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. Executive Summary
A. Recommendations

The applicant’s NDA submission for Quinine sulfate capsules (324 mg) consisted of study reports
for a relative bioavailability and food-effect study and a dose-proportionality study, as well as
literature regarding the pharmacokinetics of quinine.

The phamacokinetics of quinine in malaria patients is different from that in healthy subjects.
Because the clearance and the Vd of quinine are reduced in direct proportionality to the severity
of malaria infection, the total plasma quinine concentrations tend to be higher (by about 1.4-fold
to 2-fold) in patients with acute malaria as compared to healthy subjects. However, it appears
that these higher total quinine concentrations are better tolerated by malaria patients than by
healthy subjects mainly because of the one-half to one-third lower free (unbound} fraction of



quinine in malaria patients and also because the total plasma quinine concentrations usually
decrease as the patient approaches the recovery phase, without a significant change in the
fraction of unbound or free quinine.

The therapeutic plasma concentration range of quinine in patients with uncomplicated P.
falciparum malaria, when given in combination with other antimicrobials (tetracycline, doxycycline,
or clindamycin) is not well established. Some clinicians consider a target total plasma quinine
concentration range of 8 — 20 mcg/mL for optimal clinical effectiveness of quinine monotherapy
although =10 mcg/mL concentrations in malaria patients may be associated with ototoxicity albeit,
largely reversible.

At least in the case of oral tetracycline, the combination with oral quinine sulfate results in
approximately a 2-fold increase in plasma quinine concentrations in patients with uncomplicated
P. falciparum malaria. Based on WinNonLin® simulation, it is likely to achieve in patients with
uncomplicated malaria, steady state quinine concentrations of approximately 9 - 16 mcg/mL by
Day 3 with quinine monotherapy or approximately 18 — 32 mcg/mL in quinine plus tetracycline
combination therapy.

The origin of the infection (e.g., Southeast Asia or Africa) or the susceptibility of the P. falciparum
parasite is considered in determining the duration of malaria therapy. The current treatment
guidelines of the Centers for Disease Control (CDC) recommend the combination of oral quinine
sulfate 650mg g8h with oral tetracycline, doxycycline, or clindamycin in order to prevent the
development of parasite resistance. All these three ancillary antibiotics were shown to possess
(slow acting) antimalarial activity in vitro which probably helps minimize or prevent recrudescence
infection by offsetting the decline in total auinine concentrations towards the recovery or
convalescence phase of malaria.

L

The standardized high-fat meal did not alter the oral bicavailability of quinine in heaithy subjects
who received the sponsor’s quinine sulfate 324mg capsules. However, it may be advisable to
take the quinine sulfate capsules with food in order to minimize the gastrointestinal irritation
effects of the drug. Antacids containing aluminum and magnesium may delay or decrease
absorption of quinine (a weak base).

Quinine is moderately bound to plasma protein primarily to a1-acid glycoprotein (AAG). in healthy
subjects, free or unbound quinine is about 15 to 20%. In malaria patients, the percentage of the
free quinine is reduced (5.5 to 7.5%) In vitro studies suggest that drugs that are highly protein
bound (e.g., warfarin) do not have a significant effect on the plasma protein binding of quinine.

The biotransformation of quinine to its major metabolite, 3-hydroxyquinine is catalyzed mainly by
CYP3A4 and to a minor extent, by CYP2C19. The systemic expostre to quinine was shown to
increase by concomitant use of potent CYP3A4 inhibitors (e.g., ketoconazole, troleandamycin)
and was decreased by potent CYP3A4 inducers (e.g., rifampin). Thus, the concurrent use of
quinine with potent inhibitors and inducers of CYP3A4 should be avoided. If the combination of
such drugs with quinine cannot be avoided, quinine dosage should be adjusted accordingly.

Quinine is a moderate inhibitor of CYP3A4 and a weak inhibitor of CYP2D6. Quinine was shown
to inhibit the metabolism of drugs that are substrates of CYP3A4 (e.g., carbamazepine,
phenobarbital). Careful monitoring for adverse effects of these drugs, as well as whenever
practical, frequent monitoring of drug concentrations should be done when these drugs are used
concurrently with quinine. Furthermore, quinine has the potential to prolong the QT interval. Thus,
co-administration of quinine with drugs that are CYP3A4 substrates and that also prolong the QT
interval (e.g., astemizole, cisapride, terfenadine, pimozide, halofantrine, disopyramide, dofetilide)
should be avoided. In addition, when mefloquine is concurrently administered with quinine, there
may be an increased risk of QT prolongation and seizures as a consequence of reduced



mefloquine metabolism. Quinine was shown to inhibit the metabolism of CYP2D6 substrates
(e.g., desipramine, debrisoquine, dextromethorphan) in vivo, especially in rapid CYP2D6
metabolizers but not as potently as compared to its diastereomer, quinidine. Thus, caution
should be taken when concomitantly administering quinine with CYP2D6 substrates, especially if
the drug is also capable of prolonging the QT interval (e.g., flecainide). There is available, albeit
limited evidence from in vitro metabolism studies regarding the potential inhibitory activity of
quinine for other CYP450 enzymes, i.e., CYP1A, CYP2A6, CYP2C8 and CYP2CO.

Quinine may increase or decrease the effects of warfarin and oral anticoagulants. During
concurrent therapy with quinine in patients receiving oral anticoagulant therapy with warfarin, the
prothrombin time ratio or INR (international normalized ratio) should be closely monitored and the
warfarin dosage adjusted accordingly.

Quinine had also been shown to increase the steady state AUC of digoxin by 35% by decreasing
its biliary excretion without affecting its renal clearance. When quinine is co-administered with
digoxin, frequent monitoring of digoxin concentrations should be done. -
The urinary excretion of quinine (a weak base) is two-fold faster in acidic urine than in basic urine.
Urinary alkalinifying agents (e.g., acetazolamide, sodium bicarbonate) may increase plasma
quinine concentrations. In cases of quinine overdosage, the use of multiple-dose activated
charcoal (50 grams every 4 hours) is recommended. Forced acid diuresis, hemodialysis, plasma
exchange transfusion, and charcoal column hemoperfusion do not appear to be effective in
treating quinine overdosage.

Based on the published medical literature, age (young adults versus elderly and pediatrics),
gender, race (Caucasian versus Thais and Africans), body weight (lean versus obese),
concurrent diabetes, pregnancy, and smoking do not appear to alter quinine pharmacokinetics
substantially in malaria patients to warrant dosage adjustment in relevant special populations. On
the other hand, dosage reduction and dosing interval prolongation should be considered in
uncomplicated malaria patients with concurrent chronic severe renal faiture. Although dosage
reduction is not needed in patients with mild to moderate hepatic impairment, these patients
should be monitored closely for adverse reactions associated with quinine.

This NDA submission for quinine sulfate in the treatment of uncomplicated malaria is acceptable.
The sponsor should address the labeling recommendations in Part 11l of this review.

B. Phase IV Commitments

None.

C. Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

The clinical pharmacology studies conducted by the sponsor of quinine sulfate 324 mg capsules
in healthy volunteers include: (1) R03-085: a relative bioavailability and food-effect study, and (2)
R04-0376: a dose-proportionality study that compared the 324mg dose to the 648 mg dose.

Pharmacokinetics of Quinine in Healthy Volunteers

Based on the findings of these randomized, crossover, single-dose studies, it was concluded that
under fasted conditions, the dose-normalized Cmax and AUC,.,4 of quinine from the sponsor’s
quinine sulfate 324 mg capsules were similar to that from the reference GPO-Thailand 300mg
tablets (Figure 1), a product that was used in several published controlled studies involving
quinine sulfate in the treatment of malaria. Additionally, a high-fat meal prolonged the quinine
Tmax but did not significantly alter the Cmax and the AUC,.,4 of quinine from the applicant’s

. 324mg quinine sulfate capsule (Figure 1). Furthermore, at 648mg (2 capsules) the dose-
normalized Cmax of quinine was about 25% lower than expected from that at the 324mg dose
whereas the dose-normalized AUCq 24 from the higher dose was only 11% lower than expected
from that at the lower dose (Figure 2).




QT Prolongation in Healthy Volunteers

In the healthy subjects who were included in the two clinical pharmacology studies, single doses
of 324mg and 648mg quinine sulfate resulted in an average maximum QTc change from baseline
(AQTc) of 10 £ 19 msec and 12 £ 18 msec, respectively. A temporal relationship was seen
between the total plasma quinine concentration and the AQTc, i.e., the greatest increase in mean
AQTc occurred at around the mean Tmax (2- 4 hours). However, a weak correlation was
observed between the time-matched individual plasma quinine concentrations and the AQTc
(Figure 3). In general, females appeared to have a greater propensity for QT prolongation than
males, however, this gender effect was probably confounded by the higher mean age and the
lower mean bodyweight of the females in these studies. None of the subjects who received the
sponsor’s quinine sulfate capsule at the 324mg and 648mg dose under fasted or fed conditions
had a AQTc of >60msec nor a QTc interval >500msec. In the food-effect study, the standardized
high-fat meal prolonged the mean time to maximum QTc change from baseline but did not affect
the magnitude of the mean AQTc following a single dose of the 324mg quinine sulfate capsule.

FIGURE 1
Mean Plasma Quinine Concentrations Following Single Doses of
Three Quinine Sulfate Treatments® in Healthy Volunteers (R03-085)
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FIGURE 2
Mean Plasma Quinine Concentrations Following Single 324mg and 648mg Doses
of the Mutual Quinine Sulfate Capsules (R04-0376)
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FIGURE 3
Linear Correlation between Individual Plasma Quinine Concentrations
And QTc Change from Baseline (By Gender)
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The following is a summary of important clinical pharmacology findings as they relate to intrinsic
and extrinsic factors and is based largely upon the review of the published literature submitted
with this NDA for the Mutual Quinine Sulfate 324mg capsules.

Pharmacokinetics of Quinine in Patients with Uncomplicated P. falciparum Malaria:
Adults versus children; Acute versus convalescence stage

The pharmacokinetics of quinine in children (1.5 to 12 years old) with uncomplicated P.
falciparum malaria is similar to that seen in adults (Table 1). —_—
: — e

in line with the
recommendations of the CDC even though the elimination half-life of quinine in healthy children
appear to be substantially shorter as compared to adults. As observed in adults, quinine exposure
in children who are healthy is relatively lower than in those with uncomplicated malaria. Moreover,
the disposition of quinine changes depending on the stage of the parasitic infection, i.e., total
plasma quinine concentrations are significantly lower during convalescence than during the acute
phase which is mainly due to the increased renal and total clearance of quinine in convalescence
than during acute iliness but the percentage of the free or unbound quinine appears to be
comparable between these two stages of infection.

Therapeutic Quinine Concentration in Uncomplicated P. falciparum Malaria

In patients (N=22) with uncomplicated P. falciparum malaria who received oral quinine sulfate at
10 mg/kg g8h, those who did not experience recrudescence (N=16) had total plasma quinine pre-
dose concentrations that were above 7.0 mcg/mL over the 7-day quinine monotherapy period.

Pharmacokinetics of Quinine in Elderly Patients

Following a single oral dose of 600mg quinine sulfate, the AUC of free quinine in otherwise
healthy elderly subjects (65 — 78 years) was about 21% higher as compared to that in younger
subjects (20 — 35 years). Because the renal clearances were similar between age groups, the
significantly higher % unchanged quinine in the urine of the elderly subjects could probably be
related to a slight decrease in hepatic function. Dosage adjustment in elderly patients is not
warranted.




TABLE 1
Cross-study comparison of Mean + SD Quinine Pharmacokinetic Parameters Following a First 10 mg/kg
Quinine Sulfate Oral Dose in Patients with Acute Uncomplicated P. falciparum Malaria: Pediatrics versus

Adults
PHARMACOKINETIC CHILDREN?® ADULTS®
PARAMETER (n=15) (N =15)
Tmax (h) 4.0 59+47
(3.5-8.4)
Cmax (mecg/mL) 75 *+ 1.14° 84
(5.7-7.3) (7.3-9.4)
Half-life (h) 12.05 + 1.44 ‘ 16+ 7°
Total CL(L/h/kg) 0.06 + 0.007 0.09 £ 0.05
Vd (L/kg) 0.87+0.12 _ 0.78+0.42
Free (unbound) quinine . 53125
fraction (%)

serum concentrations; Sabchareon et al., 1982
b Supanarond et al., 1991
¢ equivalent to 22.5 + 3.43 nmol/mL
¢ White et al., 1982

Pharmacokinetics in Various Ethnic Groups: Caucasians versus Thais

Following a single oral 600mg dose of quinine sulfate, the mean quinine Cmax, Tmax, AUC,
apparent oral clearance, elimination half-life, and % dose excreted as unchanged quinine in the
urine were similar between healthy Thais and Caucasians. Likewise, the fraction of free quinine
reported for both racial groups were similar (15% versus 17%).

Pharmacokinetics-in Males versus Females

In healthy subjects who received a single oral 648mg dose of the sponsor’s capsule, it appears
that females achieved a 20% higher mean quinine Cmax, a 30% higher mean AUCq.., and a
fonger mean elimination half-life (13.9 h versus 11.8 h) as compared to males. However, it was
revealed that the female group had a higher mean age (39 versus 28 years) and a lower mean
bodyweight (152 versus 174 Ibs) than the male group. A review of the literature did not reveal a
notable difference in quinine pharmacokinetics between male and female malaria patients. Thus,
dosage adjustment based on gender does not appear to be necessary.

Pharmacokinetics of Quinine in Pregnant Females

In pregnant females with severe (cerebral) malaria, the mean total clearance of quinine was
increased by 33% as compared to non-pregnant females with severe malaria. In uncomplicated
malaria, there appears to be no difference in the AAG concentrations and the fraction of free
quinine between pregnant and non-pregnant females (7.2% versus 7.5%). Overall, the observed
difference in total quinine clearance is not substantial enough to warrant dosage adjustment in
pregnant females with uncomplicated malaria.

Pharmacokinetics of Quinine in Patients with Hepatic Impairment

Following a single oral dose of 600mg quinine sulfate in otherwise healthy subjects with moderate
hepatic impairment (Child-Pugh B), the mean AUC of total quinine and the mean Vd increased by
55% and by 51%, respectively, without a significant change in mean Cmax. The elimination half-
life of quinine was prolonged in those with hepatic impairment (23.4 hours) as compared to
healthy subjects (9.7 hours). Thus, for patients with concurrent mild to moderate chronic liver
failure, reduction of quinine dosage is not warranted but close monitoring for signs and symptoms
of quinine toxicity shouid be done.

Pharmacokinetics of Quinine in Patients with Renal Impairment

Following a single oral 600mg dose of quinine sulfate in otherwise healthy subjects with chronic
renal failure not on dialysis (mean serum creatinine = 9.6 mg/dL), the median total quinine Cmax
and AUC increased by 80% and 195%, respectively, as compared to those with normal renal
function (mean serum creatinine = 1 mg/dL). However, because there was a parallel decrease in




the fraction of free quinine the resulting increase in the Cmax and AUC of free quinine was only
by 33% and by 128% in those with renal impairment. The elimination half-life was prolonged in
subjects with renal disease. (26 hours versus 9.7 hours). Thus, in acute uncomplicated malaria
patients with concurrent chronic severe renal failure, the following modified dosing regimen is
recommended: one loading dose of 648 mg followed 12 hours later by maintenance doses of 324
mg every 12 hours . In another study involving severe malaria patients who developed acute
renal failure (ARF), the daily median plasma quinine Cmin were 10-30% higher than in malaria
patients without ARF. Dosage reduction in severe malaria patients with ARF is not needed.

Pharmacokinetics in Subjects on Hemodialysis or Hemofiltration

Negligible to minimal amounts of circulating quinine in the blood are removed by hemodialysis
and hemofiltration. In subjects with chronic renal failure (CRF) on hemodialysis, only about 6.5%
of quinine is removed in 1 hour. Plasma quinine does not change during or shortly after
hemcdfiltration in subjects with CRF.

Pharmacokinetics of Quinine When Given with Activated Charcoal: Treatment of Overdosage

In seven healthy fasted adult volunteers who received a single oral 800mg dose of quinine
sulfate, multiple-dose activated charcoal (50 grams administered 4 hours after quinine dosing
followed by 3 further doses over the next 12 hours) significantly lowered the quinine elimination
half-life from 8.23 + 0.57 to 4.55 + 0.15 hours and the clearance was significantly increased by
56% (from 11.8 £ 1.23 L/h to 18.4 + 2.8 L/h). Likewise, in five symptomatic patients with acute
quinine poisoning, the mean elimination half-life was 8.1 = 1.1 hours after each had been
administered activated charcoal 50 grams every 4 hours as compared to the half-life (~26 hours)
in poisoned patients treated supportively. ‘

Drug Interactions

Quinine is metabolized mainly into 3-hydroxyquinine by CYP3A4 and to a minor extent by
CYP2C19. Aliterature review revealed that quinine may interact significantly in vivo with drugs
that are substrates and modulators of CYP3A4 and CYP2D6 (Table 2 and Table 3). In vitro
metabolism findings suggest that based on the [I/]Ki approach, there is a likely to possible
inhibition effect of quinine on the metabolism of drugs that are substrates of not only CYP3A4 and
CYP2D6 but also CYP1A, CYP2A6, CYP2C8, and CYP2C9 but the evidence for the last 4
enzymes is rather limited at this time (Table 5).

Unlike quinidine, quinine does not aiter the renal clearance of digoxin but like other basic drugs
(e.g., verapamil, quinidine), quinine was shown to decrease the biliary excretion of unchanged
digoxin. When quinine is co-administered with digoxin, frequent monitoring of digoxin
concentrations is needed.

Pharmacokinetics of Quinine in Smoking

Cigarette smoking is a potent inducer of CYP1A2, which does not seem to play a major role in
quinine metabolism based on the results of in vitro metabolism studies. In healthy subjects,
smoking has been shown to increase quinine clearance by an average of 77% in healthy males
who smoked > 10 cigarettes a day for at least 5 years. However, in malaria patients who received
the full 7-day course of quinine therapy, cigarette smoking produced only a 25% decrease in
median quinine AUC and a 16.5% decrease in median Cmax. Additionally, smoking did not
appear to influence the therapeutic outcome in those patients who were smokers.

Pharmacokinetics of Quinine: Lean versus Obese Subjects

Quinine is a lipophilic drug (octanol/water = 1.94 at pH 7.4). Following a single oral 600mg dose
of quinine sulfate, obese healthy subjects (n = 9) exhibited a 13% lower mean quinine AUC and a
20% lower mean Cmax as compared to age-matched lean subjects (n =8). There was a negative
correlation between individual bodyweight and quinine Cmax. However, these changes would not
warrant an increase in the quinine dosage.




Pharmacokinetics of Quininein Subjects with Concurrent Diabetes

Following a single oral 600mg dose of quinine sulfate, the pharmacokinetic parameters of quinine
were comparable between diabetics (n =12) and nondiabetics (n = 10).

TABLE 2 .
In Vivo Drug Interactions Resulting in Alteration in Quinine Pharmacokinetics
QUININE ,
OVERALL |DOSE, : PERCENT
EFFECT  [INTERVAL  |PRECIPITANT  |RRECEITANT DOSE | oiance REFERENCE
AND ROUTE AUC/CL and
) COMMENTS
10 mg/kg (7 AUC: 75.4 Pukrittayakamee
days) ti.d 15 mg/kg/day (7 days) |(Decrease) et al.,2003
In Vivo o Rifampin
Induction > (mainly CYP3A4 . :
600 m h AUC: 83.3 Wanwimolruk et
20% Effect | single %ose inducer) (Decrease) al., 1995
alone or after 600 mg/day (2 weeks) |CL: 521.4
rifampin (Increase)
treatment
100 mg (3.5 days) AUC: 44.7 Mirghani et al.,
500 indl Ketoconazole at 12 and 1 hours (Increase) 1999
doso oral 2 |(CYP3A4 before quinine intake, |CL: 31.2
ose inhibitor) and every 12 h after, |(Decrease)
In Vivo upto72h
Inhibition > -
20% Effect 500 mg (2 days) first |AUC: 87.3 Wanwimolruk et
Troleandomvain dose given 2 hours (Increase) al., 2002
600mg single (CYP2D6 ¥ before quinine CL:45.9
dose inhibitor) administration, then tid [(Decrease)
until the end of 48 hour
period

TABLE 3
In Vivo Drug Interactions Resulting in Alteration in Drug Pharmacokinetics/Pharmacodynamics By Quinine
OVERALL DRUG QUININE DOSE, | PERCENT
EFFECT DRUG DOSE AND | INTERVAL AND | CHANGE COMMENTS/REFERENCE
INTERVAL ROUTE AUC/CL
in Vivo 10 mg dail Not Pomios (TP, after asg:
S mg daily . o ointes after a single
Iz%rlf'g?fg; for the past CZng;ng single Determined | dose of quinine while
10 months taking Hismanal® (Martin
et al., 1997)
Astemizole Case report of TdP after
(CYP3A4 the 3" day of quinine Tx;
substrate) astemizole levels on day
10 mg/day dos:e for ITIX of after last quinine dose was
for 1month | M°¢ urna3 gg 0.74 ng/mL (equivalent to
cramps, 3 days the reported Cmax in
healthy volunteers who
received the same dose).
Desipramine | Single oral 750 mg In rapid hydroxylators,
(CYP2D6 doses of quinine/day for 2 quinine decreased the
substrate) 25mg DMI days excretion of 2-
pretreatment hydroxydesipramine by

54% compared to control.
In slow hydroxylators, no
significant changes in




excretion pattern was
observed (Steiner et al.,
1988)
Digoxin 1mg single 200mg IV (9 CL: 255 Wandell et al., 1980
dose as an days) (Decrease)
infusion over | tid, 4 days before
10 min, and after the
alone or with | second digoxin
quinine administration
0.5100.75 750mg/day 35% Hedman et al., 1990
mg/day, decrease in
alone or with steady state
quinine biliary
excretion;
no effect on
CLrenal of
digoxin
Flecainide 150mg 500mg AUC: 20.9 Quinine administration did
(CYP2D6 single - three doses, (Increase) not change the apparent
substrate) infusion over | administered CL: 16.5 Vd or the ClLrenal of
30 minutes before flecainide | (Decrease) | flecainide. The PR interval
administration in the ECG was slightly
and 12 hours more prolonged with the
and 24 hours combination than with
after flecainide alone (Munafo et
al., 1980)

RD/FT signed by Philip M. Colangelo, Pharm.D., Ph.D. (TL)

Gerlie Gieser, Ph.D.
Office Clinical Pharmacology/Biopharmaceutics,
Division of Pharmaceutical Evaluation 3




lll. Question Based Review
A. General Attributes of the Drug

1. What pertinent regulatory background or history contributes to the current assessment of the
clinical pharmacology and biopharmaceutics of this drug?

Not applicable.

2. What are the highlights of the chemistry and physical-chemical properties of the drug
substance, and the formulation of the drug product as they relate to clinical pharmacology and
biopharmaceutics review?

The chemical structure of quinine sulfate dihydrate, a weakly basic drug, is shown in Figure 4
below.

w M, M

The physical and chemical attributes of quinine sulfate are as follows:

Appearance: White, crystalline powder
Molecular formula: (C20H24N202)2 H28042H20
Relative molecular mass: 782.96

Each soft gelatin capsule contains the active ingredient, 324mg of quinine sulfate dihydrate
(equivalent to ~— .ng free quinine base) and standard capsule excipients (talc, corn starch,
magnesium stearate). The expiration dating period for this product is 24 months. Batch BB 102
0105 was used as the bioequivalence study batch. These capsules were manufactured at a scale
of — —

3. What are the proposed mechanism(s) of action and therapeutic indication(s)?

The mechanism of antiplasmodial activity of quinine sulfate is not completely understood but is
proposed to be via inhibition of the Plasmodium heme polymerase, required to convert heme to
non-toxic malaria pigment hemozoin. The primary activity in vitro and in vivo is against the blood
schizont form of the Plasmodia species; it is not gametocidal and has little effect on the
sporozoite or pre-erythrocytic forms.

The proposed therapeutic indication is for the treatment of uncomplicated malaria duge to
chloroquine-resistant Plasmodium falciparum.

0



4. What are the proposed dosage(s) and route(s) of administration?

For the treatment of malaria, the proposed usual adult oral dose is 648 ma (two cansules) three
times daily for—" 7days, __

Combination antimicrobial therapy is preferred over quinine monotherapy in order to minimize the
development of P. falciparum resistance, i.e., by additive/synergistic antimalarial activity of the
drugs and/or by a pharmacokinetic interaction that leads to increased plasma quinine
concentrations (e.g., by tetracycline). For the treatment of chloroquine-resistant uncomplicated P.
falciparum malaria, the Centers for Disease Control (CDC) recommends for nonpregnant adults,
oral quinine sulfate 650mg every 8 hours for 3 days (or 7 days if infection was acquired from
Southeast Asia) in combination with tetracycline (250mg gid x 7days) or doxycycline 100mg tid x
7 days, or clindamycin (20mg base/kg/day po divided tid x 7 days). For children 8 years and
older, the recommended dose is 10mg/kg quinine sulfate pius tetracycline (25 mg/kg/day po
divided qid x 7days) or doxycyline (4mg/kg/day po divided bid x 7days). For children < 8 years
old, oral quinine sulfate plus clindamycin (20mg base/kg/day po divided tid x 7 days) is
recommended.

B. General Clinical Pharmacology

1. What are the design features of the clinical pharmacology and clinical studies used to support
dosing or claims?

Because quinine sulfate has been used for more than a century in the treatment of malaria
infections, the sponsor of this NDA for quinine sulfate was not required to conduct Phase Ili
clinical trials to support claims pertaining to efficacy and safety in the treatment of malaria.
However, a single-dose, crossover study in healthy volunteers was conducted to evaluate the oral
bioavailability of the sponsor’s capsule (324mg, when given fasted or with a high-fat meal)
relative to a reference quinine sulfate dosage form (GPO-Thailand 300mg tablet; fasted) that had
previously been shown to be efficacious in the treatment of uncomplicated P. falciparum malaria
based on the medical literature. In addition, in light of a known potential for quinine to prolong QT
intervals, ECG monitoring was accomplished in this study, as well as in the single-dose
proportionality, crossover study to compare in healthy volunteers the PK and safety of the 648mg
dose (for treatment of malaria) and the 324mg dose (commonly used off-label for prophylaxis of
nocturnal leg cramps).

2. What is the basis for selecting the response endpoints, i.e., clinical or surrogate endpoints, or
biomarkers (collectively called pharmacodynamics, PD) and how are they measured in
clinical pharmacology and clinical studies?

Total plasma quinine concentrations and QT prolongation effect were measured in both of the
clinical pharmacology studies conducted. In published clinical trials reviewed with the primary PK
data submitted with this NDA, the common efficacy endpoints were cure rates, parasite clearance
times, fever clearance times, and recrudescence infection (RI) rates; the safety endpoints
included those related to cardiotoxicity, ototoxicity, and common adverse events (e.g., nausea,
vomiting, tinnitus).

3. Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?

Yes, refer to ll. F, Analytical Section.
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4. Exposure-response

a) What are the characteristics of the exposure-response relationships (dose-response,
concentration-response) for efficacy? If relevant, indicate the time to the onset and offset of the
desirable pharmacological response or clinical endpoint.

Clinical trials involving malaria patients were not conducted for the purpose of this NDA
application; the submission was reviewed for efficacy claims based on information in the medical
literature. Based on a review paper published by White (1996), the therapeutic concentration
range of quinine in malaria patients is probably 8 to 20 mcg/mL (as total plasma quinine) or 0.8 to
2 mcg/ml (as unbound or free quinine). Based on WinNonlin® simulation of single-dose quinine
PK data obtained in healthy subjects, this “target” total plasma quinine concentration (~ 8
mcg/mL) could be reached as a peak concentration in healthy subjects with 648mg every 8 hours
within 3 days of therapy as shown in Figure 5 below. Depending on severity of malaria, higher
than these steady state plasma quinine concentrations may be achieved in the clinical realm
because of a reduction in plasma quinine clearance in malaria patients particularly during the
acute phase (estimated range: 9 - 16 mcg/mL), and with concomitant administration of
tetracycline which has the potential to increase systemic quinine levels (estimated range: 18 — 32
mcg/mL). Towards the recovery or convalescence phase of the infection, total plasma quinine
concentrations decline gradually as the clearance of quinine increases but the percentage of the
unbound (free) quinine may not significantly change —_

—

Basec? on
medical evidence, a longer duration, i.e., 7 days of therapy appears to be more efficacious when
quinine is used alone.

FIGURE 5

WinNonLin® Simulation of Total Plasma Quinine Concentrations in Healthy Volunteers
Following 648mg Quinine Sulfate Every 8 Hours for Three Days of Quinine Monotherapy
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For malaria infection acquired in Southeast Asia where P. falciparum resistance is a concern, the
CDC recommends a longer, i.e, 7-day duration of quinine therapy in combination with
tetracycline, doxycycline, or clindamycin. Based on the findings of Pukrittayakamee et al (2003),
uncomplicated malaria patients who were able to maintain total quinine pre-dose concentrations
exceeding 7.0 mcg/mL throughout the 7-day quinine monotherapy (or quinine + rifampin) period
did not experience recrudescence infections (Figure 6).
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FIGURE 6
Median and 90% CI concentrations of quinine in the plasma of patients with P. falciparum malaria with
(upper line graph) and without (lower line graph) subsequent recrudescences
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b) What are the characteristics of the exposure-response relationships (dose-response,
concentration-response) for safety? If relevant, indicate the time to the onset and offset of the
undesirable pharmacological response or clinical endpoint.

In studies involving healthy subjects who received the sponsor’s quinine sulfate capsules at
324mg and 648mg doses, there was no apparent relationship between quinine sulfate dose and
average maximum QTc change from baseline. Overall, there was only a weak correlation
between the total (bound + unbound) plasma quinine concentration and the maximum QTc¢
change from baseline. However, a temporal relationship was observed between the mean plasma
quinine Cmax and the mean maximum QTc effect, i.e., the average maximum QTc change from
baseline occurred around the plasma Tmax (2 to 4 hours post-dose).

As shown in Figure 9, there was a weak linear correlation between total plasma quinine
concentration and maximum QTc change from baseline in healthy volunteers who received single
doses of 324mg and 648mg of the Mutual Quinine Sulfate tablets (under fasted and fed
conditions) in two crossover studies. As seen from the slopes of the overlapping regressed lines,
there is no perceptible difference between the two quinine sulfate doses; the average (= SD)
maximum change from baseline at around the quinine Tmax were 10 = 19 msec and 12 + 18
msec following a single dose of 324mg and 648mg quinine sulfate, respectively. None of the
healthy subjects in the pooled studies experienced a QTc change of > 60 msec nor did any show
a QTc interval of > 500 msec.

Figure 7A shows the linear correlation between plasma quinine concentration and the matched
QTc change from baseline. It appears from the figure that the slope of the regressed line
representing the female subjects was slightly higher than that for the male subjects.

As shown in Figure 8, the magnitude of the QT-effect (as maximum QTc change from baseline or
area under the QTc change curve (AUQTcC) was consistently greater with the 648 mg dose than
the 324 mg dose, although the increase in QT prolongation parameters at the 648 mg dose did
not appear to be commensurate with the increases in Cmax and AUC at the same dose.
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FIGURE 7
Linear Correlation Between Plasma Quinine Concentration
and Maximum QTc Change from Baseline
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FIGURE 7A
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c) Does this drug prolong the QT or QTc interval?

Yes, as shown in healthy volunteers (refer to 4b above). The magnitude of the QT and other
safety effects of quinine in acute malaria patients may be approximately equivalent or slightly
lower than that seen in healthy volunteers.

In view of the difference in quinine pharmacokinetics between healthy subjects and malaria
patients, the ability to extrapolate the QT prolongation effect observed in healthy volunteers to
patients was evaluated. Indeed, it is recognized that malaria patients tend to tolerate higher total
plasma concentrations of quinine better than do healthy subjects. Based on a comparison of
quinine exposures and AAG concentrations between Caucasians who are healthy and those with
uncomplicated malaria, the known % free (unbound) quinine in healthy Caucasians, as well as
the assumption that the rate of adverse effects of quinine is directly related to the free (unbound)
drug concentration, it is possible that the QT-prolongation potential of quinine is about 2-fold
greater in healthy volunteers than in patients with uncomplicated malaria; Table 4 presents a
summary of the algorithm used to arrive at this conclusion.

TABLE 4 .
Algorithm for Estimating Relative Potential of Quinine To Induce Pharmacodynamic Effects in Caucasians:
Healthy subjects versus Patients with P. falciparum Malaria °

Patients
Healthy Subjects with Uncomplicated
(N=12) Malaria
(N=10)
Total Quinine Cmax after a single dose of
Quinine dihydrocholoride 600mg (mcg/mL) 4.0° 6.0
Alpha-1 acid glycoprotein concentration 0.58+0.24 1.83 £0.36
(g/L)
Free (Unbound) Quinine Fraction 0.148° -
Estimated free (unbound) quinine Cmax ’
after a single dose of Quinine 0.6 0.3
dihydrocholoride 600mg (mcg/mL)®

? data from Tange et al (1997) unless otherwise specified
® hormalized from a 300mg dose
¢ Wanwimolruk et al, 1992 ; (N=10)
Free (unbound) Quinine Cmax = Total Quinine Cmax * free fraction

d) Is the dose and dosing regimen selected by the sponsor consistent with the known relationship
between dose-concentration-response, and are there any unresolved dosing or administration
issues?

The proposed dosage regimen for the treatment of uncomplicated malaria is 648 mg quinine
sulfate (2 capsules) three times daily for — 7 days, —
— . the CDC Guidelines for the use of quinine
sulfate in the treatment of uncomplicated malaria in adult patients, as summarized in Table 3

below.
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Centers for Disease Control (CDC) Guideli

TABLE 5
nes for the Treatment of Malaria in the United States

Clinical Diagnosis/
Plasmodium species

Region Infection
Acquired

Recommended Drug
and Adult Dose

Recommended Drug
and Pediatric Dose
Pediatric dose should
NEVER exceed adult
dose

Uncomplicated mataria/ P.
falciparum or Species not
identified

If “species not identified” is
subsequently diagnosed
as P. vivax or P ovale:
see P. vivax and P ovale
(below) re. treatment

with primaquine

Chloroquine-resistant or
unknown

resistance

(All malarious regions
except those specified as
chloroquine-sensitive listed
in the box above. Middie
Eastern countries with
chloroquineresistant

P. falciparum include Iran,
Oman, Saudi Arabia, and
Yemen. Of note, infections
acquired in the Newly
Independent States of the
former Soviet Union and
Korea to date have

been uniformly caused by
P. vivax and should
therefore be treated as
chloroquine-sensitive
infections.)

Quinine sulfate’ plus one
of the following:
Doxycycline,
Tetracycline, or
Clindamycin

Quinine sulfate: 542 mg
base (=650 mg salt) po tid x
3to

7 days

Doxycycline: 100 mg po
bid x 7 days

Tetracycline: 250 mg po
qid x 7 days

Clindamycin: 20 mg
base/kg/day po divided tid x
7 days

Quinine sulfate’ plus one
of the following:
Doxycycline?,
Tetracycline? or
Clindamycin

Quinine sulfate: 8.3 mg
base/kg (=10 mg salt/kg) po
tdx3

to 7 days

Doxycycline: 4 mg/kg/day
po divided bid x 7 days
Tetracycline: 25 mg/kg/day
po divided qid x 7 days
Clindamycin: 20 mg
base/kg/day po divided tid x
7 days

Uncomplicated malaria/
P. vivax

Chloroquine-resistant
(Papua New Guinea and
Indonesia)

Quinine sulfate’ plus
either Doxycycline or
Tetracycline plus
Primaquine phosphate®
Quinine sulfate: Treatment
as above

Doxycycline or
Tetracycline: Treatment as
above

Primaquine phosphate:
Treatment as above

Quinine sulfate’ plus
éither Doxyc;clinezor
Tetracycline

plus Primaquine
phosphate®

Quinine sulfate: Treatment
as above

Doxycycline or
Tetracycline: Treatment as
above

Primaquine phosphate:
Treatment as above

Uncomplicated malaria:
alternati\slgs for pregnant
women**®

Chloroquine resistant P.
falciparum *>°

(see uncomplicated malaria
sections above

for regions with known
chloroquine

resistant P. falciparum)

Quinine sulfate’ plus
Clindamycin

Quinine sulfate: Treatment
as above

Clindamycin: Treatment as
above

Not applicable

Chlorftqsl;ine-resistant P.
vivax™™"

(see uncomplicated malaria
sections above

for regions with
chloroquine-resistant P.
vivax)

Quinine sulfate
Quinine sulfate: 650 mg
salt po tid x 7 days

Not applicable

T

Africa and South America, quinine treatment should continue for 3 days.
Doxycycline and tetracycline are not indicated for use in children less than 8 years old. For children less than 8 years old
with chloroquine-resistant P. falciparum, quinine (given alone for 7 days or given in combination with clindamycin) and

atovaquone-proguanil are recommended treatment options; mefloquine can be considered if no other options are
available. For children less than 8 years old with chloroquine-resistant P. vivax, quinine (given alone for 7 days) or
mefloguine are recommended treatment options. If none of these treatment options are available or are not being
tolerated and if the treatment benefits outweigh the risks, doxycycline or tetracycline may be given to children less than

8 years old.

For infections acquired in Southeast Asia, quinine treatment should continue for 7 days. For infections acquired in

8 Primaquine is used to eradicate any hypnozoite forms that may remain dormant in the liver, and thus prevent relapses,
in P. vivax and P. ovale infections. Because primaquine can cause hemolytic anemia in persons with G6PD deficiency,
patients must be screened for GBPD deficiency prior to starting treatment with primaquine. For persons with borderline
G6PD deficiency or as an alternate to the above regimen, primaquine may be given 45 mg orally one time per week for
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8 weeks; consultation with an expert in infectious disease and/or tropical medicine is advised if this alternative regimen
is considered in G6PD-deficient persons. Primaquine must not be used during pregnancy.

For pregnant women diagnosed with uncomplicated malaria caused by chloroquine-resistant P. falciparum or
chloroquine-resistant P. vivax infection, treatment with doxycycline or tetracycline is generally not indicated. However,
doxycycline or tetracycline may be used in combination with quinine (as recommended for non-pregnant adults) if other
treatment options are not available or are not being tolerated, and the benefit is judged to outweigh the risks.

® Because there are no adequate, well-controlled studies of atovaquone and/or proguanil hydrochloride in pregnant
women, atovaquone-proguanil is generally not recommended for use in pregnant women. For pregnant women
diagnosed with uncomplicated malaria caused by chloroquine-resistant P. falciparum infection, atovaquone-proguanil
may be used if other treatment options are not available or are not being tolerated, and if the potential benefit is judged
to outweigh the potential risks. There are no data on the efficacy of atovaquone-proguanil in the treatment of
chloroquine resistant P. vivax infections.
® Because of a possible association with mefloquine treatment during pregnancy and an increase in stillbirths, mefloquine
is generally not recommended for treatment in pregnant women. However, mefloquine may be used if it is the only
treatment option available and if the potential benefit is judged to outweigh the potential risks.

For P. vivax and P. ovale infections, primaquine phosphate for radical treatment of hypnozoites should not be given
during pregnancy. Pregnant patients with P. vivax and P. ovale infections should be maintained on chloroquine
prophylaxis for the duration of their pregnancy. The chemoprophylactic dose of chloroquine phosphate is 300 mg base
(=500 mg salt) orally once per week. After delivery, pregnant patients who do not have G6PD deficiency should be
treated with primaquine.

Medical literature provides the PK-efficacy basis for the currently recommended quinine sulfate
dosage and duration for the treatment of malaria. For example, Earle and colleagues (1948)
compared the therapeutic effects of various quinine sulfate dosages at 4 to 6-hour intervals that
maintained stable plasma concentrations over a therapy duration from 4 to 8 days in subjects with
experimentally induced malaria. Table 6 below summarizes the relationship between
dose/duration/plasma concentration and the antimalarial effect obtained by these investigators.
Based on these findings, it appears that an average plasma quinine concentration of at least 5.6
mcg/mlL was desirable; based on WinNonlin® simulation, this plasma concentration may be
achieved as a peak concentration in healthy subjects after the first day of therapy with 648 mg of
quinine sulfate (Figure 5 above). In patients with uncomplicated malaria, about 2-fold higher
plasma quinine concentrations are achieved by Day 1 of quinine monotherapy (See Figure 6 and
Figure 11).

TABLE 6
Comparison of various dosage regimens of quinine sulfate in the treatment of P. falciparum malaria
NUMBER OF
MEAN DAILY DOSE SUBJECTS AVERAGE PLASMA
AND DURATION INOCULATED CONCENTRATION THERAPEUTIC OUTCOME
WITH (MCG/ML) :
P. FALCIPARUM
100mg to 1.5 grams 15 21t0104 Temporary therapeutic effect

for 4 days ]

300mgto2.1g 13 291087 Plasma concentrations of
for 6 days = 5.6 meg/mL produced permanent

disappearance of parasites and fever
720 mg 6

for 8 days i Cure in all but one patient

Furthermore, based on the sponsor’s review of randomized and non-randomized efficacy trials, 7
days of quinine therapy resulted in parasitological cure in at least 80% of patients at 28 days of
follow-up, regardless of the country in which the study was performed. In the randomized
studies, quinine was most commonly administered as 10 mg quinine sulfate per kg three times
daily for 7 days to treat uncomplicated P. falciparum malaria. The drug was well tolerated with
tinnitus and Gl intolerance (nausea, vomiting, abdominal pain, diarrhea) being the most common
adverse events.

When given with other antimalarial agents (clindamycin, tetracycline, doxycycline,
sulfadoxine/pyrimethamine, primaquine, or artemisinin), quinine showed an equal or greater
efficacy as compared to when given as monotherapy; some combination therapies even allowed
for a shorter therapy course without Ioss of efficacy. In 6 of 16 randomized (one blinded, others
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open-label) studies, the AE profiles reported in combination studies was similar to those seen in
monotherapy.

5. What are the PK characteristics of the drug and its major metabolite?
a) What are the single dose and multiple dose PK parameters?

The mean + 8D pharmacokinetic parameter values of quinine following a single 648 mg dose of
the sponsor’s quinine sulfate (equivalent to 2 capsules) is provided in Table 7 below. The
elimination half-life of quinine obtained in the sponsor’s single-dose PK study involving healthy
volunteers is consistent with mean values reported in the literature (7.0 to 13.5 hours). In
published studies, the reported volume of distribution for quinine ranged from 1.43 to 3.78 L/kg in
healthy adults. The literature does not provide the corresponding pharmacokinetic parameters for
quinine sulfate when given in multiple doses to healthy subjects, presumably because of the
drug’s greater toxicity potential in non-malaria subjects.

TABLE 7
Mean + SD Quinine Pharmacokinetic Parameters in Healthy Volunteers
Following a Single Dose of 648 mg (Study R04-0376)

PHARMACOKINETIC SINGLE DOSE MULTIPLE DOSE
PARAMETER (Range) (648 mg)
Tmax (h) 2.80+0.82 N/A
, {1.00-4.00)
Cmax (mcg/mL) 3.24+0.69 N/A
(2.10 — 4.80)
AUCoq (mcg*himL) 56.20 + 15.68 NIA
(36.47 — 91.00)
t¥s (h) 12.78 +3.03 N/A
(8.24 — 19.02)
AUCi (meg*h/mL) 61.57 £ 19.29 N/A
(38.34 — 109.24)

b) How does the PK of the drug and its major active metabolites in healthy volunteers compare to
that in patients?

The phamacokinetics of quinine differ between healthy subjects and malaria patients. In malaria,
the percentage of free or unbound quinine is 50% to 66% lower, thereby leading to lower
clearance rates and lower volume of distribution (Vd) as compared to healthy subjects. Together,
these PK changes result in higher total plasma quinine concentrations during the acute phase as
compared with the convalescent phase.

¢) What are the characteristics of drug absorption?

Following a single oral dose of quinine to healthy adults, plasma levels are detectable within 0.5
hours. Peak plasma concentrations are attained in an average of 2.4 to 4.4 hours. In healthy
subjects, the absolute bioavailability of quinine is approximately 76% to 88% (Paintaud et al.,
1993; Salako et al., 1992).

In vitro, quinine is a substrate and inhibitor of the organic cation transporter (OCT) that is found in
intestinal and other tissues.

Based on a comparison of in vitro dissolution profiles of the Mutual Quinine Sulfate 324mg
capsules in various media, the magnitude of quinine solubility occurs in the following rank order:

—— e —————— e — .
1.

d) What are the characteristics of drug distribution?

Quinine is moderately protein bound (about 69 to 92% in healthy volunteers), primarily to the
acute phase protein, a1-acid glycoprotein (AAG). It also binds to albumin (approximately 35% in
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vitro in human serum albumin, Wanwimolruk and Denton, 1992). The extent of protein binding
and the fraction of free (unbound) quinine are determined mainly by the AAG concentrations in
the plasma which is about 3-fold higher in P. falciparum malaria patients than in healthy subjects

(1.83 £ 0.36 g/L versus 0.58 + 0.24 g/L; Tange et al., 1997).

The alpha1-acid glycoprotein (AAG) fraction in the plasma appears to be higher in malaria
patients than in healthy subjects (Table 8; Wanwimolruk and Denton, 1992); plasma protein
binding was reported to range from 78 to 95% in patients with malaria. Both the AAG and the
albumin fractions in the plasma of healthy Caucasians were comparable to that in healthy Thais.
The extent of plasma protein binding in patients varies depending on severity of malaria, which is
reportedly higher in severe/cerebral malaria compared to uncomplicated maiaria (Table 8;
Silamut et al., 1991). In acute malaria, the clearance of quinine from systemic circulation is lower
than in the convalescent phase but the percentage of free or unbound quinine does not change
as shown in Table 9 below.

TABLE 8
Plasma Protein Binding Data in Various Populations
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TABLE 9
Mean Plasma Clearance and Protein Binding Parameter Values in Sixteen Patients
During Acute Malaria (n=16) and During Convalescence (n=12)
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Fugal Feop { %}
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' - Whitney Ti-gest
From: Pukrittayakamee et al., 1997

The volume of distribution (Vd) of quinine decreases in proportion to the severity of malaria and

consequently total plasma levels are higher in malaria patients than in healthy subjects. However,
despite these higher total plasma quinine concentrations, there is usually a less than proportional
increase in free (unbound) quinine concentrations because of the 50% to 66% lower free quinine

fraction in malaria patients as compared to that in healthy subjects.
e) Does the mass balance study suggest renal or hepatic as the major route of elimination?

A mass balance study was not conducted specifically for the sponsor’s quinine sulfate product.
According to medical literature, about 80% of the orally administered quinine dose is eliminated
by hepatic oxidative metabolism; the remainder is eliminated as unchanged drug by the kidney

(Tracy and Webster, 1996: White et al, 1982).

f) What are the characteristics of drug metabolism?

The formation of the major metabolite (3-hydroxyquinine) is catalyzed mainly by CP3A4 and to a
minor extent by CYP2C19, as shown both in vitro and in vivo; this metabolite is believed to
possess 12% of the antimalarial activity of the parent drug (Nontprasert et al., 1996). The
percentage of the dose excreted as 3-hydroxyquinine is only 14% suggesting that further
metabolism to minor metabolites and/or biliary excretion take place. The metabolites that appear
in the urine after oral dosing are shown in Figure 9 (Bannon et al., 1998).

FIGURE 9
Proposed Metabolic Pathway for Quinine
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g) What are the characteristics of drug excretion?

The elimination half-life of quinine is about 12 hours in healthy subjects; this is prolonged in
elderly patients (~18 hours) and in adult malaria patients (~17 hours). The estimated plasma
clearance in healthy subjects following single oral doses varies from 0.08 to 0.47 L/h/kg (median
0.176 L/h/kg) and is reduced in patients with malaria, 0.09 L/h/kg.

About 23% of quinine is excreted into urine as unchanged drug and about 16% as glucuronide
conjugate. Urinary recovery of quinine and four of its known metabolites following hydrolysis with
B-glucuronidase are summarized in Table 10 (Mirghani et al., 2003). The remaining quinine that
was unaccounted for is probably eliminated in the bile and/or feces,

Renal excretion of quinine, a weak base, is twice as rapid when urine is acidic than when it is
alkaline (Goodman and Gilman, 2001).

Extracorporeal elimination: The effect of multiple-dose activated charcoal on quinine elimination

was studied following a therapeutic (600mg) dose of quinine bisulfate to 7 adult fasted volunteers

(Lockey and Bateman, 1989). Activated charcoal 50 g was administered 4 hours after quinine
dosing and 3 further doses were given over the next 12 hours. Activated charcoal significantly
lowered the quinine elimination half-life from 8.23 + 0.57 to 4.55 + 0.15 hours and the clearance
was significantly increased by 56% (from 11.8 +1.23 L/h to 18.4 + 2.8 L/h). In 5 symptomatic
patients with acute quinine poisoning, the mean elimination half-life was 8.1 + 1.1 hours after
each had been administered activated charcoal 50 g every 4 hours (Prescott et al, 1989). The
half-life was approximately 26 hours in poisoned patients treated supportively (Bateman et al.,

1985).
TABLE 10
Percentage of Quinine and lts Metabolites Excreted in Urine within 48 Hours Following a Single
Oral 500-mg Dose of Quinine Hydrochioride in Healthy Subjects

Percent Excreted in 48 Haurs
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h) Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship? ’

The dose-proportionality study conducted by the sponsor compared the pharmacokinetics of
quinine at two quinine suifate doses, 324mg and 648 mg. At the higher dose, the plasma quinine
AUC was 12% lower than expected and the Cmax was 25% lower than expected as compared to
those obtained following the 324mg dose. Figure 10 provides a comparison of plasma quinine
concentration-time profiles of the two test doses. This finding of less than dose-proportional
exposure increases (particularly Cmax) at higher quinine doses appears to be consistent with that
obtained previously by other groups as seen in Table 11. Based on this table, it appears that the
Vd of quinine increases with increasing doses. However, quinine exhibits linear, dose-related
pharmacokinetics in terms of AUC.
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TABLE 11

Mean + SD Pharmacokinetic Parameter Values Following Administration
of Single Oral Doses of Quinine in Healthy Subjects

R-04-0376 and Published Literature)

Reference No. of Dose
Subjects Cmax (h) AUCinf T% CL
(mcg*h/mL) (h) (L/h/kg)
74 2122052 | 3520% [T 260% -
.91 e B8 |49 )
ei5rx 278
L . e & 19.30. [ 3030
Babalola et 267+ 173+ 0.65 28.05 + 10.06 +
al., 1997 7 1.48 13.83 4.28 0.17 1.46
(7/0) 500 236+ 239+ 1.08 5215+ 12.34 + 0.21+ 3.36+
1.58 37.75 1.61 0.09 1.00
750 440+ 3.18+1.84 62.97 + 9.03+ 027+ 3.32+
2.15 51.04 2.82 0.11 1.65
1000 290+ 6.09+4.11 110.79 13.36 + 0.25+ 378+
1.56 85.14 7.04 0.18 2.59
Sowumni et 7 250 24+ 15 16+06 18.5+7.7 9.0+32 029+ 21+
al., 1996 (7/0) 0.19 1.3
500 28+1.4 27+05 302+ 3.5 114+ 0.28 + 25+
2.7 0.04 1.4
1000 32+12 | 497+3.1 92.4+433 12.7 £ 0.22 % 31+
: 3.9 0.16 2.8
FIGURE 10

Mean concentration-Time Profiles of Quinine Following Administration
of One and Two Mutual Pharma’s Quinine Sulfate Capsules (Study R04-0376)
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i) How do the PK parameters change with time following chronic dosing?

The mean + SD pharmacokinetic parameters of quinine sulfate in healthy subjects following a
single 648 mg dose of the sponsor’s Mutual Quinine Sulfate Capsules is shown in Table 7 above.
Simulation using WinNonlin® predicts that with a dosing regimen of 648mg every 8 hours, steady
state may be achieved in healthy volunteers on Day 3 of dosing (Figure 5 above).

Based on the pharmacokinetics of quinine following multiple dosing with 600mg quinine
dihydrochloride 1V given as a 4-hour infusion every 8 hours for 3 days to malaria patients (Figure
11; Claessen et al., 1998), it is possible to achieve quinine plasma steady state concentrations by
Day 3 of multiple IV infusion dosing in Caucasian patients with P. falciparum malaria acquired in
Africa. Similarly, it can be surmised from a comparison of the quinine PK profiles after the first
dose and after the last dose of quinine dihydrochloride 4-hour infusion that the elimination rate
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constant of quinine from the first dose is similar to that after the last dose on the 3™ day of
therapy suggesting similar pharmacokinetics of quinine between single and chronic dosing in
malaria patients. However, the clearance of quinine significantly and gradually drops from
approximately Day 4 towards Day 7 of quinine monotherapy as the patient recovers (See Figure
6). Note: The Tmax after IV infusion in this study (4 hours) is similar to the Tmax after oral dosing
with 648 mg quinine sulfate in Study R04-0376 (3 hours).

FIGURE 11
Plasma quinine concentrations (mean £ SD) in 10 malaria patients who received 9 fixed doses of 600 mg
quinine diHCL intravenously over 4h at 8-hour intervals
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From: Claessen et al., 1998. Quinine pharmacokinetics: ototoxic and cardiotoxic effects in
healthy Caucasian subjects and in patients with falciparum malaria. Tropical Medicine and

International Health, 3(6): 482-489.
-~ (extrapolated elimination line for the first IV infusion)

i) What is the inter- and intra-subject variability of PK parameters in volunteers and patients, and
what are the major causes of variability?

In the two clinical pharmacology studies conducted by the sponsor, the intersubject % CV for
plasma quinine Cmax and AUC were <40%.

C. Intrinsic Factors

1. What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism,
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response and
what is the impact of any differences in exposure on efficacy or safety responses?

Age (Elderly)

Compared to young subjects, the mean oral clearance of quinine is significantly decreased and
the mean elimination half-life is significantly increased in the elderly (Wanwimolruk et al., 1991a).
Table 12 below compares the PK parameters of quinine in young versus elderly healthy subjects
who received a single 600mg dose of quinine sulfate. In elderly subjects, the mean AUC of total
quinine was about 38% higher and the mean AUC of free quinine was about 21% higher as
compared to healthy young subjects. According to the authors of this publication, the higher
percentage of unchanged quinine in the urine of elderly subjects suggests reduced hepatic
clearance of quinine in old age.
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TABLE 12
Pharmacokinetic Parameter Values of Quinine Following a Single Oral 600-mg
(Quinine Sulfate) Dose in Young and Elderly Healthy Aduits

T g Young Elderly
Farameter (it NwiZ: Ages 20— 35 Voarsy | (Mo Ages 65 - 76 Years
T TR SEa13 S0s13
T i) T350.7 T3512
Ton i i15 EErS%G
AUC (ks S ESE] T30 % 0%
% Tinbound FEESE EES %]
4 Unchonasd 1 oriae 7238 66531
TLY (L) T8 204 G2 5 0°
TL, ke Bwe 5]
Feuns -

Age (Pedjatrics)
Although the mean elimination half-life of quinine in healthy children was reported to be shorter (3

to 7 hours), the pharmacokinetics of quinine in children with malaria are comparable to that in
adults with malaria.

The serum quinine concentrations were compared in 51 children with uncomplicated malaria and
22 healthy pediatric controls. In those children (n = 15 patients, 5 controls; 1.5 to 12 years old)
who received quinine 10 mg salt/kg orally (as crushed tablet), the Tmax was observed at 4 hours
post-dose and in those who received the same dose via a 4-hour infusion. The mean Cmax for
the two schedules were not significantly different, ranging from 5.7 — 7.3 mcg/mL. As seen in
adults: (1) the serum concentrations in malaria patients were significantly higher as compared to
the healthy control, (Figure 12), (2) the total clearance of quinine in patients were approximately 1
mU/min/kg (=0.06 L/h/kg) , which was significantly less than in controls (1.43 L/kg), (3) the total
apparent Vd of quinine was reduced (0.8 L/kg in patients versus 1.43 L/kg in healthy children).
The elimination half-times were 9-11 hours in patients and 3-7 hours in healthy controls. No side
effects were observed at the 10mg/kg dose.

FIGURE 12
Mean serum quinine concentration-time profiles of children who received oral and intravenous 10mg/kg
doses of quinine sulfate or quinine dihydrochloride:
uncomplicated falciparum malaria patients versus healthy controls
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Comparison with Adults with malaria

The plasma elimination half-life of quinine was reportedly shorter in healthy children (3 to 7 hours)
but in malaria patients (9 to 11 hours) is not substantially shorter compared to that observed in

~ adults with malaria (~16 hours; White et al., 1982). Likewise, following a single standard adult oral
dose of quinine sulfate (10 mg/kg salt), the Tmax, Cmax, total clearance, and Vd in children (1.5
to 12 years old) with uncomplicated malaria were comparable to those reported in adult malaria
patients (Table 13).
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TABLE 13

Cross-study comparison of Mean + SD Quinine Pharmacokinetic Parameters Following a First 10 mg/kg

Quinine Sulfate Oral Dose in Patients with Uncomplicated Malaria: Pediatrics versus Adults

fraction (%)

PHARMACOKINETIC CHILDREN?® ADULTS®
PARAMETER (n =15) (N=15)
Tmax (h) 4.0 59+4.7
(3.5-8.4)
Cmax (mcg/mL) 7.5 + 1.14° 8.4
(5.7-7.3) (7.3-9.4)
Half-life (h) 12.05 + 1.44 16+ 7°
Total CL(L/h/kg) 0.06 + 0.007 0.09
Vd (L/kg) 0.87+0.12 0.78
Free (unbound) quinine 53+25

Supanarond et al., 1991
equivalent to 22.5 + 3.43 nmol/mL
White et al., 1982

o o o o

Gender

In the dose-proportionality study conducted by the sponsor (R-040376), it was observéd that at
the 648mg dose, healthy females had slightly higher mean quinine plasma Cmax (by 19%),
AUCiy;, (by 35%) and a slightly longer mean elimination half-life (by 2.1 hours) compared to

serum concentrations; Sabchareon et al., 1982

healthy males. However, it was also noted that females in this study had a higher mean age and
a lower mean body weight compared to male subjects.

Table 14 provides a comparison of the two gender groups based on quinine PK parameters

following the 324mg quinine sulfate dose, combining the data from the dose-proportionality study

and the relative bioavailability study. As seen in this table, healthy females demonstrated a
slightly higher Cmax and AUC (by 15% each parameter) than healthy males. Apparent oral

clearance values when adjusted for body weight were similar between genders.

TABLE 14

Comparison of Quinine Pharmacokinetic Parameter Values in Healthy Men and
Women Following a Single 324-mg Oral Dose in a Mutual Pharma’s-Sponsored
Studies (Data From Study RA3-085 and Study R04-0376)

Race

The quinine pharmacokinetics of Caucasians do not seem to differ significantly from those of
Thais. In a study that compared healthy Thais and Caucasians who were given a single oral
600mg dose of quinine sulfate, the mean quinine Cmax, Tmax, AUC, apparent oral clearance,

Mean & Sid. Dev,
Parsreter {uidis) Men Wonsost
(N = 24 ke 25}1
Bl webiht (ke) 8165 &£ 269 EERXEERD
Lo (il ) 200008 2.5 £ 0000
Ve {ls} 238073 PTITET R
AL fpa-lend g 33240052 3RA5E 0200
Ty (h% 1254377 1374510
Welphit-Adfasted Parameter
LLIF fl,#lw%;gl | 184 & D000 i {11498 & D006

elimination half-life, and % dose excreted as unchanged quinine in the urine were similar between
the two racial groups (Viriyayudhakorn et al., 1996).
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Table 15 presents a cross-study comparison of quinine PK parameters of various ethnic groups.
It appears from the data in this table that Africans (Nigerians) have generally lower mean quinine
AUC compared to Caucasians and non-smoking healthy Thai subjects. However, this relatively

lower quinine exposure in Africans does not seem to adversely affect the efficacy of quinine in

this ethnic group. In fact, a meta-analysis study that evaluated the efficacy and safety of quinine
in six African countries showed a high efficacy rate (>90%) with a fever clearance time of < 2
days and a parasite clearance time of 2.5 days to 1 week (Mengesha and Makonnen, 1999).

TABLE 15
Comparison of Quinine Pharmacokinetic Parameter Values in Healthy Caucasians,
Africans, and Asians (Various Publications)

Easruxins Afrivams (Niperia) Henditee Thai Valendeers
Prference i 2 3 4 3 & 1 7. |
MM ) gy | TE) ] iy | o0ed | BEom | Tioay | s m | Wi | G
Moam Ape an e 2k s e e S 30 g
3Tk (Ean (20 - 355 (X1 - 20 {35 - 343 (28301 | {1941 £24 - 4T} {25 3&2 4§25 ~ 35} (29 ~ 432
b Weight | g0 ) ko - 6182486 | 562885 | 57:5 - 5745 T 59
[hsy Kenngped N (35 - 733 o - T 30~ 65} o §48 - a5} | 153 - 87
Binakers? Na Bip A Mis B e Na SN Y
Eﬁﬁmﬁ S0 il 560 S0 S0 560 s 500 o7
Comlpginly | Ssaid | 27205 | 29005 | 23427 | spsns | s ol s | 3 el
Tower {13 23 %05 2E+ 14 3208 | 2F&08T | 245058 i .{}%?2;5.& jfi, 3;5 :[i?
E BT 25 32435 549 $5.4 B84 33 33.2 [5] Y 38
furehiml % 192 & 234 (0.1~ 98,2 3§ &35 & 168
Ty (h 7416 TNA&3T 117 115%07T E‘Z.i 125 24 120 T
25 e 351 PT8- 151 A 3.0 3.1 #2313
Clilshdpd DA 602 | 428404 [R5 0.24 Bay $47 §.085 LR 13182
4 04 & {532 & .38 3.2 - 625 & (2% & Wdd & (055
o) , Py 7 )
™ 23: 14 25547 se. ™. 49~ 1145 e - s
1~ Aitieavedhakeon o o 196% (Thaland) 5 = itk o7 7 J000
2 = i g af., 1596 & = NaHapechang, ool 1998
3 = Kuovounii, §956 7 = Wannimedmb ot af, 19893

4= Kolako of il POUT

Weight

&= Wanvirmind o of, 1958

Quinine is a lipophilic drug (octanol:water = 1.97 at pH 7.4); it is logical to expect lower systemic
quinine concentrations in obese subjects which is probably due to increased distribution into
excess adipose tissue. In a study of young, lean and obese age-matched Thai male volunteers
given a single 600-mg dose of quinine sulfate, the mean plasma Cmax and mean AUC were
lower and weight-adjusted clearance lower in obese subjects (Viriyayudhakorn et al., 2000).
There was a negative correlation between body weight and Cmax (r=-0.701, p<0.005) when
data from the two bodyweight groups were combined. Table 16 compares the quinine PK
parameters of the lean and obese subjects.
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TABLE 16
Pharmacokinetic Parameter Values in Lean and Obese Healthy Thai Men Following

a Single Oral 600-mg Dose of Quinine Sulfate %
Lea par = 1259 TRV 2]
Parameter {unlis) ;g:;} _ Dbese %gﬁ}” TEW) :; _
Cons [ o0l 5003 A= 0.8 o
o it 24508 2108 T
| Ty (hY 125%£3.1 TEEEN O
AUC [pe-himb WEEE CER 6 ; ('tﬁ"
CLIF (Ll 3%z 14 R :
CLF (Lilvkg TBW) 006 3 G2y (.55 & Gui] o , 0
LCLAF (L Avke 1B 0098 2 Aidy TR .8
CL=ora clesrance, IBW=ideal bady wizight: TRW=toml bady weight e

TP 4

Disease

Malaria: Uncomplicated versus Severe: Acute versus Convalescence

In malaria, the increased fraction of the free quinine in the plasma results in reduced systemic
clearance and reduced volume of distribution, in proportion to the severity of the disease.
Additionally and for similar reasons, the total plasma quinine concentrations are higher in the
acute phase than in the convalescence (recovery) phase of malaria. Table 17 compares the PK
parameters of quinine in patients with cerebral malaria to those with uncomplicated malaria
following administration of quinine dihydrochioride IV infusion over 2 or 4h at a dose of 10 mg/kg
(equivalent to 8.3 mg/kg base) at 8-hour intervals; Table 18 compares the quinine
pharmacokinetics between the acute and convalescent phases of these patients with
uncomplicated malaria (White et al.,1982). Although the mean serum creatinine was significantly
higher in those with cerebral malaria than those with uncomplicated malaria (2.57 versus 1.05
mg/dL), the mean renal clearance of quinine in these patients were very similar.

TABLE 17
Quinine Pharmacokinetics in Acute Malaria: Uncomplicated Malaria versus Severe Malaria
Hiiztive 2f ) Zanied Mumber of weclard Enliante
Paitors Mean Elawipiion Pallens Meaf  Devision A walin]
Todal choprance i hag .42 11 1.35 T80 ks 1]
(vl eniniog)
W yliter/ kgl 18 L.18 0ar 1 167 B2 L
Efeninadion (72 b2 18.2 & 3 18.4 Tl BL.E.
{hiws) ‘
ol clasratse % 341 i 1% .23 oS NE.
{irliminfhg)
e H | ) 15 420 J.9% 1 B4} o132 £ 3-8
Testath »

Wil = Jkal apparent volsnns of Seiribution: 8.5, = ot significant 81 5 percent bevgl, Spvan pations with cérebnl
st ia s lwo patients wills sooompicatad malsis had basaling pasma semples thl revealed aindne, Wielicaiing
prairedmand, Thase patients.ars exsiued rom the caloulations of Vo and 1tl Gaarence, Aceumie o i e
ware ool obtaiond from 10 potisnts. : .
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TABLE 18
Quinine Pharmacokinetics in Uncomplicated P. falcipa’rum Malaria: Acute versus Recovery Phase

arbe T e Siicance
ol Pilivnis Moo Delatian Shior Duvialien | {p vabiek
Total clearmnce 3] 28 063 308 138 L0002
[ oninhglh )
9 Pitentug 8 1BE D36 274 AT 20002
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onrs} .
Hanp) cirarance a fi el L48 0.53 26 604
enidrminfegf) :
Rl BRAFARCY 8 ®2% 033 0.2 18 NG
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TNyt ey

Diabetes

The pharmacokinetic parameters of quinine were comparable in diabetics and non-diabetics, as
shown by the findings of a study that evaluated the pharmacokinetics of quinine from a single oral
dose of quinine sulphate 600 mg in 12 elderly non-insulin dependent diabetics and 10 elderly
non-diabetic controls (Table 19;Dyer et al., 1994) However, the administration of quinine
produced a mean reduction in serum glucose of 1 mmol/L. from 3 to 5 hours post-dose in both
groups without affecting serum insulin concentrations. ! '

TABLE 19
Mean + SD Pharmacokinetic Parameters of Quinine in 10 Non-diabetic and 12 Diabetic Subjects®

95% Cf an
o N Non-diabetics  Diabetics differents
Volume of distribution 1,70 0.56  1.70£0.63 056, -0.56

(VI Pk

Absorption Iag-time 1LOE0S 1206 6.3, -0.7
() B

Absorption half-fime 06x0.2 07508 0.3, ~0.5
{tuata} b

Maximum concentration 3.4 £ 0.8 37T+0.8 0.3, ~1.1
(€ mg 17

Elimingtion half-time 129 %63 00173  64,-68
Uy b

Systemic clearnnce LO7 2042 Li4 £0.58 041, .55

(CL/FY ml kg™ min™
Serum urbpund dr_&g (%) [9(10-39) 16 (9-24) 11,-3

®Median and (range) are shown for percentage unbound drug

Genetic Polymorphism
No information available.

Pregnancy

It appears from literature data that pregnancy results in a more rapid quinine elimination, as well
as in a lower Vd of quinine in patients with severe malaria but the difference in the clearance
between pregnant and non-pregnant patients is not substantial to warrant dosage adjustment i.e,
dosage increase in pregnant patients. In female patients with uncomplicated malaria, it appears
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that pregnancy does not affect the plasma AAG concentration and thus, the fraction of free
quinine.

Following a 10mg or 20mg per kg loading dose of quinine dihydrochloride infused over 4 hours,
pregnant females with severe malaria demonstrated a more rapid elimination as judged from the
shorter elimination half-life and the 33% higher total clearance and a 20% smaller mean total Vd
Table 20; Philips et al., 1986) compared to non-pregnant females with severe (cerebral) malaria .
(White et al., 1982). The smaller Vd in pregnant women with severe malaria could be attributed to
alterations in plasma protein and tissue binding associated with severe plasmodial infection and
pregnancy itself.

In the women who delivered infants during the course of quinine therapy, the placental cord
plasma quinine concentrations were from 1.0 to 4.6 mcg/mL which correlated significantly with
maternal plasma quinine concentrations (r = 0.78, p<0.05). The mean placental cord to maternal
plasma ratio was 0.32 + 0.14. :

Table 8 above compares the alpha1-acid glycoprotein (AAG) concentrations in the plasma of
pregnant and non-pregnant Thai subjects and malaria patients (Silamut et al., 1991). As seen
from this table, the plasma AAG concentration is significantly lower in pregnant healthy females
than non-pregnant healthy females (0.38 versus 0.66 g/L; p<0.001), confirming that pregnancy
itself contributes to the decrease in free fraction of quinine. As observed in the general
population, the AAG was higher in pregnant patients with uncomplicated malaria than in pregnant
healthy females (1.40 versus 0.38 g/L). However, both the AAG concentrations and the % free
quinine in pregnant and non-pregnant Thai patients with uncomplicated malaria were
comparable. Thus, indicates that both the total and the free quinine concentrations are at best
30% lower in pregnant patients than in nonpregnant patients with uncomplicated malaria.
Therefore, no dosage adjustment (increase) is necessary in patients who are pregnant.

TABLE 20
Mean + SD Pharmacokinetic Parameter Values of Quinine in Pregnant
and Non-Pregnant Women With Malaria

Number
Patient Group of TV Vd CL
Patients (h) (L/kg) (L/h/kg)
1 Non-pregnant females
‘ with uncomplicated 13 16.0 £ 7.0 1.67 +0.34 1.35 £ 0.60
malaria
25
severe malaria 0
P value (1 versus 3) NS
P value (1 versus 2) <0.002 <0.05
Lactation

Weakly basic drugs like quinine tend to concentrate in acid milk. Based on the findings of
Philipps, et al. (1986), the mean quinine concentrations of quinine in breast milk is about 31%
(11-53%) of the existing maternal plasma quinine concentrations. The estimated total dose of
quinine excreted in breast milk will usually be less than 2-3 mg/day. The authors concluded that
hypersensitivity reactions such as thrombocytopenia could be triggered by such doses. Other
toxic effects as a consequence of the immature metabolic capacity of the neonate liver may also
be possible. Based on these findings, it may be advisable to avoid breastfeeding in female
malaria patients who are on quinine therapy. However, it is noted that the American Academy of
Pediatrics (AAP) considers quinine therapy compatible with breastfeeding.
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Organ Dysfunction
Hepatic Impairment

In hepatic disease, the pharmacokinetics of quinine are altered as a consequence of reduced
metabolic enzyme activity and reduced synthesis of

to higher total quinine concentrations and higher fre
subjects with moderate hepatic impairment (

quinine sulfate, the absorption of quinine wa

plasma binding proteins theoretically leading
the volume of distribution was hi

e (unbound) quinine concentrations. In Thai
Child-Pugh B), following a single oral dose of 600mg
s prolonged, the elimination half-life was increased,

gher but there was no difference in weight-adjusted clearance
(Table 21; Auprayoon et al., 1995). In moderate hepatic impairment, the increase in AUC was by

55% and in Vd was 51%, without a significant increase in mean Cmax. Therefore for patients with
concurrent mild to moderate chronic hepatic impairment, reduction of quinine dosage is not
warranted but close monitoring for signs and symptoms of quinine toxicity should be performed.
However, if quinine AUC exposure similar to that achieved in healthy subjects is desired,
prolongation of the oral quinine sulfate dosing interval from 8 hours to 12 hours may be
considered.

TABLE 21 w
Median (Range)} Quinine Pharmacokinetic Parameter Values in Non-Malaria Patients o
with Chronic Liver Disease N,
Hoalthy Volunteors Clerosbe Liver Biscase -0
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Similar results were seen in subjects with Hepatitis B. The mean quinine AUC was about 47%
higher and the elimination half-life was longer in subjects with hepatitis than those without hepatic
disease, after a single 2-hour IV infusion of 10mg/kg quinine. Table 22 compares the quinine PK

parameters between healthy subjects and those with acute or convalescent hepatitis.

TABLE 22 .
Median (Range) Pharmacokinetic Parameter Values in Thai Males with Hepatitis B Compared with
Healthy Subjects Following a Single 10-mg/kg Intravenous Dose of
Quinine
. X Hepathth Pationts
Prramctor (units) Kﬁm;ﬁi‘;blmg {Meeii)
Y Aciite Revinnery

Lo [ juzsibinl. } 3302118 33024~ 333 3A40.8-45)

T, (b} T L1{ED~125 L1613
AL [peobolmnly AEH {36~ X} T2 {49~ {13 O5.1 (36 - 83
£L (Ldvke} .23 (D078 - D.2%) O 0T ~ 240 14 (805 - 823
Ty (hd D{0— 3} 17411 -28)* 15611 - 195
B4 isboand gudisine ot X hoaes $0.3 7.6~ 15.40) 1001 £7.4 — 14.0% DEIRL 11D
" P <003 wdhen eompared 1o healfly subjecls

Renal Impairment

In patients with impaired renal function, the total quinine clearance is reduced thereby leading to
higher total plasma quinine concentrations. Minimal amounts of circul
removed by hemodialysis and hemofiltration.

ating free quinine are

Following a single oral 600mg dose of quinine sulfate, the mean total quinine clearance was
decreased, the mean half-ife increased, and accumulation was evident in 6 subjects with
chronic renal failure not on dialysis (mean serum creatinine = 9.6 mg/dL) compared to those
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for 6 healthy control subjects (Table 23; Rimchala et al., 1996). Although the median quinine
Cmax and AUC increased by 80% and 195%, respectively in subjects with chronic renal failure
(CRF) compared to healthy controls, there was an observed parallel decrease in the free quinine
fraction thereby resulting in an increase in Cmax and AUC of free quinine in CRF patients by only
33% and 120%, respectively as compared to the healthy controls.

Tabie 24 provides a comparison of the quinine PK parameters between healthy volunteers and
patients on chronic hemodialysis following a single dose of quinine sulfate 300mg (Roy et al.,
2002). Both the mean AUC and the mean Cmax of total quinine increased by 75% in 8 subjects
with chronic renal failure on hemodialysis (mean serum creatinine = 7.04 mg/dL) as compared
to 8 healthy control subjects (mean serum creatinine = 0.94 mg/dL; Roy et al., 2002).

However, because of the significant increase in serum AAG in the subjects with chronic renal
failure (1.52 g/L versus 0.63 g/L in healthy subjects), the Cmax and the AUC of free quinine was
lower in those with CRF (only 66% of the controls). The mean AUC of 3-hydroxyquinine and
10,11-dihydroxydihydroquinine also increased by 250%, and 84%, respectively in subjects with
CRF. The mean clearance by the dialysis apparatus after 1 hour was 6.4%

WinNonLin® was used to simulate plasma quinine concentrations in acute malaria patients
during the first 3 days of quinine therapy. The effect of severe renal failure as observed by
Rimchala et al., 1996 was then superimposed on the disease PK model to generate PK
parameters that were used subsequently to simulate concentrations in patients with acute
uncomplicated malaria and concurrent severe chronic renal failure. Based on simulation, the use
of the regular dose (648mg) as a loading dose, followed by maintenance doses of 324mg every
12 hours is the dosing regimen that brings immediate and sustained therapeutic quinine
concentrations ranging from 8 to 20 meg/mL (Figure 13). Thus, when treating acute
uncomplicated malaria patients with chronic renal failure (serum creatinine >10 mg/dL), a loading.
dose of 648mg followed by maintenance doses of 324mg every 12 hours is recommended.

TABLE 23
Median (Range) Pharmacokinetic Parameter Values of Quinine Following a Single Oral 600-mg
(Quinine Sulfate) Dose in Patients with Chronic Renal Failure versus Healthy Controls
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TABLE 24

Pharmacokinetic Parameter Values of Quinine in Chronic Hemodialysis Patients
Following a Single Oral 250-mg (Base) Dose

bt Kadercs Puathords on
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ahinie) (g
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FIGURE 13 .
WinNonLin® simulation of plasma quinine concentrations in patients with acute malaria and
concurrent severe chronic renal failure

25 1
20 ommmmmmm e N R e

Predicted Quinine Conc. (meg/mL.)

Time (hr)

Acute renal failure (ARF) is a common and serious manifestation of severe P. falciparum
malaria occurring in about 50% of patients with cerebral malaria. In 5 severe malaria patients with
acute oliguric renal impairment (2 patients required peritoneal dialysis) and were given quinine
dihydrochloride at a 20mg/kg loading dose followed by 10mg/kg over 2 hours g8h, the total
clearance of quinine was lower (Table 25; Newton et al., 1999) compared to the healthy subject
controls but comparabie to that obtained in patients with chronic renal failure with mean serum
creatinine of 10 mg/dL in Tables 23 and 24 above.

In 1 of 3 cerebral malaria patients with ARF being treated with hemofiltration, a 50% reduction in
the dosage of quinine dihydrochloride to 15 mg/kg/day resulted in plasma quinine concentrations
closer to the lower limit of the therapeutic range of 5-15 mcg/mL. In the three subjects, plasma
quinine did not change during or shortly after hemofiltration and quinine concentrations in the
hemofiltrate were below the limit of assay sensitivity (25 ng/mL; Franke et al., 1987).

In a larger study involving 32 severe falciparum malaria patients with ARF who were treated with
quinine dihydrochloride at a standard regimen consisting of a loading dose of 20mg/kg followed

- by a maintenance dose of 10mg/kg, had median trough concentrations that were approximately
10-30% higher in ARF patients than in non-ARF patients during acute infection. There were no
significant changes in plasma quinine concentrations in patients with ARF during hemodialysis
(Sukontason et al., 1996). Thus, it does not appear that dosage reduction is necessary in severe
malaria patients who develop acute renal failure. it was noted that the World Health Organization
recommends for severe malaria patients with persistent acute renal failure that dosage reduction
by 1/3 to % be considered after 48 hours of therapy. Accumulation of quinine is less likely to
occur if there is clinical improvement and associated increases in Vd and systemic clearance as
the patient moves towards the recovery phase.
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TABLE 25
Median (Range) Pharmacokinetic Parameter Values in Malaria Patients with Severe Renal Failure
Following Intravenous Dose of Quinine Dihydrochloride
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Weinld The) AB (T4~ 53.5)
Foy " ine 415167 - T6%)
Condupimb}y 14
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| EAR I ) 2678
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2. Based upon what is known about exposure-response relationships and their variability, and
the groups studied, (e.g., heaithy volunteers vs. patients vs. specific populations) what
dosage regimen adjustments, if any, are recommended for each of these groups? [f dosage
regimen adjustments are not based upon exposure-response relationships, describe the
alternative basis for the recommendation.

a) Elderly

Elderly subjects (65-78 years old) have a 38% higher mean AUC of total quinine and
approximately 20% higher mean AUC of free quinine than young subjects (20 -35 years old).
Thus, adjustment of quinine dosage does not seem necessary in elderly patients.

b) pediatric patients

The plasma elimination half-life of quinine in healthy children is shorter (3 - 7 hours) but in malaria
patients (9 to 11 hours; Sabcahareon et al., 1982) is not substantially shorter than in adult
patients with uncomplicated malaria (~17 hours). Likewise, the mean quinine total clearance, Vd,
Cmax and Tmax in these pediatric patients were comparable to those reported for adult patients.
Furthermore, there were no adverse events observed in these children who received the adult
dosage of 10 mg/kg quinine salt (Sabcahareon et al., 1982). —

=

—_—

The CDC recommends that the quinine dose in children be adjusted by patient weight (10 mg/kg
salt g8h x 3 to 7 days) and that the pediatric dose should NEVER exceed the recommended adult
dose (650 mg salt). For children less than eight years old, doxycycline and tetracycline are
generally not indicated; therefore, quinine (given alone for a full 7 days regardless of where the
infection was acquired or given in combination with clindamycin) as shown in Table 26.

For comparison, the following table summarizes the quinine sulfate dosage recommendations for
pediatric patients with uncomplicated malaria as seen in foreign labeling.

TABLE 26
Pediatric Dosage Recommendations in Foreign Labeling

COUNTRY Brand Name PEDIATRIC DOSAGE RECOMMENDATION

Thailand GPO 25 mg/kg every 8 hours [sic] for 3-7 days
Taiwan Sulgin 25 mg/kg/day divided into 4 doses a day for 3— 7 days
France Lafran 8 mg/kg (base) every 8 hours for 5-7 days

New Zealand | Q200 & Q300 8.3 mg/kg every 8 hours for at least 3 days (with tetracycline,
clindamycin or pyrimethamine)

Adolescents: same as adult dose

Note: Elimination half-life prolonged and Vd decreased.

Germany Limptar-N -

33




Sweden Kinin NM 10 mg/kg 3x daily for 7 days
Pharma
Australia Quinate, 10 mg/kg every 8 hours for 7 days
Biquinate
Netherlands Children > 6 years old: 10 mg/kg every 8 hours for 7 days after the
patient is fever free (to be taken after a meal)
c) gender
None.
d) race

There does not appear to be clinicallv sianificant differences in the PK of quinine among
Caucasians. Thais and Africans. '

o~
e ——

The CDC recommends that the 3-day course of quinine combination
therapy be extended to 7 days for malaria acquired from Southeast Asia.

e} renal impairment

Otherwise healthy subjects with severe chronic renal failure (mean serum creatinine =9.6 mg/dL.)
have about a 3-fold higher mean AUC of total quinine than those with normal renal function
(mean serum creatinine = 1 mg/dL; Rimchala et al., 1996). Thus, in uncomplicated P. falciparum
malaria patients with severe renal impairment, the following modified dosage regimen is
recommended: one loading dose of 648mg quinine sulfate followed 12 hours later by
maintenance doses of 324mg every 12 hours.

f) hepatic impairment

Subjects with hepatic impairment of moderate severity (Child-Pugh B) showed a 55% higher AUC
of free quinine and a 51% higher Vd than those with normal hepatic function (Aprayoon et al.,
1895). Thus, in uncomplicated P. falciparum malaria patients with mild to moderate hepatic
impairment, dosage reduction is not warranted but close monitoring for signs and symptoms of
quinine toxicity should be done; prolongation of dosage interval from 8 hours to 12 hours may
also be considered.

g) what pharmacogenetics information is there in the application and is it important or not

None.

h) What pregnancy and lactation use information is there in the application?

Quinine sulfate is — BE———

——

In pregnant females with severe malaria, the mean total clearance of quinine was increased by
approximately 33% compared to non-pregnant patients with severe malaria. However, there
appears to be no significant difference in the plasma AAG concentrations and thus, the % free
quinine between pregnant and non-pregnant females with malaria. Therefore, whenever
indicated, quinine sulfate dosage adjustment (i.e, dosage increase) is not needed in pregnancy.
The CDC recommends that the standard dose and duration of quinine sulfate (with clindamycin
but not tetracycline or doxycycline) be used as an option for the treatment of uncomplicated
malaria in pregnant females. :
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In 8 women who delivered infants during the course of quinine therapy for malaria, the placental
cord plasma quinine concentrations were from 1.0 to 4.6 mcg/mL which correlated significantly
with maternal plasma quinine concentrations (r = 0.78, p<0.05). The mean placental cord to
maternal plasma ratio was 0.32 + 0.14.

The total dose of quinine excreted in breast milk will usuaily be less than 2 - 3 mg/day. The mean
quinine concentration in breast milk is approximately 30% of the corresponding maternal plasma
quinine concentration. Reportedly, hypersensitivity reactions such as thrombocytopenia could be
triggered by such doses. Other toxic effects as a consequence of the immature metabolic
capacity of the neonate liver may also be possible. The health care provider should apprise the
mother of the potential risks of quinine therapy to the breastfed infant.

i) Other human factors that are important to understanding the drug’s efficacy and safety

None.
D. Extrinsic Factors

1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence dose-
exposure and/or response and what is the impact of any differences in exposure on response?

Drugs and Herbal Products
See Section D.3.

Diet

-Grapefruit juice:

In a crossover study, the administration of a single 600mg dose of quinine sulfate with grapefruit
juice (full-strength or half-strength) did not significantly alter the PK parameters of quinine as
compared to when quinine was given with orange juice (Table 27; Ho et al., 1999). Orange juice
components are known inhibitors of P-glycoprotein and OATP transporters but not CYP3A4
(Takanaga et al., 2000). It is generally believed that grapefruit juice inhibits the CYP3A4 in the
gut.

TABLE 27 '
Mean (+ S.D.) Pharmacokinetic Parameter Values of Quinine
after Oral Single Dose of 600 mg Quinine Sulfate in 10 Healthy Volunteers
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-Dietary Salt Intake
The pharmacokinetic parameters (AUC;y;, Tmax, and Cmax) of quinine when a single 600mg

dose of quinine sulfate was administered with low-salt and high-salt diets were similar to those

obtained in previous studies when quinine sulfate was given alone (Table 28;Newton et al.,

2001).




TABLE 28 :
Median (Range) Pharmacokinetic Variables for Oral Quinine After Low-Salt and High-Salt Diets (n=7)

Varighle Highesalt diet Lowiaalt diet P
Dagse, mg guinine baseikg body weight® 6.7 (53-4.3) 5.8 {56-8.2) 0.3
Listnsey sodion excretion, mmol3d h 195 {132-466) 118 {35189 0.043
fap b D47 ON-085 845 {0.22-0.883 9.6
Lonnse Pl 64 (4. 1-7.8) 3 {850 03
E— 248 (1540} 3.8 (10440 0.5
0145 1.95 (0.72-3.36) 1.71 (BY2-4.565) 0.3
&0k D08 1H{0.068-0.160) B.O59 (01.047-0. 908} 8.028
Fay b &5 (4.3-10,2) 0.0 {7.6-148 0043
Vaif, ke 1.02 {0.77-1.12) L15 {0.70-1 58} 8.}
CLY, Lkg/h 0.072 (0.648-0,1 50} 0,660 (0.042-0.113) 0.2
AUC, .. mz hil 284 (54.9-115.6} 108.9 (63.1-165.0) 4.
AIC 7.3 (<0.24-28.0% 37 518 to 2263 8.3

“To convert quinine free base to quinine sulphate salt, divide by 0.828
*To comvert clearamee (CLY in Ifkgih to mkgimin, divide by 0.8

Smoking

Cigarette smoking is a potent inducer of CYP1A2, which does not appear to play a major role in
quinine metabolism based on in vitro metabolism studies. In healthy subjects, smoking has been
shown to increase quinine clearance by an average of 77% in healthy males who smoked > 10
cigarettes a day for at least 5 years (Table 29; Wanwimolruk et al., 1993). However, it appears
that acute malaria abrogates the quinine PK-altering effects of smoking, i.e., the reduced Vd and
clearance of quinine in malaria outweighs any metabolic induction effect of smoking. Thus, in
uncomplicated malaria patients who received the full 7-day course of quinine therapy, cigarette
smoking produced only a 25% decrease in median quinine AUC and a 16.5% decrease in median
Cmax; smoking also did not have a significant effect on therapeutic response (Table 30;
Pukrittayakamee et al., 2002). Thus, there is no need to increase quinine dosage in malaria
patients who are heavy smokers.

Alcohol :
No information available.

TABLE 29
Pharmacokinetic Parameter Values Following of a Single Oral 600-mg Dose of
Quinine Sulfate in Smoking and Nonsmoking Healthy Subjects

Paranster ‘ i?;l;;? hﬁ?;fz;;m " P ¥Vahae
(ST A1 = 1.2 S0 & 0.8 NS
T ruax {11} 27205 FAE2S NS
Ty il 73 & Li* 120 5.1 0,001
ALC, _ 32 & 19 03 £33 LU0
{uehiml,

3% unboue 120% 27 IEEFE NS
CLF {Livkg) LUED £ 0075* | 0007 £0.045 .008
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Median (Range) Pharmacokinetic Parameters of Quinine and 3-Hydroxyquinine (30H
Uncomplicated P. falciparum Malaria Treated with a 7-

TABLE 30

-Q) in Patients with

Day Course of Oral Quinine

Parumeters Nonesmokers {(n=12) Smokers (n=10) Total (n=22)
AUC, 5 quinine 67.0 (31.1-80.8) 51.3 (39.5-81.5) 40.2 (33.1-89.8)
(ugfmi/day)
AUCy 7 quinine L4 (6519 0.9 (0.7-1.8) - DB (0.5-1.9)
{pg/kg/mliday)
e quinine (days) 1.5 {0.5-5.0} 1.5 (0.5-4.0) L3 {0.5-5.0)
e Guinine {ugfmi) 127 (6.2417.1) H.6 (9.0-15.5) 89 ¢6.2-17.1)
AUGCy.; 30H-Q 6.2 (4.0-8.3) 4.8 (2.8-10.7) 28 28107
(pg/mi/day)
AUCy.7 30H-Q 0.02 (0.01-0.04) 0.02 {0.01-004) 0.02 (0.01-0.04)
(nefkg/ml/day) '
Lgx, SOH-Q (days) 4.5 {1.57.0) 3.5 (L0700 13 (1L.6-7.0}
Crax JOH-Q (pg/ml) 1.2 (0.3-1.5) 1.0 (Bs-21) 0.7 (0.6-2.1)
%%g quininefALIC 9.5 (4.9-22.6) 21 (4,5-15.6) 10.0 (4.5-22.6)
Conax quining/C., 30H-Q 1.1 (5.0-159.6) 1.7 (4.5 -15.6)

H.2(3.5-1%6)

2. Based upon what is known about ex
dosage regimen adjustments, if any, do you recommend for each
regimen adjustments across factors are not based on the ex

describe the basis for the recommendation.

None.

3. Drug-Drug Interactions

a) lIs there an in vitro basis to suspect in vivo drug-drug interactions?

posure-response relationships and their variability, what
of these factors? If dosage
posure-response relationships,

Yes, in vitro as well as in vivo evidence indicates the involvement of CYP3A4 in quinine-drug

interactions. For example, the potent CYP3A4 inducer
quinine concentrations in vivo whereas some dru

been shown to inhibit the metabolism of quinine in vivo.

Furthermore, based on in vitro findings, interactions with dru
proteins (as listed in Table 31) via a mechanism involvin

protein binding is unlikely (Wanwimolruk et al., 1992),

» rifampin substantially decreased plasma
gs like ketoconazole, and troleandomycin have

gs that are highly bound to plasma
g the displacement of quinine from

TABLE 31
Effects of Drugs on the Binding of Quinine 3 pg/mL to Human Plasma Proteins In Vitro

_ Concentration |y, und Quinine

Drugs Added {% of cortrol vabue)

{pial) - ”

Antieealacinl Drugs
Chlossquine 9.2 90,994
Mefloguioe 0.3 G0.7%
Primiquine 4.2 &9.2%
Proguani} 0.3 §0.005
Peeimibamine .4 L2.8%
EXinzepuns 2 93.5%
Indupanide 25 90.6%
Eatdowaine 3 106G 7%
P lol 1 25.5%
Aeidic Drags

Warfarin 2 131538
| Salivylie seid 3041 1623.1%
Phsioytois 21 2. 8%
Mapsoxen 40 1H4.9%
Ketoprolen 3 1. 7%
Ehciofimms 2 RD.9%
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b) Is the drug a substrate of CYP enzymes? Is metabolism influenced by genetics?

Quinine is metabolized mainly by CYP3A4 and to a minor extent by CYP2C19 (Zhao et al., 1996).
It is not known whether quinine metabolism is influenced by genetics but clinically significant
inter-ethnic differences in quinine pharmacokinetics are not evident from literature data
(Caucasians versus Thais versus Africans). Furthermore, the elimination half-life and the oral
clearance of quinine after a single dose of quinine sulfate (600mg) were not significantly different
between PMs and EMs of debrisoquine, suggesting that the oxidative biotransformation of
quinine is not carried out largely by CYP2D6 (Wanwimolruk and Chalcroft, 1991). On the other
hand, quinidine, the diastereomer of quinine is a potent selective inhibitor of debrisoquine
metabolism in subjects with a PM genotype (Ayesh et al., 1991).

c) s the drug an inhibitor and/or an inducer of CYP enzymes?

A search of the University of Washington Drug Interaction Database reveals literature reports of
in vitro inhibition of CYP1A, CYP2A6, CYP2C8, CYP2C9, CYP2D6, and CYP3A4 by quinine
(Table 32). Based on the [1J/Ki approach, the inhibitory potential of quinine against these CYP450
enzymes is possible to likely.

TABLE 32
Enzymes Inhibited by Quinine In Vitro
Enzyme Object Object Metabolite System Inhibition Results
Etoposide 3-desmethyletoposide Microsomes HL  |1Cs: 90 uM
CYP3A4 . e e g
Midazolam 1-hydroxymidazolam Microsomes HL  |[ICsq: 250 uM
. . Microsomes .
CYP2A6 Coumarin 7-hydroxycoumarin (recombinant) ICsp: 160 uM
CYP2C9 » Naproxen O-desmethylnaproxen ?féirg:]%?:;it) ICs0: 96 UM
Naproxen O-desmethylnaproxen Microsomes HL  |ICsp: 481 uM
. tolyl Microsomes Percent
CYP2CS8 Torsemide methylhydroxytorsemide |(recom binant) Inhibition: 80 %
Torsemide tolyl Microsomes Percent

methylhydroxytorsemide | (recombinant) Inhibition: 90 %

3-(2-(N,N-diethyl-N-  |3-(2-(N,N-diethyl-N-
CYP2D6 methylamino)-ethyl)-7-  { methylamino)-ethyl)-7-

Microsomes HL  [1Cs0: 4 + 1 uM

methoxy-4- hydroxy-4-

methylcoumarin methylcoumarin

bufuralol 1-hydroxybufuralol Microsomes HL  |ICso: 15 £ 3 uM
?';Tﬂit)hoxyamp hetamine 4-hydroxyamphetamine | Microsomes HL |ICso: 30 uM
bufuralol 1-hydroxybufuralol Microsomes HL.  |ICso: 30 + 3.7 uM
dextromethorphan dextrorphan Microsomes 1Cs0: 20.0 uM

(recombinant)

Ki: 3.63 + 0.54

dihydrocodeine dihydromorphine Microsomes HL uM

 |4-hydroxydebrisoquine

bufuralol 1-hydroxybufuralol Microsomes HL | Ki: 15.51 uM
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(pooled)
dextromethorphan dextrorphan x;%?;%?:lzit) ;Ii\oli;:;r;dzmz
paroxetine formate Microsomes HL | ICso: 500 uM
dextromethorphan dextrorphan ?:I;?;%miit) ICsp: 4 UM
dextromethorphan dextrorphan ?:I(ie?:g)nsq%ﬁzit) ICsp: 8 UM
metoprolol O-desmethyimetoprolol ?f;%?;%ﬁzit) I1Cs0: 4 uM

CYP1A

ICs0: 444 + 62
uM

Percent
Inhibition: 63%

riluzole N-hydroxyriluzole Microsomes HL

Microsomes HL

riluzole N-hydroxyriluzole

Not Avallable

d) Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes?

Although its diastereomer, quinidine is possibly a substrate of P-glycoprotein (Kaukonen et al.,
1997), there are currently no literature reports suggesting that quinine is also a substrate of this
efflux transporter.

e) Are there other metabolic/transporter paihways that may be important?

Quinine is used in in vitro studies as an inhibitor of organic cation transporters (OCT); the ICx is
about 5 pM as quinine base.

f) Does the label specify co-administration of another drug (e.g., combination therapy in
oncology) and, if so, has the interaction potential between these drugs been evaluated?

Based on the guidelines of the Centers for Disease Control (CDQ), the treatment of
uncomplicated malaria with oral quinine sulfate should be used in combination with one of three
other antimicrobials, namely doxycycline, tetracycline, and clindamycin for 3 to 7 days.
Combination therapy has been demonstrated to result in improved cure rates as compared with
quinine monotherapy.

In a study conducted to determine the mechanism of drug interaction, it was shown in P.
falciparum patients who received the full course of drug therapy that quinine ptasma
concentrations were consistently and about 2-fold higher when quinine was given with
tetracycline than with quinine alone. The increase in quinine concentrations was explained to be
possibly due to tetracycline’s impairment of quinine hepatic metabolism (Karbwang et al., 1991).
Although in vitro studies have shown that in addition to tetracycline, doxycyline is a potent
inhibitor of quinine conversion to 3-hydroxyquinine (Zhao and Ishizaki, 1997), in vivo studies have
failed to show that intravenous doxycycline increases plasma quinine concentrations.

g) What other co-medications are likely to be administered to the target patient population?

Other antimalarials, antibiotics (e.g., tetracycline, doxycycline, clindamycin), antifungals,
analgesics/antipyretics, anti-emetics, anti-arrhythmics (e.g., digoxin)
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h) Are there any in vivo drug-drug interaction studies that indicate the exposure alone and/or
exposure-response relationships are different when drugs are co-administered?

TABLE 33
In Vivo Drug Interactions Resulting in Alteration in Quinine Pharmacokinetics
QUININE DOSE,
OVERALL | INTERVAL AND PRECIPITANT | PRECIPITANT DOSE | PERGENT
ROUTE AND INTERVAL CHANGE REFERENCE
AUC/CL
. . AUC:75.4 Pukrittayakamee
;0 mg/lfg (7 rifampin 15 mg/kg/day (7 days) |(Decrease) et al.,2003
' ays) t.i.d.
In Vivo
Induction > {464 g AUC: 833  |Wanwimolruk et
20% Effect | ingle dose (Decrease) al., 1995
alone or after rifampin 600 mg/day (2 weeks) |CL: 521.4
rifampin (Increase)
treatment
100 mg (3.5 days) AUC: 44.7 Mirghani et al.,
500 inal at 12 and 1 hours (Increase) 1999
dos;ngrsa:rg e ketoconazole |before quinine intake, |CL:31.2
and every 12 h after, |(Decrease)
In Vivo upto72h
Inhibition > -
20% Effect 500 mg (2 days) first |AUC: 87.3 Wanwimolruk et
dose given 2 hours (increase) al., 2002
600mg single . |before quinine CL:459
dose troleandomycin administration, then tid |(Decrease)
until the end of 48 hour
period
TABLE 34
In Vivo Drug Interactions Resulting in Alteration in Drug Pharmacokinetics/Pharmacodynamics By Quinine
OVERALL OBJECT QUININE DOSE, | PERCENT
EFFECT OBJECT DOSE AND | INTERVAL AND | CHANGE COMMENTS/REFERENCE
INTERVAL ROUTE AUC/CL
In Vivo 0 sai Nt gase rep(>$gt F?)f 'I;torsade d(le
i mg daily . o ointes after a single
'z%rlflg?fg:t for the past ggg{:g single Determined | dose of quinine while
10 months taking Hismanal® (Martin
et al., 1997) '
Case report of TdP after
astemizole the dose of quinine Tx;
' astemizole levels on the
10 mg/day dose for Tx of day after last quinine dose
for 1 month | Nocturnal leg was 0.73 ng/mL (equivalent
cramps, 3 days ’ 9 quiv
to the reported Cmax in
healthy volunteers who
received the same dose).
desipramine | Single oral 750 mg In rapid hydroxylators,
doses of quinine/day for 2 quinine decreased the
25mg DMI days excretion of 2-
pretreatment hydroxydesipramine by

54% compared to control.
In slow hydroxylators, no
significant changes in
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excretion pattern was
observed (Steiner et al.,
1988)
1mg single 200mg v (9 CL: 25.5 Wandell et al., 1980
digoxin dose as an days) (Decrease)
infusion over | tid, 4 days before
10 min, and after the
alone or with | second digoxin
quinine administration
0.5t00.75 750mg/day 35% Hedman et al., 1990
mg/day, decrease in
alone or with steady state
quinine biliary
excretion;
no effect on
CLrenal of
digoxin

A. Based on the literature, the following drugs may produce significant interactions with quinine:
1. Drugs that alter quinine pharmacokinetics

Antacids
Both magnesium hydroxide and aluminum hydroxide decreased gastrointestinal absorption of

quinine in rats, the former by raising the pH sufficiently to cause quinine precipitation and the
latter primarily by retarding gastric emptying (Hurwitz, 1971 ). Antacids containing aluminum
decrease or delay the absorption of quinine (Prod Info, Quinamm®, 1994).

Cimetidine (CYP3A4 inhibitor)
In healthy volunteers who were given a single oral 600mg dose of quinine sulfate after

pretreatment with cimetidine (200mg three times daily and 400mg at bedtime for 7 days) or
ranitidine (150mg twice daily for 7 days), the apparent oral clearance of quinine decreased and
the mean elimination half-life increased significantly when given with cimetidine but not with
ranitidine. Compared to untreated controls, the mean AUC of quinine increased by 20% with
ranitidine and by 42% with cimetidine (p<0.05) without a significant change in Cmax. Table 35
provides the statistical comparison of the quinine PK parameters with and without cimetidine or

ranitidine (Wanwimolruk et al., 1986)
TABLE 35

Mean + SD Quinine Pharmacokinetic Parameter Values after 7-Day Pretreatment
with Cimetidine and with Ranitidine versus Untreated Controls

T Cuiilne Values _—
Farsuneter (unit) Contrul After Cimetidine | After Runitiline | 2 074
Come (L) 33200 £+ 1.0 45 %14 E
T 15207 16404 16508 NS
Ty T6& 13 13537 REs 2.5 = G003
AU (g b} 5395 167 Te8 %3230 6192383 P<005
CLT (Livkg) 5152 2 0.063 DI 0055 | 01684000 | P<iiG

BiS=t 0 statstical difference, Newsan-K ouls test
*Cornparison with sontesd valae is siatistically sigeifisantly Jifferens, Newman-Keuls test

Clindamyecin (CYP3A4 substrate, weak to moderate CYP3A4 inhibitor)
The addition of clindamycin to standard quinine treatment substantially improved and shortened

the chemotherapy of African children with severe malaria (Kremsner et al., 1995), as well as in
studies involving adult and pediatric patients with uncomplicated P. falciparum malaria (Kremsner
et al., 1994, 1988). In a clinical trial, the addition of clindamycin {5 mg/kg q12h x 3 days) resuited
in an improved cure rate (92% versus 38%) and a lower recrudescence rate (on day 21, 8%
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versus 39%) over a shortened treatment period (Metzger et al., 1995). In addition, there
appeared to be no significant difference in adverse event profiles between the quinine
monotherapy and the quinine + clindamycin therapy group after 3 doses of quinine; ali reported
side effects were mild and self-limiting (disappeared after 1 to 2 days).

Clindamycin was shown to inhibit CYP3A4 activity in vitro by 26% at a test concentration of 100
uM whereas after a single oral 600mg dose of clindamycin, the plasma Cmax achieved is about 7
uM (Wynalda et al., 2003). There is currently no literature evidence to support the possibility that
clindamycin increases quinine plasma concentrations in vivo or that any such pharmacokinetic
alterations are clinically relevant with regard to increased quinine toxicity.

Ketoconazole (potent CYP3A4 inhibitor)

In a crossover study, 9 healthy Caucasian subjects who received a single oral dose of quinine
hydrochloride (500 mg), on three different occasions: (A) alone, (B) concomitantly with

- ketoconazole (100 mg twice daily for 3 days) and (C) concomitantly with fluvoxamine (25 mg
twice daily for 2 days). Co-administration with ketoconazole (CYP3A4 inhibitor) significantly
increased quinine AUC by 45%, decreased the mean apparent oral clearance of quinine
significantly by 31% (from 8.7 to 6.0 L/h), whereas coadministration with fluvoxamine (which
inhibits CYP1A2 and to some extent CYP2C19) had no significant effect on the mean apparent
oral clearance of quinine. Coadministration with ketoconazole also decreased the mean area
under the plasma concentration versus time curve (AUC) of 3-hydroxyquinine significantly by
31% whereas coadministration with fluvoxamine increased 3-hydroxyquinine AUC significantly by
11% (Mirghani et al., 1999).

Rifampin (potent CYP3A4 inducer)
In healthy volunteers (N=9) who received a single oral 600mg dose of quinine sulfate after 2
weeks of pretreatment with rifampin 600mg/day, there was a 83% decrease in mean quinine
AUC, a 52% decrease in mean Cmax and a 78% decrease in the mean fraction of unchanged
quinine excreted into the urine as compared to when given quinine alone. Table 36 compares the
pharmacokinetic parameters of quinine with and without rifampin pretreatment (Wanwimolruk et
al., 1995).
TABLE 36
Mean + 8.D. Pharmacokinetic Parameter Values of Quinine With and Without Rifampin Pretreatment

L . ) Rifamspin 25% Clof Difference
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o 13 33 -
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v it 56 % 20 [FEYT 335
ACy Inghinly {32 - 105 {319 69 ~ 41}
AT Unbonind 94%3.5 16&08 82
(g luftuib.) 3.8 - 16.9) ©6-32 107 - 5.
T 1114340 55530 36
ez {66~ 16.3) (2.1 ~ 18 (R - 26
o 0145005 BET 035 6873
CUF (LAgly {0.08 -0.25) (062 ~ 161 045 - .08
Ti8% 12 1BE#27 EyN
By s
% Ulnbound (126~ 15.3) {10 - 17.5) (B1-10
ot TO0 #1045 6T EAH 35
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TP <003
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In patients with uncomplicated P. falciparum malaria who received quinine sulfate 10 mg/kg
concomitantly with rifampin 15 mg/kg/day for 7 days (N=29), the median AUC of quinine between
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Days 3 and 7 of therapy was 75% lower as compared to those who received quinine
monotherapy. Patients treated with both quinine and rifampin had significantly higher
concentrations of 3-hydroxyquinine in the first two treatment days as compared to those in the
group who received quinine alone. Additionally, although the mean parasite clearance time was
shorter in the rifampin + quinine treated patients, the mean recrudescence rate was 5-foid higher
during combination therapy than that during quinine monotherapy (Pukrittayakameee et al.,
2003). Co-administration of rifampin and quinine should be avoided.

Tetracyclines (tetracycline, doxycycline)

The combination of quinine with tetracycline or doxycycline has resulted in an improvement of
cure rates (>90%) in the treatment of P. falciparum malaria (Metzger et al., 1995; Bunnag and
Harinasuta, 1986; Colwell and Hickman, 1973).

In vitro drug interaction studies have demonstrated the ability of tetracycline and doxycycline to
inhibit the metabolism of quinine in human liver microsomes (Zhao and Ishizaki, 1999, 1997a,
1997b). Doxycycline showed relatively potent inhibition of quinine 3-hydroxylation with a mean
ICso value of 17 microM, followed by tetracycline, with mean 1Cs, values of 29 microM.
Tetracycline (500mg p.o. g12h x 7 days) was shown to increase the AUCO-t and Cmax of
halofantrine (a CYP3A4 substrate) by 99% and 150%, respectively (Basi et al., 2004)

In 8 patients with acute uncomplicated malaria who were treated with oral quinine sulfate (600mg
g8 hours for 7 days) in combination with oral tetracycline (250mg q6 hours for 7 days), the
plasma quinine concentrations were about 2-fold higher than in 8 patients who received quinine
monotherapy (Figure 14; Karbwang et al, 1999). The trough plasma quinine concentrations were
above the MIC (10 mcg/mL) throughout the 7-day treatment period in the combination therapy
group but not in those in the quinine monotherapy group. Recrudescence rates were higher in the
monotherapy group than in the combination therapy group (25% versus 0%). This paper did not
report about the adverse event profile of the combination therapy although in a iater study, the
same group showed that a 5-day regimen of the oral quinine + tetracycline combination produced
a slightly higher but comparable cure rate (100% versus 91 %) and a significantly higher incidence
of adverse effects (e.g., tinnitus, vomiting) as compared to artesunate (Karbwang et al., 1994).

Figure 14
Mean Plasma Quinine Concentrations* in Patients with P. falciparum Malaria Following 7-day therapy with
Quinine sulfate 600mg g8h alone or with Tetracycline 250mg q6h
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*concentrations were measured on Days 2, 5, and 7 of therapy at pre-dose and at 2
hours post-dose
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In a case report, it was suspected that oral doxycydline (100mg g12h or 250mg g6h based on the
figure) resulted in substantially higher than expected plasma quinine concentrations in a male P.
falciparum malaria patient who received quinine hydrochloride 600mg intravenously g8 hours. On.
the second day of combination therapy with IV quinine and oral doxycycline, due to severe
nausea and tinnitus, the dose of quinine in this patient was reduced to 300mg g6h (Karbwang et
al., 1994). However, in the given scenario, it would be difficult to conclude that the high quinine
concentration measured on Day 4 of therapy was due to a drug interaction with doxycycline
given that a third antimalarial (mefloquine 500mg intitialty followed by 250mg q24h) was
introduced on Day 2 in order to offset the 50% reduction in quinine hydrochloride dosage.
Furthermore, this conclusion was not corroborated by a later drug interaction study with
intravenous doses of quinine and doxycycline. No pharmacokinetic interaction was seen in
patients with acute P. falciparum malaria during a 3-day regimen of IV quinine dihydrochloride
(20mg/kg infused over 4 hours, followed by 15 mg/kg over 20h, then by 25 mg/kg/day for the next
2 days) alone in n = 13 patients or in combination with IV doxycycline {200mg over 1 minute
g24h) in the same number of patients (Figure 15; Couet et al., 1991). In a clinical trial that
compared the efficacy and safety of quinine monotherapy (12 mg/kg p.o. x 3 doses) to quinine-
doxycycline combination therapy (quinine plus oral doxycycline 2 mg/kg q12h x 6 doses), the
addition of doxycycline resulted in improved cure rate (91% versus 38%) and lower
recrudescence rate (on day 21, 9% versus 39%) over a shortened treatment period (Metzger et
al., 1995).

FIGURE 15
Mean (SD) Piasma Concentrations of Quinine in Patients Treated By Quinine Alone [(m))
or By Quinine plus Doxycycline (+)
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Troleandomycin (potent CYP3A4 inhibitor?)
In a crossover study, 10 healthy adult volunteers received either a single oral dose of quinine
sulfate (600 mg) alone, or quinine sulfate (600 mg) plus the CYP3A4 inhibitor troleandomycin
(TAO; 500 mg every 8 h). Compared with control, TAO treatment significantly increased the mean
AUC of quinine by 87%, and decreased the mean time-averaged erythromycin breath test
(ERMBT) result by 77% (95% Cl, 68, 85%), the mean apparent oral clearance of quinine (CL/F)
by 45% (95% Cl, 39, 52%), and the mean apparent formation clearance of 3-hydroxyquinine
(CL3-OH) by 81% (95% Cl, 76, 87%).

Urinary alkalinizers (acetazolamide, sodium bicarbonate)

{No literature provided) ‘

Acetazolamide may increase plasma levels of quinine because of increased urine alkalinity (Prod
Info Quinamm®, 1994). The half-life and duration of quinine may be increased by sodium
bicarbonate due to urinary alkalinization (Olin, 1990).
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2. Drugs affected by quinine

Amantadine

In healthy subjects (27 to 72 years old) who received a single oral 3mg/kg dose of amantadine
hydrochloride with or without a single dose of 200mg quinine sulfate, quinine appeared to
decrease the renal clearance of amantadine by about 30%, moreso in males than in females
(Gaudry et al., 1993). Like quinine, amantadine is an organic cation at physiologic pH; quinine
might have competed with amantadine for transporters involved in renal tubular secretion.

Astemizole :

There were two case reports of torsade de pointes (TdP) when quinine sulfate at doses typical for
the treatment of nocturnal leg cramps were taken by subjects who were receiving astemizole
10mg/day chronically along with other drugs. In one of these cases, astemizole concentrations
were measured. On the day after the third (last) quinine dose, the plasma astemizole
concentration was approximately equivalent to the Cmax after a single astemizole dose,
suggesting that quinine boosted astemizole systemic concentrations. Quinine (at doses of
450mg and larger) increases plasma astemizole concentrations (March 25, 1996 Dear Healthcare
Professional Letter, Janssen).

Similar cases of TdP were reported for combined use of astemizole (a CYP3A4 substrate) and
other CYP3A4 inhibitors namely ketoconazole (Tsai et al, 1997) and erythromycin (Hsieh et al.,
1996). A drug interaction study involving another CYP3A4 inhibitor (itraconazole) demonstrated
that itraconazole could lead to a 82% increase in astemizole AUC within 24-hours from
administration of the astemizole dose (Lefebvre et al., 1997).

Carbamazepine

A single 600mg oral dose of quinine sulfate was shown to increase plasma Cmax, and AUC..4

of single doses of carbamazepine (200mg p.o.) and phenobarbitone (120mg p.o.) but not
phenytoin (200mg p.o.) in eight healthy subjects (Amabeoku et al., 1993). The mean increases in
AUC of carbamazepine, phenobarbital, and phenytoin were 104%, 81% and 4%, respectively; the
mean Cmax increases were 56%, 53%, and 4%, respectively. Mean urinary recoveries of the
three anticonvulsants over 24 hours were also profoundly increased by quinine. The
pharmacokinetic parameters of the anticonvulsants are summarized in Table 37. Possible
mechanisms of drug interaction are inhibition of metabolism and/or inhibition of renal tubular
secretion of the affected anticonvulsants by quinine.

TABLE 37
Mean + SEM Pharmacokinetic Parameter Values of Carbamazepine, Phenobarbitone, and Phenytoin
With or Without a Single Dose of Quinine Sulfate 600mg

— Plasms Cumcentratbong N=5
Means + SEM
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Couex (gl AbCoy Rmﬂ‘:&i’
. {piphimly W k;ﬁ}
Crrhamazepine I A5 & 132 0.2 & 4.6 {114 .62
Carhasnaseping + quinine 34340187 BIESE & 5247 D23 2901E
Pheaokarbitoe AT IR MDY & £.71 D30:50.03
Phewoberbitorss + quisine FEAREDTR 36872 & 1157 ¥ 0,01
Phiearyoin T4 1.12 ZREAT £ 1048 QLB EN3
Pheavteia + quinine T % 147 21083 £ 16,17 035 £ 0018
P03, Sadent’s { test

Desipramine, Debrisoquine, Dextromethorphan, Flecainide and other CYP2D6 substrates

In human liver microsomes, quinine 100 uM inhibited the activity of debrisoquine 4-hydrolase
(CYP2D6) by >95% (Kobayashi et al., 1989), suggesting a possible interaction between quinine
and CYP2D6 substrates in vivo.
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After treatment with 750mg quinine/day for 2 days, excretion of 2-hydroxydesipramine in rapid
CYP2D6 metabolizers was 54% lower as compared to control, whereas there was no effect on
CYP2D6 poor metabolizers (Steiner et al., 1987). It appears that the CYP2D6-inhibitory activity of
quinine is dose dependent because lower quinine doses did not produce clinically significant
alterations in the metabolism of CYP2D6 substrates. Quinine (200 to 400mg) did not alter the
metabolic ratios of debrisoquine (CYP2C19 probe) in six subjects (Ayesh et al., 1991) and 300mg
quinine sulfate did not alter the renal excretion of methoxyphenamine (60. 3mg) and its
metabolites in either rapid or poor metabolizers (Muralidharan et al., 1991). Likewise, quinine
(80mg) in the form of tonic water was not shown to alter the metabolic ratios of dextromethorphan

(30mgy) in 11 healthy subjects (Donovan et al., 2003).

Quinine was shown to interfere with the metabolism of flecainide (a CYP2D6 substrate) in
humans, resulting in a prolonged PR interval when the two drugs were given together (Munafo et
al, 1990). Quinine administration did not change the apparent Vd or the renal clearance of
flecainide, but it significantly reduced its systemic clearance by 16% (9.1 vs 7.6 ml.kg-1.min-1),
thus increasing the elimination half-life (9.6 vs 11.5 h). The total clearance of the dealkylated
metabolite and the dealkylated lactam metabolite decreased without a significant change in renal

clearance of these metabolites.

Except for desipramine, fleicanide, and debrisoquine, formal in vivo drug interaction studies have
not been conducted between quinine and the following drugs that are known CYP2D6 substrates.
Of the drugs listed in Table 38 below, quinine was shown to inhibit the in vitro metabolism of
debnsoqume dextromethorphan metoprolol, and paroxetine. Thus, the potential for drug
interaction in vivo between these drugs and quinine cannot be excluded presently.

TABLE 38
Substrates of Cytochrome P450 CYP2D6

D Chass ] Dirugs
Satidepressants Amirigiyline, clomipramine, inipearine, desiprainine, aediripiyling, razodone,
fucesedine, parcnetine, fluvessmine, eitsbpram, venlatindon, misnserin, mistazapine

Antipgychotics Thdoridaeine, perphemasing kaloperidol, rispeddone, dlorapine, elumpine, sertindolke

Dpstaites Coduione, Sextromebophog, ranadol
Hets-blockers | Metogwolal, Sinsdaol, sindolal
Antisrdhythinrics Brneaingde, flocainide, propafonone
hdissellnneous Diebrisoquine, sparteine, pleadomin

Source: Sping o gl 2003 Table 1

Digoxin

In 4 healthy subjects, there was a 33% increase in steady state AUC of digoxin and a 35%
reduction in the steady-state biliary clearance of digoxin (0.5 to 0.75 mg/day) during treatment
with quinine (750mg/day) as compared to when digoxin was given alone. Quinine did not alter the
steady-state renal clearance of digoxin (Hedman et al., 1990). In a similar study involving 7
healthy subjects, a lower dose of quinine (250mg/day) was shown to increase mean steady-state
plasma digoxin concentration by only 25%, also without affecting its renal clearance (Table 39;
Pedersen et al., 1985). Another study involving 6 subjects found similar results and concluded
that quinine reduced the biliary excretion of digoxin (1mg IV) because there were no observed
changes in the renal clearance and the Vd of digoxin despite a 25% decrease in the total
clearance of digoxin (Wandell et al., 1980). Thus, if quinine is to be given to patients on digoxin,
there should be close monitoring of plasma digoxin and reductions in digoxin dose as needed.
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TABLE 39
Mean Steady-State (+ S.D.) Pharmacokinetic Variables of Digoxin in Healthy Subjects
: with or without Quinine 250mg/day Or 750mg/day
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Halofantrine (CYP3A4 substrate)

Halofantrine, an antimalarial drug that prolongs QT interval is metabolized mainly into N-debutyi-
halofantrine by CYP3A4. Severe cardiotoxicity has been reported to be correlated with high
plasma concentrations of halofantrine but not with its metabolite N-debutythalofantrine.

In a system of human liver microsomes, quinine at 10pM, 100uM and 500puM inhibited the
metabolism of halofantrine (50uM) to N-debutylhalofantrine by 18%, 52%, and 100%,
respectively. It was predicted that at peak quinine concentrations from a 25mg/ka/dav oral dose
of quinine, the percent inhibition of halofantrine metabolism will be about 49%.  ~————.

Mefloquine (CYP3A4 substrate?)

The metabolism of mefloquine is likely mediated mainly by CYP3A4 because chronic 600mg oral
rifampin administration was shown to reduce the AUC of single oral 500mg mefloquine by 68%,
the Cmax by 19%, and the half-life by 63% while increasing the AUC,... and the Cmax of the
carboxylic acid metabolite by 30% and 47%, respectively. In vitro, quinine was shown to inhibit
the formation of carboxymefloquine with ICsy and Ki of 122 and 28.5 microM, respectively; since
the Cmax were very close to the Ki value, there is likely to be inhibition of mefloquine metabolism
in patients receiving both drugs (Bangchang et al., 1992).

When quinine dihydrochloride (20mg/kg followed by 10mg/kg q8h infusion) was discontinued on
Day 7 of concomitant therapy with mefloquine hydrochloride (250 ~ 500mg q 1h for up to total
dose of 1000mg) in 19 patients with cerebral malaria, a marked rise in mefloquine plasma
concentrations was observed (Figure 16, Chanthavanich, 1985). A later study conducted by the
same group (Na-Bangchang et al., 1999) in 7 healthy volunteers who received a single oral
600mg dose of quinine sulfate or mefloquine 750mg alone or 24 hours before the quinine dose
showed that when these two drugs were dosed 24 hours apart, the AUC of mefloquine increased
by 22% as compared to when given alone (Table 40). Furthermore, the QTc interval was
significantly prolonged in these subjects following the combination regimen (8% versus 4.5% of
baseline). Overall, the findings of published studies indicate that quinine has the potential to alter
mefloquine pharmacokinetics, as well as enhance its QTc prolonging effect even if the
administration of quinine and mefloquine is separated by 24 hours. Furthermore, concomitant
administration with mefloquine and quinine may also produce electrocardioaraphic abnormalities
and may increase the risk of convulsions (Prod Info, Lariam®, 2002} -
—— T Although some references and foreign
labeling recommend spacing the mefloquine and quinine sulfate doses by 12 hours, no data had

been submitted with the NDA that would allow the reviewer to verify or justify such dosing
strategy for the two drugs.
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FIGURE 16
Mean * SE plasma mefloquine concentrations over a 9-day period in 19 patients with cerebral malaria
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. TABLE 40
Mean (Range) Pharmacokinetic Parameters of Quinine and Mefloquine after Oral
Administration Alone and in Combination in 7 Healthy Adults
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‘Neuromuscular Blocking agents (pancuronium, succinylcholine, tubocurarine)
(No literature provided.)

Quinine has neuromuscular blocking activity (Bateman and Dyson, 1986). Concomitant use with
neuromuscular blocking agents should be avoided. In a case report, a patient had pancuronium
(6mg) during an operative procedure. Three hours post-operatively, the administration of quinine
(1800mg daily) resulted in further neuromuscular blockade (Sher and Mathews, 1983). Likewise,
quinine may enhance the neuromuscular blocking effects of succinylcholine (Product info,
Anectine®, 1999), and tubocurarine (Prod info, Tubocurarine chloride, 1988).

Phenobarbitone (Phenobarbital)
See Carbamazepine.

Warfarin and Oral anticoagulants
In vitro, quinine was shown to inhibit the metabolism of coumarin to 7-hydroxycoumarin (by
CYP2AB) with an ICs of 160 uM suggesting potential for weak inhibitory activity at high quinine
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doses; quinidine produced a less potent inhibitory activity with 1Csy of 1.12 mM (Hirano and
Mizutani, 2003).

By contrast, quinine and quinidine (50 uM) were shown to increase the CYP3A4-mediated
metabolism of warfarin to 4’hydroxyl S-warfarin and 10-hydroxyl-R-warfarin by 130% to 400% in
human liver microsomal systems and CYP3A4 recombinant systems (Ngui et al., 2001). Since
cinchona alkaloids including quinine and warfarin are believed to depress the hepatic enzymes
responsible for the synthesis of clotting factors, and there have been various case reports -
suggesting that quinine and quinidine potentiates the hypoprothrombinemic effect of warfarin, it

remains a conundrum why quinidine had been reported to reduce (not increase) the anticoagulant
effect of warfarin (Koch-Weser, 1968; Sylven and Anderson, 1983).

Thus, quinine may increase or decrease the effects of warfarin and oral anticoagulants. In
patients receiving oral anticoagulant therapy with warfarin, the prothrombin time ratio or INR
(international normalized ratio) should be closely monitored with the addition and withdrawal of
treatment with quinine, and should be reassessed periodically during concurrent therapy.

Adjustments of the warfarin dose may be necessary in order to maintain the desired level of
anticoagulation.

B. Based on the literature, the following drugs and food products were not shown to significantly
alter the pharmacokinetics of quinine:

Cholestyramine

In eight healthy Thai male volunteers who received quinine sulfate 600mg with or without 8 grams

of cholestyramine resin, no significant difference in quinine pharmacokinetic parameters were
seen (Table 41, Ridtitid et al., 1998).

TABLE 41
Mean * SD Pharmacokinetic Parameter Values of Quinine in 8 Healthy Male
Volunteers Following a Single 600 mg dose of Quinine Sulfate with and without Cholestyramine
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Oral Contraceptives (Estrogen, Progestin)

The pharmacokinetics of quinine were not significantly different in healthy females using single-
ingredient progestin or combination estrogen-containing oral contraceptives (n = 7) and who took
a single oral 600mg dose of quinine sulfate, as compared to age-matched female cohorts (n = 7)
who were given a single quinine sulfate 600mg dose (Table 42; Wanwimolruk et al., 1991b).

The effect of quinine on the pharmacokinetics of these oral contraceptives has not been reported.
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Quinine Pharmacokinetic Parameter Values Following a Single 600-mg Dose in
Women Who Do and Do Not Use Oral Contraceptives

TABLE 42
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Diazepam

The findings of an in vitro protein binding study suggests that diazepam has a low potential to

displace quinine from plasma protein binding (See Table 31 in Section 3.a Drug-Drug
Interactions).

Grapefruit juice

Quinine AUC and Cmax when a single oral 600mg dose of quinine sulfate was given with either

full strength or half-strength grapefruit juice was comparable to that when quinine was given with
orange juice (See Table 27 in Section D.1, Extrinsic Factors, Diet).

Isoniazid

A 1-week pre-treatment with isoniazid 300 mg/day given prior to a single 500 mg dose of quinine
was included as an arm in the three-way crossover trial described earlier (Wanwimolruk et al.,

1995). Isoniazid did not significantly alter the pharmacokinetic parameters of quinine except the
mean quinine half-life (Table 43).

TABLE 43 .
Mean (+ S.D.) Quinine Pharmacokinetic Parameter Values in 9 Healthy Volunteers
after a Single Dose of 600 mg Quinine Sulfate Alone or Following Isoniazid Pretreatment
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Phenytoin
See Carbamazepine.

Ranitidine
See Cimetidine.

i) Is there a known mechanistic basis for pharmacodynamic drug-drug interactions, if any?

Based on the CDC guidelines for the treatment of uncomplicated P. falciparum malaria, quinine
should be co-administered with tetracycline or doxycycline or in the case of pregnant females and
children > 8 years old, quinine should be used in combination with clindamycin in order to reduce
recrudescence rates. These co-administered drugs complement quinine by their antibacterial and
inherent (slow-acting) antimalarial activity as demonstrated in vitro, in addition to their potential
(particularly tetracycyline) to increase plasma quinine concentrations.

The co-administration of quinine with other drugs that also prolong the QT interval (e.qg.,
cisapride, astemizole) should be avoided.

i) Are there any unresolved questions related to metabolism, active metabolites, metabolic drug
interactions or protein binding? :

None.

k) What issues related to dose, dosing regimens or administrationare unresolved, and represent
significant omissions?

None.

E. General Biopharmaceutics

1. Based on BCS principles, in what class is this drug and formulation? What solubility,
permeability and dissolution data support this classification?

The absorption of quinine sulfate is approximately 76% to 88% in healthy subjects (Paintaud et
al., 1993; Salako et al., 1992). The dissolution profiles of the Mutual quinine sulfate 324 mg
capsule in various pH media is shown in Figure 17. Based on this figure, quinine sulfate is highly
soluble in gastric pH ¢ 7 in 30 minutes) but not in water and other media at higher pH
conditions. '

Based on the absorption and dissolution characteristics of quinine sulfate, it can be categorized
as BCS Class |l (poorly soluble, highly permeable) or Class IV (poorly soluble, poorly permeable).

FIGURE 17
Dissolution Profiles of Mutual Pharma’s Quinine Sulfate 324 mg Capsule
(Lot No. NBB 102 0105) in Various Media

Time (Minuies)

51



2. What is the relative bioavailability of the proposed to-be-marketed formulation to the
formulation used in the pivotal clinical trial?

The relative bioavailability of the proposed commercial formulation was determined using GPO-
Thailand 300mg Quinine Sulfate Tablets as a reference product. Based on various published
studies, this reference product was proven effective in the treatment of uncomplicated P.
falciparum malaria.

a) What data support or do not support a waiver of in vivo BE data?

A waiver of in vivo BE is not recommended because quinine sulfate dihydrate cannot be
classified as a Class | drug under the Biopharmaceutics Classification Scheme (BCS).

b) What are the safety or efficacy issues, if any, for BE studies that fail to meet the 90% ClI using
equivalence limits of 80-125%7

Not applicable.

c) If the formulations do not meet the standard criteria for bioequivalence, what clinical
pharmacology and/or clinical safety and efficacy data support the approval of the to-be-
marketed product?

Not applicable.

3. What is the effect of food on the bioavailability (BA) of the drug from the dosage form? What
dosing recommendation should be made, if any, regarding administration of the product in
relation to meals or meal types?

Based on the 90% C.I. findings of the food-effect study conducted by the sponsor, quinine Cmax
and AUC when the sponsor’s quinine 324mg was given with a high-fat meal were comparable to
those when quinine was given under fasted conditions; the statistical comparison of the two
treatments is provided in the Table 44A below. Furthermore, Table 44B provides a comparison of
the AE rates for the two treatments. Thus, although the quinine Cmax was slightly higher when
quinine was given with a high-fat meal, the AE rates for quinine/fed were not substantially
different from quinine/fasted.

Thus, the lack of a food-effect indicates that the quinine sulfate tablets may be given without
regard to meals. However, itis advisable to recommend taking the tablets with food as quinine
has gastrointestinal irritation potential.

TABLE 44A
Statistical Comparison of Geometric Means of Quinine Pharmacokinetic Parameters Following A Single
Doses of Mutual Quinine Sulfate, 325 mg under Fasted versus Fed Conditions

Statistical Analysis Sunymary
 (LN-TRANSFORMED DATA)

*Geometric Mean
Parameter Treatment C (Fed); Treatment A (Fasting): 90% Confidence
Quinine Sulfate Quinine Sulfate Capsules Interval
Capsules USP, 324 mg USP, 324 mg
Cinax 2438.84 2169.43 {104.74,120.66)
AUCga 32942.74 3159014 (99.01, 109.84)
AUCqs 35114.58 3459961 {95.49, 107.86)

* Geemetric mieans based on least squares means of In-transformed values,
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TABLE 44B
Comparison of Adverse Events Rates Following A Single Doses of Mutual Quinine Sulfate,
325 mg under Fasted versus Fed Conditions

TREATMENT Number of Subjects With AE | Number of Reported AEs
Fasted 7 11
Fed 7 14

4. When would a fed BE study be appropriate and was one conducted?

Not applicable.

5. How do the dissolution conditions and specifications assure in vivo performance and quality
of the product?

The proposed analytical method for release of commercial product is summarized below. The
proposed release specification for in vitro dissolution testing of quinine sulfate capsules is: Not
less than 75% (Q) of labeled amount of quinine sulfate dissolved in 45 minutes. Both the
proposed method and the proposed release specification are in accordance with the current USP
recommendations.

Apparatus: USP Apparatus 1 (Basket)
Medium: 0.1 N Hydrochloric Acid (900 mL)
D R S
Speed: 100 rpm increased to 200 rpm after 45 minutes
Temperature: 37 + 0.5 °C
Sampling Times: 15, 30, 45, and 60 minutes
Assay Method: UV/NVisible Spectrophotometer at’® ——

When the biobatch of the sponsor’s quinine sulfate tablets (Lot No. BB 102 0105) was subjected
to this proposed dissolution method — of the labeled amount was dissolved in 15 minutes and
the capsules were completely dissolved ir

6. If different-strength formulations are not bioequivalent based on standard criteria, what
clinical safety and efficacy data support the approval of the various strengths of the to-be-
marketed product? :

Not applicable.
7. Ifthe NDA is for a modified release formulation of an approved immediate product without

supportive safety/efficacy studies, what dosing regimen changes are necessary, if any, in the
presence or absence of PK-PD relationship?

Not applicable.
8. If unapproved products or altered approved products were used as active controls, how is BE

to the approved product demonstrated? What is the basis for using either in vitro or in vivo
data to evaluate BE?

Not applicable.

9. What other significant, unresolved issues related to in vitro dissolution or in vivo BA and BE
need to be addressed?

Not applicable.
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G. Analytical Section

1. How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies?

Total (bound and unbound) quinine was measured in plasma samples using a validated
LC/MS/MS method.

2. Which metabolites have been selected for analysis and why?

None of the known (microbiologically active or inactive) quinine metabolites in human plasma
samples were quantified in the clinical pharmacokinetic studies. The major metabolite of quinine
is 3-hydroxyquinine which possesses 12 to 25% of the antimalarial activity of the parent
compound. ‘ :

3. For all moieties measured, is free, bound or total measured? What is the basis for that
decision, if any, and is it appropriate?

In the two pharmacokinetic studies conducted by the sponsor, the total plasma quinine
concentrations were determined, i.e., no special sample preparation and assay techniques were
used to distinguish the protein-bound from the unbound/free quinine in plasma samples of healthy
volunteers. It was not deemed necessary to measure free {unbound) quinine concentrations in
the plasma samples of the healthy volunteers because the studies were conducted mainly to
obtain comparative quinine pharmacokinetics of various formulations, various doses of the same
formulation, or to determine the effect of food on quinine PK.

4. What bioanalytical methods are used to assess concentrations?

-An LC/MS/MS procedure was developed and validated for the determination of quinine in human
EDTA plasma. Plasma samples containing quinine and the internal standard i were

—

. was injected into a
HPLC system and quantitated using tandem mass spectrophotometer.

a) What is the range of the standard curve? How does it relate to the requirements for clinical
studies? What curve fitting techniques are used?

The standard curve was linear from 25 ng/mL to 5000 ng/mL, with a linear regression correlation
coefficient of >0.990 (mean =0.9981). Based on the range of quinine concentrations obtained in the
two clinical pharmacology studies conducted, this calibration curve was adequate to determine with
certainty the quinine concentrations of blood samples obtained.

b) What are the lower and upper limits of quantification (LLOQ/ ULOQ)?

The lower limit of quantification (LLOQ) for quinine in plasma was 25 ng/mL and upper limit of the
calibration curve was 5000 ng/mL.

c) What is the accuracy, precision and selectivity at these limits?
The accuracy and precision of the assay were determined by spiking blank plasma with quinine
ranging from 25 to 5000 ng/mL. Calibration standards at each spiking level were analyzed from a

total of 12 or 26 analytical runs. The fitted concentrations were interpolated from the standard
curve.
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Accuracy. The accuracy ranged from -7.71% to 4.50%.

Precision. The precision of quinine calibration standards ranged from 2.05% to 5.88%.
Specificity. Aliquots of six lots of blank human plasma were processed individually and screened
forpeaksat. _____ - . for quinine and + ——
— internal standard), respectively. No peaks were found, indicating that there is no interference
from endogenous plasma constituents.

d) What is the sample stability under the conditions used in the study? (long-tem, freeze-thaw,
sample-handling, sample transport, autosampler)

The study samples were stored at the analytical services laboratory within the stability
parameters demonstrated during method validation. These parameters include re-injection or on-
system stability of extracted samples for 43 hours; refrigeration stability of extracted samples for
45.5 hours; bench-top or room-temperature stability of unextracted samples for 29 hours; freeze-
thaw stability from zero through four cycles; long-term stability of unextracted samples at -20°C
for 2.5 months; room temperature stability of stock solution for 19 hours; working standard
solution stability at 2-8°C for 3 months.

e) What is the QC sample plan?
QC samples spiked with quinine at 75, 1500, and 3750 ng/mL levels were analyzéd from a total
of 12 or 26 analytical runs. The precision of quinine QC samples ranged from 3.89% to 6.11% for

all samples. The accuracy ranged from -3.80% to 7.11%. The QC acceptance criterion for
accuracy is <15% error.

APPEARS THIS WAY
ON ORIGINAL
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B. Individual Study Reviews
1. Study RA3-085

Title: A Relative Bioavailability Study of Quinine Sulfate Capsules Under Fasting and Fed
Conditions .

Objectives:

1. To determine the single dose relative bioavailability of the applicant’s Quinine Sulfate
Capsules USP, 324 mg against the reference Quinine Sulfate Tablets (300 mg) manufactured
by The Government Pharmaceutical Organization, Thailand

2. To evaluate the effect of food on the applicant’s product in healthy adult volunteers

Study Design:
This was a randomized, single dose, three-way crossover study under fasting and fed conditions.

Study Population (Enrolled and Completed):

Twenty-seven (27) healthy subjects (12 males, 15 females) entered the study but 26 were
evaluable for PK. One subject was disqualified due to a positive pregnancy screen. Two other
subjects did not complete the study either because they did not return for the last sampling time
point or because of personal reasons. The following table summarizes the demographic
characteristics of the study population that was evaluable for PK and QT.

Subjects who had a QTc interval of >480 msec at the time of screening were excluded.

TABLE 45
Demographic Characteristics of Healthy Subjects in this Study

All Subjects (n=27) Males (n=12) Females (n=15)
Age (years) 242+89 233167 249+ 10.5
Weight (ibs) 156.7 + 30.3 184.8 + 16.5 1324+ 135
Height (in) 66.9+4.0 70.3+25 64.3+2.8

Dosing and Administration:
Volunteers received a single dose of the following three treatments, separated by a 7-day
- washout period.

Treatment A: Quinine sulfate, 324 mg capsules/Mutual Pharmaceuticals (fasted)

Treatment B: Quinine sulfate tablets, 300 mg/Government Pharmaceutical Organization, Thailand
(fasted) .

Treatment C: Quinine sulfate, 324 mg capsules/Mutual Pharmaceuticals (fed)

Pharmacokinetic Sampling and Assay:

Blood samples were collected in EDTA vacutainers at -1, 0.5, 1, 2, 25,3,35,4,5,6,7, 8, 10,
12, 16, 24, 36, and 48 hours post-dose. The blood samples were centrifuged and the plasima was
stored at -20°C until shipment and subsequent analysis by HPLC-MS-MS.

Safety Evaluation:
The patients were monitored for adverse events.

Pharmacokinetic and Statistical Analysis:

- Cmax, AUCy., AUC;,;, Tmax, kel, t'4

- 90% confidence interval about the Geometric Mean of the Log-transformed Cmax, AUC.,
AUC;¢ and the Least Squares Mean of the Non-Transformed Cmax, AUCq.,, AUC;
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RESULTS:

Pharmacokinetics:
FIGURE 18 .
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TABLE 46

Treatment A (Mutual Quinine Sulfate, 325 mg) versus
Treatment B (GPO Quinine Sulfate, 300 mg) Under Fasting Conditions

Statistical Analysis Sumrmary

(LN-TRANSFORMED DATA)
Treatment A Dose Adjusted to 300 mg
*Geometric Mean
Parameter Treatment A (Fasting): Treatment B (Fasting): 90% Confidence
Quinine Sulfute Quinine Sulphate Interval
Capsules USP, 324.mp 300 mg Tablets
Come 2008.74 2195.26 (85.25,9822
AUCs., 29250.17 3021493 (91,91, 101.97)
AUCr 32036.83 32512.15 (92.71, 104.73)
* Geometric menns based on least squares means of In-transformed values,
Statistical Analysis Summary
{(NON-TRANSFORMED DATA)
Treatment A Dose Adjusted to 300 mg
Least Squares Mean
Parameter Treatment A (Fasting): Treatment B (Fasting): 90% Confidence
e Quinine Sulfate Quinipe Sulphate Interval
Capsules USP, 324 mp 300 nig Tablets
Conx 208429 2258.27 (84.21, 100.38)
AUCh, 30284.86 31584.60 (89.57, 102.2)
AUCyys 33487.29 134342.02

(89.42, 105.6)
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TABLE 47
Treatment A (Mutual Quinine Sulfate, 325 mg) Fasted versus
Treatment C (Mutual Quinine Sulfate, 325 mg) Fed

Statistical Analysis Summary
{LN-TRANSFORMED DATA)

*Geometric Mean
Pargmeter '}‘reat'm&'em C (Fed): Treatment & (Fasting): 90% Confidence
Quinine Sulfate Quinine Sulfate Capsules Interval
Capsules USP, 324 me USP, 324 mg
Corex 2438.84 216943 {104.74, 120.663
AlCy., 3204274 31590.14 {99.01, 109.84)
AUCys 35114.58 3459961 (95.49, 107.86)

* Geometric means based on Jeast squares means of In-transformed values,

Statistical Analysis Summary

(NON-TRANSFORMED DATA)
: Least Squares Mean
Parameter Treatment C (Fed): Treatment A (Fasting): 90% Confidence
‘ Quinine Sulfate Quinine Sulfate Capsules Interval

Capsules USP, 324 mg USP, 324 mg
Crnpx 2535.89 2250.71 {104.45, 120.89)
AUCq. , 34643.77 3270579 {99.84, 112.01)
AUCq 37419.45 36164.03 (95.74, 111.21)

Safety:

Vital signs and Clinical Laboratory:

None of the reported changes in vital signs (heart rate, blood pressure) and clinical laboratory
measurements were considered clinically significant. None of these changes were attributed to
the test drug products.

Electrocardiogram:

An electrocardiogram was recorded at baseline and at 2, 4, 6, 12, and 24 hours after each

dose administration. None of the observations were clinically significant (no subject had

a QTc interval >450 msec, and no mean change from baseline was >7.1 msec). The mean values
and change from baseline are shown in the table below.

Adverse Events:

Thirty-two adverse events were reported by 11 subjects over the course of the study. Headache
and vomiting were the most common AEs reported. Twenty-one of these 32 AEs were judged by
the investigator to have been probably/possibly related to the study medication. None of the
adverse events were considered serious. The adverse events are summarized in Table 49 below:
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Concomitant Medications:

Ibuprofen (200 mg to 1800mg daily) was the most commonly used OTC medication by 12
subjects in this study for the treatment of pain, as'needed. The concurrent use of this medication
was not considered to have compromised the outcome of the study..

Conclusions:
1. The applicant’s Quinine sulfate capsule (325 mg) was bicequivalent to the reference Quinine
sulfate tablets (300 mg) manufactured by G.P.O., Thailand.

2. Food (standard high-fat breakfast) did not significantly alter the AUC and Cmax of Quinine
sulfate from the applicant's capsule.

REVIEWER’S COMMENTS:

1. The mean values for quinine Cmax and AUC, as well as Tmax and t4 obtained for the
various treatments in this single-dose PK study are comparable to that reported for oral
quinine in the literature. Figures 17A and 17B compare the individual subject quinine
AUC and Cmax values following GPO-Thailand 300mg tablet and Mutual Quinine sulfate
324mg tablet.

FIGURE 17A
Spaghetti Plot of Quinine AUC o+ values in Individual Patients:
Reference GPO-Thailand 300mg tablet versus Mutual Quinine sulfate 324mg tablet

3

ol

GPO-Thailand/Fasted Mutual/Fasted

*AUC.y values were not dose-normalized.
* Both treatments were given under fasted conditions.
*Red box markers represent the mean AUC values.
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FIGURE 17B
Spaghetti Plot of Quinine Cmax values in Individual Patients:
Reference GPO-Thailand 300mg tablet versus Mutual Quinine sulfate 324mg tablet

U S T 1

GPO-Thailand/Fasted Mutual/Fasted

*Cmax values were not dose-normalized.
* Both treatments were given under fasted conditions.
g
*Red box markers represent the mean Cmax values.

2. Figures 18A and 18B provide the individual subject quinine AUC and Cmax values
following a single dose of Mutual Quinine sulfate 324mg tablet given under fasted versus
under fed conditions.

FIGURE 18A
Spaghetti Plot of Quinine AUC o) values in Individual Patients
after receiving a single dose of Mutual Quinine sulfate 324mg tablet: Fasted versus Fed

Fasted Fed

*AUC .y values were not dose-normalized.
* Both treatments were given under fasted conditions.
*Red box markers represent the mean AUC values.
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FIGURE 18B
Spaghetti Plot of Quinine Cmax values in Individual Patients
after receiving a single dose of Mutual Quinine sulfate 324mg tablet: Fasted versus Fed

5000
4500

4000
3500
E 3000

Fasted Fed

*Cmax values were not dose-normalized.
* Both treatments were given under fasted conditions.
*Red box markers represent the mean Cmax values.

Table 50 provides the mean QT prolongation parameters of the three treatments. Based
on a comparison of the mean maximum change from baseline and the area under the
QTc change curve (AUQTCcC), the QT effects of the three treatments were similar.
Figure 19 shows the time course of Mean QTc change from baseline from the three
treatments. Food prolonged the time to maximum QTc¢ change from baseline but did not
affect the magnitude of the mean max QTc change from baseline. When both Max QTc
change-and AUQTcC are considered, the three treatments appear to be produce
comparable QTc prolongation effect.

TABLE 50
Comparison of the Mean + SD QT Parameters of the Three Treatments
Maximum QTc AUQTcC
TREATMENT N Time to Max change from (change from
QTc change (h) | baseline (msec) baseline)
(msec*h)
GPO-Thai/Fasted | 25 2.0 6.9+ 20.7 -6.8+ 183
Mutual/Fasted 26 2.0 3.9+ 17.0 15.4 £ 196
Mutual/Fed 26 6.0 4.3+ 13.1 30.7+ 137
FIGURE 19

Time course of Mean QTc Change From Baseline from the Three Treatments
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—— Mutual/Fed

mean QTc change from
baseline (msec)

"

Time post-dose (hours)
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5. Figure 20 below provides the frequency distribution histograms of the maximum QTc
change from baseline following the three treatments. Based on a comparison of the
frequency distribution curves, the QT prolongation effect of the three quinine sulfate
treatments appear to be comparable. All the three treatments had a mode corresponding
to maximum QTc change from baseline of <5 msec. Furthermore, regardless of
treatment, more females than males experienced a QTc change of >21 msec. However,
none of the subjects in this crossover study experienced a maximum QTc change of >60
msec nor a QT interval >450 msec while on any of the three treatments.

FIGURE 20
Frequency Histograms for Maximum QTc Change from the Three Treatments

GPO-Thailand 300mg (Fasted) : Mutual 324mg (Fasted)
o

Frequency (n)
Frequency (n)

Mutual 324mg (Fed)

Frequency (n)

<5 5.8 10 - 14 15-20 21-30 31. 50 >80

Maximum QTc change from baseline {msec)

6. In the relative BA Study, Subject #7 : — 3xperienced syncope in period 3 after treatment
with the 300mg GPO reference tablet (fasted). The plasma concentration at the time of
syncope (24h) was —— 1cg/mL which is higher than the mean for the study population at
that time (0.435 mcg/mL). The maximum QTc change from baseline values for this subject
were 13 msec and 16 msec at 2h and 4h post-dose. The Cmax (2.8 mcg/mL), t1/2 (13.6 h),
and the AUCInf (44.3 mcg*h/mL) for this treatment were all higher or longer than the means
for the entire study population (2.3 mcg/mlL., 12.4h, 34.4 mcg*h/mL, respectively). It appears
that the half-life in this patient was shorter in Period 1 (9.2 h) than in the succeeding periods
(>13.6 h). The QTc change from baseline around the quinine Tmax (4h) was also smaller in
Period 1 (-6 msec) than in Period 2 (14 msec) and Period 3 (16 msec). Figure 21 compares
the time course of plasma quinine concentrations from the three treatments in this particular
subject. Figures 22 A to C provide an overlay of the time courses of plasma quinine
concentrations and the QTc change from baseline for this subject following the three
treatments.
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2. Study R04-0376
Title: A Dose Proportionality Study of Quinine Sulfate Capsules Under Fasting Conditions

Objective:

To compare the dose-proportionality of the applicant’s 324 mg Quinine sulfate capsules following
a single oral dose of 1 capsule and 2 capsules in healthy adult volunteers when administered
under fasting conditions

Study Design:
This was a randomized, single-dose, two-way crossover study, under fasting conditions.

Study Population:

Twenty-four (24) healthy subjects (13 males, 11 females) entered the study. All but 1 (Native
American) were Caucasians and were 19 to 61 years old (inclusive; mean = 33 years old). All
were evaluable for PK except one subject (male Caucasian) who left for military duty during
Period Il of the study.

Dosing and Administration:
Following an overnight fast of at least 10 hours, volunteers received a single dose of the following
two treatments, separated by at least a 7-day washout period.

Treatment A: 1 x 325 mg Quinine sulfate capsule, Mutual Pharmaceuticals
Treatment B: 2 x 325 mg Quinine sulfate capsule, Mutual Pharmaceuticals

Pharmacokinetic Sampling and Assay:

Blood samples were collected in EDTA vacutainers at -1, 0.5, 1, 2, 2.5, 3, 3.5, 4, 5,6, 7, 8, 10,
12, 16, 24, 36, and 48 hours post-dose. Blood samples were centrifuged and the plasma was
stored at -20°C until shipment and subsequent assay by HPLC-MS-MS (LOD=50 ng/mL).

Pharmacokinetic and Statistical Analysis:

Safety Evaluation:
Vital signs (BP, HR) and QT intervals were monitored prior to and at designated times following
each dose

RESULTS:

Pharmacokinetics
Figure 23 shows the time course of the mean plasma quinine concentrations following a single
dose of 1 capsule and 2 capsules of 324 mg Quinine sulfate.

Table 50 summarizes the results of the statistical analyses performed on the pharmacokinetic
parameters comparing dose-adjusted Treatment A and Treatment B.

The 90% confidence intervals about the ratio of the dose-adjusted Treatment A geometric mean
to the Treatment B geometric mean are within the 80 — 125% limits for the AUC but not for the
Cmax of the In-transformed data. The results indicate that the doses tested were not dose-
proportionate with respect to Cmax.
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FIGURE 23
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% Rafio 12997 1239 1296
s Conlideses (132,15, 138.25) £106,56, 115.54) £105.69, 120.3)
Quininc s AUCQ)A( AUC;;;]‘
Do Adyusied
Tesatiment A 34702 B4277.02 70886,14
Lieast Brpuares Meon e
;ﬁﬁgﬁ;ﬁ < Meas 324311 56394.65 slatrat
% Rofio 13096 11398 114.67
?&?ﬁfﬁ‘mﬁ"eﬂ“ (12328, 138.6%) (108,03, 119:09) (73T, 1200
Qﬂ’l‘ﬁiﬂﬁ Ty Kefim i
Ereoe Adjusied
Preptrmect A 278 0592 12.96
Lenst Snuacey Moan
i‘:;‘f’:}fw Nean 28 00572 12,50
% Ratio 99,25 10348 99,67
iﬂi’é‘w‘;‘;“ﬁﬁm‘ (B8, 1137 (D467, 112.28) (#5590, T1.66)
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Concomitant Medications:

The table below provides the details of medication use over the course of this study. None of
these medications were considered to have compromised the outcome or the validity of the study

findings.
TABLE 51
Evert Subject Subjzet  Adverse BEvent Madication Average Daily  Btedy
Mo, M it Prose: Dax(s)
0F 1 Menstrua] Ceamgs  Thoprofin 20l mg a2
az 13 Tonstllitis Acetaminoghen L300 my ¥z
i} 17 Tonstiitis. Cephalexin 1000 mg 2 trowgh D&
04 17 Tonzillitiz Hadls Menthe- 4 Dvops 2 throngh OF
Lyptus Diops
Safety:

Laboratory values
In general, the clinical laboratory values were unremarkable over the course of the study.

Electrocardiogram:

The mean QTc values and change from baseline are shown in Table 2. As shown in the table, an
increase in mean QTc value corresponds with the peak quinine plasma concentration, which is
reached in an average of 2.4 to 4.4 hours after oral administration. Additionally, increases are
higher with a single dose of 648 mg as compared to 324 mg, however, there is substantial
overlap. Prolongation of QTc to intervals beyond 450 msec occurred in 7 subjects: 3 subjects
foliowing a dose of 648 mg, 1 subject following a dose of 324 mg, and 3 subjects following both
doses (Table 52). '

TABLE 52
Mean QTc Measurements and Change from Baseline Over 24-hours Following a
Single Oral Dose in Patients in Mutnal-Sponsored Dose Proportionality
Study RU4-0376 :

OTe (misec)
Statistic Baseline |} 2 hr ] 4 hr | & hr ] 12h | 24w
Quinine Sulfate Capsules USP, 1 x 324 myg
MoansiD | 4oasm | 41526 | 414226 | 41221 | 424 | 409224
Change from .
— ] ) ] / 3 .15, ; )
Bﬂseli:al +ST3 104 % 18.8 91174 64£139 52 %153 48+11.9
Quinine Sulfate Capsules USP, 2 x 324 mg
Mean®SD | 4low2s | 422429 | a22=30 | 419525 | 417424 | 41242
Change from ‘ . )
Baseline + 8D - 123 %177 1284148 934+ 148 T5x144 | 38%x144

Source: BCG data for RO4-M376

"' Subject 10 has o baseline value, thus 22 subjects contributed data to the baseline mean and change from

baseline
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Patients with QTc¢ > 450 Msec and Baseline and Within 24 hours Following a Single
Oral Dose in Patients in Mutual-Sponsored Dose Proportionality Study R04-0376

TABLE 53

Subj. | Daose QTc

No. | {mg) | Baseline | 2 Hours | 4 Hours 6 Hours | 12 Hours 24
Hours

3 6 & 454 449 483 442 443 433
7 324 411 - 448 454 422 421 439
11 53] 398 456 438 43¢ 445 431
3 324 442 459 434 443 435 401
648 431 444 460 442 442 437
15 324 437 432 436 ~ 441 421 463
648 439 463 441 453 443 4335
19 643 405 463 IS 442 430 416
20 324 439 445 458 434 441 432
6438 437 458 470 463 458 438

Source: ECG datg for ROJ-037%

Adverse Events:
Thirty (30) adverse events were reported by 13 subjects over the course of the study. None of the

AEs were considered serious. The AEs with incidence >2 were: dizziness, headache, nausea,

and syncope. These adverse events are summarized in the following table.

TABLE 54
Ewent Subject Event Heltioaship Biudy
Mo, Ne Init. o Stisdy Dirsg Diruyr
Ui 17 m Apperite Jost (Losg of agpeting 4 B
o2 w0 Diarrhoea {Diarrhea} 1 B
i3 it Bizziness (Dizzy spellsx 5) 4 B
04 24 Dizziness {Dieny) 1 B
5 13 Dizziness {Light-headnd) 2 k31
06 10 Bysmesiorrhoun (Menstrizal 4 B
sy
a7 1T Generalized pin {Body anhas) 4 B
a8 2 Hzadache 4 B
49 (33 Fendaiche 3 8
it %4 Freadache 2 A
11 19 Headsehe (Shght headache) 3 &
12 21 Jaint injury {Swallen right knoe) 4 A
13 P Myalgin b extremities {right and i A
baft Jeg nasele aches)
14 7 Nausea i B
15 It Nausea i B
16 ¥ Nausen 4 B
17 1% Night sweats 3 A
18 I3 Pain in extremity {Leg pain — 3 B
right}
% pisl Pallor 4 R
24 3 Pallor 4 A
31 |7 Phisyngolosyngenl {Hom thront) 4 B
22 7 Rigess (Chiills) 4 B
23 32 Skin focerstion {Right index 4 B
finger Twserating)
24 4 L_) Stomach discomdbet (Lpget ! B
stomash)
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Event Subjest Event Belatigazhip Sturdy
Mo, No, Init, 1o Beudy Dug Dy
23 20 Bweating ineransed (swaiting) 4 B
26 3 Syucops 4 A
b4 3 Syngaps 4 A
8 24 Tinnits (Ringing fn earg) 1 8
9 i? Tonsillitis 3 #
n 17 Upper respizatory teaed infection 4 A
Lageod; Relationdhip wo Study Drag: 1 = Seoboble; 2 Posdbie; 3 = Remwte; 4 = tinesized

Study Drugs  Treatmunt A = 3 x 324 mg Quindne Sulfete Capsabes [Mlutus) Pharmaccuticnl To., Tee.]
Toequnent 8= 2 % 334 g Qulnbse Salbue Copsubes [Pt Phavascsutiont ©o, Jin}

Clasifientipe: The pencral deraription in proenthesis & 2t the request of the PRACE IRE 1 svndd the aooasicoal ristending
serminolagy of MotlFa

Of the 30 reported AEs, 11 were either probably or possibly related to study medication. None of
these were considered of serious nature.

There were no clinically significant changes in the clinical laboratory parameters over the course
of the study which could be reasonably associated with the test formulations.

REVIEWER’S COMMENTS:

1.

3.

The literature reports that the Tmax and the half-life of quinine sulfate do not change with
increasing doses of quinine sulfate and that the Cmax and AUC increase with the dose.
From 250 mg to 1000 mg quinine (as free base), the Cmax ranges from 1.73 to 6.09 mcg/mL
and the AUC ranges from 28.05 to 110.79 mcg*h/mL.(Babalola et al, 1997). Between the
250mg dose and the 500mg dose, the increase in mean Cmax was about 30% lower than
expected as compared to the Cmax at the lower dose; the increase in the AUC at the 500mg
dose was about 9% lower than expected from that from 250mg.

From the findings of the dose-proportionality study conducted for the sponsor, it appears that
Treatment B (2 x 324 mg of quinine sulfate capsules) produced a quinine Cmax that was

. 24% lower than expected as compared to that produced from the 324mg capsule. However,

the quinine AUC o) following the administration of the higher test dose was only 12.5% lower
than expected. Since the Tmax values and the half-fives of elimination were similar for the
two test doses, the lower than expected systemic exposure at the 648 mg quinine dose could
likely be due to decreased absorption. This decrease in absorption could be related to limited
solubility and/or decreased quinine transport by absorptive organic cation transporters
(OCTs) at the higher dose. Given the aqueous solubility of quinine sulfate, — | is
expected to dissolve in 250 ml water with a concentration of about © — (as free quinine)
even lower amounts of about ~— _ guinine sulfate dissolves in a phosphate buffer of the
same pH as intestinal fluid (pH 6.8; see Figure 15, General Biopharmaceutics Section).
According to the literature, quinine is an inhibitor of the organic cation transporter (OCT) that
is expressed in the intestines and other tissues; the ICs is 5.0 UM as free quinine.

Regardless of relationship to study treatment, the number of reported adverse events were
more than 2-fold greater for 2 capsules of 325 mg quinine sulfate compared to 1 capsule only
(n =21 versus n = 9). For only those AEs which were judged by the investigators to be
probably/possibly related to study treatment, 2 capsules of quinine sulfate produced a 50%
greater AE rate than 1 capsule (n = 7 versus n = 4). A similar trend was observed in regard to
the number of patients complaining of adverse events. These observations are consistent with
the statement in the package insert: “Most toxic reactions [of quinine sulfate] are dose-
related.” The fact that the Cmax increased in a less-than-dose proportional manner at the
higher dose can probably explain why the adverse events were numerically less than 2-fold
compared to that after the lower dose. Table 55 below provides a comparison of the incidence
rates of AEs for the two doses of quinine sulfate investigated.

It was interesting to note that only 7 of the 23 PK-evaluable subjects this study demonstrated a
dose-proportional increase in quinine sulfate Cmax and AUC, namely Subject nos. 7, 13, 15,
19, 20, 21, 22 & 24. Some (5 of 8) of these patients were reported to have experienced AEs
during treatment with the higher test dose.
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TABLE 55

Number of Adverse Events:

Treatment A \ Treatment B

(1 x 325 mg Quinine (2 x 325 mg Quinine
sulfate capsule) sulfate capsule)
Regardless of relationship to study treatment 9 21
Only those judged to be possibly/probably 4 7

related to study treatment

‘Number of Subjects with-Adverse Events .
Regardless of relationship to study treatment 6
Only those judged to have experienced AEs 3
possibly/probably related to study treatment

4. Relationship between QT prolongation effect and quinine concentration/dose. As
shown in Table 52 above and Figure 24 below, there appears to be a direct (temporal)
relationship between QT prolongation effect and quinine concentration. The mean values for
QTc change from baseline appear to be highest at 2 to 4 hours post-dose around the Tmax
of quinine. In the sponsor’s analysis, the maximum QTc change from baseline was 10.4 +
18.8 msec for the 324 mg dose and 12.3 + 14.8 msec for the 648 mg dose. These average
maximum QTc change from baseline values were similar to those calculated by the reviewer
as shown in Table 56 below and represent not more than 3% increase from baseline. The
magnitude of the QT-effect (as mean maximum QTc change from baseline or mean area
under the QT¢ change curve (AUQTcC) was also consistently greater with the 648 mg dose
than the 324 mg dose, but the overlap between the two doses was substantial.

FIGURE 24 _
Time Course of Mean Plasma Quinine Concentration and Mean QTc Change From Baseline
—=—324mg PK e 648mg PK
—B - 324mg QTc change —--&--- 648mg QTc change
g 35 E 2 35 £
2 B30 B s 2B 30 weo
EE25 g £ E 25 &3
8§20 'f':jé 25 20 gk
£%8 15 e = £% 15 ° 2
§510 cs 8% 10 56§
€05 § = 2 o5 §=
Q 0.0+ € 3 0.0 +H———————— b ——— o E
OB N Yp» 2,0 > 90 200 LPP D OB N Uh D0 B 6 014 50O P
Time post-dose (hours) Time post-dose (hours)

TABLE 56
Mean = SD QTc Parameters Following a Single Dose of
324 mg and 648 mg Quinine Sulfate Tablets in Healthy Volunteers
QUININE SULFATE

QT PROLONGATION DOSE
PARAMETER 324 mg 648 mg
(N=23) (N=24)
Maximum QTc change from baseline
(msec) 10.0£ 18.5 12.3£17.7
Area under the QTc change Curve
(msec*h) 146 + 266 167 £ 292

5. Maximum QTc change from baseline and Quinine Sulfate Dose. Figure 25 provides the
maximum QTc change frequency histograms for the Mutual Quinine Sulfate capsule at the
324mg and 648mg doses. A comparison of the frequency distribution curves suggest that in
the 324mg dose, there was an equal proportion of subjects with QTc¢ change of < 15msec
and QTc change of 215 msec; more of the subjects with max QTc >15 msec were females.
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At the 648mg dose, there was a 2-fold greater number of subjects with QTc change of
215msec and QTc change of <15 msec. Between the two test doses, there was an equal
proportion of subjects with a maximum QTc change of >20 msec and >30 msec. None of the
subjects in this crossover study showed a QTc change of >60 msec nor a QT interval of >500
msec.
FIGURE 25
Frequency Histograms for Maximum QTc Change from the 324mg and 648mg doses
of Mutual Quinine Suifate Tablets

Frequency (n)

[
A Females|

Frequency (n)

O = N W A OO~

>60 <5 5-9 10-14 15-20 21-30 31-60 >60

<5 5-9 10-14 15-20 21-30 31-

Maximum QTc change from baseline (msec) Maximum QTc change from baseline (msec)

The QT prolongation effect of quinine sulfate in malaria patients may be of equal or lesser
magnitude than that observed in these healthy subjects because the fraction of unbound or
free quinine in the plasma of healthy subjects is about 2x to 3x higher compared to that in
malaria patients.

Relationship between QT effect and quinine Cmax, AUC and half-life. Figures 26A and
26B are plots of quinine Cmax versus the maximum QTc change from baseline following a
324mg and a 648 mg dose of quinine sulfate in healthy volunteers. Figure 27A and 27B are
plots of quinine AUC;; versus the maximum QTc change following single doses of 324mg
and 648mg tablets, respectively. Figure 28A and 28B are plots of quinine elimination half-life
versus the maximum QTc change from baseline following a 324mg and a 648 mg dose.
Based on these figures, there appears to be a trend of increasing QT prolongation effect as
the quinine exposure (Cmax, AUC) increases, as well as when the elimination half-life of
quinine is prolonged, following single dose administration of a 324mg quinine suifate tablet.
The strongest PK-PD correlation was between maximum QTc change from baseline and
AUC (= 0.2646) and between maximum QTc change and half-life (* = 0.339) at the
324mg dose. These trends were not observed with the higher dose (648mgy); it is not known
whether erratic absorption and limited solubility at higher quinine doses play a role in this
anomaly.

FIGURE 26 A and B
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S
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FIGURE 27 Aand B
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FIGURE 28 Aand B
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8. Table 57 below compares the mean QTc change from baseline data on subjects with QTc
>450 msec at 324 mg versus 648 mg quinine doses as reported by the sponsor; Table 58
compares the average quinine Cmax, Tmax, and AUCg.,4, and elimination half-life values for
this same subset of subjects at the two test doses. The weak correlation between quinine PK
parameters and maximum QTc change from baseline following 324 mg and 648 mg quinine
in this subpopulation are illustrated in Figure 29 below; the correlation coefficients with QT
effect were 0.1012, 0.2602, and 0.2153 for Cmax, AUC;y, and ty, respectively.

TABLE 57

Mean QTc Change from Baseline Over 24 hours Following a Single Oral Quinine Dose
in Dose-Proportionality Study R04-0376: Subjects with QTc >450 msec

Dose (mg) Quinine Sulfate Capsules Quinine Sulfate Capsules
(324 mg) (2 x 324 mg)
n=4 n==6
Time post-dose (hours)
2.0 23.8+284 28.2+252
4.0 23.3+18.9 28.5+ 185
6.0 12.8+19.9 21.3+21.9
12.0 7.3+20.3 18.3+ 216
24.0 11.5+18.1 7.5+20.7
TABLE 58
Mean Quinine Pharmacokinetic Parameters Following a Single Oral Quinine Dose
in Dose-Proportionality Study R04-0376: Subjects with QTc >450 msec
Dose (mg) Quinine Sulfate Capsules Quinine Sulfate Capsules
(324 mg) (2 x 324 mg)
n=4 n==6
Tmax (h) 2.63+0.76 2.83+0.52
Cmax {ng/mL) 1880.7 + 590 2953.1 + 586.7
AUCq.+ (ng*h/mL) 29787.3 £ 10528.5 51469.6 + 12251.3
t¥ (h) 16.5+10.8 13.5+2.9
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FIGURE 29

Maximum Mean QTc Change from Baseline (msec)
as a Function of Quinine Cmax, AUCq.inrand half-life
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At the 324 mg dose, the maximum mean QTc change from baseline was statistically
significantly different between subjects who experienced a QTc>450 msec and those who did
not (p=0.0405). The mean quinine PK values for this subset were not statistically significantly

different from the mean values for the rest of the population. A scrutiny of the demographic

characteristics of the QTc>450 msec subpopulation indicates that compared to the rest of the

study population, these subjects were of comparable body weight, body surface area, but

were older (mean age: 42 versus 29 years), and were mostly females (proportion 71% versus

38%). Table 59 provides a statistical comparison of the demographics, mean quinine QTc

increase from baseline and mean PK parameters of the QT¢>450 msec subpopulation versus
the rest of the study population.

TABLE 59

Mean £ SD Demographic Characteristics, Maximum QTc Change from Baseline, and Pharmacokinetic
Parameters: Subjects with QTc >450 msec versus the subjects with normal QTc interval

Curve (vmsec*h)r _

Subjects with Subjects with QTc P value®
PARAMETER QTc>450 msec <450 msec
N 7 . 16
Age (years) 416+ 13.5 29.3+13.3 0.0541
Weight (Ibs) 158.3+14.5 165.3 £ 26.7 0.5234
BSA (m°) 1.8+0.1 1.910.2 0.2769
Gender (% females) 71% 38%

S . . 324mg. e e
Cmax (ng/mL) 1957.87 + 613.0 2190.8 + 473.9 0.3219
AUCo.24 (ng*h/mL) 30703.8 + 10004.3 32496.7 + 10882.6 0.7137
AUCi (ng*h/mL) 34739.8 + 12439.2 35400.3 + 13180.6 0.9116
t 14.5+ 8.1 11.9 £2.6 0.2632
Maximum QTc change from 28.6+£15.8 5.8+ 23.1 0.0276
baseline (msec)

Area under the QTc (change) 2547+ 2274 92.3+ 274 0.2016

Cmax(ng/mL) e

T 3217

32542+ 6160 |

0.9081
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AUCo.24 (ng*h/mL) 56428.1 £ 17239.2 56097.6 £ 15551.1 0.9642
AUCins (ng*h/mL) 62712.3 + 20715.1 61070.4 + 19327.0 0.8561
t% 13.9+ 2.8 12.3+ 3.1 0.2495
Maximum QTc change from 29.6+24.3 10.7 £ 19.0 0.0540
baseline (msec)

Area under the QTc {change) 286 £ 372 118 £ 249 0.2056
Curve (msec*h)

2 ANOVA, single-factor, assuming equal variance

10. Clinical adverse events that signal proarrhythmic risk. Two syncope episodes were
reported in Subject #23 — which occurred at 3 and 4 hours after a 324mg dose of quinine
sulfate in Period 1. At 2 and 4 hours post-dose, the QTc interval increased to 11 and 9 msec,
from 385 msec to 396 and 394 msec, respectively. Quinine plasma concentration at 2 and 4
hours post-dose was slightly higher in this subject than the mean values for the study
population. Figures 30A and B provide an overlay of the time courses of the quinine
concentrations and the QT change from baseline at the 324mg and the 648mg doses. A
remarkable observation for this subject is that the increase in QT parameters (maXImum QTc
change and AUQTcCC) at 648mg was dose proportional.

FIGURE 30A and B
Time courses of Plasma Quinine Concentration and QTc Change from Baseline in Subject #23 —
324mg versus 648mg

=

| Time post-dose (hours) l I Time post-dose (hours) |

11. Effect of covariates on PK and QT prolongation parameters of quinine. Exploratory
analyses were conducted to evaluate the influence of age, gender, body weight, and body
surface area on quinine exposure (Cmax, AUC), elimination half-life, and maximum QTc¢
change from baseline in healthy subjects who received 324 mg and 648 mg quinine sulfate.

Gender

Figure 31 compares the PK and QT prolongation parameters of quinine in males and females
who received the two test doses. Compared to males, in females there was a trend of a higher
mean quinine Cmax and AUC,.;, a slightly longer mean elimination half-life and consequently, a
higher maximum QTc change from baseline, regardless of the quinine dose. A scrutiny of the
demographics of these gender groups indicated that compared to the male subjects, female
subjects in the study were generally older (mean age: 39 versus 28 years old), of Iower
bodyweight (152 versus 174 Ibs) and lower body surface area (1.75 versus 1.97 m ) It is possible
that any of these demographic factors could have confounded the findings in relation to gender
influence on quinine PK and QT effect.
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FIGURE 31
Influence of Gender on Quinine PK and QT effect
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The following figures plot maximum QTc change as a function of quinine PK parameters
measured in patients following the 324 mg dose. At the 324 mg dose, a trend of increased
maximum QTc change from baseline was observed with increasing AUC;y (moreso with males
than females) and increasing half-life but not with increasing Cmax; these same trends were not
observed following the 648 mg dose.

Figure 32Ato C

Maximum QTc change from baseline as a function of Quinine AUCInf, t1,2, and Cmax following 324 mg
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Figure 33A compares the PK and QTc effect of quinine in <50 year-old patients and 50 to 61
year-old patients. There was a trend of slightly higher quinine mean Cmax and AUCg., as well
as a higher average maximum QTc increase from baseline in older patients than in younger
patients at 324mg and 648mg. In addition, a slight prolongation in mean elimination half-life was
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evident in older patients who received the higher dose (648 mg). A comparison of the two age
groups indicate that the gender distributions were not similar;100% of the =50 year-old patients
were females versus only 33% in the <50 year old group.

As shown in Figure 33B, with increasing age, there was a trend of increasing QTc effect of
quinine although the correlation with age was not strong (rz <0.1805).

FIGURE 33A
Influence of Age on Quinine PK and QT effect

<50 y.0.(324mg) (n=18)
M <50 y.0 (648mg) (n=5)
& 50&>(324mg) (n=18)

B8 50&>(648mg)(n=5)

max QTc change Cmax (mcg/mL) AUCInf 11/2 (hours)
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FIGURE 33B

Maximum QTc Change From Baseline As A Function Of Age:
324 mg Versus 648mg Quinine Sulfate
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Body Weight
Figure 34 plots maximum QTc change from baseline as a function of body weight following single

doses of 324 mg and 648 mg quinine sulfate. It appears that only at the higher dose (648 mg)
was there somewhat a trend of decreasing QT prolongation effect of quinine with increasing body
weight. This observation may be, at least in part, attributed to a higher mg/kg quinine dose
received by lower body weight subjects, which results in a numerically lower Cmax, AUCinf,
without affecting the elimination half-life of quinine following a single dose {Figures 35A to C). At
the lower dose, neither the QT effect nor the PK parameters (Cmax, AUCinf, t4) of quinine
appears to have been influenced by body weight.

92



FIGURE 35
Mean QTc Change from Baseline as a Function of Body Weight and Quinine Sulfate Dose
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FIGURE 35Ato C
Quinine Cmax As a Function of Body Weight and Quinine Sulfate Dose
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FIGURE 35C
Quinine Elimination Half-life As a Function of Body Weight and Quinine Sulfate Dose
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The influence of body weight (as a categorical variable) on quinine PK and QT effect was also
explored. Figure 36 provides a comparison of quinine PK and QTc parameters in subjects
weighing <155 Ibs and in subjects with BW from155 to 209 Ibs. At the higher (648mg) quinine
dose, higher BW subjects experienced a lower mean QTc change from baseline as compared to
the lower BW group, consistent with the slight decreases in mean quinine AUCinf and Cmax in
higher BW subjects as compared to lower BW subjects. At the 324mg dose, there were no BW-
category related differences in mean PK and QT prolongation parameters.

FIGURE 36
Influence of Body Weight (as a categorical variable) on the QT effect and PK of Quinine
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Body Surface Area

The following figures compare the 324mg and 648mg doses in terms of the QT effect of quinine
and the resulting quinine exposure, as a function of body surface area. Following single doses of
324mg and 658mg quinine sulfate tablets, with increasing body surface area (BSA), a trend of
decreasing maximum QTc increase from baseline, as well as a decrease in quinine exposure
(Cmax, AUC;y) was observed although these correlations were not robust (Figures 37 and 38A
through C). These observations could be attributed to at least in part, the lower mg/m? quinine
doses received by the higher BSA subjects. Following single doses of 324mg and 658mg quinine
sulfate, the elimination half-life of quinine did not change as a function of dose and body surface
area.

FIGURE 37
Mean QTc Change from Baseline as a Function of Body Surface Area and Quinine Sulfate Dose
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FIGURE 38Ato C
Quinine Cmax As a Function of Body Surface Area and Quinine Sulfate Dose
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1100 Orthodox Sirest
Fhilsdalphia, PA 19124

F15-208-6500
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13 Outoher 2004

Renata Albrecht, M.D., Dirgctor

Divigion of Special Pathopen and Imoanologic Drug Products
Cifice of Drug Bvalumtion IV

Center for Drug Evaluation and Research/ HFD-590

Food and Drug Administration

9201 Corporate Bouleyard

Rockville, MD 20850

Re:  New Drug Application 21-79%
Quinine Sulfate Capseles 3241wy

Dear Dr. Albrecht:

Puorsuant to Section 305(b)(2) of the Federal Food, Drug and Cosmetic Act, and in
aceordance with provisions of 21CFR 312, Mutual Pharmaceutical Comyprmy, Toe, of
Philadelphia, Pennsylvaniz is submitting this New Drag Application G9DA 21-799) for-
its product, Quinine Sulfiste Capsules. The product is available es inwsediate release
capsulies for oral administiation in 2 324-mg Josage strenpth, The proposed indication is
ihe meatrment of uneemplicated Plasmodlum falelparym malarda, Mutnal Pharma’s
quindne product has heen granted Orphan Designation for thiz proposed use.

The safe and effective use of gquinine as 3 teatraent for malatia is well established in the
published Jiteraturs, reviewed extensively heretn, Tncluded with this reviewisa
comprchensive BAS dataset of efficacy results in the format requested by the FDA
statistical reviewer. These studies, topether with the long history of clinical use, have
resulted in the inclusion of quinine in treatment guidelines published by buth the Centers
for Dizease Control and Prevention and the World Health Organtzation. The indication
and dosing recommendations, two capsules thros Hmes doily for — » Tdays,. —
N are consistent with these

guidelines,
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As disonssed In Pre-BND and Pre-NDA mectings, bioeguivalence of the Mutwl Pharma
product and a representative product in clindead vge, including in published clinieal trials,
has been docusnented. Doze proportionality and the effect of food have alse been
stodiad. These studies are supporied by an extensive literature on the pharmacokinetics
of quinine in henithy subjects a3 well ss the {arget paticat population.

As was reested ot the Pre-NDA meeting, this NDA is being submitted prmardiy inan
lectronic format, in compliones with the “Guidanee for Indastry: Providing Regulatory
Submissions in Electronic Format-- 3eneral Considerstions {Getober 2003)." An
overview of the sections that are electronic {and thelr contents) and the sections that are
paper is given below. For further details, please see the NDA Table of Contents.

APPEARS THIS WAY
ON ORIGINAL
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information

Information

NDA Number

21-799 (N-000)

Brand Name

OCPB Division (I, Il, lil)

DPEII

Generic Name

Quinine sulfate capsules

Medical Division

HFD-590 (DSPIDP)

Drug Class

OCPB Reviewer

Gerlie C. De Los Reyes

Indication(s)

Treatment of
uncomplicated
Plasmodium falciparum
malaria

OCPB Team Leader

Philip M. Colangelo

Dosage Form

Dosing Regimen

2 capsules three times
daily for 7 days

Date of Submission

13 October 2004

Route of Administration

Estimated Due Date of OCPB
Review

Sponsor

PDUFA Due Date

Priority Classification

Standard (10 months)

Division Due Date

Clin. Pharm. and Biopharm. Information

“X” if included
at filing

Number of
studies

submitted -

Number of
studies
reviewed

Critical Comments If any

STUDY TYPE

Table of Contents present and

sufficient to locate reports, tables, data,

etc.

Tabular Listing of All Human Studies

HPK Summary

Labeling

Reference Bioanalytical and Analytical

Methods

X x| XX

I._Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics {e.g., Phase l) -

Healthy Volunteers-

single dose:

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

Fasting (1)

1 capsule versus 2 capsules

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:
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gender:

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

1 Reference tablet (GPO,
Thailand)

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

lll. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

58

Total Number of Studies

2+1 2+1

Filability and QBR comments

X" if yes

Comments

Application filable?

Reasons if the application js_not filable {or an attachment if
applicable)

For example, is clinical formulation the same as the to-be-marketed
one?

Comments sent to firm?

Comments have been sent to firm (or attachment included). FDA letter date
if applicable.

QBR questions (key issues to be
considered)

Other comments or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA XX-XXX, HFD-850(P. Lee), HFD-860 (M. Mehta), HFD-XXX(CSO), HFD-8XX(TL, DD, DDD), CDR
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