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Medical review: Atovaquone/proguanil prophylaxis for malaria

Title: An open label study to evaluate the safety and efficacy of Malarone (atovaquone, proguanil) as a
suppressive prophylactic agent agains* Plasmodium falciparum malaria in South Africa.

The pnmn'ydeeMme the safety and tolerance of Malarone as a suppressive prophylactic in
otherwise healthy non-immune subjects. The secondary objective was to determine the efficacy of

Malarone as a suyptusxve prophylactic in otherwise hulthy non-immune subjects at risk of developing P
falciparum malaria in South Africa.

mmmmmmmmrmymmoflw? the main malaria season in the area.

Malaria incidence is seasonal and transmission does not typically occur during the latter part of the year.
Four study sites were used (Jozini, Messina, Phalaborwa and Sandriver) all located in the Northeastern
region of the Soflintry. Incidence rates vary from region to region depending on rainfall and location of
groundwater. Messina is regarded as a high risk area for malaria, Jozini intermediate and Phalaborwa low
risk as shown in the maps below.—

Fig 4: Malaria risk by study site
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Malaria risk by study site (continued)

Figure 5
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Take preventative measures against
mosquito biteg throughout the yoar
in ALL-RISK-#reas.

. HIGH RISK —

Prophylactic medicines are recommended
from October to May.

. INTERMEDIATE RISK

Prophylactlc medicines are recommended -
for high risk individuals from October to May.

No prophylactic medicines are
recommended.

Legend to figures 4 and 5 -

Thus malaria exposure rates differed for the dii'ferent study sites. Local standards of care mahdate the use

of either chloroquine /proguanil or mefloquine in individuals sent to these areas. Mosquito repellants and
bed nets are also used. i

Volunteers deployed for a tour of duty in these malaria areas were given open label chemoprophylaxis with
Malarone for 10 weeks. Individuals aiready resident in these areas were also included provided they had
taken either chloroquine/proguanil or mefloquine as prophylaxis during the 28 days preceding allocation to
the study drug. This would have reduced the chances that malaria developing on chemoprophylaxis was.
acquired prior to initiation of Malarone.

Study design

This was an open-label non-comparative study. Subjects were screened and allocated to a 10-week open-
label chemo-suppressive phase with Malarone while in a malaria endemic area. Subjects with unresolved
abnormalities (eg adverse events or abnormal laboratory results) at the end of 10 weeks were seen fora
further 14 days off study drug. During this follow up period the study drug was discontinued though
subjects remaining in malaria endemic areas were to be given alternative prophylaxis where appropriate.

Volunteers traveling to a malaria area received one Malarone tablet (atovaquone 250mg/ proguanil 100mg)
daily commericing 48 hours prior to entering the endemic area.

Volunteers already ggsiding in an endemic area were required to have been on mefloquine or
chloroquine/proguanil for at least 28 days prior to inclusion in the study. Those residing in the area for less
than 28 days prior te-enrollment were to have been on prophylaxis while they were inf the malaria area. The
first dose of Malarone was given to these volunteers 2 days before the next dose of chloroquine/proguanil
or mefloquine was dne

MO comment: Me latter gronp of volunteers, depending on the period of residence in the malaria
endemic area, some anti-malarial immunity may have been present. Given the long half-lives of
chloroquine and mefloquine, a residual effect of these drugs would have been anticipated during the
first couple of weeks of prophylaxis with malarone.

The study was conducted in collaboration with the South African Medical Services, South African National
Defense Force. The data management was contracted to

e s All laboratory
assessments were performed by a central laboratory.
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Atmmit;gdemﬁcmfmnmmmdedandaphysicﬂmmnmpafmme&Bood
was drawn for pregnancy testing where applicable, baseline hemgfology and clinical chemist-,, an ICT
malaria P. f_wwm Concurrent medications were-recorded.

At follow up visits, compliance was Checked, adverse events were recorded, concurrent medications were

listed, a physical examination was performed and blood was drawn for routine chemistry, hematology and a

malaria ICT P.f. test. Blood smears were taken at week 0 and week 10 or any time malaria was suspected.

- MO comment: Scheduled follow up visits were at week 5 and 10, allowing extended periods during

which seif presentation would have been required to detect endpoints. Since these volunteers were

military recruigs, it is presumed that most such events would bave been captured as medical facilities

are centralized. Further, concurrent medications would have indicated whether malaris had been
treated between visits.

Unscheduled visits: All visits of patients to clinical or to other health care professionals were recorded. At
these visits information was obtained on adverse events, concurrent medications, vital signs and malaria
bloed tests (if performed).

The primary efficacy variable, “patent parasitemia™ on blood smear was used to indicate a failure of
prophyTaxis. Thick smears were evaluated by a central labomtory and paraslte:ma was confirmed by two
technologists. _ _ b

Table 25: Study plan

FOLLOW-UP
SCREEN VISIT WEEK 0 VISIT WEEX 5 VISIT WEEK 10 VISIT VISIT®
@®-2/5) 0/52) (+5/%2) (+10/52) (+12/52)

Informed Consent v
Inclusion / Exclusion ] v N
Criteria
Medical History / v
Demography
Physical Examination v v ¥ v
Vital Signs ] ' )
Hematology /Clinical ¥ ]
Chemistry .

_{ICT Malaria PF ] ¥ T . ']

- | Diagnostic Test . -——
Malaria Blood Seears® ¥ ¥ 3
Pregnancy Test - ¥ 3 _
Adverne Event Riview v N ¥ N - v
Concurrent Medication |~ - ¥ vy v N .. ¥
Review T
Medication - -1 ISSUED DAILY FROM WEEK 0 VISIT TO WEEK 10 VISIT
* /or anytime that malaria was suspected
® If sbnormalities at Wesk 10 Visit (i.r. serious sdverse event that was urwesolved or ab ! h jogy or biochemical values of dinical

Control groups: No control group was included'in this trial.

MO comment: The difficulty in providing a meaningful control group is appreciated in settings
where the standard of care mandates some form of anti-malarial prophylaxis. In this setting

background incidence rates for malaria in communities in the area would give some indication of the

malarial risk to study participants. In this non-hyperendemic ares, historical data would be affected
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by differences in malarisl incidences from year to year. Entomologic data showing the prevalence of

infected anopheline mosquitoes would give some idea of risk. Without some indicator of risk, the . -
efficacy of prophylaxis cannot be assessed.

Endpommw for efficacy was a positive Malaria P.f. test (ICT), confirmed by a blood smear on i
Subjects with positive blood smears for malaria were 0 be withdrawn form the study as treatment failures.

MO comment: The use of the malaria P.{. test as an efficacy endpoint is limited by the sensitivity and -
specificity of the test. One theoretical disadvantage of this test over smears is the persistance of
positive results for several weeks following the successful treatment of malaria, though this is not
applicable to this study. Another theoretical difference is the inability of the P.f test to detect
parasitemis-agith non-falciparum malaria. Again, this may not apply to this study-since and
indication for non-falciparum malaria is not claimed. The validity of the P.1. test as a surrogate for
patasitemia has not been established by the FDA. Although significant malaria immunity was not
suspected in this population, the unlikely possibility remains that asymptomatic malaria could have °
occurred and the diagnosis would have limited by the sensitivity of the ICT P.f test.

b

Inclusion criteria

Male or female
In good general health o : 3
Atrisk of malaria infection —

>= 16 and <= 65 years of age '

Willing and able to give written informed consent and comply with the study protocol. s

Exclusion criteria

Pregnancy

Lactation :

Being of childbearing potential and in the investigator’s opinion not willing or able to avoid pregnancy

A positive ICT Malaria P f. test . )

Current residence in an area of high transmission without receiving recommended antimalarial -
prophylaxis (chloroquine/proguanil or mefloquine at the recommended doses) during the 28 days
preceding the study. For subjects resident in malaria areas for periods less than 28 days prior to the
study, they were required to be on recommended prophylaxis during the time they were in those areas. i
¢ Known hypersensitivity to atovagquone or proguanil .
e Clinically significant abnormal baseline hematology or clinical chemistry parameters (Subjects were to -
be withdrawn at the discretion of the investigator once the results were obtained.)

Significant renal 1mpamnem as evidenced by a creatinine clearance of <30mL/min B
Splenectomy -

Laboratory evitlence of hepantls as defined by a three-fold increase above the normnl upper limit in N
alanine tmmmmas (ALT) for this volunteer population -

Protocol amondments:
Feb 5, 97. This amendment was made prior to recruitment and allowed for volunteers already in an
endemic area and on prophylaxis, to be eligible for the trial.

Premature withdrawal

Voluntary withdrawals or withdrawals at the discretion of the investigator were recorded in the case report
form and attempts were made to complete post-study assessments including examination and routine
laboratory investigations. Subjects remaining in the area were evaluated within two weeks of withdrawal.
Volunteers with parasitemia on the screening smear or who developed parisitemia dunng
chcmosupplesslon were withdrawn.
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—

Trial medication; -

A single tablet of open label malarone (atovaquone 250mg/proguanil 100mg) was taken daily after food,

commencing ¢ither 48 hours prior to entering a malaria area, or 2 days before the next due C¢-32 of -

prophylaxis in Mudy residing in a malaria area. All other malaria prophylaxis was discontinued

upon commen<mg malarone prophylaxis. Study drug was taken daily after food for 10 weeks. Compliance

was checked daily. Subjects missing more than 2 consecutive doses were withdrawn as compliance —_—
failnres.

Volunteers found to bave used any other drugs with antimalarial activity dunng the study were withdrawn. -
Such drugs included chloroquine, quinine, mefloquine, halofantrine, pyrimethamine/sulfadoxine, proguanil,
amodiaquine etc and antibiotics such as co- hnnoxazole, tetracycline, doxycychne, nfampm azithromycin

" and ciprofloxagin. -

. —

kY

Adverse events were defined as any untoward medical occurrence experienced by a vohunteer and included -
exacerbations of pre-existing illnesses, recurrences of intermittent illnesses, a set of related symptoms or

signs or a single symptom or sign.

Serious adverse events included those that were fatal, life threatening, disabling or incapacitating, that

required or prolonged hospitalization, congenital anomalies, cancer, and those resulting from drug
overdose.

Roitine hematology tests included hemoglobin, hematocrit, platelets, white blood cells and a differential
count. Clinical chemistry investigations included: sodium, potassium, hepatic transaminases, albumin,
alkaline phophatase, calcium, creatinine, creatinine clearance, GGT, giucose, phosphorus, total bilirubin,
total protein and urea nitrogen. Pregnancy tests were performed on all females of “childbearing potential™.

' Intent-to-treat (ITT) analysis
The population for this analysis included all patients who received at least one dose of malarone during
chemosuppression and who hid a negative malaria screening result (using ICT Malaria P.f. test). This
population included all patients lost to follow-up before week 10.

Clinical laboratory testing: j

Evaluable successes: These included all subjects who had a negative baseline malaria test and were

observed to be negative throughout chemosuppression (weeks 0-10) regardless of missing results before
week 10. .

Evaluable failures: These mcluded all subjects with a negative baseline malaria test who: -
e developed a positive test during chemosuppression (weeks0-10)-

e  withdrew from the study for a treatment-related adverse event or : -
e  were lost to folow-up

¢ . took concomitMirmedication thh recogmzed antimalarial activity - -

o  withdrew consent after starting chemoprophylaxis s -

Per-prot ' P  analy:

The population for this analysns included all patients who received at least one dose of Malarone during
chemosuppression, who were protocol compliant with taking medication, who did not receive medications
that could influence the evaluation of efficacy, who had a negative baseline smear and who were either
present at the week 10 visit or were withdrawn prior to week 10 for failure or reasons other than a treatment
related adverse event.

Subjects lost to follow-up before week 10 and subjects missing the week 10 visit were excluded.

Evaluable successes included ail subjects with negative baseline malaria tests who were observed to have

remained negative througbom chemosuppmon (weeks 0-10), regardless of missing results before week
10.
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Evaluable failures included all subjects who had negmve baseline malaria results and at least one posmve

malaria mult dunng chemosuppression (weeks 0-10) or subjects withdrawn for a treatment-related adverse
event.

Amgadveﬁ.éﬁﬁhfmmemmhﬁmw}sdeﬁnedupﬁmwimanepﬁve ICT malaria P test
atscreening.AnggaﬁvebaselinevisitforthePPpowhﬁcnwsdeﬁnedasaneg’aﬁvemhﬁasmearat'
Resuits: , -

One htmdnd-and—sevany-ﬁve volunteers were screened and enrolled into the trial.

Most enrolled gatients were young males. The demognphxc characteristics of this study population are
shown below:

Table 26: Demographic characteristics of ITT population

M
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Demographic Characteristics and Disposition of Patients

Enrolled into the Study
Characteristie. - : MALARONI
. n=175 -
Male/Female ) 149/26
Age(yrs). - "
Males
—  Mean(SD) o o D (6.5)
Range - 18-52 3
Females ' )
- Mean (SD) - 34(7.2)
Range . 2448 )
Weight (kg) o . F
Males - ,
Mean (SD) - 76 (134) - .
_ Range ' . 55-124
Females _ )
Mean (SD) o 71 (12.3)
‘Range | | 48-95 =
Height (cm) : o
Males ' -
‘Mean (SD) _ : 175 (7.9)
"Range _ 154-196 ~
_Femiles™™ S - o
Meari (SD) 164 (7.9)

Range 150-180

All subjects were already residing in the malaria areas prior to the start of the study. The period that each
participant had resided in the malaria area prior to the study was not provided. Nor was information
provided in each participant on the history of previous malaria attacks. The domicile of participants was not
described to confirm the “non-immune” state. A listing of concurrent medical conditions indicated that one
patient with hepatosplenomegaly gave a history of previous malaria.

41
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Concurrent medicition included the antimalarial prophylaxis being taken by the subjects at the time of
enrollment. Consequently all 175 subjects were recorded as taking concurrent antimalarials. Ten of these
mhmhMmukaSmuvdmmmm:mvnydmgmepmodofchmmm
mdwer\.mnlyzedbx_,ﬂleFDAummfulmesmthe ITT analysis.

e _‘__’
Otherﬁ'eqnemly-used conctmentmed:auons mcluded anaigesics and anti-pyretics (19%) systemic -
antibacterials (15%) ophthalmologicals (13%) and non-steroidal anti-inflammatory agents (13%).

Treatment compliance: Forty patients (23%) in the ITT population were deemed non-compliant with their
med:canommherbeuusetheywmlonmfoﬂow-uporbeansetheymsedmmzsequenualchys
of medication.

—=
Patient accountability is described below. -

" Table 27 patient accountability

Completed /
Population Subjects Reascon for discontinuation Malarone
Safety 175 .
Study Cowleters ($) 119 (68)
Premat y Discontinued (%) S6 (32)
Safety, Prematurely Discontinued ‘N 56
Lack of Efficacy 1
Adverse Event 8
Consent Withdrawn 1
- Lost to Follow-up - 28
- Protocol Violation 12
Other 6
Intent-to-treat 175
Study Ccmfleters (\i 119 (68)
7 Prematurely Discontinued (%) S6 (32)
ITT, Prematurely Discontinued N ) 56
. Lack of Efficacy 1
Adverse Event 8~
Consent Withdrawn 1
Lost to Follow-up 28
Protocol Violation — 12
- Other 6
Per-protocol N . 113
Study Comfleters (%) 108 (96)
Prematurely Discont:.nued (8) 5 {4)
PP, PFrematurely Discontinued S
. Lack of Bfficacy 0 —
Adverse Event 3
- _ . Consent Withdrawn 0
- . Lost to Follow-up 0
- Protocol Violation - 2
. Othex 0
Ten sub]ects received-concurrent drugs with antimalarial activity and are described below.
Table 28: Summary of patiénts withdrawn because of current antimalarial use.
[ Patient # Date at start of Date of concurrent | Reason (if Drug
study prophylaxis | antimalarial use provided) _
_4_59 lZMu9z 23Apr97_‘ URTI gu:m
| 475 12 mar 97 14 Mar 97 - Proguanil
| 476 12 Mar 97 14 Mar97 - - Nivaguine
479 12 Mar ﬂ 14 Mar 79 - Nivaquine
629 11 Apr 97 “pre-trial and post Nivaquine

42
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(675 9Apr97__ 13 May 97 “flu” Septran
676 9 Apr 97 11 Jun 97 Acne Doxycycline
709 L14Apr97 Pre trial 6l 13 - Nivaquine/
| e May - Paludrine
715 TApr97 Preuulnlll6Apr - Nivaquine/
760 10 Apr97 16 May 31 Gonorrhea Doxycycline/
ciprofloxacin

* MO comment: These ten subjects were regarded by the FDA as treatment failures in the ITT
analysis. They were excluded from the population in the PP analysis. There was no indication that
patients receifing concurrent drugs with antimslarial activity were receiving these.for symptoms of
malaria.

One patient in the ITT population developed parasitemia with P falciparum. This patient was reported as
non-compliant with his medication. He was regarded as a failure in the ITT population and was excluded
by the sponsor from the PP analysis.

Review of the patient with parasitemnia:

This was a 23 year old black male, wt 77.5kg. He presented for an unscheduled visit on day 28 of the study
with a_temperature of 38.8C and was found to be parasitemic with P falciparum. He had not been present
for any scheduled study visits beyond the week 0 visit and was regarded as a withdrawal for non-
compliance. The case narrative stated that he had missed study medication for approximately four days.

(The dates that medication was missed were not provided.) On this basis he was excluded from the PP
analysis.

In the ITT analysis, 175 subjects were included in the ITT population.

Evaluable failures included:

56 patients referred to above (table 27)
(1 patient with malaria

8 patients with adverse events ’ )
1 patient who withdrew consent

28 patients lost to follow-up

12 patients with protocol violations

6 listed as “other” for which details were not supplied)

_as well as 10 patients who took concomitant medications with antimalarial activity.

Evaluable successes

kY

|

109 patients . _

- [ - -
FDA calculated the success rate in the ITT population as shown below. -
Table 29: ITT analysis -
ITT population = 175
Evaluable successes B 109
Evaluable failures 66
Success rate 62%

Of the 175 subjects in the ITT population 113 were included in the PP population. Details of the 62
patients excluded from the PP population are shown below:

Table 30: Subjects excluded from the PP population
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Exclusion Reason : Number

I-'aﬂure to refurn. 51 T
NP -

Non—complxance 1

Took antimalarials concurrently 10

Total . — 62 -

MO commeng: The submission does not indicate the reasons that the 51 patients referred to above
failed to return. From the context, it appears that they included patients who were “prematurely
discontinued” in the ITT analysis (56) minus those included as “prematurely discontinued” in the PP
population (5). Presumably they incorporated subjects withdrawn for non-treatment-related adverse
events, consent withdrawals, protocol violations other than concurrent anti-malarial use, subjects
non-compliant with treatment and patients lost to follow-up. The description of the 12 protocol
violations that were included in the ITT population and the 2 protocol violations included in the PP

analysis were not provided. The large number of patients lost to follow-up in this community of
military recruits was unexpected.

Three subjects were withdrawn for treatment-related adverse events. ——
The sponsor assessed the efficacy in the ITT population as successful" in 69%. In the pcr-protocol
analysis the success rate-was calculated at 97%.

Table 31: Efficacy of prophylaxis in ITT and PP populations

ITT PP
Analysis — Analysis
- n=175 n=113
Failure of Chemoprophylaxis
Parasitemia 1 0
Withdrawn (treatment-related)? 3 3.
Withdrawn (other reasons) 51 - -
Total 55 3
Success Raté : 1 - 69% . 97%
(95% CI?y = (61-75%) (92-99%)
2 Withdrawn due toa Treatment-Related Adverse Event -
b Confidence Interval

MO comment: The above efficacy rates were more a reflection of tolerability than efficacy since the
risk of malaria in this population is not known. A record of the number of patients who contracted

malaria while on standard prophylaxis prior to the start of the study would have been helpful in
establishing a comparative efficacy.

b
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Tabile 32: FDA anslysis of PP population: —

PP population 113 - -
Evaluable successes 110

Evaluable failures .. - 3 -

Success rate :—ej . [ 97%

MO commnent: The above per-protocol alialyds cannot be relied upon as a primary efficacy analysis
in view of the large number of poorly characterized withdrawals excluded from this PP population.

Safety: ) -~ ' S . -
* Exposure: Onehmdredmdseventyﬁvesubjectsmcmedatlustonedoseofmlm Malarone was
prescribed asome tablet daily for at least 70 days.-FThe mean exposure time to Malaronewas 8.9 weeks.

M

Events of unusual fre@scncy' '

Of all adverse events both attributed and not attributed to the study drug, headache (10%) and flu syndrome
(7%) were most common. The most common adverse event attributed to the study drug was headache
(7%). Other commonly attributed AE’s included abdominal pain (2%) increased cough (2%) “skin disorder

(2%). Mouth ulceration was reported in one patient. Table 33 describes all adverse events and dmg
attributed adverse events.
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Table 33: All adverse events and drug-attributed ;lvexse events during chemosuppression

———---oe

Adverse Experience : Malarone Hnlaron;
: 3
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Infection

Cough increased
Diarrhea
Accidental injury
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Upper respiggtory infection . -
Nauses .
Gagtritis

Pain in extremity
Rash

Sinusitis
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Vesiculobullous rash

Abscess

Allergic reaction

Dizziness

Increased appetite

Liver tenderness

Mouth ulceration
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= Number of subjects with data on the database

nl = Number of subjects reporting sdverse experiences possibly attributable to the study drug
= Number of s ects reporting adverse experiences irrespective of attributability

= Percentage of subjects reporting adverse experiences

Adverse Experience Malarone Malarone
. R N = 175 N = 175

-
a
~
-
-

Fungal dermatitis
Purunculosis
Gum disorder
Lympbadencpathy
g;lixt.

algia
Myopathy
Otitis externa
Peptic ulcer
Pericarditis
Rhinitis
Sore throat -
Tenosynovitis
Urinary incentinence .
Urticaria - -
Non-grouped ABs

" No. of subjects »=l1 AR {17 75 .
ﬁl Number o% cegs with 2{:: on the dntaba:c i tbu T A
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Events of unusual severity
There were no deaths. ,

Only one serious adverse event was reported, namely the single case of malaria described above. This event
was not attributed to the study drug.
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Treatent-limiting adverse events were reporwd in six subjects and included respectively headache, nausea
and dizziness, headache, a sexually transmitted disease, flu syndrome and malaria. The former three were -
considered attributable tq the study drug,

Review of three patients with drug-attributed treatment-limiting AE’s:

e This was a 42 year-old 48kg white female with hepatosplenomegaly and a reported history of previous )
malaria. She had i headaches on Chloroquine. Headaches developed on the day medication B
was started and continued for 13 days, reportedly resolving when the medication was stopped.

o This was a 26 year-old 65kg black male who developed nausea and dizziness.on study day 13. The
medication was stopped the day symptoms developed and the nausea resolved the same day and the
dizziness the following day. Hematology and clinical chemistry tests at the time were normal and there
was no re-challenge.

o_ This 45 er-old 91kg white male developed- treatment limiting headache on day-z of study
medication which lasted 4 days and appears to have resolved 5 days before the medication was
stopped. This adverse event might not be attributable to the study drug.

b

Events of unusual character: )
No events revealed in toxicology studies (wasting and death in dogs) were observed in these buman
subjects. Neutropenia and liver disfunction associated with other DHFR inhibitors was not observed.

Laboratory resuits: ) _
——— Mean Hb fell from 14.8 +/- 1.25 g/dL at screening to 14.5 +/- 1.31 g/dL at week 10. At follow-up (after

cessation of therapy) mean Hb was 14.9+/-1.03 g/dL - . P
Mean PCV fell from 44.1 +/-3.97 % at screening to 42.7 +/-3.22 % at week 10. At follow-up (after
cessation of therapy) mean PCV was 44 +/-2.95%. . J B
Table 34: Treatment emergent abnormalities of Hemoglobin and PCV B
Hb (Mean) g/dL PCV (mean) % % abnormally low PCV
Screening 14.8 4.1 1% (n=161)
Week 10 14.5 427 3% (n=35)
Follow-up 149 44 2% (n=46)
Table 35: Treatment emergent abnormalities of white cell count o
WBC* 10°1 % Abnormally low ‘
Screening 5.9 +/-1.52 7% (n=168)
Week10 5.2 +/-1.61 17% (o=54)
Follow-up 6.5+/-1.76 2% (n=46) .

MO comment The data suggest a tendency for 2 mild treatment related anemia to develop during the
study. Similar findings were observed in the Kenyan (MALB2001) and Zambian (MALB3001)
studies. In al] thrgg studies, the small decline in PCV did not appear clinically significant.

No significant trumnt emergent changes were observed for any of the clinical chcm:_s'n'y parameters that
were examined.

MO comméntﬁ )

This open-label uncontrolled study in military recruits in South Africa failed to provide useful
information on the efficacy of Malarone. The incidence of malaria in the areas where the study was
conducted was not determined. The prevalence of malaria varied between study sites, and the risk
for malaria among subjects could not be established. Large numbers of patients were withdrawn as
“protocol violations™ or were lost to follow-up. This was a further impediment to the quality of the
data. The exposure of participants to malaria prior to the study was not known. All had been
resident in malaria areas when the study was initiated, and had been on other forms of prophylaxis.
Since the incidence of malaris in the area was not known and the duration of exposure of study
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subjects was notrecorded, the level of malaris immunity this group of patients was unknown. The
single case of malaria diagnosed during this study occurred in a patient who was described as
“missing approximately 4 days of treatment”. The sponsor excluded this patient from the per-
protocol analysis op the basis of non-compliance. While this is technically correct according to the

protocol, missing 44lays of treatment in the course of several weeks of prophylaxis ma;ly suggests
a failure of prophylaxis.

Adverse event profiles were similar to MALB2001 and MALB3001. There were no significant safety
concerns among the patients in this study although large numbers of patients were lost to follow-up

or withdrawn for protocol violations. This again diminished the strength of the conclusions on safety.

MalB3003

—x -, =

Title: A randomized double-blind placebo-controlled parallel group study to evaluate the suppressive

. prophylactic activity of Malarone (atovsqmndproguaml) in children at risk of developing Plasmodium
falciparum infection.

Aim: The aim of the study was to establish the efficacy of Malarone compared with placebo in the
prophylaxis of P falciparum malaria among children.

Setting: The study was conducted at a single site, the Albert Schweitzer Hospital, Lamberene Gabon,-
during the peak malaria transmission season between -January and July of 1997. Participants were children
between the ages of 4 and 16 years who live in the area. These children do pot normally receive
prophylaxis for malaria, allowing for the ethical inclusion of a placebo control arm.

- — Study design: The study comprised 3 phases, an initial 3 day curative phase during which all subjects were
given treatment doses of Malarone to eradicate any existing malaria. Subjects who were successfully
treated were then randomized to receive either prophylactic doses of Malarone or matching placebo, given
daily over 12 weeks. Prophylactic doses of Malarone were based on body weight as described below under
“dosing of study medications”.

All drugs were given daily for at least 12 weeks.
Following prophylaxis subjects were followed for a further 4 weeks.

Endpoints: The primary efficacy endpoint was the development of parasitemia while on prophylaxis. When
a positive smear was observed and confirmed by a second microscopist, a second slide was taken from the

patient. (If the confirmatory slide taken within 24-72 hours was neganve the patient-was not considered a
prophylactic failure.)

MO comment: The primary endpoint was parasitemia by any species of plasmodium. I regarded-this
2s an unsuitable endpoint for a study supporting the indication as a prophylactic agent for infection
with P falciparum.Further, a prolonged period of follow-up would be required to confirm the
prevention of relapving malaria. In a setting where patients remained at risk for hew infections with
non-falciparum malaria following chempropbylaxis it would not be possibie to distinguish relapses
from new infection® Thus this study design did not allow a conclusive statement oa the efficacy of
malarone in prevendng relapsing maliaria. On this basis I elected to use parasitemia with P
Jalciparum as the primary eﬂkacy endpoint.

In patients developing parasitemia, IC50’s for atovaquone, proguanil and cycloguanil were measured if a
viable isolate was obtained.

Statistical methods: Prophylactic success was evaluated by comparing the proportions of patients among
placebo and study drug recipients who did not develop parasitemia during the prophylactic period. Patients
were stratified by weight into one of the four categories listed above and analyzed using the Mantel-
Haenzsel test using exact methods. Heterogeneity across strata was also checked. Point estimates with 95%
confidence limits were caiculated for the percent efficacy.
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Percent efficacy was defined as (1- failure ratemyyone/failure rate ice,)*100.

Study plan. The study schedule is show below
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Subjects were screened 14 days before initiation of the curative phase of therapy. Immediately prior to
initiation of curative treatment, (week —1) a malaria smear was obtained, the results of clinical chemistry

and hematology tests were reviewed and concomitant medications were recorded. Patients were allocated
to one of four dosing groups according to body weight (11-20kg, >20-30kg, >30-40kg, >40kg). A

maximum of 80 patients were allocated to each group. The patients were then treated with Malarone in
curative doses daily for three days. The treatment was supervised by a field worker.

On completion of treatment (week 0), patients were randomized to receive either malarone or placebo as
daily prophylaxis. They were seen daily forsupervnsedad:mmsmaonofmdymed:cauonanddan were
“recorded weekly for the 12 weeks of prophylaxis. At each weekly visit, malaria thick blood were
checked (additional smears were performed if patients presented at unscheduled visits with symptoms -
compatible with malaria) and concurrent medications were recorded. At week 6 and week 12 blood
samples were drawn for hematology and clinical chemistry testing and levels of atovaquone, proguanil and -
cycloguanil were measured. Following completion of chemoprophylaxis, patients were seen off
medication, weekly for a further four weeks during which malaria blood smears were obmned.

Patients with'i’iéga_tg\_fe smears at week O or negative smears at week 1 following positive or missing smears
at week 0 were not withdrawn as treatment failures. This allowed for delayed parasite clearance. Based on
this criterion, patients with positive baseline results were excluded from efficacy evaluations.

MO comment:The “reporter period” for prophylaxis efficacy should begin approximately two weeks

after initiation of prophylaxis (roughly the incubation period for new cases of malaria) and should
end one to two weeks after prophylaxis has stopped (before new infection off prophylaxis has :
presented). Cases occuring early (1-2 weeks) into the follow-up period should be regarded as failures

of causal prophylaxis though not necessarity failures of suppressive prophylaxis.

Protocol amendments:
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Jan 14 1997: lhisamnendmempﬁorwmmdmminmsedthesamplesizeﬁomwOmnOmdthe
dosing period from 70 to 84 days.

August 20 1997. This amendment made after commencing recruitment but before unblinding, identified the
ITT population as the primary population for analysis. Patient win positive or missing smears at days 0

whose smears were sagative at week 1 were included in both PP and I'TT populations as having a negatxve
baseline smear.

)|

Males of females in good general health >=4years and <= l6ywsofagewbo§vmatﬁskformlaﬁa h
infection and able to give informed concent and comply with the protocol. -~ -

Exclusion criteria:

Pregnancy -—= - -

Lactation

Being of childbearing potential iand in the investigator’s opinion, not willing or able to avoid pregnanacy.
Received antimalarial drugs or other drugs with antimalarial activity within the previous week.

Known hypersensitivity to atovaquone or proguanil

Cliniclly significant abnormal baseline hematology or clinical chemistry parameters (when results were
obtained volunteers were withdrawn at the discretion to the investigator

Significant renal impariment as evidenced by a creatinine clearance of <30mL/min.

Splenectomy

Laboratory evidence of hapatitis as defined by a three fold increase above the normal upper limit in alanine
transaminase (ALT) for this volunteer population.

riteria for ture di inuation:
Voluntary withdrawals or withdrawals at the discretion of the investigator were to be recorded together
with the reasons and an attempt was made to follow-up those patients after 2 weeks with a clinic visit.

Patients with parasitemia any time from week 1 of chemoprophylaxis to the end of follow-up were

withdrawn. Those with parasitemias between week 1 and the end of chemoprophylaxls were regarded as
treatment failures.

Patiénts who vomited after receiving Malarone during the 3-day radical curative phase were to be
withdrawn.

MO comment: withdrawing patients who vomited would select against a population unable to
tolerate the drug.

Dosing of study medications: -

Curative doses of Malarone were extrapolated from adult curative doses and were divided into four weight
categories as shown in table 37 below.

- pe—— -

- -
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P

Table 37: DaﬂydoagofMaluonemgtheRadxcal cure phase

_.Slndy

tment
Group

Stratum

-Weight
ko)

Daily Dosage -
atovaquone/proguanil

Period

Radical
Cure

MALARONE

Stratum 1

11-20

250 mg/100 mg once daily
(i.e. four Ye-
MALARONE tablets)

3 days

Stram 2

>20-30

500 mg /200 mg once daily
(ie. two full-strength.
MALARONE tablets)”

3 days

Stratum 3

>30-40

750 mg/300 mg once daily
(ie. three full-strength
MALARONE tablets)

3 days

Stratum 4

1000 mg/400 mg once
daily

(i.e. four full-strength

MALARONE tablets)

3 days

Patients randomized to receive malarone during the prophylaxis phase were dosed as shown below:

Table 38: doses of Malarone for chemosupression

— SEatam

M

oup alovaquone/proguanil
Chemosuppression Smaani | =20 Mg once daly al least 12 weeks
(one Ye-strength {84 days)
tablet)
= OR OoR N
A placebo 1 placebo tablet
- " ChemosuppIession tum 4 >M-% | MALARONE | ™g "t lcast 12 weeks |
{two Ve-strength MALARONE (84 days)
tablets)
OR OR
placebo 2 placebo tablets
Chemosuppression Sraruns ] SW-W | MALARONE [ 1873 mg//5 mg once dady 3t Teast 12 weeks
(three Yo-strength (84 days)
— tablets)
OR OR
— placebo 3 placebo tablets
Chemosuppression 1 X |MACARONE The once at least 17 weeks
o= _ (one full- strength MALARONE (84 days)
- P . OR . OR -
placebo 1 tablet

Randomization to treatment or placebo was performed in blocks of four. i
Treatment compliance was checked using daily pill counts by a field worker as study participants presented
to the drug distribution sites. Patients missing more than 2 sequennal days of medication were withdrawn
as compliance failures.

Concurrent therapy.

Subjects developing infections during the stndy were treated where possible with anti-infective agents not
known to have antimalarial activity. Volunteers treated with agents with antimalarial activity (either inside
or outside the study were withdrawn. Such agents included known antimalarials (chioroquine, quinine,
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mefloquine, halofantrine, pyrimethamine/sulfadoxine, proguanil, amodiaquine etc) and other antimicrobials
(co-trimoxazole, tetracycline, doxycycline, rifampicin, azithromycin and ciprofloxacin). -

Safety - - ' '

Adverse events.werelefined as all untoward medical occurrences experienced by a volunteer and included -
a disease, exacerbation of a previous iliness, recurrence of an intermittent illness or other signs or

symptoms. Serious adverse events included those that were fatal, life-threatening, disabling or

incapacitating, those that required or prolonged hospitalization. They included cancer, congenital anomalies

in the progeny of patients and the consequences of drug overdose

Sample size calculation:
A malaria attack rate of 22% was assumed for the placeboarm and 1.5% for the malarone arm. To detect a

10% differeneesin attack rates with a 5% level of significant and a power of 80%, at least-132 patients were
needed per arm.

1Y)

Populations for analysis: ' -
Intent-to-treat analysis '
The population for this analysis was defined as subjects who: - —

e Had negative baseline smears

e  were randomized

e received at least one dose of study medication.

Patients excluded from this population included

o  Subjects withdrawn due to intolerance of “radical cure”

e  Subjects lost to follow up before the baseline visit

e  Subjects lost to follow up during radical cure . . ’
In this population, the following categories of patients were distinguished: )
Non evaluable: Patients with no results of a baseline simear, patients not confirmed to bave taken at least

one dose of study medication, patients with a positive smear for non-falciparum malaria.

Evaluable failures; Included patients with a positive smear for P falciparum anytime after the week 1 visit,

up to and including the week 12 visit, patients receiving other drugs with anti-malarial activity, patients
withdrawn for an adverse event or non-compliance during that pcnod, patients lost to follow-up during that
period and patients missing week 12 blood results.

Evaluable successes: Included patients compliant with study medication who were present at the end of the - - o=
prophylactic period (week 12) with blood smears negative for P falciparum at all scheduled and

unscheduled visits following the week 1 visit up to and including the week 12 visit. Subjects with missing

smears were included in this population provided a negative baseline and week 12 smear were available.

Per protocol analysis . - .
The population for this analysis was defined as patients who

had negative baseline smears :

received at least.one dose of chemoprophylaxis

were compliant gith the protocol - -

did not receive medications that might bave mtexfered with the efficacy analysis. = _ .

‘were either preserit at week 12 of the study or had failed or were withdrawn for treafment-related )

adverse events during the chemoprophylaxis phase.

Patients excluded from this population included those

e lost to follow-up

e  withdrawn for reasons other than treatment-related adverse events including non-compliance or use of
other antimalarials

e  patients with a missing week 12 blood smear
In this population, the following categories of pan'ent.g-we:e distinguished:

Non evaluable: Patients with no results of a bascline smear, patients with non-falciparum malaria and
patients not confirmed to have taken at least one dose of study medication.
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Evaluable failures: Included patients with a posiﬁve sinear for P falciparum anytime after the week 1 visit,

up to and including the week 12 visit and patients withdrawn for a treatment-related adverse event during

that period.

wmu patients compliant with study medication who were present at the end of the-

prophylactit peried-fWeek 12) with blood smears regative for P falciparum at all scheduled and
unscheduled visits following the week 1 visit up to and including the week 12 visit. Subjects with missing -

smears were included in this population provided a negative baseline and week 12 smear were available.

Safety population included all patients who received at least one dose of the study medication. Adverse

events were coded using COSTART terms.

Resuits:

—— . -
Three hundred and nineteen volunteers were screened and enrolled into the 3-day curative treatment phase
of the study. Two hundred and sixty five completed the radical phase.
Of the 54 subjects who did not complete radical therapy, 43 were withdrawn because of vomiting.
Nine withdrew consent, 1 was lost to follow-up and 1 was withdrawn for other reasons.
Those withdrawn in the radical cure phase for adverse events included 1 patient <20kg, 5 patients >=20kg
and <30kg, 21 >=30kg and<40 kg and 16>40kg.
MO comment: The large number of early withdrawals for vomiting raises concerns about the
tolerability of malarone in this pediatric population. Subjects qualifying for the chemoprophylaxis
———— phase were pre-selected on the basis of their tolerance for Malarone. Most of the patients withdrawn P
because of vomiting during the treatment phase came from the higher dose strata, raising questions .
about the appropriate dose and regimens for patients over-30 kg in weight. The tolerance of ‘

—

prophylactic doses in such patients is not known. .

At week -1, 36% of 319 volunteers had ;ositive malaria smears. P falciparum was present in 76 patients, P
malariae in 14 and P ovale in 1. One patient had a mixed infection with P falciparum and P ovale.

The distribution of positive smears at screening is shown below:

Table 39: Positive malaria slides at screening, week 0 and week 1

Study Week ~ Number of Subjects with Positive Smears’ e
' P. falciparum P. malariae P. ovale P. falciparum +
P. malariae™ "
Week -1 76 14 1 1
Week 0~ 5 T i) 0
Week 0 0 0 0.

Parasite clearafice tiffiés were longer for P malariae than for P falciparum. -

All subjects were negative for parasitemia at week 1. -

MO comment: The patients withdrawn prior to eatering the prophylaxis phase included 20/54 (37%)
cases with P falciparum at screening. The patients entering the prophylaxis phase included 76/265
(29%) with P falciparum at screening. The higher percentage of malaria in the “withdrawals™ at
baseline than in the “non-withdrawals™ suggests that the symptoms of malaria itself may have led to

some of the withdrawals prior to randomization te prophylaxis, rather than drug-related adverse
events alone.

The ITT population included 264 of the 265 patients randomized to one of the treatment arms. (One

randomized patient was lost to follow-up before a baseline smear was obtained, and was excluded from the
ITT analysis.)

53

b



DA 21-078
Medical review: Atovaquone/proguanil prophylaxis for malaria

Of the 264 patients included in the ITT population 17 were excluded from the PP population for the reasons
shown below: i

Table 40: Reasons fazexclusion from PP population.

Reason for Discontinuation Chemoprophylaxis Treatment Group
: Placebo Malarone

Lost to follow-up 6 10 |

Protocol violation? . 1

Total - - 6 11—

4 Subject No. 909 took an antimalarial drug concurrently
Of the 16 patients excluded from the PP analysis because of loss to follow-up, 9 were recorded as lost to--
follow-up in the ITT analysns. Details on the remaining 7 were not provided. The available informationon
14 withdrawn patients is shown below.

Table 41: Reasons for withdrawal from PP population -

M

[ Patient number Treatment arm . Reason for withdrawal

879 Placebo LTF (though was seen 13 days
after withdrawal)

943 “ LTF

L 1040 * ’ Consent withdrawn
902 Malarone LTF
1097 “ LTF
909 “ Violation (took chloroquine)
1045 " LTF
1061 * LTF
1086 _A B LTF —
1160 * . Protocol violation (no details)
858 “ AE (vomiting) withdrawn day -1

- excluded from ITT and PP

916 “ Violation (no details)
920 “ LTF
1147 “ LTF

MO comment: It is unclear why 11 of these withdrawals occurred in the malarone arm and only?in
the placebo armi. Adverse events were not listed in records of the withdrawn patients to suggest drug

intolerance. No clinigl_featnru to suggest malarjs were recorded around the time that patients were
withdrawn.

-

-

The details of patient aceountability are shown below.
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Table 42: Patient accountability )
~ Campleted
Populationw Subject#~ Reason !or discontinuation Placebo Malazone RC Only
SQtoty_ “'s':ua/ C leters (V) {33 (72) %23 {90) 53
- - Prematurely Discontinued (%) 39 (28) -13 110) 5S4 (1000
Safety, Premsturely Discontinued .l:lek of weficacy :3!2 1; 53
rse Event [} 1 43
Consent Withdrawn 1 ] 9
.- Lost to Follow-up 2 T . 1
Protocol Violation 0 3 [
ner . 0 0 1
Incenc-totreer Study C " 198 1ie0
~—z pz"-cuﬂy'%:::onz od (%) % {28) 1.on))
I7TT, Prsaaturely Discontinued 39 12
uel: of Efficacy k] ) 2
Adverse Event 0 0
Consent Withdrawn 1 '}
Lost te Follow-up 2 bi
Protocol Violation 0 3
} Other ] 0
Pezprotacol gtudy C leters (%) lg: (73 Hi {98)
_ Pramaturely Discontinued (%) 36 (27} 2 (2)
PP, Prematurely Discontinued N 36 3
Lack of Bfficacy 36 2
—_ Adverse Event 1] ]
COnstnt wWithdrawn 0 0
B Lost to Follow-up 0 - 14
Protocol Violation 0 0
x 0 [}
; % Table 43: Distribution of patients between the study populations:
— Radical cure 319
Withdrawn $5 -(vomiting 43, withdrew consent 9, other 3)
Malarone ] Placebo
T 124 140
Withdrawn 11 (10 LTF, 1 violation) 6(6 LTF)
PP 113 134
The number of patients in each weight stratum within each population are shown below
~Table 44: Numbers of patients in each population by weight caﬁe’gory: o
- Stratum 1 Stratum 2 Stratum 3 Stratum 4
Analysis | _ 120k ©20-30 kg) (>30-00kg) - b40kg
Placebo WRONE Placebo | MALARONE | Placebo | MALARONE | Placeto | MALARONE
Safety .40 ¥ 35 % 3 2 3% 2%
nT 40 - 7 - 3 36 30 25 35 26
PP 37 - K} u k)| 30 2 3 -]

Demographic characteristics of the ITT population are shown below.

Table 45: Demographic characteristics of patients randomized to placebo and to malarone
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— ~ Placebo, ~ Malarone
Characteristic n =140 ' n=12§
Age (yrs)” ’

Males -
Mean (SD) 10 (2.8) ] 10 (2.8)
Range. -5=16 ' - 5-15

Females ; ~
Meari(SD) 10 (3.0) = 9(@3.1
Range 5-15 5-15

~ Weight (kg)

Males .

Mean (SD) 30 (10.0) 30(10.7)
‘Range 15-60 15-60
Females - . :
Mean (SD) 33(14.3) 29 (11.7)
Range o 13-71 14-56
Height (cm) '
- Males
Mean (SD) 136 (17.0) 135 (17.2)
Range 105-175 . 107-174

Females B
Mean (SD) 137 (19.5) ~132 (17.7)
Range N 105-174 102-162

The patients were evenly matched across treatment groups for age, sex, weight and height. This was an
vlder pediatric population with a mean age of 10 years and a minimum age of 5 years.
MO comment: The minimum age was five years and only a proportion of the pediatric population
was covered. This limitation should be reflected in the label. .
Concurrent medical conditions at screening included a prepoderance of skin rashes.

Comparable rates of splenomegaly were reported in cach treatment arm; 10/124 in placebo-treated patients
"~ and 14/140 in malarone-treated patients. The 9% pmvalence of spenomegaly in this cmnmumty presumably
reflects substantial nahm exposure.

Co! t - - -

Concurrent theppies_wm similar for both study arms. Overall, 70% of placebo recipients and 68% of
Malarone recipients received concurrent medications. Most common were anti-emetics given during the
curative phase of the study. In particular, anti-helminthics were used in 18 and 13 placebo and Malarone
treated patients respecitvely, antiprotozoals in 1 and 2 respectively and antimalarials in 1 and 1
respectively. Skin preparations including insect repellants were used in 5§ and 2 patients respectively.

Table 46: Concurrent medications
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Placebo
Medication Groups l;c Natarone nc“m
Numbec of patients - 140 128 54
Number of pa:ion!,rwtth concomitant l\odicuion 98 (70%) 85 (68%) 6
ICE i. ‘ 23 16% 23 1
8%
MXthcr analgesics and antipyretics 23 ﬁxs‘} 23 ((131') 3
ANTRELMINTICS B
Any medication 18 ‘13\) 13 (108} 0
tinematodal agents 18 13%) 13 (108} 0
ANTIANEMIC PREPARATIONS - - - °
!:mon 1saczon . . - i {<R; g 8
<
Vinu?n g 2 und touc acid - 1 (<1%) . o 0
IBACTEREARS FOR SYSTEMIC USE - -
medication 11 (8%) 10 (8%) 0
oilycoud. antibacterials 1 (<l1%) 0 0
Beta-lactam antibacterials, penicillins 9 {68) 8 (68) [
Other antibacterials , 1 (<1W) 2 {2%) 0
ANTIBIOTICS AND CHEMOTHER. FOR DERMATOLOGICAL USE
Mxnlndxcaeioq 2 (1%) 2 (2%) 0
‘Antibioctics for r.ogicll use 1 (<1%) 0 0
Chemotherapeutics for-topical use 1 (<l¥) 2 (2%) 0
ANTIDIARR, , INTEST. ANTIINPL./ANTIINPECT. AGENTS
medication . 1 (<1%) 0 0
ntestinal anciinfectives 1 {<1%) 0 0
ANTIFUNGALS POR DERMATOLOGICAL USE
Xnnedlcui 1 (<1%) 0 0
tifungals for topical use 1 (<1%) 1] 0
ANTIPROTOZDALS
Any medication 2 (1%) 3 (2%) 1]
Agents against amoebiasis and other protozocal dis. 1 (<1%) . 2 (2%} 0
Antimalarials 1  (<1%) 1 {<1%) 0
riacepo majarone gy
Medication Groups N N N
ANTISPAS. AND ANTICHOLINERGIC AGENTS AND PROPULSIV
Any medication 75 (S4W) .66 (53%) 5
lladcnna and darivatives. plain 3 (2%) 2 (2%) 0
Propulsives - 73 (S2%) 65 (52%) S
CARDIAC THERAPY
Any medication . 1 ({<1%) 1 (<lW) 0
¥arduc stimulants excl. cardiac glycosides 1 (<1%) 1 («1%) 0
AND COLD FPREPARATIONS
g medicm:icn 1 {<1¥) 7 (6%) 0
ough suppressants and expectorants, combinations 0 1 (<1lW) 0
BExpectorants.excl combinations with cough suppr. 1 (<1%) 6 (5%) 0
BL"NPARASI‘!‘ICID..INCL SCABICID., INSECT. AND REPELL
medicati S {4%) 2 (2%) 0
toparasincidcs -{ael-scabicides L} {4%) 2 (2%) 0
GYNBCOLOGICAL ANTIINPECTIVES AND ANTISEPTICS
xﬂmdlca:ion 1 (<1¥) 2 {2%) 8
cuntocnvn/an:isopc..cxcl comb with corticosc. 1 (<1%) 2 (2%} 0
OPHT!ALHOLOGICAL AND OTOLOGICAL PREPARATIONS
medication - - 1 (<1%) - 0 0
.tiinfoc:tvn o 1 {<l%) 0 0
OPHTHALMOLOGICALS T
ication - 3 (2%} -2 (2%} 0
tiinfectives 3 (2%) 2 {2%) 0
OTOLOGICALS -~ .
medication - - - —_ 1 ({<1§) 0 0
tiinfectives - 1 (<%} 0 ]
STOMATOLOGICAL PREPARATIONS
An§ nedication . 3 (2%) 2 (2%} 0
tomatological preparations 3 (2%) 2 (2%) 0
THROAT PREPARATIONS
Any medication - 1 (<1%) 1] 0
roat preparations 1 (<1%) 0 0
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Placebo Mal RC -
Medicacion Groups . . N 'uonc NOnly
nodicaeion 1 (<1%) 2 (2%) 9 —
anctorul v.cci.!- - 1 (<18} 2 (2%) ]
Xhy medic tL: ‘ 5 (4%} 4 (2% 0
a
ylultlvt:niul. combinations s |(4\) 4 {3.; [}
HON-CLASSIPI!D DRUGS —-
Anxordxcanon k) (2%) (2%) 1
ped Drugs - 3 {2%) (28) 1

The two patiesijs treated with antimalarials are deseribed below. -

#909 This 9 year old male with parasiternia at screening, developed a fever on day 35 of the study and was
treated with chloroquine. A study-visit the following day showed a temperature of 38.9C, and a negative
malaria smear. This subject was included by the sponsor as a success in the ITT population but exciuded -
from the PP population. The patient was in the Malarone arm.

MO Comment: Since this withdrawal was contingent on a treAtiient emergent adverse event (fever

where malaria was not conclusivly excluded on the day of treatment) the patient was regarded asa

treatment failure in the ITT analysis and was excluded from the PP analysis.

#1058 This 7 year old female with a parasitemia at screening, developed a fever on day 25 of study and .

was given chloroquine. A visit on the following day confirmed parasitemia on smear. This patient was -

regarded as a treatment failure in both ITT and PP populations. The patient was in the placebo arm.

b

Compliance was confirmed by a field worker as study subjects presented to the drug distribution center ) j o ~
each day. Two subjects in the Malarone arm were recorded as “not having taken their medicine according ) :
to the protocol™ but not missing more than 2 consecutive doses.

Efficacy:

Parasitemia developed in 25 subjects treated with placebo and none of the subjects mted with malarone.
Six subjects treated with placebo and 10 treated with malarone were withdrawn prior to week 12. The

sponsor calculated the prophylaxis success rate in the Malarone arm as 92% for the ITT population and - - o=
100% for the PP population. )
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Table 47: Efficacy results as reported by sponsor (all species of malaria) . -

) TTT Analysis PP Analysis
we. =" ] Placebo | MALARONE | Placebo | MALARONE
_ - ' n=140 n=124* n=134 n=113 - =
Failureof -
Chemoprophylaxis — :
Parasitemia - 25 0 25 : 0
Withdrawn 0 0 0 _ 0 .
| (treatmenk-related)® - : . B B
Withdrawn (other 6 10 - -
reasons) - -
Total 3 10 5 0
Success Rate , . 78% 92%¢ 81% 100%9
Efficacy Rate® - 64% - 100% —
(95% CT) - | (9-8%) - (65-100%) | F
* One subject received a single dose of study drug but withdrew before a baseline smear was . ‘ . .

obtained and thus is included in the safety population but excluded from the ITT population
b Withdrew due to a Treatment-Related Adverse Event

¢ P = 0.002, Mantel-Haenszel Test, versus Placebo
d P < 0.001, Mantel-Haenszel Test, versus Placebo

¢ Efficacy Rate = 100 x (1-{failure rate in MALARONE group/ failure rate in placebo group))
t Confidence Interval , =

The proportion of placebo and Malarone treated patients remaining malaria free during the study was -
charted in the Kaplan-Meier curve below. _ _
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Two cases of non-falciparum malaria occurred among placebo recipients during the study period, one case
of P ovale and one of P malariae.

MO comment: The efficacy for malarone was adjusted using P falciparum parasitemia as the

primary efficacy endpoint and one patient in the ITT population treated as a success by the sponsor
was regarded as a failure.

Table 48: Sporisor reported success rates for P falciparum

. - . . lacei=
ropulation ) m*“‘“ ‘bid. Placebo ualarone b“!::c. P value (°°) Test P vuu.:l"'l (958 C1) (-‘!f“
macrerees Bt 4 08 8 BY G oem N
Pas-protecel 11 E&“n"n.h ﬁi ] }ﬁ ) ﬁi 1008 <0.001 . - 0 20am
Table 49: Efficacy a3 determined by FDA

T —
Placebo (n=140) Malarone (n=124) | Placebo (n=134) Malarone (n=113)
Evaluable 109 113 109 113
| successes
Evaluable failures | 29 11 , 23 0
Unevaluable 2 (non-falciparum) | 0 : 2 [
Success rates 109/138 (79%) 113/124 (91% 109/132 (83%L 113/113 (100%)
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Sincethepointuﬁm&ofmcc&m;sdidnotcapturethelongimdinalchanctetisticsofthedata,a
“survival analysis™ was performed on the data (described in detail in the statistical review) réflecting the
pmporuonofqumevxhownbelow

_g;m_z STUD¥MALB-3003: TIME TO PROPHYLAXIS FAILURE IN ITT SUBJECTS

—

|
b
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[ 2] I
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e
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i

J
%

© (] ] 100
Viait Day Raistive 1o Propivimis Start - -

Parasitemia during the four week follow-up peried——

Parasitemia occurred in 12 of 112 evaluable subjects who were treated with placebo and 3of 114 who were  ~
treated with Malarone. The latter 3 cases occurred at weeks 15, 15, and 16 respectively.

MO comment: the fact that the three cases in the Malarone treated arm occurred 3 or more weeks

after stopping prophylaxis suggests that these were new infections rather than failures of causal -
prophylaxis.

In vitro sensitivity: ) - -
In vitro sensitivity was tested for three isolates obtained from placebo treated patients who developed

infection during the prophylaxis phase. The available results revealed ICsy’s comparable with cited ICso's ‘
from other published studies where the isolates were regarded as drug sensitive (Table 50)

Table 50: Drug sensitivity results on 3 isolates from placebo treated patients who developed malaria

'
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_ 1Csg Values (nM)

Subject Number Atovaquone - Proguanil Cycloguanil
986 SR X 11030 6.9
991 e 2.7 No Data No Data
1027 No Data 1380 - |556 —
Mean 6.8 6205 - 31.3
Range - 2.7-109 1380-11030  |6.9-55.6
Historical Mean® 173 10405 238
[Cited Median Data® 161
Cited Geometric Mean Data® [0.90

# Data from Study MALB2001 (RM1997/00637 /00)

b Gay F, Bustos D, Traore B, et. al. In vitro response of Plasmodium falciparum to atovaquone and
correlation with other antimalarials: comparison between African and Asian strains. Am |
Trop Med Hyg 1997; 56: 315-317.

¢ Basco LK, Ramiliarisoa O and-Le Bras ). In oitro activity of atovaquone against the African
isolates and clones of Plasmodium falciparum. Am | Trop Med Hyg 1995; 53:388-391

MO comment: Since the three patients reflected here were only treated with Malarone for three

days, the possibility of-drug resistance developing following treatment is not adequately addressed by -

these data.

Safety results:

Drug exposure:

Three hundred and nineteen patients received a three day curative regimen consisting of malarone and 125
of these receive malarone in daily prophylactic doses for a mean of 11.1 weeks. Doses were as shown in
tables 37 and 38. ~

Adverse events:

Events of unusual frequency:

Regardless of causality, the most commonly reponed advme events during chemosuppression were
abdominal pain (33%), headache (19%), fever (6%), increased coughing (9%), flu syndrome (9%) and
vomiting (7%). These were equally frequent in malarone and placebo treated patients.

Overall, 42% malarone treated patients and 41% placebo treated patients reported at least one drug-related -
adverse event. The most commonly reported adverse cvents possibly related to dmg included abdominal
pain (31%), headache (14%) and vomiting (7%).

MO comment; Forty-three of the 319 patients (13%) enroiled in the curative phase were withdrawn
for vomiting. The remaining population proceeding to chemoprophylaxis was enriched for patients
less likely to vemit. Thus vomiting in the general population treated prophyhcﬂcally with Malarone
may be more frequent than the 7% reported above.

The most frequently reported adverse events possibly related to study drug are listed belsw.

Table 51: Most ﬁ'eq\iently reported adverse events at least possibly related to study drug

Placebo (n=140) Malarone (0=125)
Abdominalpain - - 40 (29%) . 39 (31%)
Headache 19 (14%) 17 (14%)
Vomiting 8 (6%) 9 (7%)
Diarrhea 2(1%) 0
Vertigo ' 2(1%) . 0
Nausea ] 1 (<1%) T 1(<1%)
Pruritis 1{<1%) 0

4
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Adverse events of unusual character: - -
Adverse events that might be anticipated due to this class of medications included leukopenia, and anemia
as with other DHFR inhibitors (see section on laboratory results.)

ngmmluhwwntounsenlopecumdmouthulcmthoughnenhcrofthesecomplamtswererepresented
 in the AE databaseTor this study.

Adverse events of unusual severity:

No deaths occurred during the study period. .
No treatment limiting adverseeventoccmedmeﬂherthephcebooﬂhemaluone treated groups during

the chemosuppression phase. During the radical cure phase, 44 subjects vomited or experienced abdominal

pain and were withdrawn. One placebo-treated patient with symptomatic malaria was etmneomly recorded

as having a limiting adverse event during the chemoprophylaxis phase and one malarone

recipient wi wn during radical cure for vomiting was mistakenly given a dose of study medication.

This event was documented as treatment limiting.

b

Two pregnancies occurred in patients during the study. Both subjects were allocated to the placebo arm of
the study. In oné the outcome was not known and in the other an abortion was performed for socio-
economic reasons.

Clinical laboratory evaluations

Routine hematology investigations included hemoglobin, hematocrit, white cell count and platelet count. &
Routine clinical chemistry tests included ALT, albumin, alkaline phosphatase, creatinine, GGT, .
postassium, sodium, total bilirubin and urea. Results were reported at screening, week 6, week 12 and at -
withdrawal. At each time-point, mean values, medians, maximum and minimum values were compared for -

malarone and placebo treated patients. Within each treatment group, differences betweett successive
samples were examined using the same statistical parameters. No treatment emergent effects were found
for any of these laboratory investigations.

Mean and minimum platelet counts (and possibly mean and minimum hemoglobin levels) were anticipated
to be lower in placebo treated patients than in malarone treated patients at the withdrawal visit (owing to
the effects of malaria). This was confirmed for platelet counts but not for hemoglobin as shown in the
following two tables. =

Table 52: Platelet counts for Malarone and placebo treated patients - -

h
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Platelets (10**9/L)

Visit Statistic . Placebo Malarone

s P S R e e e e R e e e e e e e e

Screening N 140 125

_ s Mean 238 233
Std.Dev. —76.3 75.0
Median 234 2248
Minimum ’ —
Maximum . e
H/L est. . -6

] - H/L 95% CI - (-24,133}

Week 6 N ' 129 122
Mean— 242. 246
sStd.Dev. g81.8 78.1
Median 239 248
Minimum .
Maximum - T
H/L est. 4
H/L 95% CI - (-16,23)

Week 12 N 112 115
.Mean 254 268
-std.Dev. : 83.4 76.5
Median 243 267
Minimum . -
Maximum : e
H/L est. 16
H/L 95% CI (-4,37)

Withdrawal N 34 3
Mean 206 327 -
std.Dev. 68.0 ) 56.0
Median 211 ’ 296
Minimum S———
H/L est. . 126
H/L 95% CI (50,211)

- P h -
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Table 53 Hemoglobm levels for Malarone and placebo treated patients
Hemoglobin (g/dL}

Vvisit .Statistic Placebo Malarone
o= g T A eEE R e e s ———— - - P
Screening N 140 125
Mean 10.6 10.5
Std.Dev. - 1.25 0.99
Median 10.4 10.4
Minimum RS
- Maximum
H/L est. 0
— H/L 95% CI . (-0.2,0.3)
Week 6 N 129 - 122
Mean - 11.3 11.2
Std.Dev. 1.07 1.18
Median 11.4 11.1
Minimum
_ Maximum _—
H/L est. -0.2
H/L 95% CI (-0.4,0.1)
—— Week 12 N 112 115
Mean 11.3 11.2
sStd.Dev. Q. 95- 1.01
Median .oo11. 11.1
- Minimum - o
Maximum s -
H/L est. . ~0.2
— H/L 95% CI (-0.4,0.1)
Withdrawal N 34 3
Mean 11.2 10.7
sStd.Dev, 1.10 1.42
Median T11.4 10.2 -
Minimum ety
H/L est. ~0.7 _—
H/L 95% CI (=-2.0,1.0)

MO comment: Vomiting was identified as a significant adverse event from curative doses of
Malarone in pediatric patients. There were no significant abnormalities identified on routine
laboratory mnmndomin pediatric patients receiving prophylactic doses of malarone.

Clinical phamncology resuits: :
Drug plasma levels. were measured for atovaquone, proguanil and cycloguanil at week 6 and week 12 as
shown in the table below.

Table 54: Plasma drug levels of atovaquone, proguanil and cycloguanil at week 6 and week 12.
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- Week 6 Week 12

ATQ -:FGN CGN ATG PGN CGN
o o pog/ml) |og/ml) ng/mb) |wg/mb) |@mg/mb) |(ng/mL)

Mean (SD*) 35(1.9) [188(10.7) |9.1(41) [26(14) [213(@11) |89(a))
Median 32. . |155. 88 23 14.4 75

Abbreviations: ATQ = atovaquone; PGN = proguanil hydrochloride; CGN = cycloguanil
 Standard D____g&viation

- ——

MO comment: Ranges for proguanil appeared broader than the ranges for atovaquone. The shorter
- half-life of atovaquone may have contributed to this finding.

MO comment: This study in older children (>5years) demonstrated good per-protocol efficacy of
Malarone against P falciparum over a 12 week period. Chloroquine resistance was not addressed in
this study. The patients in this study probably had substantisl malarial immunity. This was
suggested by the high prevalence of malaria at screening (36%); and high rates of splenomegaly
(9%). Thus this population may differ in response when compared to malaria nalve children. ~
Malarone was not tested in children below five years of age. Used in therapeutic doses as a radical |
cure, malarone was associated with a high incidence of vomiting (43/319). This was more common in
the larger children receiving higher doses. In recommended prophylactic doses, Malarone was well-
tolerated.

Range ' . —M ;
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MALB 2002

Title of study:
l’mphylacuc annmalaml actmty of atovaquone in volunteers challenged with Plasmodium falciparum.

Setting: Tlnsvohmteet challengesmdywascondncted at the Johns Hopkins School of Medicine in
Baltimore on healthy American volunteers between Sept 1996 and October 1997.

Study objective: To evaluate the causal prophylactic activity of orally administered atovaquone in subjects
_ challenged with P faciparum infection

Rationale: Two doshgregimensofamaqnone were selected and administered in a manner to reflect
causal prophytssis, that is they were designed to provide therapeutic levels until the end-of the hepatic
phase, but not into the erythrocytic phase of the infection. Blood was taken for parasite culture at day 7 to
detect prepatent erythrocytic forms that might have escaped causal prophylaxis. Extended follow-up

" allowed for the possibility of delsyed patency resulting from sub-therapeutic suppressive levels of drug in
the post-hepatic phase.

Study design:

The prophylactic efficacy of Atovaquone was examined in a double-blind placebo-controlled study on
healthy volunteers challenged with a chloroquine sensitive laboratory strain of P falciparum. The
prophylactic efficacy, pharmacokinetics and safety of atovaquone were investigated in this setting.

Outpatient volunteers were screened over a period of approximately 2 months. Recruits were subjected to
prophylaxis and challenged over a period of seven days-and were then followed up for a penod of 3
months.
Three treatment groups were included:
a) high dose atovaquone (750mg once daily for 7 days commencing the day before challenge),
b) low dose atovaquone (250mg of drug the day before challenge),
c) placebo

The NF54 strain of chloroqume sensitive P falciparum was used to infect Anopheles stephensi mosquitoes.

Efficacy was assessed by examining the peripheral blood for parasites using four mdependent detection
methods.

Volunteers were sought by advertisement .

Inclusion criteria 18-45 years of age

¢  Within 25% of ideal body weight
-o— Demonstrated understanding of malaria and of the study

e Able to provided a responsible person to assist with follow-up

e Blood type A or-O that supported thc growth of P falciparum in vnro
lusion criteria: .. -
Hutoryofmalamonesxdencemamahrnm '
Glucose-6-P-dehydrogenase deficiency or sickle cell trait or disease T
Clinically. significant medical problems on history, physical examination or laboratory tests
Chronic use of any drugs ,

Women of childbearing potential

Allergy to mosquito bites

Intolerance of antimalarial drugs

Use of any anti-infective drug or quinine-containing drink during the week before atovaquone
administration

Administration of medication:
The day prior to challenge, smdydmgwungenwnhabrnkfastcomammg07 gm fat.
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Thislowleveloffttinukewuduignedwemmﬂntphmlevelsmthelowdoseumminedbelow
therapeutic levels at day suwhenetylhtocyucformsnormallyappear

On days 0-5 study drug was given daily with 11.1g fat

Patients in the atovaquone groups received either one tablet of atovaquone and two placebo tablets or three
atovaquoné tablets-6h day -1. Three tablets of atovaquone or placebo were administered daily for the
remaining 6 days. A summary of dosing is shown below.

Table 55: Dosage regimens

Study day -1 0 1 2 3 4 5
Dose No. 1 2 3 4 5 6 7
Resimen challeage .
— - -
High Dose D D D D D D D
Low Dose- d p 24 P P - P P
Placebo p____p p p p p p

D= 750 mg atovaguune; d= 250 mg Xovaquone: p= placebo

MO comment: Several differences between this experimental population and the gﬂ;r—al population ‘

likely to require malaria-prophylaxis were identified. Weight, age and blood type were restricted.
Concurrent medications were not permitted. The active drug did not contain proguanil. It was

" administered under ideal conditions with controlled fat intake. The malaria challenge was restricted
to a single strain of chloroquine sensitive parasites.

Challenge: —

Colony reared Anopheles stephensi mosquitoes were infected with the NF54 strain of Pﬁdcxparum by pre-
feeding on co-cultured gametocytes. Infection of the batch of mosquitoes was confirmed prior to infection
of patients and individual mosquitoes biting volunteers were dissected to confirm infection in these. Five
mosquitoes were used on each patient to maximize the chances of biting and infecting.

NF54 is a well-characterized strain of chloroquine sensitive P falciparum. IC50 values for atovaquone are
0.19 ng/ml and for chioroquine are 2.3 ng/ml.

The sponsor planned to recruit 19 volunteers, allowing at least 16 volunteers, (12 drug and 4 placebo) to be
challenged.

All concurrent medications taken during the study penod were recorded

Recnntment:

Volunteers were soight by advcmsement and initially screened by phone. Potential recruits were then seen
at several screening visits to acquaint them with the protocol and to evaluate reliability. -

Individuals were screened with routine hematology and clinical chemistry tests. Blood_grouping was
performed, G—6—P—D and hemoglobm S were measured. Serology was performed for HIV and hepatitis B
and C.

Monitoring: MalmaPCRwaspcrformedondayl and day 5.

Atovaquone levels were to be measured on day -1, 0, 1, 3 5,7,9,11,14, 17, 21, and at the time of
parasiternia.

Patient visits (See schedule below):
e Daily from day 6 to 21

e Every other day from day 23-33
o  Weekly weeks 6-12

e  Once 12 months after challenge

A
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At each visit, blood was drawn for Quantitative Buffy Coat (QBC), thick smear and malaria PCR. -
Positive QBC'’s and positive smears were confirmed by two observers. P falciparum culture was performed

on days 7, 8, and at the time'malaria presented itself. An initial positive result for the QBC wouid lead to

initiation of treatment™ . - -

Table 56: Scheduls of study visits ' —

- Procedhwe . -
- - ——
(l:'u:: Heow® Lyves om-; Other Doard  Chellenge 0;‘:‘ PCR  Cule®  Blowssay m
Screening —— X X 3 X o — =
2wk X X X X »
Trestment snd Challonge -
-1 b b AP X x® =
[} 3 AP X - x‘.
1 X A/P 3 X
1 3 A/P
3 X A/P X
4 X AP -~
s 3 A/P X 3 -
Fellow—ep B
6 X x X X X < P
7 X X X X X X 3 X
[ X 3 X X X
9 X X x 3
10 X X X
1" X X X X
12-13 X -~ X I3 -
Paterny ) X x x x Q x X ) X X
14 X X X X X X - E
15-16 X X X
L X X X X
18-20 X X X
21 X x X X X X X
Alemate
days D22-38 X x -
Weekly -
wha & 12 X X -

2 Complete history-and physical at screening, otherwise non-directed interview for symptoms, and oral
tem ture, T

b Herpoglobin, hermatocrit, white cell count and differential, platelet count, PT, PTT

¢ AST, ALT, total biljrubin, albumin, creatinine : -

d A/P = atovaquone or placebo; CQ = chloroquine -

¢ AST, ALT, blood for malaria culture

f ABO and Rh, G6PD screen, HgbS screen, HIV, Hepatitis BsAg and CADb, urinalysis, malaria screen

8 Malaria lecture and exam; written consent; HCG for women

h Blood samples just prior to dosing

! Random urine for drug screen

) Sensitivity to atovaquone

- -—

MO comment: The following definitions were used to evaluate outcome:

Primary endpoint: A positive PCR and/or QBC and/or culture and /or smear for P faiciparum.
Evaluable failure: A patient compliant with medication, developing the primary endpoint up to 12
weeks following challenge where concurrent medications with antimalarial activity were not taken
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_ Evaluable success: A patient compliant with medication, with negative tests for the primary endpoint
at all visits till week 12, with sequential blood tests available at least weekly during the study, where

concurrent medications with antimalarial activity were not taken. :

Unevaluable: patients taking concurrent medications with autimalarial activity, those non-compliant

with medication and-those with less than one malaria blood investigation per week (including

patients lost to follow up).

Adverse-cvents: These included any untoward medical occurrence regudlm of the relationship to drug.
Serious adverse events included fatal events, life threatening events, permanently disabling events, those
causing prolonged hospmhnnon, congenital anomalies, cancer and overdoses.

Results; LT

One hundred-aiid eighty-three subjects responded 10 advertisements to participate in thestudy. Of these,
152 failed the telephone interview, 7 failed labontory tests, one was overweight, three chose not to
continue and one failed the malaria quiz. The remaining 19 were enrolled of which 16 proceeded to malaria
challenge.

Treatment assignment:

Nineteen volunteers were randomized in a single block; 7 to receive-high dose atovaquone, 7 to receive low

dose atovaquone and § to receive placebo. After the first dose of drug but before challenge three subjects
were withdrawn.

Table 57: Treatment gr : —

. Total recruited 19
High dose atovaquone Low dose atovaquone Placebo
7 7 5
Withdrawn before 1 1 1
challenge

Demographic characteristics: The majority of the subjects were young white males as shown below.

Table 58: demographic characteristics of study volunteers

Atovaquone 750 mg/
Characteristic Placebo Atovaquone 250 mg x1 day x7
n=5 n=7 n=7

Male/Female 4/1 7/0 ﬁ?/g
Age (yrs) : B o

Mean (SD) 29 (7.5) 31(9.0) 30(5.7) -

Range - 2442 . 2-44 2340
‘Weight (kg) = ) - :

‘Mean (SD)= 77 (7.4) 81 (9.8) 811(7.4)

Range - - 69-88 75-100 70-91
Height (cm) ,

Mean (SD) - 176 (9.9) 184 (6.2) : 182 (5.2)

Range—  162-186 172-191 174-188

Subject No.’s 9, 12 and 14 were withdrawn from the study prior to challenge.

Compliance on the study was recorded as 99.5%. On_lyt!ireestudyvmtswetennsed,allbythesame
volunteer who was then admitted for supervision. Average bite frequencies forplacebo low dose and high
dose atovaquone groups were 5.5, 5.8 and 5.3 bites respectively- .
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The infection of the mosquitos was recorded using a mean salivary gland index. For the respective study
arms, the mean index was 3.5, 3.2, and 3.4. (For methodology see: Collins et al. J Parasitol 1977;63:52-6)

Parasitemia was documented at vari.. as time points, either by PCR, QBC or thick smears as shown in the
figurebelow.. .__ .= = .. .

. Figure 8

\St\lﬂy&y-ll567l9101112131415161718195?1!.&
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H=high dose atovaquone, L = low dose atdvaquone, P= placebo
Numbers in boxes indicate the number of days in vitro before cultures were judged positive.

All 4 placebo recipients developed malaria as confirmed by PCR, cuiture and QBC. (Cultures were done on
days 7,8 and at the time the QBC become positive.) Surprisingly, none of the subjects was found to have
visible parasites on thick smear. PCR was the first test to become positive, between 2 and 6 days prior to a
positive QBC. All positive QBCs were confirmed by a positive malarial culture. Three of the four subjects
were symptomatic at the time of the positive QBC. One never developed symptoms. -

Thick smears and QBC remained negative for all drug-treated patients through 12 weeks of follow-uj:. .
None of these patients was reported to have taken any concurrent antimalarials. :
The efficacy results are summarized below: :

Table 59: Efﬁ_c;;y—;mﬂn according to treatment group

. placebo Low dose atovaquone High dose atovaquone
N - E _ 6 6
Evaluable successes® | 0 - 16 6 -
“Evaluable failures - |4 - 0 0 .
[ Success rate 104 6/6 6/6 -

PCR appesrs to have been a sensitive and specific technique with no false positives for detecting the
single experimental isolate used in this study. Based on the PCR results, the pre-patent period for
these experimental infections ranged between 7 and 16 days. Clinical and laboratory follow-up was
continued on alternative days from days 23-33 and weekly for weeks 6-12 following challenge. This
would have been sufficient to detect delayed parasitemias in the high dose prophylaxis arm.

At the time that malaria cultures were positive, all isolates were reported as atovaquone sensitive (ICso
0.46-0.9 nM, see microbiology review for methods).

!
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MO comment: According to the sponsor, atovaquone given as a 250mg dose 24 hours before
_ challenge prevented experimental malaria in 6/6 volunteers supporting the causal prophylactic
- efficacy of this ageat. On the basis of this information (admittedly limited to 6 study subjects infected
with a _hioroquine and atevaquone sensitive strain), it is unclear why the proposed prophylactic
regimen in the lahel xequires continuation of drug for seven days after leaving 2 malaria area.

Safety results R

Emmmummﬁxumﬁvmmhﬁsmﬂy,mmeﬁedﬁmwam
_ seven days, seven received a single dose of 250mg and one received a single dose of 750mg.
Sympmmofmlrumphcebouutedpa;ems.
Three of the faigg placebo recipients were symptomatic at the time of microscopic parasitemia. Abnormal
ﬁndmgsmhﬂedhu&che,myalpgchﬂsmntaﬂfw«(ﬁﬂﬂmmbocmmnmzmmmd

_leukopenia and proteinuria in 1 subject each.
One subject with confirmed malaria remained asymptomatic.

MO comment: The relative paucity of symptoms and modest temperature clevations probably reﬂect

the benefits of very early intervention. There is no reason to suspect underlying immunity to malaria

in these subjects.

Events of unusual frequency:

The most commonly reported adverse event regardless of causality was headache. Adverse events were
more common in the high dose atovaquone group than the low dose or placebo groups.
- : - -Of the adverse events attributed to the drug, headache and nausea were most common as shown below.

Table 60: Adverse events possibly related to study drug occurring in >= 2% of subjects during prophylaxis

Atovaquone 750 mg/ -
Adverse Event Placebo Atovaquone 250 mg x1 dayx7
 n=5 n=7 n=7
Nausea - 0 0 1(14)
Headache 0 0 —1(14)

3 Data reported as number of subjects followed by percentage.

Overall, adverse events were reported in 15/19 participants. The majority of these adverse events were not
attributed to medu:aﬂ as shown below:

- -

Table 61: Summary gf adverse events by attributability during the treatment and follow-up phase

A1)
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Adverse Experience Placedbo ATV 250 ATV 750 Placebo ATV 250 N 150
) =S Ns 7 Ne? Ne$l Nas N=7
81 (8] ml (% Al (& N2 (O 02 (W n2 (W

Heedache - {14) (80) 3 (4)) 71}

. L R

Mhinitis = 139} : (as)

- {

l'{llqi.l —_— (60) (14) {14}

rlu (14} (14}

Pever - (40) ) L (14)

Nausea (P} {20) [ {14}
i (20} 114)

BMlirubinenia 14y

Diuin:u o (%:)

Rypery omi 114}

utmxf 120‘ (14)

Pharyngitis - {20 1 (14}

Rash (14)

Chills i : ng{ )

t incresse~ {20) 120‘ -

Albusinuria—& & 20) —

Depersccalization C {20}

Diazrhea (20;

chg:i L (20 )

wnin Uue::ouo (gg) té

Sinusitis ;20; [} )

Sweat . . 20 0 )

Non-grouped ARs q [\] L (14)

No. of subjects >=1 AEX 1 (20) o 2 (2% 4 (80} 4 (57 7 (100}

"= Mumber of subjects with data on the database

nl s Number of subjects reporting adverse experiences uihlv n:tnbunhlo to the study dru
n2 s—Number of tub%oeu reporting adverse go ive of actributability 9
A = Percentage of subjects reporting adverse experiences

" Events of unusual severity:

There were no deaths, serious or treatment-limiting adverse events during the penod of study.

Laboratory abnommalities:

No significant treatment-emergent abnormalities were detected on routine hematology tutmg (RBC, Hb,
PCV, WBC, platelets and differential counts) or routine clinical chemistry testing (AST, ALT, alkaline
phosphatase, BUN, creatinine, electrolytes, glucose, albumin and prothrombin time).

MO comment: No safety issues were identified on the two study regimens (low and high dose
atovaquone). The very small number of study subjects, pre-selected on the basis of excellent heaith
and no concurrent medications is a limitation on the broader applicability of these data.

Clinical pharmacology resuits:
The figure below illustrates the clinical phamacology of atovaquone in relation to the hepatic and
erythrocytic phases of experimental infection.
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Ptasma Leveis of Alovaquone Relative T0 the Earflest Appearance of Circulating Parasites. :

Al the indicated times plasma sampies were collected for atovaquone determinations from subjects in the high (@) and low

(O) dose groups. High does data are depicted through day 21 only; dotted lines indicale extrapoiated vaiues, which fall

below the lower limit of detection (0.05 ug/mL); coefficient of variation in the assay was $15%. All volunteers were :
on day 0 (downward pointing arrow). Bar indicates site of ensuing infection, with the shortest prepatent period

(8.5 days) followed by parasitemia. Large upward pointing astow denotes single 250 mg dose in low-dose regimen, or first

. 750 mg dose in high dose regimen; small arrows denote subsequent 750 mg doses in high dose regimen.

Low plasma levels were achieved in the low dose arm as shown in table 62

Table 62: Pharmacokinetic results for each subject -
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KINETIC PARAMETER —
AUCoss = AUCisns Cons T, -
SUBJECT (ug/day/mL) (ng/day/mL). (ng/mL) (day)
High Dose~——"> _
” 18.7 106 ' 6.23 38 —
_ » 851 104 247 ] 74
" 184 110 434 23 —
no 241 . 166 4™~ a5
ns . 295 ’ Jos 640 . . 26 =
neé 214 154 592 27
mean + SD 20170 139+38 5.03 £ 1.50 39219 .
Low Dose - )
n 1.77 0.48 1.08 ND
" 0.56 033 013 ND
# 167 031 0.43 31 :
. m 5.05 157 1.05 37 ot
ns 317 : 117 0.57 . 43 ‘ ! -
n9 213 047 0.40 31
mean + SD 239£1.55 0.72£0.52 10.61£0.38 36106
* Plasma levels were drawn prior to each dose of drug/placcbo; Cimax therefore denotes peak
concentration in the single (low) dose group, and highest trough concentration in the multiple
(high) dose group. . : _
ND denotes insufficient data to calculate. : ) - =

MO comment on plasma drug levels: Subjects in the low dose arm demonstrated C,,, plasma levels

consistently below 1.08 ug/ml. In subject 4 this peak C,, Was only 0.13 ug/ml with an AUC during -
the first 6.5 days of 0.56ug/day/mi; a value well below the 3.7-10.4ug/day/ml quoted to have failed )
eradicating erythrocytic infections in non-immune travellers (Chiodini et al J Antimicrob Chemother
1995;36:1073-8). This suggests that hepatic phase parasites are more susceptible to atovaquone than -
erythrocytic or perhaps that hepatic concentrations of the drug may exceed those in the
bMAttheWuy&myﬂcththkﬂndy(dayG.S)AUC’sforzImdosesnbjectutill -
exceeded the lowest AUC seen in one of the low dose subjects at the beginning of the study. Some

mppreuive udvitysvu presumably present in these two subjects during the erythrocyﬂe phase.

MO concludin'g comment:','l'hlntudy showed that a single low dose of atovaquone 250mg taken 24

hours before experimental challenge with P falciparum was sufficient to protect all of six volunteers

from developing disease. Higher and more prolonged ‘doses were also effective. The prophylaxis was

effective despite very low biood levels of the drug (well below those needed for treatment). On the

basis of the presented data it is not clear whether this was due to greater susceptibility of hepatic

forms than erythrocytic forms, higher drug levels in the liver than the blood or whether this single

isolate used in the challenge had an unususily low MIC for the drug. Previous quoted studies have .
shown the rapid development of resistance in malaria treated with atovaquone alone. The sponsor
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has suggested that the abseace of emergent resistance in this study might be due to combined action
on hepatic and erythrocytic stage parasites or to the low parasite burden.

The possibility that the single chiailenge strain was unusually susceptibie to atovaquone (IC50 for

NF54 0.19ng/mi) sheuld be considered before the findings of this study can be more generally N
applied. In this submission two isolates from patients participating in study MALB3003 showed

IC50’s for atovaguone of 10.9nM (4ng/mi) and 2.7 oM (0.99ng/mli), respectively 21 and 5.2 times the

ICS0 of the challenge strain. The number of bites was also restricted to five per patient. In the field,

larger numbers of bites and higher inocula may also have an impact on prophylactic efficacy.

Mechanisms of chioroquine resistance ar¢ diverse and may be as non-specific as calcium channel
dependent pumps. The performance of atovaquone against isolates demonstrating this mechanism of
drug resistanci:-must be regarded as unproven.-The ciaim that Malarone is active against
chloroquine resistant malaria is obviously not supported by this study.

The study provides support for the causal prophylactic activity of atovaquone in this controlled
setting, using a single strain of P falciparum malaria. The causal prophylactic activity of proguanil
has not been tested in this study but quoted literature (Fairley- NH. Trans R Soc Trop Med Hyg 1946,
40:105-62) indicates that Progaunil given at a dose of 10mg to 100mg as a single dose on days +3, +4

or +5 following challenge was 100% effective in protecting against experimental malaris. (Proguanil
given as a single dose 3 hours before challenge or oa days 6,7 or 8 following challenge was not
reliably protective.) These historic data were obtained long before chloroquine resistance was
documented, the endpoints were determined by less sensitive means (smears only) and the
applicability of these data to currently prevalent isolates is unclear.

' ]
hgggrivr "
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lntegnted summary for safety: prophylaxis studies

Studies employmg prophylactic and treatment doses of Malarone have provided two categones of safety

data: . .gh-dose short-terin yse and prolonged low-dose use. The studies using treatment doses are reviewed .

by Dr Meyerhoff while this section focuses on the-prolonged low dose use of Malarone in prophylactic
_ regimens.

Safety information for patients receiving prophylactic doses of Malarone was derived from four
mhyhcncmhmmmma&mmedadosammﬁomﬁOmgwsmmg
daily in adults, and dosages for pediatric patients were calculated using welghttoextnpolate from the adult
250mg dose. Study periods ranged between 10 and 12 weeks.

Three of the foygr studies incorporated a curative phase during which all patients received treatment dosages
of Malarone for three days. Subjects who failed these treatment doses for reasons of drug intolerance were
excluded from the safety population for prophylaxis. Hence the safety population (all individuals receiving

at least one prophylactic dose of Malarone) was depleted of individuals reacting badly to initial treatment
with Malarone.

The four prophylactic studies reviewed for safety enrolled 1009 patients. Safety data were available for 919
subjects who received either Malarone or placebo. The disposition of these patients is shown in table 63.

Table 63: Disposition of patients participating in Malarone prophylaxis studies.

- Number of
Study Population Prophylaxis .Subjects

Adults A’TQ + PRG - recommended 381
n=654 prophylaxis dose?
o ATQ + PRG — other doses : 67

Placebo - 206
[Children ATQ + PRG - recommended 125
n=265 prophylaxxs dose™

Placebo 140
mhylms at Recommended Dose? - 506 -
Total for ATQ + PRG Prophylaxis at Other Doses 67
[Total for Placebo 346
"Total Prophylaxis Subjects — - 919

* Recommended prophylactic dose in adults is 250 mg atovaquone and 100 mg proguanil

hydrochloride (1 MALARONE tablet) once daily. In children who are £ 40 kg. this dose is
adjusted for body weight.

Population forsafety: =
The database incfuded only subjects who received study medication and who either had adverse events or
laboratory data on record.

Safety Data: The safety data collected included evalnatiéns from physical examinations, vital signs,
adverse experiences and hematology and clinical chemistry parameters _
“Radical cure” safety data: Three of the four studies reviewed here for safety in prophylaxis ncorporated 2

radical cure phase. During this phase all participants were treated with curative doses of Malarone for three
days. Safety data from the radical cure phase of the studies best reflected safety concerns due to “treatment

regimens” of Malarone rather than prophylactic regimens. Among adverse events reported for individuals
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during radical cure, the following were reported in more than 2% of participating adults (see table 65 for )

details):
dyspepsia
st

vormiting,
headache,

nausca

abdominal pain

pruritis
asthenia

Amongchﬂdnnmewmgndxcﬂme,wenumponedmnmthmZ%ofpamcmnumched.
Abdominal paig

Vomiting,
Nausea
Headache.

One serious adverse event and 45 treatment limiting adverse events occurred in patients on “radical curc”

-

and these individuals were excluded from the prophylaxis database.

The recommended adult prophylactic dose of Malarone ZSOmg/day_was employed in three of the five-

studies, a dose of 500mg/day was also employed in one of these studies.

Drug exposure for each study is shown below. "
- _Table 64: Allocated study drugs during prophylactic phase (ITT patients) 3 ] !
_ Malarone 250qd | Malarone 500mg qd Placebo Pediatric dosing
MALB2001 70 67 68 0 —
MALB3001 136 0 138 0
MALB3002 175 0 0 0
MALB3003 0 0 140 124
Total 381 67 346 124
Exposure ranged between 10 and 12 weeks .
Of the 448 adults receiving prophylaxis with Malarone, 79% were male. Of the 124 children
receiving prophylactic Malarone, 52%were male. Most of the study participants were black.
Table 65: Demographics of patients included in the safety population
- Mean Body Wei -
’ Gender - Race Mean Age or Range of Range of hhnny g:d‘;t
Subject |[Nuof®of [T M F B W Mean Ages ~  Weights
Population | Subjects all . (k)
Adults a5 6 | 92 402 16 31 . b
- | @) [(21%) | 60%) | (10%)

Children TIB | 8]0 (| 15 0 9 2

and -- (52%) ] (48%) | (100%)

Adolescents

"All Subjects 573 21 |12 | 5T | % | 931 2566

73%) | (7%} | (92%) | (8%)

Adverse events:
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Adverse experience reporting included spontaneously developing adverse experiences, intercurrent
illnesses including malaria and its symptoms, and existing medical conditions which worsened. The ___
experiences reported by the sponsor in this section were confined to those occurring during the prophylactic
phase. .

-—f—'.
Adverse experiences such as malaria (which were not acconnnodamed in the COSTART list of terms) were
classified in the “ungrouped” category.

Pooling of adverse experience data:
Adverse experiences occurring in protocols MALB3001, 2001 and 3002 were pooled whereas adverse
" experience data for pediatric subjects was separately presented.

Serious adversagxperiences included those that were fatal, immediately life-threatening, permanently or
significantly disabling or that required prolonged hospmhzauon Congenital anomalies, malignancies and
overdoses were included.

Adverse Experiences reported during chemosuppression:

During the three prophylactic studies of Malarone in adults, (MALB2001, MALB3001, MalB3002)
involving 654 subjects, adverse events were reported in 58% (379).

Events of unusual frequency:

" The table below summarizes the adverse events occurring in more then 2% of patients in each dosing
category. All adverse events and drug-related adverse events are listed for each of four treatment regimens;

placebo, Malarone used in placebo controlled trials (A +P:C), Malarone used in controlled and uncontrolled

studies (A+P:U) and Malarone administered at 500mg QD (t\mce the recommended prophylactic dose)
(A+Px2:C).

Table 66: All adverse events and drug attributable adverse events during adult prophylactic studies

Adverse Experience Placebo AsP:C AeP:CoU  AePx2:C  Placebo Asp:C AeP:Cel  AePxi:C
o Wel08 Wei06 WeiBl a6l Ha306 Neic6 Nedgd Nw6l

al (%) al v al (31 al (W a2 W a2 (%) n2 (&) n2 Y

Headache 1 (%3] : 1 15} s (37 & {22 [ 11 2 (43)
13ia [ Y 2 (11 2 112 21 7 2 (34)
1 paia 11 19) )  (4) 1t 3 4 21 Qe i 9)° 2 [$53]
(<1} (<l) {<1} s 7 1 7 2 [ 2 (1]
um: respiratory infection [ 1 ki 1 2 1 1251
ack wn 4 [ i6 17 4 12}
Ca\lgll increased (<1 {<1}) 1) 1 ) 1 { 1 } {9 -
gi- rhea (3] [F3) i ““ 1 J 1: { %‘ ‘) l}-;
yndrcme Y
Am"tSQn 1 <1y 1) (‘}l 1 ¢ i 1 (}'i'
Pever & injury [$3] 26 ¢ 1 1 i)
Rash (<) t<d) 4 b 13)
Infecticn 1 11}
Canjuncrivitis 4 9)
m.culiti [§3) b ‘(g,t (4‘%))— - i 2 . ) 3 3 (% ;
< <
o 16} (2) 1) an 1 (18)
soze Lhru: tel) tel) 1<]) 7 Ir—%- {12
he un 2 ? 2 116
As' (<1} { o 4 2) {71
nh:.ims - 1<l) tet) (1) (33 ] 1 {3
m poin B - (<1} E (7 : : £)
in3 _
Urinary trsct {afectiom { Ut 1
Kechraloia” T e (<1 (33 e
sl R : '
- < Y ey
Bromchicis te1) te1) <
Vomit - (<1} («1) («<1) {1) { Qt [L3 )
ADGTexXiée ) {<l) {<1) (4) { { {< (10
Neck pain N (1) (<1} 2 < t <
furunculcsis . = - 1< (< {1}
g:lluln.l. - o . . . . {« :: ! :: N
et i T - - (n (<1} ) 2 i<l < w
sun buup nu’u- {1} {< Q
L Nsber el ects with data om the aubu-
:zl : nabes o ‘ ects Teporting adverse experiences sibly ::‘tr:?u:g:ht.g -n‘um drug
» Nunbez o oeu:.uunlmuum-cum a abil
V = Percentage of subjects reporting advezse mtm
-

1
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AsP:C
H=206 8=l

[
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Iutzn aedie

Eye diso.
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Liver tenderness

Nouth u.lc atioe
urni -nuuun skin

tic ule.r
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'
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(1)
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N = Number of ects
Al = Numbey of subjects
u:m of ects

Percentage o

Headachewasthemstcomonlympomdadvmeevent,amibmadmdmgm3toS%ofsubjects.Ahxgh

sdvarse ewpariences
advesse axpuriences

[
% Mo oxXper clen pouwly actriducable to the study drug

respective of ateributability

incidence of headache (43%), not attributed to drug was seen in the 67 patients on h:gh dose Malarone. As

a group, gastro-i

symptoms were commonly reported, including abdominal pam (attributed to drug

in 3-5% though no different from placebo), diarrhea, gastritis, and dyspepsia.
“Nongrouped"advaseevent&mcludedalldngnom of malaria.

MO commeim Symptoms occurring during malaria include headache, nausea, diarrhea, fever and
these symptoms would account for high reporting rates in the placebo treated patients. In this sense,
placebo was unhelpful in illuminating these specific adverse events as drug-related.

The five most common adverse events are shown below.
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unrelated): _
Percontage of Adule with Coawnon Adverse £ is Phases of
Studies \ALE20N, MALIOO] and MAL R
T AP [ AP
70 [~

T

% st:li‘l

slelul clele

When only drug-attributed events were considered, gastro-intestinal complaints predommated

Table 68: Drug attributed adverse events in adulits:

Adverse events were reported in 61% of the 265 children participating in the prophylaxis study as shown

below:

Table 69: Six most common adverse event in pediatric subjects (drug-related and unrelated).

Tercemntage ol AGUIS Wil Common ARFDELIDR AdVerss EXpiviences Daring Prophylaxis |
Thases of Studies MALEN0I, MALEO0OT, and MALBIOR
Placcbo- Al
MALBR] Controllad studies
Adverse | Too | AP AT [ AP |
Expetience | naé8 | n=70 06 | n=381
Abdommal | & 7 ry 3
Pain
Dyspepsa | 19 & 0 3 2 1
[ Castrits 7 ] 0 1 3 2
. [Feadache 3 ] ] 7 -1 3 5
r} 3 3 : 3 3 1
AR loawt (3] ) 3 b7 13 17 73 17 7
une AE ~
Prophylaxis in children:

me and Adolescents with Common Adverse Expestence

During Prophyiaxs Phase o Study MALBSOI3

-y | Doy >0 kx kg “Toral

A TAT [ Mo JAP [ Mo [Ar | 1% A.F'l'l"ho AP |

Evemt . nedd | nal2 | Ae3S [ nedb | 730 | nadf | nadS | nedb Enaldd | ne12S

AbdcndiFan | B L B | > | B O LB | ® | & ™| B |
e BTl |V B[ F7 | I T
[T Svncivome < ¢ ] ] T 12| 7|8 s v
Veiving i K] 6 8 0 3 0 . I 7
oo v T S B B2 B KK K B
Fever -] 8 516 |2 N N N
AU least nw AE SEIENEILEEDEE KCEE

Most commonly reported drug-related events reflected the pattern above, though complaints presumbly due

to intercurrent upper repiratory tract infections (cough and “flu symptoms™) are absent as shown below.
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Table 70: Four most common drug-related adverse events in pediatric subjects:

.- "~ Percontage of ChIKIvn and Adolemomis with Common Aftributsble Adverse
m Dwring w Fhase of Study MALEKO0O3 .
|~ 1l-20%g ] >0-00kg >30-40 kg 0k - Total
re AP | Foo AP | Poo | A AP |
Evers - 0a37 [ IS [ nud6 [ nad0 | nuds | nnd5 | nedh Rusidd | mml12S
Abdcminal Fain 2] 5] %8Ol 3]> 0 WL
Headaclw - 3 [ 3 n 0 P 3 F-) 14 . 5
" w H [ [] 7 8 fF o [] [ 38
‘Nowsss [] [] [ [) 3 [] -9 4 <1 <1
At lewst one AE FEICEEEEE N EEEEEEE BN EE
Adverse ev ing follow-up: .

Upon completion of prophylactic regimens, study subjects were followed from 2 to 4 weeks after stopping
study medication. Data from the follow-up period did not suggest delayed toxicity for Malarone.

Three of 448 adults reported adverse events possibly related to study medication in the follow-up period.
These included headache, increased cough, abdominal pain and vomiting. Adverse events were not
observed in any of the children during the follow-up period. .
Adverse events related to population subgroups:

Gender

Seventy-nine percent of the 356 adults in Malarone prophylaxxssmdnes were male. Despite the smaller
number of women, women were more likely to report adverse events than men (59% vs 47%). Abdominal
pain was reported in 8% of women and 3% of men, gastritis in 5% and 1%, dizziness in 3% and<1%,
headache in 8% and 4%, and diarrhea and dyspepsia in 2% and <1% of women and men respectively. In
the pediatric study, drug-related adverse events were equally frequent in girls (42%) and boys (40%). -
Individual adverse events commonly reported in the pediatric prophylaxis study included abdominal pain
(28% of boys and 35% of girls), headache (14% of boys and 13% of girls), vomiting (6% of girls and 8%
of boys) and nausea (2% of girls).

Race

All patients in the prophylaxis studies were black except for 46 white subjects in the uncontrolled South
African study. These white subjects represented 12% of the 335 patients in the pooled cohort of patients
treated with the recommended prophylactic dose of Malarone. Overall, drug-related events were reported in
16% of black subjects and 2% of white subjects. Individual adverse events commonly reported included
headache (3% blacks and 15% whites), abdominal pain (4% blacks, 0 whites), and gastritis (2% blacks, 2%
whites.) Only headache appeared unequally distributed for race, though the small proportion of white
patients may make this conclusion unreliable.

Age o
The sponsor examined adverse event reports for patients aged <=30 years and >30 years. The mfonnanon

was derived from the three adult prophylaxis studies, MALB2001, MALB3001 and MALB3002. The most
commonly reported-adverse events are shown below.

. » -
Table 71: Drug-attributed adverse events according to age group

-

<=30 yrs (n=278) >30 yrs (n=170)
Headache 17% 16%
Myalgia --- 6% 8%
Upper respiratory tract infection | 4% 7%

MO comment: No significant differences were evident in adverse event rates for these two age
groups. Smail numbers of patients and the fact that the extremes of age were not examined limits the

value of this data.

Events of unusual severity:

No deaths were reported during any of the prophylaxis studies.
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Eight serious adverse events were reported during the prophylaxis studies. None of these was attributed to
Malarone. The details of these patients are shown below.

Table 72: Summary of serious adverse events during prophylaxis

Shudy Subjost Namber Agn. Gondon, Rom Adveser Event [ Sovevity - Tro Crep
MALEIOT MG el BT Vinlarie Singie eyvande [y e—— Possible Pocete
2 35 mete., biech Dawd skin vl | Srge cpvede jr=— Ty )
(warsswrdy
T ) 3, Wmaie, black e apumde [~ “Unevited 750 mg stovemuone/
- p oyl 100 54 progamet
W 95, mate. black Dywrotery [ Sengie apissde [ Uroriotnd “Facvte
B CY—x~ > P ” S Tosaibte siqm/
- - - (lh:' émm-n)
Vewmiting Medoraer Yomile lﬂ:;-.ml
- . M&Cm"aﬁl
WAL e 3T ¥, fomale, vinch Prewawms =] Single rpiode Severs Mol & remoriie [
e I ol biach | Svonchoprremanss | Songie epiodr e Nt & removsbie Precvow
Pt———— A ——— -
MALEIOR 7™ T, male. biack Melariy Singie epieede Wl Uneviatod TR0 g Sovequones
0B g, progruand
MALI0D Nerw

Only two of these events occurred in patients randomized to the Malarone treatment arm. In one of these

cases the adverse event was cellulitis, not considered related to study drug. In the second the adverse event
was malaria and was not considered drug-related. An 18 year old femnale, treated first with a “radical cure”

——regimen was randomized to daily placebo for prophylaxis. Two days into the prophylaxis phase she
presented with severe abdominal pain and vomiting. These symptoms were probably not related to the
study drug since her last dose of Malarone was given two days-before the onset of her adverse event.

Treatment limiting adverse events: )
These were defined as events causing the patient to stop medication and withdraw from the study.
Treatment limiting events during the “radical cure” phase (where treatment doses of Malarone were used)

were common in the pediatric study. Forty-three of 319 (13.5%) pediatric patients given radical curative

-

doses of Malarone were withdrawn for vomiting or abdominal pain

Treatment limiting adverse events dunng the prophylaxis phase were less common and are described in the

table below:

Table 73: Treatment limiting adverse events in chemoprophylaxis phase

)
hgpgu e 0

b

Malarone lacebo Adverse event “Treatment related
MALB2001 22 Malaria No
MALB3001 1 Genital sores No
MALB3002 2 Headache Yes
1 Nausea & Yes
- - - dizziness
- ol . STD I No
_ 1 - Flu syndrome No
+1 Malaria No
MALB3003 .- | 1 malaria No
S I N Vomiting No
Total 7 24

Overall premature discontinuations of Malarone due to treatment related adverse events occurred in 3/381
treated adults and 0/125 children. Seventy-two subjects discontinued prematurely due to an event that was
not reported as drug-related. In 24 this event was malaria.

Data from countries where Malarone has been marketed.
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Since initial marketing in Switzerland in August 1997, Malarone had been approved in more than 25
countries worldwide. Two adverse experiences were recorded on a spontaneous reporting database; one
allergic reaction and one elevation of liver enzymes.
MO comment: This information cannot be regarded as comprehensive without more *-tail on
prescribing patterns and reporting practices. .

P e
Long term adverse experiences

The maximum period of exposure to Malarone in treatment and prophylaxis studies was 12 weeks. No data
are available for treatment beyond this period.

Clinical laboratory safety data: -
Regular hematology and clinical chemistry tests were performed participants in studies MALB2001,

MALB3001, M3lB3002 and MALB3003. The schedule for hematology tests in eachrof these studies is
_ given below:

Table 74: Schedule of hematology tests in propl{ylaxis studies

MALB20O1 MALB001 MALBO02* MALB0s .
- Paramcier - we wio* H ws w10 S wi0 S we* wi12*
Hematwiogy .
Homoglobin } 4 X X X X X X X X X X
Lrmphocyies X X X X X X X X
Hematocrit ) X X ) 4 X X X X X X X
Plateicts x | X X x |- X X X X X X X
White Blood Colls X X X X X X X X X X X
Rod Blowd Crlls X X
Mean Corpuscular Volume X X
Chemistry
Sudium X X X X X X X b3 X" X X
Potssanim X X X X X X X 3 X X_ | X
AL X X X X 3 X X X x. | x X
Albumin X X X X X X X X X X X
Alkaline Phosphatase X X X X X X X X X X X
Creatmine X X X X X X X X X X X
Bilirubin X X X X X X X X ) 3 X b 4
Urca X X X X X X X X X X X
CGCT- X X
43« Scvemmiong vinit; WS = wash $ vit W6 « wosk b visi WiV @ weok 10 vinie: W12 « ek 12 vint o
 For srady MALIOOE, s hull diluaraisl was porformed ared totol protain, phemphures, g o ch and exkcium weve d

Clinical chemistry tests monitored in the above four studies included sodium, potassium, albumin,
bilirubin, urea, serum creatinine, alkaline phosphatase and alanine aminotransferase. Roiitine glucose was
only monitored in studies MALB3001 and 3002. -

For routine haeumology parameters no significant trends were noted when comparing Malarone-treated
individuals given the recommended dose with placebo treated patients in pooled data, either at screening,
week 5, week 10, follow-up or withdrawal. No time-related or dose-related trends were evident.

Similar findings applied to the clinical chemistry tests.

It was noted that while the mean potassium levels were normal and did not change according to study visit
or treatment allocation, maximum levels in all categories were excessive, pointing to hemolysis and
problems in the handling and preservation of specimens as shown below.
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Table 75: Serum postassium levels by study visit and treatment group for stadies MALB2001, 3001 and
3002

A+P:C= Controlled studies using recommended doses of malarone . —
A+P:C+U=Controlled and uncontrolled studies using recomme— Jed doses of malarone
A+Px2:C=Controlled study using double recommended dose of malarone

il : Paramster = Potassium (mmol/L)

_ - Statistic i . Treatment Group
© oF —_— re .
visit Category Placebo A+P:C A+P:C+U A+Px2:C
Screening N 172 178 334 S1
R - Mean .8 4.7 4.4 - 6.7

Std.Dev . 1.%0 1.3 1.04 2.78 -
Median 4.4 4.3 4.1 6.0

- Minimum — -
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Separate comparisons of laboratory data were presented to investigate the impact of differences in age, -
gender, race. No treatment-related differences in the results were observed when males and females were
compared though hemoglobin levels and hematocrits were lower in females at all time points. No treatment
related differences in laboratory results were observed when adults <=30 years and > 30 years were
compared. Black adults were more likely than adults of other races to have abnormal clinical chemistry and
hematology. These abnormal results occurred during screening, chemoprophylaxis and follow-up and were

_ -not attributed to the medication. They included elevations of white cell counts, elevations of lymphocyte
counts, higher alkaline phosphatase levels and lower hemoglobin levels. -

MO eommént:_ ncﬂ‘coniparkom were confounded by the very smailmumber of white patients
(N=43) compared to black patients (N=302) and the uneven distribution of races across studies and
study centers. - ) T

In the pediatric study, there was a tendency for hemoglobin levels to increase from screening to week 6 and
12 for both placebo and Malarone treated subjects of all age-groups as shown below.

'
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Table 76: Hemoglobin values for pediatric sub)ecu stratified by weight and study medication

Peramster » Mamoplobin (g9/dL)

Statistic Treatment /Stracum
visit Categewy flacepo 1 Placebo 2 Placebe 3 Placebo ¢ Malarome I Malazone 2 Mmlasone 3 iMslarone 4
Screesainog B To.—We0 - 3 —30 3 n 1 26
g Neasi” 13.2 . 10.6 ls.l 19.2 10.3 10.9 g
$t4.0ev. 1.33 .43 .10 1.04 9.89 1.80 1.09 8
10.1 16.4 10.5 10.7 10.1 10.2 10.9 1
Winimm
P
Wi man ——
ook § 3 p} 2 32 37 n 23 2
Rean 1.1 11.6 11.0 1.4 1 1.3 .1 11.6
$td.Dav. .08 3.3¢ .17 1.1 32 1.2 0.72 16
Nedian 1.3 118 11.3 113 10.7 114 1.2 11§
WHnimm
m /‘——-——-—_\‘
week 12 » 3 2 . 2 7 3 2
Nean 10.9 11.3% 11.) 11.3 10.6 i§.2 11.3 {
std.Dev. .99 .94 .95 1.60 .83 2.9 8.7¢ 13
_ Wedian 10.9 11.7 11.3 1.4 10.8 1.2 1.3 1
Shde =
st
Wichdrewsl ® 1 7 1
Ween 7 11.4 1.4 11.3 .9 13.3
std.Dev, 07 13 .98 1.30 .42
Nedian 11.4 11.% lg.l .9 ig.;
ninisun AL & .6 . -
NMaxisman p———

(Treatinent strata 1-4 refer to the four dosing groups assigned on the basis of body weight. See table 38)
A similar trend was observed for the hematocrit.

MO comment: The improvement in hemoglobin during the study may reflect the beneficial effects of
“radical” malaria treatment upon admission and recognition and treatment of other intercurrent
conditions causing anemia durlng the study.

3
: ¢
Among pediatric patients, the mean total bilirubin increased between screening and week 12. This was : ! -
.observed equally across treatment groups and weight categories as shown below.

Table 77: Total bilirubin levels by weight category and treatment group

Paramater = Tocal Btlirubin (umselsl) -

gtatistic Traatment /Stratum

Visit gu.ary Placebe 1 Placehe 2 Placede ) Plecebe 4 Nalarcas 1 Malarone 2  Malarone 3 Malarans
soni 40 s 30 _ 33 ” 3 28 2% - -
e d ERTS i 3D 3% Ia 1) i3 i
3 el 4 17 i 1.7 17 12 i i
moima -
[T —
31 29 32 35 34 28 s
Week ¢ H ’g.! 4.1 1.9 2.3 .7 2.4 3.8 2.9
sed. Dev. 1.84 4.30 0.69 30 15.73 1.3¢ 1.7% P31
Hedian 17 1.7 1.7 17 1.7 127 107 17 _
Hiaimm
Haniam — -
Woek » 3. 2¢ 2% 27 38 3 - 26
O N - T N - N
nedien 30 e 8 19.0 30 70 7.0 0 -
Rustmn T -
mximam . . e ——
a s 7 2 -
eharmml 9.7 0.2 1ose 10.9 18.5 Yo -
4. .Dev. ;.43 ’.gﬁ 32.82 .97 3.%
Madian .5 9. 8. 11.9 14.% 2.0 -
Miaimes oL m——
[~

‘.E

MO comment: The reason for increasing bilirubin levels in pediatric patients in both drug-treated
and placebe-treated groups is not clear. This trend was not reflected in adult studies. Changes in
bilirubin were not accompanied by elevations of transaminases or alkaline phosphatase.
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“Dmg-dmg interactions were not specifically investigated. No adverse events reported during the
propl. iaxis trials were ascribed to the interaction of Malarone with other concomitantly administered dmgs

MO comments’ﬂ'c'?mll safety during prophylaxis studies

Prophylactic doses of Malarone given for up to 12 weeks appeared safe. The most common adverse
events included headache and gastro-intestinal compiaints (abdominal pain, dyspepsia, gastritis,
diarrhea, vomiting). These were rarely treatment limiting and appeared not to pose a significant
threat to compliance. The fact that patients vomiting during radical cure were excluded from the
prophylactic safety database raises the concern that vomiting may be 2 more common problem in

- Malarone nalve individuals. No hematolégical, hepatic or renal toxicity was identified on the
- prophylactic dgsing regimen. -

The population studied in this database was limited to young, beaithy volunteers with no underlying
illnesses. Safety data were not provided for elderly or very yonng patients, pregnant individuals or
those with underlying medical conditions or eoneomitnf medications. Use of Malarone for periods
exceeding 12 weeks was also not investigated.

Some of the recognized adverse events associated with proguanil (oral ulceration, alopecia) were not
reported in these studies. Techniques for eliciting AE data in these studies may have selectively
excluded certain adverse events, particularly those less likely to be perceived as drug related.

120 day safety update, April 27,1999:

No new safety data were presented on the completed prophylaxis studies included in the original
submission.
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Integrated summary of efficacy:

In the USA, three antimalarial agents are currently recommended for malaria prophylaxis, chloroquine,
mefloquine and doxycycline-Each has drawbacks. Chloroquine resistant malaria is ubiquitous rendering
chloroquine ineffective in most malaria endemic areas. Mefloquine has been associated with
neuropsychiatrjc side effects and is contraindicated in individuals with underlying psychiatric discase.
Doxycycline is contraindicated in children. Thus more antimalarial prophylactic medxcanons are required
to cover gaps in the grophylactic armamentarium. -
Pooled studies: =

The placebo-controlled studies included a total of 744 subjects. All these subjects received treatment doses
of Malarone for 3 days to cure pre-existing infection. Ten of these were withdrawn or lost-to follow-up
prior to having a baseline smear. The remaining 734 were mcludedmd:em:—to-mtpopuhnon.Of
these 734, 73 were Jost to follow-up, and 39 were identified as “protocol violations”. The remaining 622
were inciuded in the per pmtocol population. Among these subjects, three dosing regimens were used. The
majority of adult patients were given 250mg Malarone daily, children were treated using quarter strength
tablets dosed by body weight, and a minority of adults was given Malarone 500mg qd. The distribution of
doses is shown below for ITT and PP populations.
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Table 78: Subject allocation in piacebo-controlled prophylaxis studies

Placebo Malarone S_Ol_mg_ Malarone 250mg | M per wt
- PP TTT PP PP TIT PP T
MALB2001 54 65 54 65 54 68
MALB300L, | 111 ~ 1138 - 102 134 -
MALB3003 - [ 134 | 140 113 124
Total 299 343 54 65 156 202 113 124

On an intent-to-treat basis, 343 individuals in total were allocated to receive placebo and 391 to receive
Malarone. On a per-protocol basis 299 individuals received placebo and 323 received Malarone. During the
prophylaxis phase of these studies 94 of the patients allocated to placebo developed malnm. Two patients
allocated to recgive Malarone developed malaria. _ o
Defining a failure as a confirmed case of malaria (and excluding the other categories of failure in the PP
and ITT analyses referred to in each study review, such as drug intolerance, non-compliance, loss-to '

follow-up), overall efficacy rates (=1-falure rate o/ failure me,_..) were 97.6% in the PP population
and 98% in the ITT populations.

Incorporating the analysis changes described in the individual study reviews (including the exclusion of
cases of non-falciparum malaria), pooled efficacy results are shown below:

Table 79. Pooled efficacy results for placebo controlled prophylaxis studies

Total number of Failed to complete | Developed T
patients sudy Parasitemia (P '
randomized i falciparum) = 2
Malarone 326 ST 2
Placebo 341 4 92

Efficacy in non-imunune travelers -

For the three studies, incidence rates of malaria in placebo recipients normalized per 10-week study period
varied substantially as shown below.

Table 80: Incidence rates of malaria among placebo recipients normalized per 10 week period

ITT | PP

MALB3003 (pediatric Gabon) 15% | 16% -
MALB3001 (adult Zambia) 30% | 37% -

MALB2001 (adult Kenya) 43% | 52%

Malaria prevalence rates at screening were (96/319) 30% in the Gabonese study, 7% in the Zambnan study
and 34% in the Kenyan study.

- -

MO comment: Varistions in prevalence and incidence rates of malaria point to geographic and
possible temporal differences between study locations. Common to all these study subjects was
considerable¥éxposure to malaria prior to commencement of the study. Since even a single attack of
malaria may result in some immunity (Gupta et al. Nature med 1999;5:340-343), all these study
communities presumably have substantial malaria immunity. This is likely based on high local
prevalence and the fact that high fevers were not recorded among subjects with patent malaria
during the study period. The prevalence of splenomegaly was not specifieally elicited according to
each protocol and this might bave supported the presence of antimalarial immunity. Limited
published data suggest that the protective efficacy of malaria prophylaxis may be lower in non-
immune than immune subjects (Taylor et al Clin Infect Dis 1999;28:74-81). In the above three
studies, the only 2 prophylaxis failures occurred in the population with the lowest baseline prevalence
of malaria (Zambia MALB3001) where malarial immunity might be lowest, though the numbers of
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subjects are too small to give statistical strength to this hypothesis. While some reassurance may be

derived from a) the high success rates in the above studies, b) the high efficacy of Malarone as a

malarial treatment in non-immune travellers, and c) the efficacy of atovaquone in the single

challenge study in this submission, the efficacy of Malarone as a prophylactic in non-ir~-rune

subjects (such as travellers from the USA) may differ.
Ap—

o1,
.

Some evidence for the efficacy of Malarone as a causal prophylaxis has been provided in this submission.

NoexistingantimnhtialpmphyluishasbeenaypmvedbytheFDA for this indication.

a) In the volunteer challenge study on non-immune US volunteers (MALB2002), atovaquone given at a
dose of 250mg once, 24 hours prior to experimental challenge with P falciparum was effective in
preventing malaria in 6/6 subjects whereas 4/4 placebo-treated patients developed malaria. Atovaquone

given as a2 750mg QD dose for 7 days starting one day prior to experimental chall

e with P

—— falciparumas also successful in preventing mtalaria in 6/6 subjects. In this study, only one of the two
Malarone components was investigated, and only 6 of the subjects in this study were treated with the
dose of atovaquone recommmended by the sponsor. A single atovaquone-susceptible strain of malaria
was used in this challenge study which may not reflect conditions in the field. With these reservations
the low single dose of atovaquone shown to be effective prior to the development of erythrocytic

parasites in the volunteers suggests that Malarone may be effective as a causal

prophylaxis.

b) - The causal prophylactic efficacy of proguanil is claimed on the basis of a historical study (Fairley 1946
Trans Royal Soc Trop Med Hyg 40:105-51). In this study, volunteers were treated with daily doses of
proguanil 100mg as shown below. Causal prophylaxis was established if at day 7, subinoculation of

—  whole blood from challenge subjects into healthy volunteers did not cause malaria:
Table 81: Summary of proguanil challenge study (Fairley)

Proguanil dose " Number of subjects Period of treatment Number negative at
(days pre- and post- subinoculation on day 7
- - _| challenge) and subsequently .
100mg 3 -Tto +6 3
100mg 3 +7 to +20 0
100mg 1 Oto+1 0
100mg 1 +1to +2 1
100mg 1 0 to +2 1
100mg 1 +0to+3 1
100mg 1 0to+4 1
100mg 1 Oto+5 1

MO comment: The above study differed from current conditions in several respects. The proguanil

was only one component of Malarone. The product was manufactured under different conditions
than the current product and bio-equivalence was not confirmed. Small numbers of subjects were
investigated and the number of untreated controls developing malaria is not provided. The methods
for parasite detection (sub-inoculation) differed from current methods (PCR, QBC, smesrs). With
these limitations, this study suggests a causal prophylactic effect of proguanil when administered for
at least two days, sterting one day after experimental challenge. Proguanil given on the day of
challenge and the day after challenge failed to prevent malaria in the one reported snbject.

c) Invito: (See mcrobxology review) Data was provided showing the activity of atovaquone and
proguanil/cycloguanil on hepatocyte cultures infected with non-human plasmodia. Proguanil was
shown to delay the onset of parasitemia in a rhesus monkey injected with sporozoites of P cynomolgz
though hypnozoites were observed on liver biopsy. .

d) Follow-up: The placebo-controlled field trials in this submission (MALBZOOI MALB3001 and
MALB3003) included a period of follow-up for four weeks following cessation of prophylaxis. During
this period subjects remained in the endemic area and were exposed to new infections. Since the
incubation period for malaria ranges between one and two weeks, subjects given prophylaxis who
developed malaria within the first 7 to 14 days after stopping prophylaxis may represent failures of
causal prophylaxis. (They may also be explained by resistant infection or non-compliance). Cases
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developing later in prophylaxis could also represent causal prophylaxis failure where patency has been
delayed by the use of prophylaxis. Without genetic testing, such cases cannot be distinguished from
new infections. Cases of P falciparum developing in the follow-up period among Malarone treated
subjects are shown below

Table 82: Malarircad®s developing during follow-up of subjects who received Malarone prophylaxis ..
Study Follow-up day at

— mJ i —
MALB2001 (Aduits 8
Kenya) 16 '
. 3T ~— .
28

5 25 ~ _
MALB3001 (Aduits 27
Zambia) _

MALB3003 (Pediatric | 22

Gabon) 21

| 5
MO comment: At least one of these cases (that developing on day 8 of follow-up) appearstobea -
failure of “causal prophylaxis”. No clinical studies in this submission have tested the efficacy of the
recommended dosage regimen in travelers after leaving malaria endemic areas. The possibility -
remains that such individuals may experience delayed attacks of malaria following the recommended
seven days of prophylaxis after returning home. '

Considering the above information, some causal prophylactic efficacy of Malarone is recognized

- ~although the robustness of this claim is not established. In view of the limited alterriative
prophylactic choices, the benefits in rapidly making this product available outweigh the advantages
of delaying approval pending the completion of studies in travelers.

QObservations on dosage rec ti

The mean plasma levels for atovaquone in study subjects is compared with the IC50 for the 8 field isolates
tested.

Table 83: Atovaquone Plasma levels and IC50s of clinical isolates

Plasma levels (Ug/ml) 1C50(ng/ml)
Mean Ranﬁ;g Mean Range j
Kenya - - (1.53nM) —_—
_ 0.56 B
Zambia— | 2.07 bo—_— - BE
Gabon 35 — (6.8nM) = — —
6wk . - 2.50 ——
Gabon 26 - | — |
12wk = e i -

mmostreusnntuo'ﬁmdemonsmmdlcsmweﬂbelowthcmmmphsmalcvelsseenmsmdy
subjects. -~ -

Anavulablephmlevelofonemnnentfmhnemthebmbmsuﬂyw " | one week prior to
failure. Plasma levels for the second treatment failure were: ———|atweekSand —— tthetime
of withdrawal. Based on the range of IC50s seen, both these patients are unlikely to have failed therapy due
to inadequate dosing.

MO comment: These observations suggest that the therapeutic index for the atovaguone component
of Malarone at the recommended prophylactic dose is high. However, the total number of isolates
tested (10) is small with a wide range of IC50s, and the possibility of atovaquone resistance cannot be
excluded in the regions that were studied. .
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Mean plasma levels of proguanil and cycloguanil were compared with the corresponding IC50s for 10
clinical isolates. '

———

Table 84: Phsma levels of il and cycloguanil and IC50s of clinical isolates

>-MeaRplasma level (range) | Mean IC50 (range)
_ Proguanil T Cycloguanil | Pro Cycloguanil
Kenya - - 1963 n_gl_ml 12.9ng/mi
| Zambia 26.8ng/ml | 10.9ng/mi | - - ]
“Gabon wk6 | 183n0ml 1 9.Inwml - | 1576ag/ml | 7 9ng/mi
Gabon wki2 Pl.Bng/nﬂ {8 9ng/mi i

{ .

MO comment

Mean ICS0 for proguanil in Kenyan isolates was as high as lM times the mean plasma level of
Gabonese study subjects. Since most of the drug activity has been ascribed to the metabolite
cycloguanil, the same comparison was performed for cycloguanil levels. The highest mean IC50 for
cyclognanil was 1.4 times the lowest mean plasma level of Gabouese subjects. Steady state and mean
troughrtevels of proguanil and cycloguanil appesar to be subtherapeutic when compared with the
drug’s ability to inhibit erythrocytic cultures. It is not known whether the efficacy of such low

concentrations is improved by concurrent atovaquone, and by prophylactic rather than therapeutic
applications.

MO Concluding statements:

The clinical data regarding Malarone prophylaxis in this submission demonstrate acceptable efficacy
when compared to placebo. The extent to which these resuits can be applied to a projected
population of non-immune travelers likely to use the drug in the USA is limited by the following
factors.

1) Most studies were conducted in populations resident in malaria endemic areas where malaria
immunity was prevaient. The extent to which malarial immunity influenced the efficacy of the
medication is not known. .
2) All field studies were conducted in Africa. The impact of isolates from other geographic locations
is not known.

3) The recommended dosage regimen assumes that Malarone is effective as a causal prophylaxis.
This hypothesis was not optimally tested in field studies where study subjects remained in malaria-

“endemic areas after stopping prophylaxis. Microbiological data showed that Malarone was active

against non-human plasmodia in hepatocyte cultures. The single challenge study (using atovaquone -
alone, a single challenge strain and only 6 appropriately dosed subjects) provided limited
reassurance with rggard to the efficacy of Malarone as a causal prophylaxis. During the 4 weeks
following cessation of prophylaxis in clinical trial participants who remained in malaria endemic
areas and were available for evaluation, malaria developed in 24/211 subjects who took placebo and
9/328 who togk Malarone. While new infections could not be distinguished from recrudescences, all
but one of the infections in Malarone treated patients occurred more than 15 days after stopping
therapy, probably representing new infections. The single case occurring on day 8 following cessation
of malarone therapy probably represented a failure of malarone causal prophylaxis. The possibility
remains that delayed recrudescences may occur with the recommended regimen. I believe the high
efficacy rates for Malarone during the time that subjects are taking prophylaxis, and the very low
recrudescence rates seen with short course treatment regimens justify- this risk rather than delaying
approval, at a time when new effective agents are urgently needed. The limited prophylactic
alternatives are subject to failure in the face of escalating drug resistance, and emerging adverse
event profiles and in this context I believe it would be detrimental to withhold Malarone as 2
prophylaxis, given the current understanding of its efficacy.
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It is not known whether a longer period of prophylaxis after leaving a malaria endemic ares 7
days) would affect overall efficacy. This could potentially increase the risk of drug reiated adverse
events and is not warranted given the presest state of knowledge about the product.

No serious safety concerns were identified when Malarone was used as prophylaxis ov-er periods of
upto 12 w - - :

The existing spectrum of antimalarial prophylaxis is limited and adverse event profiles and other
contraindications make some of these products unsuitable for certain individuais. The rise in drug-
resistant malaria has resulted in diminishing efficacy among many existing agents. Recognizing the
pressing need for new drugs active in the prophyTaxis of malaria, I recommend the approval of
Malarone for the prophylaxis of P faicipgrum. However, the limitations referred to in this review
mandate fnﬁgr study. The phase 4 requiremey_ts to satisfy these shortfalls are described below.

s  Studies in non-immune travelers:
International, randomized, double-blind studies to evaluate the safety and efficacy of Malarone versus an
== for the chemoprophylaxis against malaria in non-immune travelers. Three such studies

(MAL30010; MAL30011 and MAL 30012) have been described by the sponsor in a letter of May 27,1999,

N

— T Pediatric patients should be inchuded in the stady population.
/_—___—/ B

These study concepts have been outlined in a submission of Miy 14, 1999,

Final reports for these studies must be submitted by Februarv 2001.

o S
Labeling recommendations:

"1 suggest the following changes to the label as initially proposed in the submission of December 29, 1998.
~ . Prevention of malaria:-

S ———

MALARONE was evaluated for prophylaxis of malaria in four clinical trials in malaria endemic
areas: g - -

Three placebo-controlled studies of 10-12 weeks’ duration were conducted among residents of
malaria endemic areas in Kenya, Zambia and Gabon. Of a total of =~ randomized patients
(including . =~ pediatric patients 5-16 years of age), -~ were withdrawn for reasons other than
malaria or drug related-adverse events. (Fifty-five percent of these were lost to follow-up and
45% were withdrawn for protocol violations.) ©
—  Table. Prevention of parasitemia in placebo-controlled clinical trials of MALARONE for

I\F-nn e

prophylaxis of P. falciparum malaria
Total number of Failed to complete | Developed
patients study Parasitemia (P
randomized _ falciparum)
Malarone 326 57 2
| Placebo 341 44 92
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In a 10-week study of 175 South African subjects who moved into malaria endemic areas and
were given prophylaxis with one MALARONE tablet daily, parasitemia developed in one subject
who missed several doses of medication. Since no placebo control was included, the incidence of
malaria in this study was not known. In a malaria challenge study conducted in healthy US

volunfes; atovaquone alone prevented malaria in 6/6 individuals whereas 4/4 placebo-treated

volunteers developed malaria. Although these data suggest that MALARONE prophylaxis is _—

effective both in malaria-immune and non-immune subjects, differences in the response rates may
. .— ocecur.

Causal prophyiaxis:-In separate studies with small numbers of volunteers, atovaquone and
proguanil hydrochloride were independently shown to have causal prophylactic activity directed
against liver-stage parasites of P falciparum. Six patients given a single dose of atovaquone
250m@™4 hours prior malaria challenge Were protected from developing malaria whereas all 4
placebo-treated patients developed malaria.
During the 4 weeks following cessation of prophylaxis in clinical trial participants who remained
in malaria endemic areas and were available for evaluation, malaria developed in 24/211 subjects
who took placebo and 9/328 who took MALARONE. While new infections could not be _
distinguished from recrudescences, all but one of the infections in MALARONE treated patients
occurred more than 15 days after stopping therapy, probably representing new infections. The
single case occurring on day 8 following cessation of MALARONE therapy probably represented
a failure of MALARONE prophylaxis. '
The possibility that delayed cases of P falciparum malaria may occur some time after stopping
MALARONE prophylaxis cannot be ruled out. Hence returning travelers developing febrile

_— illnesses should be investigated for malania.

~—" INDICATIONS AND USAGE
Prevention of malaria: MALARONE is indicated for the prophylaxis of P falciparum malaria

Under PRECAUTIONS section, Information for patients subsection’ _—————

——

— Eighteen of 521 (3.5%) patients with acute malaria ptucnted with a pre-treatment serum
creatinine greater than 2.0mg/dl (range 2.1-4.3 mg/dl). All were successfully treated with
MALRONG®GwSeventeen of 18 (94.4%) had normal serum creatinine levels byday 7. —

——  Pediatric use: Safety and cffectivencss for the treatment of malaria in pediatric patients . ———

—~——
-

—

571

Leonard V Sacks, MD
Medical Officer, DSPIDP
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