and assum ng the efficacy
rate for the treated group, for exanple,
75 percent or 80 percent effective. They derived
the preval ence in untreated subjects. It's based
on very strong assunptions. W really don't know
the effect of the active control.

Also, in justification of the noninferiority
mar gi n, they used a nunber not considering the
variability in estimates. So that's why |
hesitated to make a strong conclusion fromthis
st udy.

FOLLMANN: Thank you.
LI: Thank you.

BADEN: Thank you. Dr. Orza?

T 3 3 3

ORZA: | have four short clarifying

questions for the FDA. The first is how unusual is
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it for the excretion pathway to be unknown? That
was an interesting note | thought.

Two, how unusual or troubling is it for you
to not have access to the data for two of the
supporting studi es?

Three, with regard to the | abeling for
mef | oqui ne, it was ny understandi ng that the bl ack
box warni ng got added later. So |I was wonderi ng
what was the threshold for adding that, and how
many person-years of use did we have before we net
that threshold and di scovered the need for the
bl ack box?

Then fourth, | didn't know whet her FDA had
any requirenents related to considering the
potential for resistance, either existing or for it
to develop, wth the introduction of a new drug
li ke this.

DR. COLANGELO Hi. I'"m Phil Col angel o,
clinical pharmacol ogy team | eader with the Ofice
of dinical Pharnacology. Wth respect to your
question about the excretion pathways for

t af enoqui ne, tafenoquine is a very long half-life,
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16 or so days. So it's not ethical to conduct a
radi o | abel ed ADVE study to determ ne the
absorption, distribution, nmetabolism and excretion
of the drug. So therefore, we didn't ask for it
because we know this, and therefore it was not

done.

DR NAMBI AR Sumat hi Nambiar. | can take
questions 2 and 3. | think question 2 was about
the | ack of source data, and question mefl oqui ne
| abeling. Do | have the questions right? Ckay.

In terns of source data, ideally, we do |like
to have access to the source data because we would
like to verify the authenticity of the data that
we're reviewi ng, and we |like to nake sure that the
data that are captured in the data sets can
actually be traced back to the source data. So the
traceability is very inportant.

Whet her or not we necessarily inspect the
source data for every single study in the NDA
really depends upon the application. But in
general, for the key efficacy studi es and key

studi es that are supporting an application, we
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would like to be able to review the source data and
have the confidence that the data we're revi ew ng
and interpreting are in fact valid.

In ternms of nefloquine, mefloquine was
approved in 1989, and over tine, there were
peri odi c updates to the labeling with regard to the
different adverse events as they energed in the
post marketing setting. |If | renenber correctly, |
think it's 2013 is when the | abeling was updated to
i nclude the boxed warning. And | don't think there
was a specific nunmber or threshold that it net.

But with the accunul ati ng safety data when it
reaches a point where we think it rises to the

| evel of a boxed warning, we do update the
labeling. So | don't knowif there is a particular
nunber of person-years that was achieved.

So did that answer your questions?

DR. ORZA. Yes. Just roughly, if you had
any sense of how nuch data had accunul ated or how
many people had used it for how | ong, before we
understood that that was there and added it to the

| abel .
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DR. NAMBIAR: All that | can say is it was
1989 and 2013. So many years have | apsed since
approval, but | think it's also inportant to note
that even if a box warning wasn't added, | abeling
updat es di d happen periodically. Wth
post mar keting safety data, we are limted in really
quanti fyi ng how nany exposures were there and how
many reports because it's really based on what
reports we get. But at sone point, when we
realized that we not only had a critical mass, but
then the severity of some of these reports and the
chronicity of sone of these reports, persistence |
think led us to escalate it up to a boxed warni ng.

Your fourth question about resistance, Dr.
Bal a, who's a m crobiologist, wll address.

DR BALA: Hi . |'m Shukal Bala, the
clinical mcrobiologist for this application.
Resistance is a little challenging to neasure. For
i ndi cations such as prophylaxis, there is no
basel i ne pat hogen, so whatever breakthrough
infections occurred, that's the parasite one can

have.
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I would like to nention again the tools
which are there to neasure resistance are not
nearly as well advanced as for sone of the
anti bacterial and antifungal drugs.

DR BADEN. Just to build on Dr. Oza's
question, the efficacy is reported at about 70
percent. So presunmably that neans 30 percent
failure. Wre there any parasites obtained in that
context and were they evaluated? Are you aware of
any?

DR. BALA: No. No testing was -- the only
results we had was for bl ood snears, which of
course you cannot process for any nol ecul ar testing
or in vitro sensitivity.

DR. BADEN. Thank you.

Foll ow on? No. Then we'll add Dr. G een.

DR. GREEN. Thank you. M question is for
Dr. McMaster. | think it's pretty short and sweet.

Your data in rats and the association wth
renal tunors | ook like there was one at 1 mlligram
per kilogramand two at 2 mlligrans per kil ogram

Can you clarify what that dosing is relative to
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what the planned dose is for the use of this drug
as prophyl axi s?
DR McMASTER  These were doses that were

|l ower than clinical doses.

DR. GREEN:. Lower than clinical doses?
DR. McMASTER  Yes.

DR. GREEN. Thank you.

DR. BADEN. Dr. O ot okun?

DR OFOTCKUN:  Just anot her question for

Dr. Patel for clarification of the study design
There was one phase 3 study that was conducted in a
non-i mmune popul ation in Tinor, and then there was
anot her group of studies which you described as
phase 2/ phase 3 that were conducted in semn -inmmune
popul ati on.

Can you clarify why that was | abel ed
phase 2/3 instead of phase 3?

DR. PATEL: The three studies that you're
referring to, study 030, 043, and 045, sone of
t hose studies were conparing different doses in
addition to the tafenoquine anticipated clinical

regi men, as well as placebo and nefl oqui ne. So
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that's why we | abeled it phase 2/3.

DR OFOTCKUN: So can we then concl ude that
there was no true phase 3 study in sem -innmune
popul ati on?

DR. PATEL: Well, in that phase 2/ 3 study,
there is a conparison of the anticipated clinical
regi men versus placebo and/ or nefl oquine within
t hose studi es, which would be considered what we
woul d | ook at for a phase 3 study.

DR. BADEN: Dr. Nanbi ar ?

DR. NAMBIAR If | can just add to that, |
think from our standpoint, we worry | ess about the
nonencl ature, whether it's phase 2 or phase 3.

It's nore if it's an adequate and well-controll ed
trial that we can interpret.

DR OFOTCKUN: So the assessnent, those were
adequat e enough to be consi dered phase 37

DR. NAMBI AR Again, we don't worry -- |ess
whet her it's phase 2 or phase 3; whether it was an
adequate and well-controlled trial. And the two
studi es 043 and 045, in our assessnent are adequate

and well-controlled trials that we can interpret.
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DR. OFOTCOKUN:. Ckay.

DR. BADEN. And then the question, the
strength of the data taken in toto.

I think those are the clarified -- do you
have for the agency, Dr. Mil man?

MR MAI LMAN: Not Dr. Mail man but
M. Milman, which is fine. Just follow ng up,
| ooki ng at the sponsor's -- | can't
remenber -- page 54, which gives a safety database.
And it basically said we had 825 people who had the
dose that we're tal king about here. And if we
throw out the 492, it |leaves us with the 333 that
actually are in the safety database, and here are
t he nunbers.

G ven that we're tal king about putting this
to what mght be mllions of people, do we have a
| arge enough nunber to | ook at the adverse effects
froma trial design, and have we seen enough
pati ents who could possi bly have these adverse
effects? W're kind of |ooking at a needle in a
haystack with only 333 if we take the non-depl oyed

residents. |Is this a big enough nunber? [|'m not
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the biostatistician in the room but it seens
smal | .

DR. NAMBI AR Thank you for your question.
You're right. Wen we're | ooking at drugs being
devel oped for prophylactic indications, where
obviously the use is in a much | arger popul ati on,
we |ike a |arger safety database. For treatnent
i ndi cations, for nore serious di seases where
there's an unnet need, we do accept snaller
nunbers, at |east the 300.

So is this database on the snall er side?
Yes, and | think Dr. Yasinskaya noted that in her
presentation as well. But this is what we have, so
we wll |look at the data. W | ook at the overal
ri sk-benefit considerations, and if the overall
ri sk-benefit is favorable, there m ght be ways to
suppl enent safety data post-approval. So we take
all that into consideration.

But again, that's what we're seeking, input
fromthe commttee as to what m ght be your
t houghts on the size of the safety database, the

safety signals, and how we m ght evaluate this
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further if there is

DR. BADEN:

a need.

And just buil ding on that,

Dr. Nanbiar, there are 3,000 exposed at different

doses for different

non- depl oyed at the

duration, and the 333 is in the

ACR for the 6 nonths, but then

there's the 12 nonths, and then there -- there are

many ot her pernmutati
that's unknown, the
dat abase.

DR. NAMBI AR

ons that we have to consi der

adequacy of the overall

That's correct, and 825 is the

ACR. That's the nunber we have for the ACR

DR. BADEN:

Wth and wi thout the depl oyed,

dependi ng on how one --

DR. NAMBI AR

DR. BADEN:

Yes --

-- and this just speaks to the

conplexity of |ooking at the safety data because

all of these conpeti

ng factors, including duration,

whi ch may not be 6 nonths.

DR. NAMBI AR
529, which got the |
The | onger duration

DR. BADEN:

Yes. And | think the nunber's
ongest duration, which is 6.
Is up to 6 nonths.

Thank you. Dr. O za?
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DR ORZA: | thought that the total nunber
of peopl e exposed in any way to tafenoqui ne was
4,000 and sonet hi ng.

DR PATEL: In our review, it was 3, 184.

DR. ORZA: At the last neeting, there
were -- | thought there were over 4, 000.

DR. BADEN. But there it nmay be different
applications with -- | don't know if they're al
conbi ned.

DR. ORZA: No. | was just thinking in terns
of the total safety database, anyone ever exposed
to taf enoqui ne at any dose, because we are | ooking
for a drop in the ocean.

DR. NAMBI AR But for purposes of our
review, we are focusing on this application.

DR. BADEN. If no other clarifying questions
for the agency, then we will turn back to the
applicant for the next 15 m nutes before we break
for lunch. And I think Dr. Bilker was first up
fromthe earlier session.

DR. BlI LKER Ckay. Thank you.

Dr. Toovey nentioned that ol der people are
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traveling nore than in the past. That's a good
thing. But in the sponsor presentation, there was
no nention of potential age differences in efficacy
or differences in types or rates of adverse events
observed across the age groups. The FDA
presentation included subgroup anal ysis
specifically just for study 045, but it was broken
down by age group. But there was only 1 subject
over age 65.

What information do you currently have on
the effect on this and adverse events panel in
subj ects over age 65? And then a followup to
that, is there a potential for different optimal
dosi ng for subjects over age 657?

DR BADEN. |'Ill have Dr. Dow coordinate the
r esponse.

DR DON So I'll just add a coupl e of
comments, and then Dr. Toovey can el aborate if he
would like to. W have very little data in
subj ects older than 65. And | think the overal
conmment was related to the | ow propensity for

drug-drug interactions in subpopul ati ons who may be
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taki ng con neds for other purposes.

Do you have a foll owup question?

DR. BILKER: You just nentioned opti mal
dosi ng. That was ny other question, was about the
opti mal dosi ng.

DR DOWN |'msorry.

DR BILKER: Are there any potenti al
differences? | know you don't have the data yet,
but are there potential differences in what the
opti mal dosing nay be in those over 65?

DR DON | don't think we know the answer
to that yet.

DR. BADEN. Dr. G een?

DR GREEN: | have two questions. |'Il ask
ny second question first. |'mlooking at the
sunmmary slide you gave us of all the different
studi es that you have done in support of this
indication. | note that wth the exception of a
study of 16 patients, you've not done any new
studies in 11 years, and we've just tal ked about
the limted safety database avail able to us.

I wonder if you could offer us the rationale
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for why we should consider this at this tine with
no data, really, in 11 years, a snall safety

dat abase, and yet such a high i ndex of unnmet need
and clearly lots of people going to nalaria areas,
i ncl udi ng depl oyed troops, which could get you the
nunbers and repeat a study |ike the one that was
per haps done in Tinor but maybe with | ess stress.
Thank you.

DR. DOWN Sally, could you please -- yes.
Thank you.

So the two studies that we have done as a
sponsor since we acquired the licensing rights in
2013 are the two studies listed on the right.
60PHO2 was a chal | enge study in non-i nmune
volunteers to confirmthe efficacy of falciparum
agai nst bl ood stages of that parasite in non-inmune
volunteers. And then we've nmade a comm tnent to
the agency to conplete an ongoing safety study wth
300 fol ks on ARAKODA and 300 fol ks on placebo for
up to a year. That's the study on the right.

Sally, if we could go to the postmarketing

requi rements slide, please.
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(Pause.)

DR DOWN So while that slide's getting
prepped, this postmarketing conmtnment slide wll
enroll 300 placebo subjects, 300 ARAKCODA subj ects.
We'll follow themfor up to a year with a 6-nonth
followup. The prinmary endpoint is focused on the
opht hal nol ogi ¢ safety to try and understand the
i ssues that the FDA highlighted in the earlier
present ati on.

We know that at |east with keratopathy, it's
a progressive process where you see nore of it over
time, and then it resolves. So the original
genesis of the study was around trying to confirm
that over a 12-nonth exposure period, we don't see
anything different fromwhat we saw with 6 nonths.

So we're |l ooking here at the 4 bullets at
the top of this slide. W've also incorporated a
m ni psychiatric assessnent, which is designed as
an initial tool to assess active psychiatric
illness in a very detail ed questionnaire. W've
also followed up on two of the events that were

seen at |l ow frequency, albeit a little bit higher
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t han the placebo G oup, specifically in the sl eep
di sorders. So that's what the LESQ assessnent is.

Al t hough the nunerical rate of dizziness was
| ower than both nefl oqui ne and pl acebo in the
aggr egat e assessnent of the safety popul ati on,
we've put in a dizziness handicap i nventory
assessnent because we know that's of particul ar
interest to sonme folks. And then the Col unbi a
Sui cide Rating Scale will also be incorporated, and
that wll address the nore serious issues rel ated
to that. W' ve also incorporated detail ed
hemat ol ogy assessnents to better understand the
I npact of tafenoquine on those small henpgl obin
drops and the el evated but asynptonatic
met henogl obi n | evel s.

As a sponsor, when you -- this is a $20
mllion dollar study which invol ves the nost
conpl ex set of eye exans and psychiatric
assessnments we think that any prophylactic
anti mal ari al drug has been subjected to. And we
did it nore or less coincident wth the subm ssion

of the dossier, and even though that's a risk to
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t he sponsor in terns of a parallel we reviewwith a
study that's ongoi ng, that underscores our
commtment to trying to understand safety signals
and follow up on them

So we initiated enroll nent in Cctober of
2017. This wll go on for a period of about two
years. The other notable feature about this
particular study is that it does not exclude fol ks
wth a prior psychiatric nedical history. So as
long as they're stable and can be enrolled in the
study, we'll be follow ng those folks for up to a
year on tafenoqui ne as well

It's obviously difficult to do a
| arger -- frankly, this study is going to occupy a
| ot of our resources over the next two years
answering these inportant questions. And then the
question you get to is how do you continue to
nmonitor in a |arger population, particularly for
rarer neuropsychiatric events, understandi ng that
it's not the sponsor's belief that there is a
signal there? And the way to do this is through

dat abase out cones where you actually get concrete
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di agnosed neuropsychiatric events, and you have
access to a denom nator through prescriptions.

So our proposal to the agency is that we
conduct a prospective heal th database outcone
survey of this type, which has been used in the
past to address advocacy consents in relation to
t he punitive neuropsychiatric events as sone of the
flu antivirals.

Then finally, we do have 200 and sonet hi ng
adol escent subjects in our database wth a | oadi ng
dose that enconpasses the 200 mlligramtines 3
load. We feel that for sinplicity at this point,
we need nore data in pediatric subjects before the
i ndi cati on gets expanded. So we've commtted to
the agency to do a pediatric safety study for up to
6 nont hs exposure in a nalaria endemi c country in
t he conm ng years.

We're a snmall conpany. \Were there's
resources available. W wll also commt to
followi ng up on other safety signals if there's a
reasonabl e hypothesis and there's an ability for us

to execute the study with other partners.
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So that's what we've commtted to so far.

DR BADEN. Dr. G een, do have a follow on
or your second part question?

DR. GREEN. | think nmy second part question
wll be nuch easier for you to understand. | just
wanted to confirmthat when we | ooked at the
variation -- this cane fromeither Dr. Smth or you
in |l ooking at the neuropsychiatric effects. And
you had this slide where you | ooked at in the
depl oyed study versus the non-depl oyed study, but
in the non-depl oyed study, it was still 2.1 percent
i nci dence of psychiatric effects.

| just want to nmake sure that we heard about
that 2.1 percent when you reviewed the data for us
because | just want to -- so that we weren't just
tal king but we tal ked specifically about in the
non- depl oyed setting. | understand the confounder
of looking in the depl oyed setting.

DR. DON So Sally, could you please | oad
the slide at the end of Bryan's presentation? The
rationale for putting this slide together is that

depl oyed fol ks are at risk of a high I evel of both
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physi cal and psychiatric injury, and we wanted to
get a sense for how those two popul ations differed.

You have 4 columns here, placebo on the
left, all tafenoquine subjects at the anti ci pated
reginmen in the 2nd data col um, then the depl oyed
subj ects, and then the non-depl oyed subj ects.

Under the hypothesis, you would see a higher rate
and physical and psychiatric injury in a depl oyed
popul ation. W tried to break it out that way.

The first line is the nunber of injuries and
poi soni ngs and procedural conplications, which
cover the scorpion stings that Mark nentioned, and
| acerations, and thermal burns and all of that sort
of stuff. And you can see that there's a higher
risk in the depl oyed group versus the non-depl oyed
gr oup.

If you junp down to the second data row,
simlarly, although there's in the overal
popul ati on a higher rate of psychiatric events in
ARAKODA versus pl acebo, when you break that out to
reflect the difference between depl oyed and

non- depl oyed settings, the risk is quite a bit
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hi gher in the deployed situation. And nunerically
the difference between placebo and non-depl oyed
subjects is 1.3 percent.

If you further break that down to things
that we m ght reasonably consider related to study
drug -- so excluding the definitely unrel ated
events as categorized by the investigators who did
the study -- the rate goes down, and the difference
bet ween t he pl acebo and t he non-deployed armis
1 percent.

Then to address the question that you put
specifically about psychiatric disorders affecting
sleep, there's a nunerically simlar right between
pl acebo and non-deployed in this exanple. And you
can see, again, the increased risk in the mlitary
popul ati on for that adverse event.

DR GREEN. Actually, I"'mnot interested in
the sl eep. How about the other 3 that are not
sl eep? So you have 6 that are non-depl oyed, 3 that
are sleep. Wat were the other 3?

DR. DON Could we pull up -- I'mjust

trying to figure out which is the best backup slide
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to address this question. Thanks.

Oh. We'll talk about that after | unch.

DR. BADEN. | have a foll ow up.
DR. FOLLMANN: | have a foll ow up.
Slide 69, | thought it would have been nice

i f you would have broken that down and have a
colum for 033, the tafenoquine armand the
conparator armas the FDA had done. | think the
FDA as a slide simlar to those, which |I thought
was very helpful. It showed simlarity of rates
wth the tafenoqui ne and nefl oqui ne arnms. But you
have a coupl e of categories here that they didn't
have, so it mght be hel pful to show those broken
down by the two arns in 033.

DR. DON W'Ill get sonmething to you over
the lunch break so we can have a quick | ook at that
aft erwar ds.

DR. BADEN. Thank you. Question for the
agency, Dr. Dow presented the three foll ow on
studies they're conmtted to. How assured are we
that they wll occur? Just trying to understand,

once approval occurs, let's say it occurs, then
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what confi dence do we have that the foll owon data
will be collected as suggested or we trust?

DR. NAMBI AR Just to clarify, these are the
applicant's proposals for postmnarketing studies.

DR. BADEN: No, | know. | understand that.

DR. NAMBI AR So they don't necessarily
refl ect agreenents. | just want to nake sure that
that's cl ear.

DR. BADEN: No, reflect agreements, but if
they were to choose not to do them they coul d.

DR. NAMBI AR So postnarketing
requi rements -- and maybe Ed will correct
me -- under the authority that we got with the
Food, Drugs, and Cosnetics Anendnents Act, FDAAA,
we do have certain authorities if it's a
post mar keti ng requi rement versus a postnarketing
comm tnent. And whenever there is a study that is
needed for a safety related concern, then it ends
up being a postnmarketing requirenent.

DR. BADEN. And that postmarketing
requi rement occurs at the time of the approval or

can occur after approval ?
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DR. NAMBIAR No, so -- in general. |'m not
t al ki ng about the specific exanples here.

DR. BADEN: OF course.

DR. NAMBI AR. Postmarketing requirenments are

established typically at the tine of approval.
Certainly, if there are safety signals that arise
post - approval, we have the authority to establish
post mar keting requirenents. And for every
post mar keti ng requi renent, we have dates that are
set. So there are dates for protocol subm ssion.
There are dates for when the study report should be
submtted and the study should be conpl et ed.

So there are a set of m | estone dates that
are required, and the applicants have to agree to
those. And those are included as part of the
approval .

DR. BADEN. That clarification is very
hel pful . Thank you.

Foll ow on? Dr. Lo Re?

DR LORE: Vincent Lo Re. 1In your slide
before the other slide where you tal ked about the

post mar keting requirenents that Dr. Green had asked
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about, can you just clarify which of the tests are
based on synptomatic nonitoring for neurol ogic
synptons? One of the things that Dr. Patel the
agency had said was that there was a potenti al
underesti mati on of neurol ogi cal synptons because
those tests weren't systenatically done.

So | wanted to just get a sense of which of
the tests here were specifically focused on
neurol ogic. You talk about in the health databases
that you're going to | ook at a neuropsychiatric
events, but | just wanted to know if in the
| ong-term safety study you specifically had
neur ol ogi cal nmonitoring included.

Then secondly, you've pulled out in the
bottom group of bullets specifically focused on
pediatric participants. But in followup to
Dr. Bilker's comrents about patients over 65 years
and given the comments about potentially this is
going to be used in or older patients who are goi ng
to be traveling certainly after their retirenent
years, are there certain fixed nunbers where you're

going to |l ook at specifically individuals over 65
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years as part of this postmarketing requirenent?

DR. DOW The neuropsychiatric assessnents
that we've prospectively planned, the 4 inventories
that we've listed here, I mght ask Dr. Ranson to
comment on the M N specifically in terns of the
scope of events that that covers.

DR. RANSON:. The M NI neuropsychiatric
interview is a validated assessnent that relies on
di agnosis of Axis 1 disorders. That has been
devel oped and is in general clinical practice.

That is given at baseline to establish any
psychi atric di agnoses, as well as it's given
repeat edly throughout the study.

The Col unbia Suicidality Rating Scale is an
assessnent of suicidality, and that's given on a
nmont hl y basi s throughout the entire study. Because
insomia i s the highest psychiatric disorder that
has been found in the studies, we have a specific
Sl eep Severity Assessnent Questionnaire.

The neurol ogi ¢ specific disorders, however,
that we see nost frequently are headaches and

di zzi ness. And t hese are, of course,
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self-reported. |If anyone reports an assessnent of
di zzi ness or disorientation, we do have the
Di zzi ness Handicap Inventory to further explore
that. Patients are given a diary to record their
synpt ons t hroughout the study. Conpliance has been
very good. W have rem nders, nedication
rem nders, that are frequent to ensure conpli ance.

If I could naybe address one additi onal
question with regards to net henogl obi nem a, we are
assessi ng net henogl obi nem a t hroughout this study
conpared to questions of ol der nethodol ogi es versus
current nethodol ogies. W' re carefully nonitoring
this throughout the course of the study wth nodern
nmet hods, and to date we are seeing cases of
nmet henogl obi nem a. They have all been under the 10
percent clinically significant |level. The highest
that we've seen is one subject with 6 percent at
henogl obi n concentrati on.

DR. BADEN. Thank you.

There are nmany nore questions, including
foll owons, however, the hour is late. |It's 12:45.

| think we need to break for | unch. W will resune
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at 1:35 with the open public hearing session, and
then we will resune with the questions that are
| eft hanging currently.

So we will reconvene at 1:35. Please take
your personal belongings. Conmmttee nenbers,
remenber that there should be no discussion of the
nmeeting during the lunch anongst yourselves, with
the press, or any nenbers of the audi ence. Thank
you. We'll resune at 1:35.

(Wher eupon, at 12:45 p.m, a lunch recess

was t aken.)
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AFTERNOON SESSI ON
(1:39 p.m)
Open Public Hearing

DR. BADEN: W& will resune, and we w ||
resune with the open public hearing part of the
agenda, and then we will return to nore
clarification and di scussi on of the data,
particularly with the applicant

Both the FDA and the public believe in a
transparent process for information-gathering and
deci si on-nmaki ng. To ensure such transparency at
t he open public hearing session of the advisory
conmttee neeting, FDA believes that it is
i mportant to understand the context of an
i ndi vidual ' s presentation. For this reason, FDA
encour ages you, the open public hearing speaker, at
t he begi nning of your witten or oral statement to
advi se the comm ttee have any financi al
relati onship that you nmay have wth the sponsor,
its product, and if known its direct conpetitors.

For exanple, this financial information may

i ncl ude the sponsor's paynent of your travel,
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| odgi ng, or other expenses in connection w th your
att endance at the neeting. Likew se, FDA
encour ages you at the beginning of your statenent
to advise the commttee if you do not have any such
financial relationships. |If you choose not to
address this issue or financial relationships at
t he begi nning of your statement, it will not
precl ude you from speaki ng.

The FDA and in this commttee place great
I nportance on the open public hearing process. The
i nsights and comments provided can hel p the agency
and this commttee in their consideration of the
I ssues before them That said in many instances
and for many topics, there'll be a variety of
opi nions. One of our goals today is for this open
public hearing to be conducted in a fair and open
way where every participant is listened to
carefully and treated with dignity, courtesy, and
respect. Therefore, please speak only one
recogni zed by the chairperson. Thank you for your
cooper ati on.

Wl speaker nunber 1 step up to the podium
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and i ntroduce yourself? Please state your nane and
any organi zation you're representing for the
record.

DR. NEVI N Good afternoon. |"m Dr. Nevin,
t he executive director of the Quini sm Foundati on.
| have no financial [mc fade] to disclose. |I'm
joined in the audi ence today by several individuals
who are suffering the chronic and disabling effects
of mefl oqui ne poi soni ng.

Qur foundation is disappointed at the FDA' s
deci sion to approve NDA 210795. W believe that
t he approved drug will pose a danger to the
public's health and that FDA has failed to
adequately consider the critical safety concerns
that we raised at the July 12th open neeti ng.

As we di scussed two weeks, tafenoquine is a
menber of a drug class with denpnstrated CNS
neurotoxicity described as striking and identified
not just in sonme but in all of the nearly 140
menbers of the 8-am no-quinoline class tested in
World WAar era studies. The sponsors would have

this commttee believe that tafenoquine al one,
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anong all drugs of this class, lacks this property
despite there being no evidence the drug was ever
rationally designed to avoid this property.

Wien tested i n Rhesus nonkeys, these drugs
cause highly focal |esions affecting diverse areas
of the CNS, including the brain stemand the |inbic
system The | ocalization of these | esions reflects
the signs and synptons observed clinically with use
not only of the 8-am no-quinolines, but with use of
nore broadly structurally related qui noline drugs,

i ncl udi ng chl oroqui ne and nefl oqui ne.

We believe FDA erred in uncritically
concludi ng the CNS of tafenoquine on the basis of
the very limted ad hoc ani mal nodel data submtted
by the sponsors. W also disagree with the
concl usions of FDA that additional animl nodel
testing is not indicated and woul d cause conf usi on.
If ever such testing was needed, it is now.

The FDA has al so seem ngly overl ooked in
vitro tafenoqui ne neurotoxicity data. These data
were provided by the Walter Reed Arny Institute of

Research, clearly showng a lower 1C50 in cultured
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rat enbryoni c neurons for tafenoquine than
mef | oqui ne, a quinoline drug with accepted CNS
neurotoxicity.

Both today's sponsor and the U S. mlitary
very clearly acknow edge that nmefl oquine is
neurotoxic and that this property limts the drug
use, and have suggested that tafenoquine |acks this
property, in part, on the presuned benign
phar macovi gi | ance experience wth prinmaqui ne, which
the commttee should consider is al nbost al ways co-
adm ni stered with either chloroquine or nefl oquine
to which these adverse effects may be
m sattri but ed.

We are concerned about the sponsor and FDA
are overl ooki ng cl ear evidence of the inadequacy of
the submtted clinical safety data. Here are the
adverse event data from study 033 conducted anbng
menbers of the Australian mlitary. W note in
conparison to data fromthe nost recent Cochrane
revi ew of nefl oqui ne, shown in the right nost
colum, there is clear evidence of underreporting

of neuropsychiatric adverse effects in these
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sponsor's data. Assum ng equal underreporting in
each arm of the sponsor study, there is every

i ndi cation tafenoquine shares the sane liability to
CNS adverse effects as nefl oqui ne.

The conmttee is also urged to consider that
several subjects in this trial are likely to
provi de evidence to a pending Australian Senate
inquiry later this sumer investigating serious
all egations related to the use of tafenoquine in
the Australian mlitary. This evidence nay provide
context to the underreporting seen here and shoul d
be considered by this conmttee prior to being
asked to vote on the safety of tafenoquine on the
basis of what is obviously inconpl ete data.

Today, this committee is being asked to
consider an indication for tafenoquine essentially
identical to that sought for nefl oquine 30 years
ago. \Wien nefl oqui ne was bei ng eval uated for
safety at the tinme, comon neuropsychiatric adverse
effects such as anxiety, depression, abnormal
dreans, and insomia were not even identified in

the stud submtted for FDA review. There's every
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reason to believe the conmmttee today is being
asked to consider simlarly inconplete data for
t af enoqui ne.

I nternational drug regul ators now recogni ze
that i nsommi a and abnormal dreans that occur wth
mef | oqui ne use nust be considered prodromal to nore
serious adverse effects and the drug i nmedi ately
di sconti nued. These warnings were tragically not
in place at the tinme of nefloquine' s |icensing 30
years ago. However, at the tinme nefl oqui ne was
licensed it was known that, |ike the tafenoquine
today, its use was associated with episodes of
psychosis. And particularly in mlitary settings,
epi sodes of psychosis are not benign events.

This is Master Corporal C ayton NMatchee
phot ogr aphed here in the act of a deadly assault on
Somal i captive Shidane Arone during the ill-fated
Canadi an mssion to Somalia in 1993. It is now
known, years after the fact, that Mtchee was
suffering fromvisual hallucinations at the tinme of
this event, which were |ikely caused by nefl oqui ne.

Hi s psychosis was preceded by prodronal synptons,
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i ncl udi ng i nsomi a, abnornal dreans, and anxiety.
But absent current warni ngs, he was not instructed
to discontinue the drug. Followng this event,

Mat chee attenpted suicide, and he was left with a
per manent and di sabling brain injury.

So as with NDA 210795, our foundation is
recomrendi ng non-approval of this NDA. Publicly
avai | abl e data do not support the safety of
t af enoqui ne at any dose, and particularly not at
t he hi gh-end conti nuous doses, which are proposed
for this indication. But should the drug
nonet hel ess be approved, we nake the foll ow ng
addi ti onal reconmendati ons i nformed by our
experi ences wi th nefl oqui ne.

First, we are recomrendi ng a boxed war ni ng,
advi sing of CNS neurotoxicities as a class effect
of the 8-am no-quinoline and warning of the
potential for pernanent adverse effects.

Psychi atric and neurol ogi ¢ synptons, including
i nsommi a and abnormal dreans should also be |isted
as prodronmal as in the currently approved European

mef | oqui ne | abeling and a contraindication to
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further use of the drug.

In place of the proposed | oadi ng dose, we
al so recommend an initial safety assessnment period
with a nodified dosing regimen of 100 mlligrans
bi weekly for 3 to 4 weeks to permt a nore gradual
i ntroduction of the drug so that these prodronsal
synptons can be better identified. W also
reconmend restricting distribution of the drug to
clinicians certified to conply with the box warning
and to limt initial dispensing of the drug to no
nore than the initial safety assessnent period
prior to issuing a full prescription for up to
6 nont hs of planned travel.

Lastly, we recommend the sponsor be required
to conduct at a mninum neurotoxicity testing
usi ng conpar abl e net hods for the extensive testing
done on ot her 8-am no-quinoline using those as
positive control s.

Thank you very nuch, commttee, for your
attention.

DR. BADEN. Thank you. WII| speak nunber 2

step up to the podium and i ntroduce yoursel f.
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Pl ease state your nane and any organi zati on you're
representing for the record.

MR. ZOTTIG  CGood afternoon, |adies and
gentl enen. Thank you for allowing ne to present
the unnet nmedical mlitary need for new weekly
chenoprophyl actic malaria drug at today's advi sory
commttee neeting. |'m Major Victor Zottig, and
| ' ma product nmanager of antimalarial drugs for the
United States Arny Medical Material Devel opnent
Activity, or USAMVDA

I would like to make the foll ow ng
di sclainers. The views expressed in this
presentation are ny own and do not necessarily
represent the views of the United States Arny or
Departnent of Defense. | have no financi al
conflicts of interest. Discussion of specific
phar maceuti cal products does not refl ect an
endor senent of those products. USAMVDA has sever al
agreenents through U S. Statutory Code 15 USC 3710-
al pha, whi ch encourage a coll aboration wth 60
Degrees Pharnaceuticals for the devel opnent of

t af enoqui ne for mal ari a prophyl axi s.
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The Departnent of Defense has had a | ong and
proud history of devel oping antinal ari al drugs.
The mlitary's focus on antinmalarial research is
for the health, wellbeing, and protection of
service nenbers deployed to nalaria endem c ar eas.
Malaria is the top mlitary infectious disease
threat to depl oyed service nmenmbers, and the Arny
has over 100, 000 soldiers in over 150 countries
around the world where a significant nunber of
troops are exposed to nal ari a.

Mal aria is a devastating di sease, especially
t o non-i mune i ndividual s who represent the
majority of our mlitary forces. For example,
during World War 11, over 695,000 service nenbers
contract nalaria. Think about that nunber.
695,000 is nore than the current and strength of
the total U S. Arny, including active duty,
reserve, and National Quard soldiers. Despite the
current armanentarium of protective neasures
avai l able to service nenbers, such as pernethrine
treated uniforns, insecticides, bed nets, and

prophyl acti c nedi cati ons, service nenbers still
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fall ill to malari a.

You can see by the chart, roughly 30 to 60
service nenbers contract malaria annually. Even
wth these small nunbers, nalaria can still
influence mlitary operations because each one of
these service nenbers are hospitalized and has
significant recovery periods prior to returning to
duty.

These infections were all preventable and
each case results in danmagi ng a servi ce nenber's
health and wel fare, sonetines pernmanently. These
| ow nunbers provide a fal se sense of security due
to the fairly stringent nmeasures taken to enforce
mal ari a prevention and conpli ance.

In the Arny's 243 year history, every
depl oyment of a |l arge nunber of soldiers to
mal ari ous areas has resulted in nalaria cases. The
only exception is Operation United Assistance to
Li beria for the 2015 Ebol a response, where
soldiers' health was of paranount concern. Command
discipline resulted in strict prophylactic

adher ence.
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Mal ari a prevention nmeasures by the mlitary
can and do fail mainly due to poor prophylaxis
conpliance and nal ari a drug resi stance, which is
spreadi ng across nany of the antimalarial drug
classes. Conpliance failure is not only the
service nenbers for getting or unwlling to take
their daily nedication, but the lack of time or
access due to conbat environnent. New prophyl actic
drugs for malaria are critically needed, especially
ones that have | onger half-lives to provide
fl exi bl e dosi ng options during chall engi ng
oper ati onal conditions and provide conpliance
f or gi veness.

Currently, the FDA-approved
chemoprophyl actic drugs used in the mlitary have
critical vulnerabilities. The mlitary's policy on
prophyl acti c nedication identifies doxycycline and
at ovaquone and proguanil, or Malarone, as its
first-line therapy for malaria prevention.

Chl oroqui ne is generally not used due to w despread
resi stance, and prinmaqui ne not used as a

prophylactic for the mlitary.
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After a boxed warni ng was pl aced on
mefl oquine, it is generally no | onger prescribed.
However, it is the |last option for those
i ndi vi dual s who cannot take the prinmary therapies
due to intol erance or contraindication. Regarding
the primary therapies, doxycycline is a daily
medi cati on which can be difficult to take on a
regul ar schedul e for service nenbers. Fromny own
per sonal experience using doxycycline in ny
depl oyment to lrag in 2003, it was inpossible to
take the nedication the sane tinme every day,
essentially nmaking the drug useless for malaria
preventi on.

I n addition, photosensitivity and other side
effects can prevent a certain portion of the
service nenbers fromreceiving the drug. Although
Mal arone resistance is not wi despread, it is found
in certain malaria regions. There is no other
option for service nmenbers that cannot take the
t hree approved nedi cati ons.

The current status of avail able antinmal ari al

chenopr ophyl actic drug options for the mlitary is
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not ideal, and the requirement for a weekly
anti mal ari al prophylactic drug represents an unnet
mlitary need. The DoD and nongover nnent al

organi zations are still conducting research on new
antimal ari al drugs, however, these drugs are not
expected to be available in the near future.

Malaria is a debilitating and potentially
fatal disease. | cannot enphasize enough the
severe inpact it can have on the mlitary's ability
to conplete its mssion and the detrinental effects
it has on service nenbers' health. Thank you for
your attention and consi derati on.

DR. BADEN. Thank you for your conments.

My under standi ng i s speaker nunber 3 was
unable to nmake it, and seeing nobody to the
contrary, we will nove to -- wll speaker nunber 4
step up to the podium and i ntroduce yoursel f?

Pl ease state your nane and any organi zation you're
representing for the record.

M5. KAUFMAN:  Yes. M nane is Lois Kaufnan,
and | am speaki ng today on behalf of Dr. Kevin

Bai r d.
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"My nane is Dr. Kevin Baird. | hold no
financial interest in the applicant conpany, and
t hey have provi ded no financial conpensation to ne
in any formand any tine. | speak freely as an
obj ective subject matter expert.

"I am professor of malariology in Nuffield
Depart nent of Medicine, University of Oxford,
United Kingdom Twelve years ago, | retired from
22 years of active duty in the United States Navy
Medi cal Service Corps wth the rank of captain.
Prior to that, | worked in the D vision of
Experi nental Therapeutics, Walter Reed Arny
I nstitute of Research. 1In all of this tinme, 37
years and counting, | have | abored to inprove the
prevention and treatnent of malaria, Plasnodi um
vivax in particul ar.

"During the 1990's and early 2000's, |
headed efforts by the U S. Navy to validate the use
of primaqui ne as primary causal prophyl axi s agai nst
mal ari a i nfection. W recognize the great
advant age of chenoprophyl axis that prevents the

formati on of |atent hypnozoites in travelers,
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stages unaffected by suppressive chenoprophyl axi s
usi ng bl ood schi zonticides, the strategy that has
dom nated travel nedicine practice for nore than 70
years.

"We | abored to denpnstrate the safety and
efficacy of daily prinaquine dosing and preventi ng
primary and | atent attacks, and actually did so in
a series of clinical trials in Southeast Asia and
Eastern Africa. Ohers did so in South Anerica.

"When we | ater approached the U . S. FDA in
order to change the prinmaqui ne | abel to include
this indication, no stakeholder, U S. DoD and
Sanofi Pharmaceuticals, the I ND holder, was wlling
to put up the substantial funding required for
success in that application. The effort was
abandoned by 2005.

"So today, prinmaquine, prinmarily
chenopr ophyl axis, remains a validated but off-I abel
use for this indication, thus placing providers at
risk in prescribing this option despite it being
rationally preferred and superior to | abel ed

suppr essi ve chenoprophyl axi s opti ons.
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"Today, the U.s. FDA weighs the application
of stakeholders willing to invest the resources and
energi es needed to see a | abeled indication for
t af enoqui ne as primary causal prophyl axis agai nst
mal aria. Over the years, | have witten and spoken
publicly of the inferiority of the dom nant
suppressi ve chenoprophyl acti c options agai nst
mal ari a and of the great advantages of causal
prophyl axis for travelers, principally in
preventing | ate post-travel attacks by Pl asnodi um
Vi vax.

"Thi s parasite occurs whenever there is
endem c nal aria, excepting only Haiti. Al nbst no
traveler at risk of malaria is free of risk of
| at ent hypnozoites. Those attacks if not treated
pronptly and effectively very often progressed to
life threateni ng severe di sease syndrones,
especially simlar to those of falciparumnmal ari a
in clinical character and quantified risk of death
as an out cone.

"Al'l ow ng such attacks w th chenoprophyl axi s

regi nens that do not prevent them would be
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consi dered i nappropriate and reckless if not the
only avail able | abel ed options. This status quo
must change by i ntroduci ng superior options, having
regul atory |l egitinacy.

"Taf enoqui ne as primary causal prophyl axis
woul d 1 ndeed offer travel nedicine providers and
their patients a clearly superior and | abel ed
option if the applicant succeeds in their efforts
wth the US. FDA. It is ny sincere hope that they
do succeed so that we nay at | ast see travel
medi ci ne to disfavor the denonstrably inferior
practi ce of suppressive chenoprophyl axi s agai nst
all of the malarias. Thank you."

d arifying Questions (continued)

DR. BADEN. Thank you.

The open public hearing portion of this
nmeeti ng has now concl uded and we will no | onger
take comments from the audi ence. W wll now
resune our discussion with the applicant and
clarifying questions. W'Il| start with -- 1 think
t he applicant may have prepared sone comments from

earlier discussion and clarifications.
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DR DON So | think I'lIl just go
systenmatically through sone of the highlights that
cane out of the initial round of questions, and
then we may a slide or two to address sone of the
questions in relation to psychiatric events that
wer e posed.

Starting fromthe top, there was a question
rai sed about the applicant's, assertion of
noni nferiority and why the FDA, although generally
supportive of the idea that efficacy was observed
in that study, didn't cone to the sane concl usion
about noninferiority. So | was hoping Dr. Bernan
coul d address those net hodol ogi ¢ differences.

DR BERVAN. |'Il try to keep this down to
|l ess than 20 m nutes. |In the broad sense, if we
take the agency's efficacy slide nunber 2, we are
in a consensus agreenent with that. And that was a
summary of the placebo-controlled trials. Al so,
now we can turn to the non placebo-controll ed
trials, which is study 033, and we can take their
slide 43, and we can |l ook at the last bullet which

says, "This study provides inportant, reassuring
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evi dence in non-inmune subjects,” and also we're in
consensus with that.

In other words, in engaging in this coll oquy
at this point, we're going to be discussing one
part of only one study out of the total dosing. |
don't want people to think that we're in
di sagreenent with the agency on nost or even all
broad subjects of efficacy, which we're pleased to
acknowl edge and accept.

If we can go to ny slide that | previously
presented, the study 033 slide, what | tried to do
in nmy talk is give a high level view of an
extrenely conplex subject. And to answer this
question, I'mgoing to have to get into the weeds,
and | regret spending so nmuch tine on it. But if
we can get to --

DR. BADEN. W are under tine constraints,
so if you can --

DR. BERVAN. Well, naybe we should put this
one towards the end instead of at the front.

DR. BADEN:. O if you can focus in on the

key point --
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DR BERVAN.  Well, there's two -- | know
what you're saying, sir, but | deliberately -- if
we can cone up with ny slide, there are two aspects
to a noninferiority.

Well, first of all, the question was asked,
what does the protocol for? The protocol calls for
10 percent difference? That's what the protocol
calls for. And either our analysis wth the
per - prot ocol popul ati on bei ng anal yzed, which is a
1 percent difference, or the agency's analysis
using |l ost patients as failures, which gives a 3
and a half percent difference, is clearly | ess than
10 percent.

So if that's the sinple criteria, then we're
both actually in agreenent that tafenoquine is
non-inferior to nefloquine. The problemis that
standard, which is used for a lot of antibiotic
trials of 10 percent, | think is probably based on
treatnent trials where you should be able to clear
virtually all the subjects, the patients in that
case. |If you have a noninferiority margin of 10

percent, but the placebo rate let us say is
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8 percent, then you have a fundanental problem
which is that the drug can be worse than pl acebo
and still be considered noninferior.

So that's why we used not an absol ute | evel
of 10 percent, which is normally called for it, and
| think one of the questions was directly asking
about, but a relative | evel between the degree of
inferiority of tafenoquine to nefl oqui ne conpared
to the inferiority of placebo to mefl oquine.

Now, there's a second problem which is the
| ack of an internal placebo group, which is norma
for noninferiority trials. |If we take the agency's
| TT approach and enl arge the nunber of fail ures,
based on that, of the tafenoquine versus nefl oqui ne
di fference, we enlarge fat but because the pl acebo
failure rate is sinply a nunber, it's not these
fail ed over those attenpted. It's sinply a nunber.
The pl acebo failure rate cannot i ncrease
commensur abl y because of using an ITT anal ysis. So
the reason | have to insist on using a per-protocol
anal ysis is because our placebo rate cannot adj ust

as the tafenoqui ne and nefl oqui ne rates woul d
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adjust with an ITT analysis. So that's the first

poi nt .

The second point, which | guess | wll not
get into -- thank you for the interest of
time -- is to say that | do not think that our

anal ysis of the placebo rate can be seriously
challenged. | very nuch respect to the FDA

revi ewer who gave an excell ent presentation, as
|'ve said to start with, and 94 percent of what he
said we're fully in consensus. But his coments
about the inprecision of our placebo cal cul ation
were general and not specific. And |I'mjust going
to, especially with the interest of the tine, just
sit here and say, | do not think that one can
seriously chall enge our assertion that there was at
| east 4 percent incidence of exposure to the troops
at the tinme of depl oynent.

Now, the final step, 4 percent in our m nds
is a large nunber conpared to 1 percent. And
therefore, we do consider that we've shown
noninferiority, and thank you for your tinme and

attenti on.
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DR. BADEN. No, very helpful. To follow on,
on that, the data in the 043 and the 045 st udy,
whi ch are pl acebo controlled do not have this
challenge. |Is that correct?

DR. BERVAN. That's right. And in ny
comment, | in fact said that, actually, the ITT
anal ysis for 045 is nuch nore supportable than the
anal ysi s sponsor did because everything can get
adj usted. You actually have pl acebo patients.

The real inportance of study 033 is that it
is in the popul ation which very closely mrrors the
popul ation who will take this product at |least to
the United States. That is to say by weight, and
by especially non-immunity, which is the primry
pati ent determ nant of di sease severity, not in
terms of race necessarily -- they were al
Caucasians -- not in terns of gender because they
were alnost all male, but in terns of the two nmjor
predictors, especially non imunity.

So we focus our noninferiority analysis on
that study, and that's the one which |I'm

particularly interested in maintaining. Let's put
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it that way.

DR. BADEN. Thank you. Dr. Orza, you have a

followon? And I'll ask all of us to be as pointed
as possi bl e because | amworried about timng, and
| know there are many questions we have as a group.

DR. ORZA: This is a foll owup question
about the historical controls, and it's not by way
of a challenge, it's by way of a question. But
t hose were based on level in the community, the
level in the community. And | was wondering if one
difference mght be that in addition to taking the
prophyl axi s, the troops woul d have al so had
repel l ent inpregnated clothing and be using
repell ent, and perhaps the base and the canps had
i nsecticide. So would that have nade it not quite
conpar abl e?

DR. BERMAN:. So thank you, ma'am That's a
good question. Actually, the original analysis was
done by Dr. Dow in an academ c sense, so |I'l| ask
himto deal with that part. But there are two
parts of the cal cul ated placebo rate. The first

part is the calculation of the P. vivax rate, and
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as nentioned, you start with internal data, 8
subj ects who actually had vivax by virtue of their
rel apse.

Then the question is how many were exposed
to vivax. And also was nentioned, if we take the
GSK data, which shows basically a 70 percent
ability to prevent vivax, those 8 cases represent
30 percent of the original cases and that
mul tiplies, divides out to 25 cases during
depl oynment .

I think that -- especially because the GSK
data is known to be conservative, that is to say
the vivax prevention rate is added to by the
re-infection rates, so it's artifactually | ow, I
think that data is extrenely strong.

What you're really addressing now is the Pf
to Pv ratio either in the previous depl oynents or
in the concomtant deploynents because we use that,
mul tiplying that by the vivax rate to get to the
calculated Pf rates. For that, let ne turn to
Dr. Dow who did the original analysis of this and

to address that question.
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DR DON So there are two ways of getting
tothe P to Pv ratio. One of themis to | ook at
the | ocal popul ati on, which you referenced, and
that's on the higher end of the scale, 0.75 Pf to
Pv; and the other which was the nore conservative
way we used in our original publication, which was
to look at the ratio in Australian troops in the
sane area deployed the previous year. So that's
how we derived the Pf val ue.

The overall estimate of the attack rate that
we got between 4.6 and 12, which Dr. Bernan
articulated, is very simlar to the |evels observed
the year before with Australian troops when they
first depl oyed, between 6 and 12 percent. And then
as Mark Reid alluded to earlier, because of the
operational environment, soldiers don't always
comply with the pestilent protective neasures even
t hough they were avail abl e.

I'"d like to get back on to the safety
questions that were posed prior to the break.

Sally, if you could please project the slide that

we just made for psychiatric events in the
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non- depl oyed popul ati on for tafenoquine.

There were 4 events and 3 subjects. Two of
them were consi dered unlikely in rel atedness and 1
of them was considered possibly related. And as a
broader point, we've published all this safety data
in a publication last year, so it's all out there
in the literature.

Then there was a second slide, and | think
t he request was to | ook at 033 specifically, the
conpari son of psychiatric events, excluding events
consi dered by study investigators to be unrel at ed.
These are the events here. And, Janet, rem nd ne,
were these individual subjects or individua
event s?

DR. RANSON: Subj ects.

DR. DOWN | ndividual subjects. And we
haven't categorized here the severity or
rel at edness, but we do note that the two nmefl oqui ne
cases of anxiety were severe.

If the chair will indulge ne, would we be
able to respond to a nunber of the coments that

Dr. Nevin made, or would you like to focus this
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time on other issues?

DR. BADEN. No, continue to clarify, and
let's keep things as pointed as possible in
respondi ng. Thank you.

DR. DON Ckay. Sally, could you bring up
the slide that relates to the TGA event reporting,
pl ease?

As Dr. Nevin alluded to, there's been a | ot
of activity on the efficacy front in Australia, and
t here have been two broad issues that are raised
and then two inquiries called to investigate them

The first is that there was sone sort of
I nappropriateness in the way that studies 033 and
049 were conducted. That was investigated by the
Australian mlitary, Ofice of |Inspector General,
and basically found that those all egations were
essentially baseless. W've provided the link to
t hat here.

The second issue is this continued
reiteration despite what our coll eagues at the FDA
has said about sone sort of brain injury associ at ed

w th tafenoquine, both the FDA and an i ndependent
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group with the Australian Veterans Adm nistration
have determ ned that there's no basis to this.

| used to think that in vitro assays were
predictive. |If you do an I1C50 in one drug versus
the other drug and it's |lower, nmaybe it has sone
predictive value. And naybe that was reasonable 10
years ago before we did the rat study showing it
was no neurotoxicity wth tafenoquine. But now
that that study's been done, we need to nbve on
fromusing in vitro data to base safety deci sions
upon.

Sally, could you bring up the slides rel ated
to the prodromal effects of nefloquine, please?

DR. BADEN. Dr. Orza has a question

DR. ORZA. Sorry. A quick question about
the study 033 where it says that they consented to
partici pate.

DR. DOW  Yes?

DR. ORZA: If they didn't want to take
either drug, what did they do? Because it was done
on a troop-by-troop basis, right?

DR DON [|I'mgoing to ask Mark Reid to
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address that question because he was actually
i nvol ved in the study.

DR. ORZA: | nmean unit by unit.

MR REID: |It's a good question because
def ense, vul nerabl e popul ations. So we're at pains
to have a very robust consenting prices. And I
think a m stake we made is we didn't video the
process in a blinded way so that we could share
that publicly. W were very careful to brief our
soldiers and clarify that if you deploy to a
mal ari ous area, you nust take an antinalarial. You
have the option of participating in our study or
you take a |licensed drug.

Now, our director general at the tine of
health services was worried that the option of
taking a weekly unregi stered drug conpared to a
regi stered daily nedication would unfairly
put soldiers in a predi canent where they were
choosi ng experinental participation over registered
drug. So he nade it clear under a health policy
directive that those soldiers could participate

free of participation in the study and take
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open- 1 abel registered nefl oqui ne provided they are
under the direct supervision of the study team
because we were subjecting soldiers to a war-1ike
condition, and nefl oquine was our third line
therapy. It was only to be used under policy if
the soldiers could not tol erate doxycycline or

Mal ar one.

Now, at the tinme and still today, the only
conpar ator drug on a weekly basis that we can
ethically offer our soldiers to participate in and
still deploy was nefl oqui ne.

DR. BADEN. Thank you.

DR DON So a comment was nmade about
prodromal effects of nmefloquine. This is the
| abel . "Take folks off nefloquine if you get one
of these events."

Next slide, please. These are the
conparable rates in the review that Dr. Nevin
ref erenced, conparing nefl oqui ne to doxycycline and
mef | oqui ne to atovaquone proguanil. You wll see
that the incidence of events for the nmefl oquine

arnms are quite different in these two anal yses, and
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remenber that these are neta-anal yses of |ots of

i nput studies, but the rates of events in arns that
don't have a neuropsychiatric limtation are nuch

| owner .

Next slide, please. So we' ve |ooked at
treatnent rel ated prodromal psychiatric events at
t he recommended dose of ARAKODA, and you cans see
here, we've got the ARAKODA depl oyed versus the
ARAKODA resi dent, versus placebo. And you can see
that the rate of these prodronmal events in ARAKODA
resident folks isn't much different from pl acebo.
We' ve already tal ked about the increased rate in
soldiers in the setting of conbat stress.

Next slide, please. No. | think we're done
with those slides. The only other comment | wanted
to make was how |l ong-term safety study is powered
to assess differences in these prodronal endpoints
if they occur. So we have a followon study in the
popul ati on w t hout psychiatric exclusions, based on
prior nmedical history that will shed |light on these
events and confirm what we believe to be the case,

which is there is no signal in a non-resident
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popul ati on.

Movi ng on to sonme of the other points that
were nade, resistance, very difficult to assess for
an 8-am no-qui noli ne because you're basically
| ooki ng at a conbi nati on of how t he parasites react
to the action against the developing |liver stages,
and nost or all of the parasites are killed there.
Any that make it through and go to ganetocytes,
there's also a killing action of the drug on the
transm ssi on st ages.

We know right fromthe approval data of
pri maqui ne, that there was an inherent difference
of about to twofold between specific strains of
vivax. This is the regular tenperate variety,
which is why you need 30 mlligrans a day to treat
the Chesson strain and 15 milligrans to treat
ordi nary vi vax.

Despite 60 years of years, there's basically
been very little shift in the susceptibility of P
vivax to primquine. So for that reason, we think
because the nmechanismof actionis simlar, it's

unli kely that there'll be resistance devel opnent to
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t af enoqui ne.

I think that covers all the points that I
remenber there being questions about. |'msure |
probably m ssed sone, so |I'd be happy to take
further questions.

DR. BADEN. | think we have many nore
questions, so we'll go back --

DR. DON Ckay. Let's do it.

DR. BADEN. -- to the commttee resun ng our
questioning, and we can resune with | think
Dr. More --

DR MOORE: M question's been answered.
Thank you.

DR BADEN:. Geat. Dr. Foll mann?

DR FOLLMAN: Yes. Thanks. |I'm was
interested in the 10, 000-person study you briefly
alluded to as sort of a followon safety study that
you were intending to do or so on. You nentioned
it mght be in TRICARE, which | guess is mlitary
health system so this would be nostly sol diers
depl oyi ng and sone woul d get tafenoquine and ot hers

m ght get other things, just sone nore details
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about that.

Al so | guess, when do you think you' d have
10, 000 t af enoqui ne subjects in this study? Ten
years? Five years? Sonething like that?

DR. DON TRI CARE was our initial proposal
to FDA, and we haven't finalized an agreenent wth
t hem about exactly how that study will |ook. And
we | ook forward to further discussions over the
next week or two with our coll eagues at the agency
to settle that.

We had suggested TRI CARE because it contains
both mlitary folks but also their famlies,

i ncluding pediatric subjects. So you do get a

m xture of famlies and depl oyed fol ks in that

dat abase. It doesn't have to be limted to that
one. That was the one we sel ected based on sim|lar
studies done in the past with the flu antivirals
that seemto be a logical place to start. And it
does not have to be 10,000. That's sonething that
we're going to discuss with the agency further.

But the reason for that nunber was because

in the | arge database survey conducted by |kotel,
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10, 000 seened to be the nunber you needed to get

to, to begin to show some differences in individual
neur opsychi atric endpoints, renenbering that for
the rare ones that are the nbst concerning, they're
obvi ously very few of themin and we need as nmany
hi gher end as possi bl e.

In ternms of duration, it depends how nany
prescriptions we get out there quickly. The total
peak prescriptions a year m ght be up to 250, 000
once we hit peak sales in a few years. So | would
say that the tinme frane would be probably two years
before we're in a position to retrospectively | ook
at that data.

DR. FCLLMANN: And you woul d have
conpar ati ve prophylactic drugs as well to conpare
trust.

DR. DON Yes. And we would nost |ikely be
| ooki ng at Mal arone as the conparator since it's
the daily standard of care.

DR. BADEN: Dr. Zito, you have a foll ow on?

DR. ZITO  Just picking up on the TR CARE

data source, currently, you could be conducting a
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retrospective anal ysis because to see the extent to
whi ch any of the conparators are bei ng used
currently and over what period of tine, and you
want to identify new users; correct?

DR. DOW Correct.

DR. ZI TO  Because when you say
prescriptions, we get confused. So we're talking
about new users of --

DR DOW But by definition, tafenoquine
woul d be new prescriptions in the U S. context.

DR ZITO Right.

DR DON And you would bracket it so that
the tine at which you recorded prescriptions of the
ot her drugs was in the sane tine w ndow.

DR ZITO Yes. So a lot can be |earned
about how long it's going to take for any
post mar keti ng study. And sone of that coul d be
done now w th conparators.

The second point | have on this is to what
extent could the FDA be a part of or the approval
process for the postmarketing study that you wl|

conduct so that there is, in advance, good
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agreenent about what are the critical neasures that
shoul d be attended to.?

DR. DON We wel cone that input from our
col | eagues w th FDA.

DR. COX: W can review that protocol and
provi de conmments and get appropriate fol ks invol ved
to look at a |arger study of such a design. So
yes, we | ook forward to that.

DR. BADEN. Dr. Zito, if you have other
questi ons.

DR. ZITO  The other question was on where
t he nunber 300 cones fromin your, | guess, your
cohort. You tal ked about 300 on the active drug
and 300 pl acebo. And where does the nunmber 300
come from and why is there not a conparator group
in this case?

DR DON [|I'mgoing to ask Dr. Ranson to
address the question about the sanple size, and I'm
going to think about the answer to the second
question while she's providing that information.

DR. RANSON: So the current study was

principally designed to be an ophthal mc safety
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study. A primary efficacy endpoint is changes in
essentially retinal disorders that are exam ned by
very precise instrunents over tine, and we're
expecting a very |lowincidence rate of a few

per cent .

So we have 300 active subjects and 300
pl acebo-control | ed subjects. These are not
mal ari ous areas so we can conduct a
pl acebo-controlled trial.

I think, Chuck, you did a further analysis
| ooking at the -- oh he's | ooking at ne strangely.
In terns of -- Mark, do you --

MR REID: If you power off your study for
pri mary endpoi nt of ophthalmc safety, it becones
extrenely difficult. And we age match the
popul ation to an ADF by 33 study. And in younger
eyes, the background rate of retinal disorders is
quite low. So essentially it cones down to a rule
of 3 on our best guest | ooking at publications
principally around the Bl ue Eye Muuntain Eye study
and t he Beaver Dam study, where we estimted what

woul d be the highest rate of retinal eye changes

a
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naturally in a background popul ati on at the age
group of around 55. And that's where all the
soldiers were in terns of the ADF 033 st udy.

DR. BADEN: Dr. Tan?

DR. TAN. | have two questions. Most of the
endpoints that we're tal king about is while on the
study drug. I'mreally interested in let's say the

travel er who cones back and may devel op nal ari a

after they're off of the drug. In the sem -innmune
popul ati on studies, they were followed -- and

pl ease correct nme if I"'mwong -- for 4 weeks. And
it's difficult when they're still in that endemc

area to know if that infection is failure or just
re-infection or new infection.

Then in the non-i mune popul ation, | believe
they were followed afterwards. But |1'd |like a
clarification. They were given no post-trip
course, is that correct? No post-trip drug. And
then what's the tine to parasitem a after they were
of f the tafenoqui ne?

DR. DON Wth the sem -i nmune subjects, the

foll owup was 4 weeks. For the non-inmmune

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

241

subjects, there was basically 6 nonths where they
were nonitoring P. vivax relapses. So in effect,
it's a 6-nonth follow up. And then in 033, the

t af enoqui ne and nefl oqui ne were given right up to
the end of deploynment. And then the tafenoquine

subj ects were given prinmqui ne placebo, and then

t he nmefl oqui ne subjects were given prinaqui ne for
2 weeks.

DR. TAN. What was the time to parasitem a
in those that were given tafenoqui ne?

DR DOW It's in slide nunber 48 of the
sponsor's slides, please, Sally.

There's your answer right there in the
ri ght-hand col um.

DR TAN: Al right. Thank you very nuch.
But | have a second questi on.

DR. BADEN:. Pl ease.

DR. TAN:. First to clarify CDC
reconmendati ons for prinmaquine, we do not reconmend
pri maquine in places with falciparum W actually
reconmmend primaqui ne prophylaxis in places that

have primarily vivax because of its efficacy for
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causal prophylaxis, so just to clarify that.

The reason for that is because we are
concerned about its efficacy, its schizonticidal
efficacy in the blood stage for falciparum So the
fear is that if there's i nconplete causa
prophylaxis at the liver, that it's not going to
get that blood staged in fal ci parum especially,
primarily.

Now, going to tafenoquine, which is simlar
to prinaquine, it sounds like there is sone data to
show its schizonticidal activity, but if you can
pl ease reassure ne. | believe there's the
chal | enge study with 12 individuals, but | inmagine
the confidence intervals are quite wi de on that.
And in the non-imunes, if you can just please
review the efficacy for that falciparum piece,
schi zont i ci dal .

DR. DON Sure. Could we go to the backup
slides that have the chall enge study? There are
three or four chall enge study slides. Perhaps |'l
just comment on the rationale for doing that study.

We know fromthe animal studies that tafenoquine is
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overwhel m ngly causal, kills nost of the liver
stage parasites. And we recogni ze that prinaquine,
if you skip a dose, you're at higher risk of
getting falciparum That's the consensus.

We hypot hesi zed that based on nouse data
where we see a very strong bl ood stage effect
agai nst berghei with tafenoquine, but we should see
a simlarly strong effect agai nst falciparum
agai nst the blood stages only. So this was
desi gned as a test of the hypothesis that we woul d
see the expected activity agai nst bl ood stages,
hypot hesi zing that in a few patients, there m ght
be sone escapes.

This is the study design briefly. This is
t he design, the | oading dose and then a dose a week
later. Then there was the IV inocul ati on of
bl ood- stage parasites. And then for the controls
that got malaria, a rescue treatnent at the
end -- sorry, a rescue treatnent at the end to be
absolutely sure everything was eradi cated. And
that sane rescue treatnent was given to pl acebo

subjects earlier if there was synptomatic mal ari a
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or observed.

Next slide please. So these studies are
necessarily small just because of the |ogistics of
doing themsafely. W had 12 in ARAKCDA, 4
pl acebos, 100 percent efficacy, and you can see the
confidence intervals here.

DR. BADEN:. Any ot her questions, Dr. Tan?

(Dr. Tan gestures no.)

DR. BADEN: Dr. Wi na?

DR. VEINA: This question is probably for
Dr. Berman first. A really good discussion on the
reasoning for selecting the 80 nanograns per niL for
the cut-off for successful prophylaxis, and a
di scussion regardi ng the 200 versus the 400 because
of the tolerability. And then there was the
di scussion | ater on about the tolerability, and it
showed t hat obvi ously 200 was better tol erated than
400, but 200 BID was pretty nmuch exactly the sane
by tolerability to the 200 once a day, and nuch,
much better than the 400.

That kind of led me to | ooking back at sone

of the original data sets and wonderi ng had you
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tried 100 mlligrans. And when we | ook at
study 045, the data for the 100 mlIligranms | ooks as
good as the 200 mlligrans. And |I'm ki nd of
wonderi ng why 200 becane the choice instead of 100.

DR. DON You're right. 1In one of the
African studies in a sem -immune popul ation, there
was simlar efficacy between the 100 and
200-m I ligram doses. But of course, in any nalaria
drug devel opnent canpai gn, you don't know whet her
there's going to be a difference in susceptibility
W th non-imune versus sem -i mmunes. Al though the
deci sion to pick 200 was nade as a conbi nati on of
susceptibility and other considerations, this al so
woul d need to be cautious and nake sure that you've
got adequate bl ood | evels to address known and
docunented failures in non-inmmunes, and in
particul ar those 5 cases wth concentrations that
we showed were all synptonatic cases; whereas in
the African studies, parasitema is the end point,
not a clinical malaria endpoint.

DR. VEINA: So toward that end, do you have

PK data for 100 mlligrams?
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DR DOWN Yes, we do. That will be in one
of the backup slides, slide 64 in the backup
slides. What you're seeing here is three curves.
These are sinmul ated concentrati ons based on the
PoP- PK anal ysis of 800 subjects, and any 80
nanogramthreshold is what we're trying to beat,
and 3 curves are presented in each graph: the 95th
percentile, the nedian, and the 5th percentile.

In the fasted and fed, you can see that even
in the owest 5th percentile, we get above the 80
nanogram per nL threshold, but we're bel ow that for
the lower 5 percent confidence interval at a
100-m I ligramdose. So this pharnmacokinetic
simul ati on conbined with the fact that we have
synptonati ¢ breakt hroughs with 9 concentrations
means that there's sonme question as to whet her we
woul d get the sane | evel of efficacy in a non-

I mmune popul ation relative to the dose that's been
sel ect ed.

DR VEINA: It's hard to see on that
particul ar graph, but the 5th percentile for the

100 mlIligrans, does that exceed the 55 nanograns
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per nmL or not?

DR DOW It would be right on the cut-off.

DR. VEINA: Gkay. Thank you.

DR. BADEN: Dr. Moore, you had a foll ow on?

DR. MOORE: | do, of the sponsor. So the
5th percentile, I'mgoing to assune that those

i ndi viduals in that group were not extraordinarily
heavy but rather older. |Is this correct?

DR DON In this population PK nodel, the
two things that correlate wwth the PK paraneters,
the maj or one was body weight. But we don't have
t he graph here today. W' ve broken it out
separately based on body weight. And even though
that's a covariate, we're still above the 80
nanogranms per nL in the higher body wei ght
i ndi viduals. And | believe those sinulations were
provided in the clinical pharmacol ogy section of
t he dossi er.

DR. BADEN: No further follow ons, then
Dr. Gipshover on the phone, do you have questions?

DR GRIPSHOVER  Yes. One's been answer ed.

| noticed the nmefl oquine side effect profile in
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your trials is pretty conparable to the tafenoquine
but nuch | ower than what you presented fromthe
Cochrane database. Did they capture all of the AEs
carefully? There was a striking difference,
especially if you | ooked at the ones that were in a
non- depl oyed study, like in Africa.

DR DON Wth respect to --

DR GRIPSHOVER: |I'msorry. The neuropsych
di fferences, the incidence of neuropsych
conpensations in both tafenoquine and nefl oquine in
your studies is much |ower than that what you
showed i n the Cochrane database. |If we think
that -- it's hard to say that this one is safer if
it looks the sanme in your studies, but the
incidence is clearly lower than the trials. And |
guess | wondered if you can postul ate why or do you
feel that the data was -- it wasn't
[indiscernible]; is that true, narrow side effects?

DR. DOWN Just briefly review ng where we
are, the FDA showed a slide, and we showed a slide
using a different conparison of rel atedness that

showed t he adverse events in nefloquine versus
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t af enoqui ne in a depl oyed popul ation. And we need
to renenber that that's against the backdrop of a
war -1 i ke engagenent with a significant nmjor

conf oundi ng variable in terns of the psychol ogi cal
stress of warfare, that we interpret those data as
bei ng a consequence of the operating environnent.

DR GRIPSHOVER  But [indiscernible] --

DR. DON Hang on. W al so showed a slide
earlier in the presentation that in that depl oyed
envi ronnent, Mal arone | ooks the same as nefl oqui ne
even though Mal arone is not considered to be a
neur opsychiatric drug. Then with respect to the
non- depl oyed situation, the rate of related AEs is
a percent higher than the placebo. And then in
terns of the Cochrane dat abase system the absol ute
right is not conparable to a clinical trial setting
because that's a neta-analysis of |lots of different
control |l ed studi es, database studies that have all
been m xed together to cone up wth an answer. So
it's the treatnment difference relative to placebo
that's the inportant thing to consider.

| guess the other thing that we al so have to
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remenber is that the clinical literature show that
mef |l oquine is actually a nocebo, so this data from
the travel nedicine literature conparing Ml arone
to nmefl oquine, where if you tell folks they're
taki ng nefl oqui ne, there's actually a

neur opsychiatric adverse event related to

mef | oqui ne pl acebo. So sone of the attri butable
simlarities nay be due to a nocebo effect telling
folks that they're getting a neuropsychoactive
drug.

DR. BADEN. Thank you. | want to go back to
the question | asked the agency just before the
| unch break. M understanding is 60 Degree
Phar maceuti cal took over the lead in the
devel opnent around 2009, if | understand the
briefing docunent correctly. But that's not
conpl etely germane to ny questi on.

My question is, how confident are you in the
data generated 25 years ago to 12 years ago? And
how can you reassure us that those data are high
quality? O how have you reassured yoursel ves and

how can you reassure us that those data are high
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qual ity?

DR DON darifying the comment, we becane
the licensee as of 2013. Wth a | egacy data set,
the data are what they are, and we have done the
best job we can putting together the safety
informati on that we have, coding it old so
conpari sons can be nade across studies. W're
confident that the safety profile based on the data
we've submitted is benign. W've commtted to
doing longer termsafety studies to provide nore
data for our stakeholders in the agency to continue
to evaluate the drug over tinme. And that wll be
our comm tnent going forward, is to follow up on
and signals as they appear, if they appear.

DR. BADEN: But you nust have done -- |I'm
just trying to get a sentence of sone
[ i ndi scernible] --

(Crosstal k.)

DR. DON Actually, | would |ike Bryan
Smth, who used to be the project |eader at Misonda
prior to ny involvenent, to make sone additi onal

comment s about the studies.
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DR. BADEN. Thank you.

DR SM TH. So thank you very nuch for
bri ngi ng up the question because I think it's
germane not only to the veracity of the data that
we presented directly, but to devel oping drugs in
this space in general. So as Dr. Dow had
mentioned, |I'malso one of the retired mlitary
peopl e and spent six years as the product manager
for tafenoquine during this phase from 2010 to
2016.

So to begin to start to answer your
question, honestly, | was directed to take a | ook
at the dusty box and figure out whether we were
going to try to save this drug or whether we were
going to kill it. And ny assunption going into it
is | was going to kill it. So we started the
process of going through the | egacy data sets with
a large CRO. And in looking at the status of that
data, it was what tafenoquine could do, what it
woul d do, how would we use it mlitarily, what it
was going to fix for us, and what are other options

wer e.
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The further we went along that process, it
becane clear that in fact the original drug
desi gners and devel opers had given us a really good
drug. Maybe we hadn't done such a good job in
product managenent to get it through quickly, but
the drug was doing what it was. So the next step
was could we support the data. So we went back and
| ooked at nonitoring reports, ensuring the GCP
conpl i ance of each of those studies, and then
bringing the data sets thenselves into a nodern
context where we could do the integrated anal ysis,
because | couldn't make sense of what to do with
the 3,000 subjects until | got there.

During that sanme tineframe -- well, let ne
al so say, those trials were sponsored either by our
coll eagues in the Arnmy, so either U S. Arny
sponsored or they were sone version of SmthKline
Beecham t hat then became GSK t hrough the iterations
of that, so a coll aboration between industry and
the U. S. governnent that were really done at a very
high standard. So we felt nore confortabl e that

t he studi es were actually hol di ng up.
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So the intent really, honestly, up until the
time frame you had nentioned, when | took the
program over, was that because there is no profit
notive to do this work, it's extrenely difficult to
do, as you've all westled with here this
afternoon. Conparing to a snmall treatnent
prophylaxis is difficult, and there is no body that
generates forward; how do you get the resources;
how do you get the tine; how do you get the
subjects to be able to nove forward to be able to
bend the curve, which we've tried to express.

So the intent was, really, that the Arny
woul d do all of that devel opnent and hand it over
to GSK once they got their approval that they got
two weeks ago, and then say would you just file an
ANDA? The cold hard reality of that is, no one
wll take it. So after putting it out broadly in
the Federal Registry, |ooking for co-devel opnment
partners, it was 60 Degree Pharnaceuticals that
came up and was wlling to go ahead and do the
heavy lifting.

DR. BADEN: And along those lines, the
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re-review of the slides, was that triggered in part
by this review?

DR SMTH. If you're speaking to study 030
directly, no. That was done actually before the
dat abase re-analysis. That was identified early
on. And again, because the positive conparator was
also failing, they went back and | ooked at the
actual study design. Unfortunately, coll eagues
t hat predate us had nade a decision to go with a
single slide reader, not the ABC rule, which all of
our other trials were always done.

DR. BADEN: Sure.

DR SMTH. So the fal se positives, which
were in both groups, is what ultimately led to --

DR. BADEN. And that speaks to reeval uati on
to try and prove the quality of the data over tine
as peopl e becane aware of certain weaknesses.

DR. SM TH. Absolutely right. But the tria
desi gns thensel ves and how t he sl i de-readi ng
paradi gmthen was used, the Arny learned a ot from
that. Cbviously, there still was very val uabl e

i nformati on contained wiwthin 030, particularly on a
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safety standpoint. So we still wanted to sal vage
the parts of that.

DR. BADEN. Al ong those lines, the
nmet henogl obi nem a | pointed out, the 60 percent
difference in two studies, any explanation for
that? |Is that aspects of data coll ection?

DR SMTH. Mark, | don't know if you want
to address that. The agency had asked the sane
questi on, so we gave sone data, what we coul d,
because again, there is substantial periods of tine
di fference between those as well.

DR REIG It is a good question. | was
curious why the agency brought in their device team
as part of the review, and it's very clear to ne
now. And actually the agency had thought about
this problem of pre-NDA because as part of the
subm ssion, they asked us to specify all the
met henogl obi nem a net hods that had been used in all
hi storic studies and actually specify the nethod
t hat was used was bei ng used, in our prospective
| ong-term safety study that Janet had al ready

spoken to earlier this evening, where we had one
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case at 6 percent net henogl obi nem a.

The standard of the assay has been quite
vari able for a nunmber of years, so we've been at
pains. And | think the database reflects that over
time. These are | egacy studies, and we' ve been
very careful prospectively noving forward now,
particularly with a long-term safety study, to have
nost preci se and accurate | aboratory assay net hod
avail able to us on a centralized basis.

The ot her concern w th net henpgl obi nem a, as
you well know, is a tine restraint on actually
anal yzing the blood. And these are field studies,
so we've got to get the hematol ogy blood to a
| aboratory where we can anal yze bl ood paraneters,

i ncl udi ng the nethenogl obi nem a before that val ue
shifts. That can't be done at a centralize
| aboratory.

| ndeed, for 033, we neasured our hemat ol ogy
in the field and net henogl obinema in the field by
a radi ographic nethod. And we froze out on |liquid
ni trogen vapor and we took our biochem stry sanpl es

out and we anal yzed them at a central | aboratory.
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So we were very aware of the risks of |aboratory
variability and managi ng that in our safety
dat abase.

DR. BADEN. Dr. Orza, did you have a
fol |l ow on?

DR ORZA: Yes, | had a foll owon about the
Arny's devel opnent of this drug and its apparent
interest in having it approved so that they can use
it, and whet her there was any thought or
opportunity to actually test it in our mlitary.

We don't have any data fromour mlitary. And if
not, if there's a thought about doing that going

forward, if it's approved, at |east under intense
post mar keti ng ki nds of surveillance conditi ons.

DR DOWN | would love to do a study in
active duty mlitary once or if we have approval,
and | think there's all kinds of questions that our
col | eagues would |i ke to answer with respect to
conparators to standard of care, specialty studies
for folks doing high intensity tasks of various

types.

We don't have specific plans yet because
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there's a policy | andscape to navigate before it's
appropriate to do those sort of studies, but I
t hi nk both our coll eagues at DoD and us are
commtted to generating nore data as appropriate in
the future.

DR. BADEN. Dr. O otokun, you had a

f ol | ow on.

DR. ORZA: Sorry. | just wanted to finish
the --

DR. BADEN: " msorry.

DR. ORZA: -- because right now, it seens

li ke we're saying that the high-stress conditions
of deployed mlitary are not the right
ci rcunstances for using this drug.

DR. DOWN No, that isn't what we're saying.
We're saying that if you go to a high-stress conbat
zone and you give active soldiers Ml arone or you
gi ve them nefl oqui ne, you're not going to see a
difference in the overall burden of
neur opsychiatric events. So it's a depl oynent
rel ated phenonenon that's driving the

neur opsychiatric profile.
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So I think that any antinmalarial drug would
performin that high-stress environnent. You get a
high rate of neuropsychiatric events. This is
ordinary travelers or fol ks who aren't traveli ng.

DR. BADEN. Dr. O ot okun?

DR. OFOTOKUN: Thank you very much. And
t hank you, Dr. Dow, for all of the clarity that you
have provided so far. And | must say that |I'm
really intrigued by the breadth of spectrum of
activity of this product, but | amstill very
concerned about this issue of henolysis,
nmet henogl obi nem a, and GSPD defi ci ency, noting that
| think in nore than half of the studies,

i ndi viduals with G5PD deficiency were excluded from
the study. And in studies where they were
i ncl uded, we probably had about maybe 6 or 8

i ndi vi dual s that have a GGPD deficiency in that

st udy.

We know that GGPD deficiency is a
very -- perhaps the nbst common enzyne genetic
deficiency. There are alnost 400 mllion

i ndividual s that are affected. People of African
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descent, about 14 to 15 percent of the popul ation
is affected by G6PD deficiency, and the |evel of
G6PD deficiency varies. So it's not just a

zer o-sum gane; you have it or you don't have it.
And therefore, reference to drugs that can
precipitate henolysis in that setting nat differ
fromindividuals to individuals.

So | need sone nore assurance about that
aspect of the safety of the drug. And one question
| want to ask you is, should this drug be approved,
wll it be on the condition that people wth G6PD
deficiency will be excluded, they will be trying to
get that wth individual wth GGPD deficiency?

DR. DOWN Yes. So primaquine, as you know,
i's an approved 8-am no-quinoline that has a
contraindication for g GPD deficiency. There wll
be one in our |label as well. So no one will be
able to use this drug w thout having a G5PD test.

In terns of the overall safety dat abase,
there were 3, 148 exposures, a dozen or |ess
screening failures, renenbering that particularly

inthe field studies, in that setting, it's not
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al ways easy to get it ri

t hose dozen or so fol ks,

ght all the tinme. And of

there was only 1 case that

was synptomati c;
sonething folks in our trial

I think that

in the context of a U S.

so 1 case out of 3000 and

dat abase overall .

travel

popul ati on where the G6PD screening is routinely

avai l abl e for

it's standard

I nsur ance conpani es,
bl ood screen that's ordered by a physician. The
overall quality of the testing is going to be good

and the failures few

DR. BADEN: Dr. Zito?

DR ZITO In relation to G5PD deficiency,
what is the probability of that screeni ng occurring
in Africa and ot her areas?

Zero. Thank you.

DR. DON So the issue of GBPD screening in
mal ari a-endem c countries is an entirely different
base because there's no standard | aboratory
infrastructure to do it. So the degree of ability
to use any itemin a quinolone in a nmal ari a-endeni c

country is going to be dictated by the quality of

t he avail abl e testi ng.
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We haven't been directly involved in this
effort, but there are a nunber of NGOs who are
wor ki ng on hand- hel d GGPD screeni ng devi ces, which
are in the process of being approved for regul atory
pur poses, and | believe would formthe backbone of
the testing effort in a nmalaria-endemc country
once they' ve been approved by regul ators.

DR. ZITO To finish the thought, are you
mar keting then basically to an Anerican mlitary
popul ati on or tourist population nore than you are
addr essi ng the gl obal need?

DR. DON So our initial regulatory
applicati ons have been to the Australian TGA and to
the U S. FDA focused specifically on the travel
medi ci ne popul ation. In the future, if it's
appropriate, we nmay consi der naking our effort to
the gl obal eradication effort because we feel that
the ability to give a drug for up to 6 nonths has a
much hi gher probability of nailing the problem
particularly in an asynptonati c popul ati on, than
just focusing on a single dose of P. vivax active

cases.
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That's probably five years in the future,
and there's a series of safety studies that we need
to do to operationalize the hopefully approved 6-
nonth regimen to make sure it's appropriate for a
nore gl obal population. And if we can find the
fundi ng and operational partners to do that, we
woul d | ove to.

DR BADEN. As tine is short, we wll have a
f ew nore questions, but again, as pointed as
possible. Dr. Atillasoy, you' re on

DR. ATI LLASOY: Yes, real quick. So besides
t he confi dence you nentioned you have in the prior
data, just to clarify, you have conducted those
latter two studies, 2016-01 and 02, correct, with
the final market inmage? And you conducted those,
correct; the PK chall enge studies in your inage,
correct?

DR. DON Yes. So 60P02, that chall enge
study we did using the tablet that's intended to be
mar ket ed, and then the |long-term safety study
60PHO4, 60P is the sponsor of that study as well,

whi ch has been enrolling subjects since October of
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| ast year, again, using the tablet that's intended
to be market ed.

DR. ATTI LASOY: Very good. One other quick
question just on the keratopathy, in ternms of tine,

the eye findings in terns of the tine to onset of

seeing those findings, | think it was either -- you
mentioned in slide | think 49 and 65 -- excuse ne,
59 and 65. Is it atine event, neaning if soneone

isin the field for not that |ong, dosing the
product, let's say, nuch shorter than 6 nonths,
when woul d we expect to see those types of eye
findi ngs?

DR DON So |I'll ask Mark Reid to conmment
on the timng of onset of the keratopathy, and then
'l coment on the travel nmedicine consequences of
t hat .

MR. REID: Thank you, Doctor. The short
answer is it's variable. And our 057 study, we
felt nost presentation by 12 weeks after we'd
reached the steady state.

DR. BADEN: Dr. Bil ker?

DR BILKER Yes. | think this is a quick
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question. | wanted to get clarification on what
was the FDA's role in the design, inplenentation,
and oversight of the | egacy

DoD st udi es?

DR. COX: The | egacy studies were done a
nunber of years ago. To be honest with you, |'m
not actually sure.

Do ot hers have comments on that?

DR BILKER  So the FDA wasn't involved or
you don't know?

DR. COX: It was a nunber of years ago when
t hose studies were conducted. Do you all have any
i nformati on about whether they cane into the agency
at that point in tine? Again, you can see when
t hi ngs happened nany, many years ago, it becones
| ess clear exactly what the interactions may have
been at that point in tine. But please?

DR. DON They were all done under | ND
except for one, and | can't comment on the back and
forth between the DoD and the agency beyond t hat
because | wasn't there.

DR. BADEN. Dr. Wi na?
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DR. VEINA: A real quick pragnatic question.
Your 100-milligramtablets, howis that packaged?
The whole issue here is to try and --

DR. DOW Alum num blisters, packs of 8.

DR. VEI NA: Packs of 8. Okay.

DR. DON Two packs of 8 in a box. And
again, that isn't approved yet, but that's what we
proposed.

DR. VEINA: No. |I'mjust curious because
the whole issue here is to try --

DR. DON W were trying to go for one nonth
depl oynent in a box because alnpst all U S. travel
iIs |l ess than a nonth.

DR. VEI NA:  Thank you.

DR. BADEN. Dr. Fol |l mann?

DR. FOLLMANN:  Yes. | just wanted to
confirmthat all your studies were blinded, even
the |l egacy studies. |Is that correct?

DR. DOWN Janet, can you conment on that
pl ease?

DR. BADEN:. Pl ease use the m crophone.

DR DON Cone up to the m crophone.
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DR. RANSON: There were sone [inaudible -
off mc], but otherw se, yes.

DR. FOLLMANN: | neant the major efficacy
st udi es.

DR. RANSON: Yes. They were all
doubl e- bl i nded. W showed that on that one slide.

DR. DON The major efficacy studies were
al |l doubl e-blind and controll ed.

DR. FCLLMANN: And one final question. 033,
so that was blinded. Wre the soldiers told what

drug they were on after the study was over?

DR. DOW Mark, can you address that please?

MR REIDD W wite to every single soldier.
We informthem of their treatment assignnent
because we had creatini ne el evati on, and we want ed
to informour soldiers of that finding as well as
t he vortex keratopathy because a nunber of
special -- what we termthe special 100, we anended
the study to do a long-termfoll owup because we
wanted to see resolution of those benign corneal
deposits and denonstrate their resolution out to 12

nont hs; so, yes.
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DR. BADEN. Thank you. Dr. Tan, did you
have the | ast question?

DR. TAN:. This is actually a quick question
for FDA in terns of postmarketing surveill ance.
There is a comment about how it can be recomended
or required. And if it is required, is it
possi ble -- what sort of requirenents can be added
tothat in terns of things to | ook for, howto
neasure certai n outcones?

DR. NAMBIAR So it really depends on the
design of the study. As was noted earlier, we do
engage in discussions with the applicant in terns
of design of the study. W have an opportunity to
revi ew the protocol and provide feedback. So
dependi ng on the design of the study and what are
the questions we're asking of the study, we have
the ability to provide feedback.

Questions to the Commttee and D scussi on

DR. BADEN:. We will now proceed wth the
questions to the commttee and panel discussions.
l'd like to rem nd public observers that while this

neeting is open for public observation, public
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attendees nay not partici pate except at the request
of the panel. Before we get to the exact questi on,
| want to see if there's any di scussi on anpongst the
panel about the challenges with the data and
hel pi ng each ot her understand it.

Dr. Weina?

DR. VEEI NA: Just one quick comrent that |
think is inmportant in consideration, and that is
that | was sitting, reflecting on ny often
di scussed concerns regarding off | abel use. And
now t hat we know that tafenoqui ne has al ready been
given the stanp of approval to go forward, | know
that a lot of nmy tropical nedicine colleagues |ike
to use prinmaqui ne prophylactically, which is
clearly off |abel, because it is not currently
approved for prophylactic use.

The question then becones, w th tafenoqui ne
approved, why wouldn't we just use it off |abel?
Why cone to the agency and get an approval for
pr ophyl axi s?

DR BADEN: | think that's a different -- |

mean, the data before us are for this particul ar
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i ndi cati on?

DR. VEINA:  No, no. | understand.

DR. BADEN. There are plenty of other
per mut at i ons.

DR VEINA: | understand. But what -- ['l]
get to ny point. And ny point is, because of the
i nt ended popul ation that it's to be used in -- and
this is really clearly a potentially inmportant new
addi tion to our tool box, especially for deployed
mlitary, but not only just deployed mlitary, but,
for exanple, frequent travelers to endem c areas
li ke the
Secret Service. And these individuals now
currently have to be practically on doxycycline or
Mal ar one non-stop because they're constantly going
in and out of these populations. And this gives us
yet anot her option out there.

You cannot prescribe it as a force health
protection policy unless it is FDA approved for
that indication. And that's one of our biggest
probl ens that we have. Although it is used,

pri maqui ne is used off |abel, it can never be used
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for the mlitary for that purpose even if it nay be
the nost appropriate scientifically. And | think
that's an inportant consideration about approving
it or not approving it.

I think that it's inportant to understand
that off-Iabel use occurs and that the possibility
of tafenoqui ne being used that way is a real risk.
But if we don't potentially put restrictions on how
it's going to be used, that's a m ssed opportunity
for the agency.

DR. BADEN: | look at the sane issue from
the flip side, which is we can always think of
other ways it m ght be used or weaknesses in the
data. And | think these data have a | ot of
weaknesses that are concerning in terns of the
| egacy nature, the nature of the safety data at
6 nont hs; older folks, pediatric folks. On the
ot her hand, the perfect data wll never arrive
because there wll always be one nore group.

| share M. Milman's concern about how nmany
need to be treated before we have sone confort wth

safety. And it can be 300, it can be 3,000, it can
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be 30,000, it can be 3 mllion, it can be
30 mllion.

DR. VI NA: O it could be never.

DR BADEN. Well, it depends on whatever the

rate is. Oneinamllionrate wll require that
much higher. So in struggling wwth these data, we
have the data we have. And of the data we have
i nformati ve enough to bal ance that safety,
efficacy, without -- then we can al ways think that
there will be other uses and requirenents. And |
think that Dr. Tan was getting at, if it were to be
approved, then how do we encourage the coll ection
of data to start filling in these nmany pot hol es?

DR VEEI NA:  Understood. |'mjust thinking
about that in the context of what a wise man said a
coupl e of weeks ago about being afraid of a risk
that we can't defi ne.

DR. BADEN: Yes. Dr. Tan?

DR. TAN. Two comments. One regarding the
efficacy data, | think a point was nade that it is
difficult to ethically do a pl acebo-controll ed

study in non-immunes. So there is a struggle
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there, so we have to | ook at what we do have
avail able to us. And given the challenges with
trying to calculate the attack rate and show
non-inferiority, we just have to realize that the
data may not ever be available for that.

DR. BADEN. And al ong those |ines because of
your question about the chall enge study, how
convincing is the schizonticidal activity, based

upon t he chal |l enge study, accepting the snall

nunber s?

DR. TAN:. Yes. | think that's a very good
question. | think with the evidence in front of
us, | think it's very encouraging. | don't quite

understand the differences wth prinmaquine, to be
very honest. As they had nentioned, it's not well
under st ood, the nechanism but it's very
encour agi ng.

Actual ly, the second point about the safety
data, | wanted to also bring up that having been in
the field of malaria prophylaxis for a while, and
readi ng these studi es on reported adverse events,

and being famliar with this Cochrane review, we
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have to renenber that adverse events, one, are
commonly reported even in those taking no

prophyl axis or placebo; and two, it's true,
mef | oqui ne really does have a nocebo effect. So |
just wanted to support that.

DR. BADEN:. | want to remind the commttee
we should not be indicating how we're voting. M
intent of this discussionis to air sone of the
expertise that different nenbers of the commttee
have so that we're better inforned and had away
sone of the informati on, because you are nore
famliar with the malaria chall enge nodel than nost
of us.

Dr. O ot okun?

DR OFOTOKUN: | just wanted to say, | know
we have asked a | ot of questions for clarification.
| also wanted on the flip, I'mfamliar wth
malaria. | grew up in a nal ari ous-enden c zone.
Looki ng at the spectrumof activity of this
products, again, | don't think we know of any drug
out there that really has the spectrumof activity

agai nst the various stages of nalaria as is
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presented for this product. And I think the
question | struggle with in ny mnd is whether the
data is strong enough for ne to believe this.

DR. BADEN. And don't answer that question.

DR. OFOTOKUN:  |I'"'m not going to answer that
question, but I'"'mjust saying that it's
sonething -- while we tal k about a | ot of the

negati ve side, we also have to rem nd oursel ves of
sonme of the positive data that was al so presented
by the sponsor.

DR. BADEN. Thank you. Dr. Foll mann, you
had a comment ?

DR FOLLMANN: Just a brief comment. You
brought up the issue of what's our confort with
this | egacy data that was so | ong ago. And | take
confort in the fact that there were blinded
studies, so the two arnms should be treated
separately, and | judge the evidence accordingly.

DR. BADEN. And | have nuch disconfort wth
data that you don't have all the prinmary support,
but | do take confort in your coments, and | take

confort that data were reeval uated and exam ned as
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markers to try and assure quality and conti nue
to refine the findings in a consistent way.

Dr. O za?

DR ORZA: Mne is really a question that
just relates to the |ast two comments; one about
effi cacy and one about safety.

So about efficacy, it is being proposed for
all types of malaria, and we have seen very strong
evidence, | think, P. falciparum W sawa little
bit of evidence about vivax, but that was about
failures. W know it was vivax because it was
failures. So does that nean the drug didn't work
against that? And then there was one reference to
P. mal ari a.

But how strong, really, is the evidence for
all types of malaria? That's ny efficacy question.

DR. BADEN. And | think that will have to be
asked; not now, but that will be an ongoi ng
questi on.

DR. ORZA: And the question about safety is,
we've had a | ot of focus on the neuropsychiatric

side effects, but the FDA nade reference to renal

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

278

cancer and al so reproductive toxicity. So there
hasn't been nmuch di scussi on about the cancer, and
how t hat woul d be refl ected, and what the
reproductive toxicity would suggest about | abeling
for wonen and use in wonen of reproductive age.

DR BADEN. Dr. Zito had a comment.

DR ZITO | have a little bit of concern
about why the phrasing of question 1 relates to
prevention in adults up to 6 nonths of continuous
dosing. It sort of inplies that there's a really
good picture here of both adherence, as well as
safety. That is the way the question was worded.

DR. BADEN. And | presunme the question is
wor ded that way because those are the data.

DR ZITO  Yes.

DR. BADEN. So the question is based on the
data, not necessarily all the other things we would
like in practice.

DR. ZITO Al though only half the popul ati on
actually had 23 weeks or nore.

DR. BADEN. Okay. |If there is no other

di scussi on, we should nove to the voting.
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W will use an electronic voting system for
this neeting. Once we begin the vote, buttons w ||l
start flashing and wll continue to flash even
after you' ve entered your vote. Please press the
button firmy that corresponds to your vote. |If
you' re unsure of your vote or you w sh to change
your vote, you may press the correspondi ng button
until the vote is closed.

After everyone has conpleted their vote, the
vote will be locked in. The vote will then be
di spl ayed on the screen. The DFOw Il read the
vote fromthe screen into the record. Next, we'll
go around the room and each individual who voted
wll state their nane and vote into the record.

You can al so state the reason why you voted as you
did if you want to. W'II|l continue in the sane
manner until all the questions have been answered
or di scussed.

So the first question, has the applicant
provi ded substanti al evidence of the effectiveness
of tafenoquine for the prevention of nmalaria in

adults for up to 6 nonths of conti nuous dosing? |If
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yes, please provide any recomrendati on concerni ng
| abeling? If no, what additional studies anal yses
are needed?

Before we go to the vote, any other
questions on the question?

(No response.)

DR. BADEN. Then let's vote.

(Voting.)

DR. BADEN. This is a long vote.

Dr. Gipshover, please vote. W
electronically are tracking you --

(Laughter.).

DR. BADEN. -- and cannot conplete the
process w thout your input.

If she is not able to electronically vote,
per haps she can enmil her vote in that count since
it'll be secret, sonehow have it on the record
prior to closing the voting.

(Pause.)

DR. BADEN. Ckay. Have her vote first, and
then the rest of us can vote. Let's re-vote; sane

questi on.
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(Voting.)

MS. BHATT: The voting results: yes, 11;
no, 2; abstain, zero; no voting, zero.

DR. BADEN. So we will now go around the
roomand briefly state your vote and any key
comments. We'll start with Dr. Fol |l nmann.

DR. FCOLLMANN: Thanks. So | voted yes.
This is Dean Foll mann. | thought the efficacy was
quite clear. There were three strong
pl acebo-control |l ed studi es show ng strong efficacy.
| like to challenge study to give additiona
i nformati on about what happens with i nmune -- or
t he non-i mmune popul ation, which is of interest for
this indication, and that was sort of 100 percent
effi cacy, actually.

I thought study 033 and 030 were strongly
supportive of efficacy as well, so this was not
difficult for nme. Kind of curious about how it
m ght be used in an eradi cation canpai gn, but I
know that's down the road |l ater, but interesting.

DR. BADEN. Dr. O ot okun?

DR. OFOTCKUN: Very briefly, | voted yes for
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t he sanme reason. | was convi nced about the
efficacy data that was presented and al so the need
and the gaps that are unnet that this drug can
potentially neet. So that was why | voted, and |
al so saw the potential for eradication down the

r oad.

DR. BADEN: Dr. Lo Re?

DR LORE: Vincent Lo Re. | also vote yes.
| thought the applicant showed the efficacy of
t af enoqui ne antici pated clinical reginmen
denonstrati ng superior protective efficacy conpared
to placebo in doubl e-blind studies 043, 045; a
sim |l ar prophylactic success rate conpared to
mef | oqui ne i n study 033.

I would note that efficacy data in persons
greater than 65 years of age and in the pediatric
popul ati ons are |l acking right now, so | would
suggest that the product |abel indicate the | ack of
efficacy data in these age groups. And | certainly
think it would be prudent for the sponsor to
exam ne efficacy in these age groups.

DR. BADEN. Dr. Gipshover?
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DR GRlI PSHOVER: Hel | 0?

DR. BADEN. Yes. W can hear you now.

DR. GRI PSHOVER: Oh, good, because | was
afraid I wouldn't hear you. So | voted yes. And
|, as other people, thought the studies in the
sen -i nmune were convincing and that even though
there weren't any other infections, and study 033
was very supportive because | think it was clear
there was one area. And | do think, though,
there's not a |lot of data on the efficacy of that
post - exposure prophylaxis, so that's one thing to
| ook for down the line, too; as we did have sone
rel apses in that group, and exactly when do they
take that one dose, 1 week after they cone back.

DR. BADEN. Thank you. Dr. Baden. | voted
yes. | think, as stated, the efficacy data are
| argely consistent, and | think the

pl acebo-controlled trials denonstrate substanti al

activity. | think that there are many m ssing
pi eces of data that will need to be | ooked for,
sone of which -- and | conplinent the sponsor on

proposing foll owon studies to the agency to ensure
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that they' re done as noted: does it work for
oval e; does it work for mal ari ous 2D6 net abol i sm
how resi stance energes; the G5PD; the duration of
t reat nent.

I think there are nmany, many questions that
need to be addressed, however, the core data
presented are conpelling for its activity agai nst

t he target pathogen.

Dr. Wi na?
DR. VEINA: Pete Wina. | voted yes. As |
said earlier, | really believe that drugs are going

to be used off label, and if we don't have sone
kind of control of them especially wth
post mar keting surveillance in trials, | think
that's a m ssed opportunity. So toward that end, |
think it's really inportant that we | ook not only
at what has been proposed. But also while it's
very encouragi ng that you have a drug that has very
few interactions with other drugs, based upon what
we know about its netabolism | think it's still
important to look at it in the ol der popul ati on

because it is going to be the ol der popul ati on of
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travelers that's going to be utilizing this drug.

|'ve been involved in a lot of clinical
trials wwth tropical nedicine over the years,
including malaria, and I think that the data was
very convincing and very strong for the efficacy of
this product.

DR. BADEN. Thank you. Dr. G een?

DR. GREEN. M chael G een. | voted yes.
Basically, as has been stated, there's essentially
conpl ete consistency in results of all studies
W t hout any signals suggesting a treatnment failure.
Al so, as noted, it would be inportant to confirm
the potential differential efficacy in the el der
popul ation as is the intention in the pediatric
popul ation. And | just hope that in the pediatric
studies, they're going down to young children
because they return with their famlies to pl aces
endem c from nal ari a.

I heard the sponsor tal k about data in the
adol escents. | didn't hear anything in younger
children and toddlers. And | would, as was

previously nentioned, expect the labeling for this
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product, if approved, to address these limtations
for the current tine.

DR. BADEN: Dr. O za?

DR. ORZA: Mchele Orza. | voted a very
reluctant no, prinmarily in reaction to the word
"substantial.” | do think it's terribly inportant
to have options for prophylaxis, and this would add
tothem But | feel like all of the pieces of
evi dence that we have forma sort of a patchwork,
an i nperfect patchwork with a lot of holes in it.
And there's sonething that we would |ike to be
di fferent about each piece that prevents it from
adding up to what I would consi der substantial.

But | do think that the sponsor and the mlitary
have made heroic efforts to revive a potentially
m ssed opportunity.

DR. BADEN. Thank you. M. Mil man?

MR. MAILMAN:  This is Josh Mailman. | voted
yes. Since this is an activity question, just |ike
many ot hers who have spoken before nme, it showed
substantial activity in the trials that were -- or

the data that was shown. | imagi ne when we get to
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question 2, we'll have other things to comrent
about. But as far as activity, | thought it showed
to be an active drug. Thank you.

DR. BADEN: Dr. Mbore?

DR. MOORE: | voted yes for a coupl e of
reasons. Well, the main reason is that it clearly
was shown to be efficacious. The concern | have
regardi ng the | abeling for the FDA woul d be that
the BM of an Australian or Anerican soldier is
significantly different than your average
M dwest erner who's going to be going overseas to
travel. So |I'm concerned about or woul d be
interested to find out the efficacy in the very
| arge. Also the elderly, because people who were
going to be traveling and going to nal ari ous areas
typically will -- anong U. S. travel ers anyway, w |
be ol der.

The other thing I would say about the -- I'm
hoping the FDA wl | approve this drug for
prophyl axi s, take the panel's reconmendati on
However, | would caution that the graph that was

shown three tines earlier today showi ng the steady
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rise in malaria cases in the United States,

i nported mal aria, when you |look at the data is
really not necessarily due to | ack of adherence to
prophyl axi s but rather the conpl ete absence of
prophyl axi s because nost of those individuals are
peopl e who grew up in mal ari ous areas and didn't
take anything to go back and visit. But hopefully
that wll change with a reginen that you can take
| ess frequently.

DR. BADEN. Thank you. Dr. Tan?

DR. TAN. Kathrine Tan. | voted yes. The
reasons for voting yes, | thought they showed good
efficacy in the data they presented. | don't think
t hat having the perfect data is really feasible or
ethical in a non-immune popul ation, but | think the
preponderance of the data was very consi stent and
t he consi stent handling of the | egacy data.

DR. BADEN. Thank you. Dr. Bilker?

DR BILKER: Warren Bilker. Warren Bil ker
| voted yes. | thought that the efficacy was shown
across the various studies, as Dr. Foll mann

el aborated. And | also agree with Dr. Lo Re about
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the need for future studies in pediatric in greater
t han 65 subgroups, and 1'd |ike to see nandat ed
post mar keting studies in those groups.

DR. BADEN. Dr. Zito? M crophone please.
It's not on.

DR. ZITO Ckay. Now | have the m crophone

on. | reluctantly voted no. | have concerns that
there is a need -- besides this patchwork, which
was a good word to use -- patchwork of snall

studies wwth very, very small sanples here and
there, there is a need for a | arger study that
nmeasures 6-nmonth outcones really regularly across
that interval with observed adherence and
opportunities to assess ocul ar hemat ol ogi ¢ and
psychi atri c adverse events al ong the way, because
the history of this is a class problem and this
drug is in this class with a lot of known seri ous
adverse events.

DR. BADEN. So question 1, 11 said yes; 2
said no. The yeses predom nantly based their
assessnment on the consistency of the data across

the efficacy trials and the chall enge study, but

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

290

rai sed many i ssues, missing data that future
studi es shoul d address, and encouraged the agency
to strongly support and even nmandate such studies,
such as ol der/younger, thin or fatter, anong other
t hi ngs, as has been not ed.

The noes | eaned towards no reluctantly, but
the data were too patchwork, studies were too
smal |, and sone of the adverse events, which we'l]|
get to next, need to be better foll owed,
characteri zed, and assessed.

We shoul d now nove to question 2. Has the
appl i cant provi ded adequate evidence of the safety
of tafenoquine for the prevention of nmalaria in
adults for up to 6 nonths of conti nuous dosing? |If
yes, please provide any recomrendati ons concerni ng
| abeling. |If no, what additional anal yses/studies
are needed?

MR. MAILMAN.  Can we open this for questions
before we vote?

DR. BADEN. 1Is there a question about the
questi on?

MR. MAI LMAN: Yes, there's a question about
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the question. In the applicant's presentation, we
were given additional studies that were part of
their safety followup. And yet, if we vote yes on
this, may we comment on additional studies as well,
even though it's not in there?

DR. BADEN. The question, as | read it, is,
is the package of data enough to establish safety?
Not is the package of data enough to establish
conpl ete safety? And that the data we're
considering are part of the application even though
there are additional data out there but are not
part of this IND, if that makes sense.

MR. MAI LMAN:  Yes, but the applicant has
said there are additional studies that will go as
part of the --

DR BADEN. Oh, in the future.

MR. MAI LMAN: R ght.

DR. BADEN. Yes. So if there are things
that we would want the agency to recomend or to
mandate, | would interpret that as part of the
comrent - -

DR. BADEN. MR MAILMAN: The
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reconmendat i ons.

DR. BADEN: The recommendations that the
agency shoul d nmake sure bl ank happens if we or you
t hought that was so inportant.

Any ot her questions?

(No response.)

DR. BADEN. Then let's vote on the question.
Wiile we're voting, Dr. Gipshover, please vote,
early and often.

(Laughter.)

(Voting.)

MS. BHATT: Voting results: yes, 9; no, 4;
abstain, zero; no voting, zero.

DR BADEN:. So we will now di scuss our votes
starting with Dr. Zto.

DR ZITO Wll, | guess the main point
woul d be that much nore information is needed about
the safety, particularly in terns of ocul ar
effects, hematol ogic, psychiatric. And apparently
a very large, nmuch | arger, postmarketing
surveill ance study would be essential. And in ny

mnd, it would really need to have FDA i nput and
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the use of existing |large data sets, |ike you
menti oned, from TRI CARE so that you could know in
advance, pretty much, how long it's going to take
for you to acquire information froma conmmunity
popul ati on.

DR. BADEN. Dr. Bil ker, please state your

vote and any comments.

DR BILKER Warren Bilker. | voted yes.
Al t hough, as in many cases, | would |like to have
seen nore data, | thought there was sufficient data

to show the safety of the drug. But as wth the
efficacy, | would like to see mandat ed
post mar keti ng drug studi es.

DR. BADEN: Dr. Tan?

DR. TAN. Kathrine Tan. | voted yes. |
t hought they presented sufficient data for safety
for use now, but postnmarketing surveill ance wll
definitely be needed.

DR. BADEN:. Dr. Mbore?

DR MOORE: Ditto, except for the evidence
that was provided was sufficient to denonstrate

safety; not perfect. And I think postnmarketing
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studi es would be critical.

DR. BADEN: M. Mil man?

MR. MAILMAN:  This is Josh Mailman. | voted
yes. | think it was a chall enging data set. |
t hi nk gi ven what they had, they presented all that
they could. | do take a |look at their | abel clains
and | wonder if there will be sone additions to
either the adverse effects or sone counter
i ndi cations given sone of the blood things that we
saw. So | would ask to have that | ooked at. And
then the postnmarketing studi es, whether there's
sone way to check bl ood | evels or sonething because
we have a | ot of people who are traveling and
com ng back. So those are ny comments.

DR. BADEN: Dr. Orza?

DR ORZA: Mchele Orza. | voted a sonewhat
perpl exed no. | do think the safety database is
small and spotty, and there are a | ot of issues.

But |' m perpl exed by the conparison of this drug to
al ready approved drugs, one of which the mlitary
has al ready backed away from And sonetines it

| ooks like this is conparable to those, and ot her
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tinmes it |l ooks |ike we're changi ng our m nd,
actual ly, about those. So the side effects with
Lari am

aren't as bad as we thought and the side effects
wth Mal arone are worse than we thought.

So | really couldn't quite figure out how to
gauge this in conparison to others. But in and of
itself, I would really like there to be nore in the
way of a postmarketing studi es and post narketing
surveil | ance.

DR. BADEN. Dr. G een?

DR GREEN: M chael Geen. | voted no,
al t hough that does not necessarily nean | woul d
have voted no if this was a single question. The
| atter combi ned question would be a very hard
deci sion to make and one which I would be quite
anbi val ent about.

Primarily on safety concerns, as evidence of
efficacy, | think has been established, but safety
may be a different question. As has been
di scussed, the safety database for TQon this

proposed regi nen was relatively snmall, under a
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t housand patients. Established safety signals have
been identified for anem a, keratopathy, or however
one pronounces that, non-specific neurol ogic
effects |i ke headache, | ethargy, dizziness, and G
side effects.

But none of these are necessarily
significant enough, in ny opinion, to have
prevent ed approval. The concerns, however, of a
potential risk of psychiatric side effects cannot
be fully addressed, | think, with such a small
exposure at this duration of use. The ani nal
studies with TQ are quite reassuring related to
t hese concerns. However, it's very difficult to
address the question whether TQ wi Il behave |ike PQ
or MQwth such a snall experience. On the one
hand, the structure of the product seens nore |ike
PQ than MQ, but it's unclear if the hypothesis of
the lack of the hydroxyl group on the conpound
elimnates this risk.

| amvery troubled by the |Iack of conpleted
studies in the last 10 years, though heartened by

the current ongoing safety study and proposed
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post marketing studies. | don't conpletely
under st and why addi ti onal studi es have not been
undert aken or why the applicati on needed to be
consi dered before the conpl eti on of 60PHO4, though
this study is designed to | ook at eye side effects
and not necessarily the full range of effects that
we' re bei ng concerned wth.

In the end, | recognize the need, but |I'm
uncertain of the urgency to approve. And yet given
the lack of current alternative options and the
possibility that postmarketing studies will define
the current unknowns relating to safety, coupled
wth the concern that a val uabl e agent nay be | ost,
| split my vote and express ny anbival ence.

If the agency does approve the application,
| urge themto require the proposed postnarketing
studies, as well as specific studies in the over-65
year ol d population and to conplete the pediatric
studies. The | abel should clearly include issues
relating to GPD, and | am not sure what should be
said with regards to patients with a history of

psychiatric illness. Thank you.
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DR. BADEN. Dr. Wi na?
DR. VEINA: Pete Wina. | voted yes. |

focused nostly on the, in quotations, "adequate

evidence." It's inpossible to prove nmany of these
side effects without a doubt. It's just really
tough to prove that negative. | think nonitoring

this drug under oversight w th postmarketing
surveillance is clearly better than ignoring the
fact that this drug is going to get used off | abel
if it isn't approved. Wen faced with a clear
known risk, either clear known risk frommal ari a
for the potential patients that we'll be using this
or a clear known risk that the drug wll be used
off | abel, fear of an unknown risk should not be

t he reason to deny approval of it.

Cl early, neuropsychiatric precautions ought
to be at | east part of the |abeling and GS5PD
deficiency requirenents for testing should be
clearly part of the | abel as well.

DR. BADEN. Dr. Baden. | voted yes. | am
troubl ed by nany aspects of the safety data,

including the antiquity of it and the | ack of
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clarity of how systematically it was collected and
scored. However, the data provided are fairly
convincing of a reasonable safety profile in terns
of maj or concerns. However, that doesn't mean
that, therefore, it's safe, no concerns;
effective, no concerns; and use it unbridled. That
then cones to the agency and the need to
suggest -- and | would strongly consi der
mandating -- followon study to clarify the safety
in the real world and in real tine wth current
met hods to ensure that it's behaving the way we
expect it to.

| share Dr. Weina's concern that unconmon
safety events, it's inpossible to exclude unconmon
safety events with snall data sets. So whatever
data set we have, an event rate that is slightly
smaller will not be detected. So one can forever
be chasing that safety concern, and one needs to
determ ne that the data avail abl e are adequate for
a reasonabl e anount of safety given the disease
that's being treated, and | think they have

exceeded that threshol d.

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

300

Dr. Gipshover?

DR CGRIPSHOVER: H . | voted yes for
exactly the sanme reasons, actually. | think the
data | ooks li ke there's adequate safety. |'m not

convinced that it's that nuch better than
mef | oqui ne, though. 1In the conparator trials, the
side effects were pretty nmuch conparable. But | do
think we definitely need the postnarketi ng studies
to get a better handl e, especially |ooking at
neuropsych. And | actually think I would still put
sonething in the | abel to at | east consi der
cautioning it because we don't know for sure. But
| think there was enough data to say that there's a
reasonabl e anount of safety.

DR. BADEN. Thank you. Dr. Lo Re?

DR. LORE: Vincent Lo Re. | voted yes. |
t hought that the sponsor presented sufficient data
to highlight the safety. They had 3, 184 persons
fromnore than 20 studies. However, given that
there were only 529 patients who were exposed to
the taf enoqui ne antici pated clinical reginen for

nore than 23 weeks, | think that the | abel should
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note limted safety data in longer termuse. And
t hink that the ongoing study the sponsor has
undertaken to exam ne the long-termsafety wll be
val uabl e.

I would note that the safety data, again, in
those greater than 65 and in those |less than 18, is
| acking. The key studies prinarily enroll ed people
18 to 55, and I think the product |abel should
indicate the |lack of safety data in these age
gr oups.

Further, | think given the pharnacokinetic
dat a denonstrating the tafenoquine trough
concentrations, which were really far beyond the 80
nanogram per mllinmeter threshold for those with
very |low BMs equal to 50, appearing to ne
potentially 4 tines as higher, | think additional
analyses in this BM group would be valuable to
determne if certain adverse events are nore conmon
in this group.

Then finally, | think there were certainly
safety findings warranti ng addi ti onal eval uati on

and postmarketi ng studi es; notedly, the ophthal m c,

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

302

hemat ol ogi ¢, neurol ogi c, and psychiatric AEs. |
actually think it was very prudent of the sponsor
for proposing those postmarketing studies to
further determ ne the incidence in nature of those
adverse effects, and | hope that the FDA w ||
mandat e and nonitor these studi es going

f orwar d.

DR. BADEN. Thank you. Dr. O otokun?

DR OFOTCKUN: 1 gho Ohotokun. | voted no
for the follow ng reasons. Wiile | amreally
persuaded and satisfied wwth the efficacy data that
was provided, | thought the safety data fel
slightly short. Having said that, | would like to
see this product nove forward.

One, | thought that for a prophylactic drug
that is going to be used in a healthy popul ati on,

t he sanpl e size that has been exposed to the drug
so far is significantly -- | nmean snall, 3,000 in a
popul ation that is a worl dw de popul ati on, over a
billion people that are at risk for malaria. |

t hought the sanple size was too snall to nake a

definitive -- regardless of what it did not show,
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the sanple size was too small to nake a definitive
concl usi on one way or the other.

| al so taught that the duration of follow up
of the study is rather short. | would have | oved
to see | onger foll owup beyond the 24 weeks. 1|'d
like to see a year or nore of follow up because
depl oyed personnel woul d probably be on the drug
for a |longer period of tine. | was also concerned
about the diversity of the popul ation that was
studied; nostly white in one of the studies; nostly
black in the other study. The young, the old,
wonen of chil dbearing age, people of Asian descent
were not included in study popul ati on.

So those were sone of the concerns that |
have. But nevertheless, | amvery encouraged by
the fact that the sponsor is doing
addi tional -- prom ses to do additiona
post mar keting studies, and | think those studies
should be well designed. And I think the agency
should be involved in the design of those studies
to ensure that sonme of the deficiencies that have

been noted by all of us on this panel are
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i ncorporated into those designs in ternms of the
popul ati on, the diversity of the population, the
duration of the study, and perhaps the size. |
would like to see a really | arge sanple size | ooked
at and followed very closely to nonitor the various
side effects that have been di scussed.

DR. BADEN. Dr. Fol | mann?

DR. FOLLMANN: Dean Follmann. | voted yes.
| noted that the question here asked for adequate
evi dence of safety, and the earlier question was
for substantial evidence of efficacy. | thought
t hat was obvi ously by design by the FDA, and | felt
confortabl e we had adequate evi dence for safety for
| i censure.

I think the proposed study of 10,000 seens
like a nice, big study for ne and | think it should
be done, mandated, | suppose. | think it's
important to get a better handle on the relative
risk of psychiatric disorders. That's the thene
that's been | guess nost troubling or nost
concerning to ne in terns of the safety anal yses

|'ve seen.

A Matter of Record
(301) 890-4188




10

11

12

13

14

15

16

17

18

19

20

21

22

305

DR. BADEN. The vote was 9 to 4 regarding
the safety. The thenes for those agreeing with
adequate safety data is that the question asked for
adequate, sufficient safety data, and nost of us
t hought that the data net that standard. However,
the PK data m ght be useful in better understanding
both efficacy and safety, and there m ght be
opportunity there to refine how the product is
used. The neuropsych is a particular concern for
all of us, but wll be difficult to get a handle on
given the nature of that finding and its frequency.

The no contingent |largely rested on data are
small, small in nunber, small in tinme, small in
nunber of groups studied. And that for a
prophyl actic indication, one would want
substantially nore data in nany of those groups
that would be in the real world.

Utimately, | think all of the panel felt
pretty strongly that foll owon studies would be
needed, whet her recommended or mandated. | think
many of us thought that several of them should be

mandat ed. The sponsor's proposal of studies was
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very encouragi ng, and obviously the agency w ||
have to work with them But strongly encouragi ng
if not mandating those foll owon studies | think
was a thene that energed as wel|.

So I thank all of the commttee nenbers for
your tinme and effort and participati on a weat heri ng
the weather. | would like to ask the agency if
t hey have any | ast comments before we adj ourn.

DR. NAMBI AR: Thank you, Dr. Baden. |
really would like to thank the commttee. W
appreciate all your input today. | know nany of
you were here about two weeks ago, and nany of you
w il be back again in two weeks. So we do
apol ogi ze for naking you work extrenely hard but
appreciate all the input. W're also sorry that
sone of you had travel woes yesterday, so
appreci ate you coning in today despite a few hours
of sleep last night, and Dr. G pshover for having
j oined us on the phone.

Qur thanks also to the applicant for all the
wor k on the NDA; speakers at the open public

hearing; and a special thanks to the review team
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and all our consultants that have really hel ped us
in the review of this NDA. So thank you, safe
travel s, and see you in a couple of weeks.
Adj our nnent
DR. BADEN. Thank you, and we'll now adj ourn
t he neeti ng.
(Wher eupon, at 3:52 p.m, the neeting was

adj our ned.)
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