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Lupus Anticoagulants :
Lupus anticoagulants, which are a type of antiphospholipid antibody, have been associated with
clinical events such as thrombosis (arterial or venous), and thrombocytopenia. Lupus
anticoagulants are found in some individuals with a connective tissue disorders such as systemic
lupus erythematosis, malignancy, liver disease, or in pregnancy. A number of drugs, including
chlorpromazine, procainamide, hydralazine, phenytoin, and quinidine, have been associated with
the presence of lupus anticoagulants. Bird, et al., (1995) performed a retrospective case-control
study of 31 patients over 60 years old who were identified as having lupus anticoagulants in
serum (identified by hematological testing). Some of these individual also have clinical features
of antiphospholipid syndrome. Among these 31 patients, 10/31 (23%) were taking quinine for
leg cramps, 11/31 (35%) were taking quinidine for cardiac arrhythmias, and 2 (6%) were taking
both medications. Among age- and gender-matched controls, 3/31 (10%) were taking quinine
and none were taking quinidine. The difference in exposure to chinchona alkaloids (quinine or
quinidine) between cases and controls 23/31 (73%) vs. 3/31 (10%) was statistically significant
(p=<0.001 by Fisher’s exact test). In 3/5 (60%) patients who discontinued use of quinine or
quinidine, lupus anticoagulants were still detectable 9-20 months later.

Hypoprothrombinemia

Quinine reportedly decreases hepatic synthesis of vitamin K dependent clotting factors and
hypoprothrombinemia with quinine use has been described. No literature was provided by the
applicant in support of this claim.

Medical Officer Comments: The concomitant use of coumadin or other oral
anticoagulants with quinine may increase the hypoprothrombinemic effect of these drugs,
and monitoring of prothrombin time may be necessary.This
potential effect of quinine is described in the PRECAUTIONS/Drug Interactions section
of the proposed label.

Postmarketing Hematological Adverse Events :

In the applicant’s analysis, thrombocytopenia was the most common of the postmarketing
adverse events reported to the AERS and WHO databases. A total of 173 unique cases of
thrombocytopenia were reviewed by ODS. Most cases were in females (112/171, 65.5%), and
leg cramps was the most common indication (123/139, 88.5%), Thrombocytopenia resulted in
hospitalization in 129 cases and death in 15; and approximately one-third of cases required an
intervention such as platelet transfusion or plasma exchange. Thrombocytopenia was listed as the
cause of death in 3/81 (3.7%) of all deaths reported to the AERS database, as reviewed by ODS.

As reviewed by ODS, there were 25 unique cases of thrombotic thrombocytopenic purpura-
hemolytic uremic syndrome (TTP-HUS). Most of these cases were in females (20/25, 80%), and
most cases were in patients receiving quinine for leg cramps (24/25, 96%). The average patient
age was 55, ranging from 21 to 75 years. A total of 23 of 24 cases (96%) reviewed were
determined to have a positive association with quinine use, and 12/25 (48%) patients reported
previous quinine use.
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Leukopenia was reported in 15 unique cases reviewed by ODS. Most 9/15 (60%) were females.
Leukopenia resulted in hospitalization in 9 cases, and death in 2 cases. Agranulocytosis was
reported in 5 unique cases, 4 of which resulted in hospitalization and 1 in death. The patient that
died was an 85 year-old male receiving quinine for leg cramps. The death however, was
attributed to ceftriaxone, which the patient was receiving for septic arthritis.

Additional postmarketing hematological events reported to AERS, included epistaxis, purpura,
hemolytic uremic syndrome, aplastic anemia, gingival bleeding, ecchymosis, coagulopathy,
leukocytosis, gastric hemorrhage, coombs positive hemolytic anemia, bone marrow depression,
petechiae, pharyngeal hemorrhage, mouth hemorrhage, gastrointestinal hemorrhage, hemoptysis,
idiopathic thrombocytopenic purpura, subcutaneous hemorrhage, hematemesis, hemorrhage,
increased eosinophil count, eosinophilia, mucosal hemorrhage, vaginal hemorrhage, iron
deficiency anemia, eye hemorrhage, febrile neutropenia, Felty’s syndrome, decreased hematocrit,
decreased hemoglobin, decreased platelets, pancytopenia, rectal hemorrhage, hemolytic anemia,
hemolysis, hemorrhage, hemorrhagic stroke, intraventricular hemorrhage, serum sickness,
pulmonary hemorrhage, retroperitoneal hemorrhage, decreased prothrombin level,
antiphospholipid antibodi€s, and thrombosis. These events were not reviewed individually to
assess a causal relationship to quinine.

Medical Officer Comment: The actual incidence of quinine-associated
thrombocytopenia is unknown due to the nature of the voluntary postmarketing adverse
event reporting system. In the pharmacokinetic studies sponsored by the applicant, after
a single 324 mg or 648 mg dose of quinine sulfate, no thrombocytopenia was reported in
50 subjects.

6. Metabolic Adverse Events with Quinine

Hypoglycemia

Information regarding quinine-associated hypoglycemia was obtained mainly from clinical
studies of patients who received intravenous quinine for severe malaria. Hypoglycemia was
reported as an adverse event in none of the 50 healthy subjects who received single-dose quinine -
sulfate in the applicant’s bioequivalence studies. In the randomized, clinical trials of oral quinine
sulfate for treatment of uncomplicated P. falciparum malaria, hypoglycemia was reported in not
reported in any patients. However, these data are limited, given apparent ascertainment and/or
reporting bias in many of these studies. In the randomized, controlled studies of parenteral
quinine for treatment of severe P. falciparum malaria, hypoglycemia was reported as an adverse
event in approximately 16% patients.

Medical Officer Comments: Hypoglycemia is a frequent complication of severe P.
Jalciparum malaria and attribution of hypoglycemia to quinine would be difficult in this
setting.

As reviewed by Taylor and White (2004), the use of intravenous quinine in severe malaria has

been associated with hypoglycemia in up to 10 % patients, due to increased pancreatic secretion
of insulin. Hypoglycemia and hyperinsulinemia have also been reported in healthy volunteers
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who received intravenous quinine (White, et al., 1983). Additionally, the incidence of profound
hypoglycemia in pregnant women treated with quinine for severe malaria may approach 50%
(Taylor, et al., 2004). In a study of 12 pregnant women in the third trimester of pregnancy, who
were treated with intravenous followed by oral quinine (20 mg/kg loading dose, followed by
10mg/kg every 8 hours for 7 days), 7/12 (58%) of patients became hypoglycemic, 2 prior to
quinine treatment and 5 within 3 to 6 hours after quinine infusion (Looareesuwan, et al., 1985).

Hypoglycemia, associated with hyperinsulinemia also occurs as a complication of severe P.
Jfalciparum malaria (White, 1983; Davis, et al., 2002). Hypoglycemia has also been reported in a
pregnant woman with severe malaria taking oral quinine (Kochar, et al., 1995); and in a patient
taking oral quinine for leg cramps (Limberg, et al., 1993).

The incidence of hypoglycemia in a randomized, open-label study of rectal artemisinin and
intravenous quinine (followed by oral quinine) in patients with severe malaria in Ethiopia was
63.3% (19/33) in patients who received quinine, and 10% (3/32) patients treated with rectal
artemisinin (Birku, et al., 1999). In a randomized, open-label trial of quinine (intravenous
followed by oral), vs. artesunate in 113 adults with severe falciparum malaria inThailand, 28%
(15/54) of patients who received quinine, and 10% (6/59) of those treated with artesunate
developed hypoglycemia (Newton, et al., 2003).

Kawo, et al.(1991) reported no hypoglycemia in 97 children (0-7 years old) in Dar es Salaam
with severe malaria who received intravenous (10 mg/kg in 5% glucose every 8 hours) followed
by oral quinine for a total of 10 days, although hypoglycemia may have been averted in this
study because quinine was infused in a dextrose solution. In a prospective, uncontrolled study of
quinine (intravenous followed by oral) for treatment of severe falciparum malaria in Malawian
children (ages 7 months to 8 years), hypoglycemia was found in 19 children pre-treatment (7 of
these patients had recurrent hypoglycemia after treatment with quinine), but in none of 76
patients who were normoglycemic pre-treatment (Taylor, 1988). Notably, intravenous quinine
was infused slowly (over 2-3 hours) in a 5% dextrose solution in this study. In this study,
mortality was higher in children who had pre-treatment hypoglycemia (7/19, 37%) than in those
who were normoglycemic (3/76, 4%). Additionally, 5/12 (42%) survivors with baseline
hypoglycemia had significant neurologic sequelae at the time of hospital discharge, in
comparison to 5/73 (7%) survivors among those who were normoglycemic.

Postmarketing Adverse Events

Postmarketing adverse events identified in the AERS database included hypoglycemia, diabetes
mellitus, increased thyroid stimulating hormone, and anorexia. Electrolyte abnormalities reported
as serious adverse events included hypokalemia, hyperkalemia, decreased calcium,
hyperglycemia, hypomagnesemia, lactic acidosis, increased INR, increased prothrombin time,
decreased prothrombin time, vitamin C and zinc deficiencies. These events, however, were not
assessed individually for a possible relationship to quinine.

ODS reviewed 7 adverse event reports of hypoglycemia (3 reports) or diabetes mellitus (4

reports) with serious outcomes in the AERS database. Of the 3 cases of hypoglycemia, all 3
patients had end-stage renal disease. Two cases resulted in death. Glucose levels were reported
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as <50 mg/dL, <1 mmol/L and “1”. Hypoglycemic coma was reported in one case, and seizures
and hypoglycemia in the other, although specific causes of death were not reported.
Hypoglycemia was attributed to quinine by the “reporter” in all 3 cases. Diabetes was not
attributed to quinine in any of the 4 cases, and in 2 cases, diabetes was pre-existing.

Medical Officer Comments: Although usually associated with intravenous quinine
administration, oral quinine exposure has also been associated with hypoglycemia, as
reviewed above. We have proposed a PRECAUTION regarding hypoglycemia in the final
product labeling.

“Hypoglycemia:
Quinine stimulates release of insulin from the pancreas, and patients, especially
pregnant women, may experience clinically significant hypoglycemia.”

7. Musculoskeletal System Adverse Events with Quinine

Quinine can cause muscle weakness by inhibiting acetylcholinesterase release by interfering with
calcium influx at the nerve terminal, and has been used to diagnose myasthenia gravis
(Brumback, 1981). However, because quinine can provoke myasthenic crisis, this practice has
been largely discontinued. Both quinine and quinidine (and chloroquine) have been shown to
increase the refractory period of muscle, diminishing the response to tetanic stimulation, and
decrease the excitability of motor end-late regions, reducing response to acetylcholine and
repetitive nerve stimulation (Sieb, et al., 1996). Because of its effects on skeletal muscle, quinine
has been used for treatment of myotonia congenital and nocturnal leg cramps.Quinine may also
potentiate the effects of neuromuscular blocking agents. One case has been described of a patient
who developed apnea and respiratory depression after receiving quinine several hours after
pancuronium during an operative procedure (reported in DrugDex Online).

Postmarketing adverse events reported to the AERS database included arthralgia, myalgia,
myopathy, musculoskeletal stiffness, joint stiffness, muscle spasms, rhabdomyolysis, gangrene,
and neck pain. These events, however, were not reviewed invidually to determine a potential
relationship to quinine.

Medical Officer Comments: Because of the effects of quinine on skeletal muscle, we have
proposed listing myasthenia gravis as a CONTRAINDICATION to oral quinine use for
uncomplicated falciparum malaria. We also propose to list treatment and/or prevention
of nocturnal leg cramps with quinine sulfate as a WARNING given the absence of proven
effectiveness and multiple safety issues with quinine. Additionally, we have proposed a
WARNING regarding the concomitant use of neuromuscular blocking agents, such as
pancuronium, succinylcholine and tubocurare with quinine sulfate.

8. Nervous System and Psychiatric Adverse Events with Quinine

Some central nervous system (CNS) adverse events are part of the spectrum of symptoms
referred to as cinchonism, which occur commonly with quinine, including headache, hearing
impairment, tinnitus, nausea and visual disturbance. However, the risk of more serious adverse
events may increase with increasing quinine dosage (Phillips-Howard and Kuile, 1995). In
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quinine overdosage, ataxia, seizures, and coma have been described, as reviewed by Bateman
and Dyson (1986). Seizures were also reported in a patient who received concomitant
mefloquine and quinine for malaria (Miyashita, et al., 1994). The applicant also noted a case
report of acute dystonic reaction in a patient who received quinine for presumed malaria
(Fernandez-Moreno, et al., 2003). There was one case report of suicide (Adam, and Elbashir,
2004) which may be the same as that reported to the AERS postmarketing database, and
described previously. In this case, a 27 year-old male from Eastern Sudan with malaria was
started on 600 mg quinine in 5% dextrose, intravenously 3 times daily. He had received a full-
course of chloroquine 7 days prior to hospitalization. Five hours later, he was found dead after
hanging himself. The patient had no history of mental illness.

Postmarketing neruropsychiatric adverse events reported to the AERS database, identified by
ODS as occurring in patients with a serious outcome included headache, grand mal convusion,
cerebellar syndrome, dizziness, confusional state, coma, depressed level of consciousness, status
epilepticus, stroke, cerebrovascular accident, cerebral infarction, intracranial hemorrhage,
paraplegia, paralysis, facial palsy, Guillain-Barre syndrome, muscle twitching, muscle spasms,
tremor, hallucination, depersonalization, paranoia, psychotic disorder, major depression and
completed suicide. Other events in this category included aphasia, delirium, paresthesia,
neuropathy, polyneuropathy, hypertonia, difficulty walking, encephalitis, sleep disorder, and
insomnia. These events, however were not futher evaluated to determine apotential relationship
to quinine.

One death in the AERS postmarketing database was reported in a patient who received
intravenous quinine (600 mg, unknown duration) for malaria. This patient committed suicide by
hanging approximately 5 hours after quinine dosing. This patient had no history of mental
illness, and had received chloroquine a few days previously.

Medical Officer Comments: Except for headache, a symptom of cinchonism, most of
these events appear to be uncommon; however, the actual incidence is unknown. We have
proposed listing neuropsychiatric adverse events in the ADVERSE EVENTS section of
the final product label. Additionally, we have proposed a WARNING regarding
concomitant use of mefloquine and quinine sulfate with regard to the potential for both
OT prolongation and increased risk of seizures.

9. Special Senses

Ototoxicity

Symptoms of ototoxicity with quinine have been described for many years, and range from mild,
transient hearing impairment, tinnitus, to vertigo, and sensorineural hearing loss. In a study by
Tange, et al. (1997), and Claessen, et al. (1998) audiometric changes following quinine
administration in 9 of 12 healthy subjects who receive a single 300 mg intravenous dose of
quinine were described. Hearing loss, measured audiometrically in these subjects occurred 2 to 4
hours after the quinine infusion, at a mean quinine maximal plasma concentration of 2 mg/L.
Most hearing loss was in the high frequency range. However, no subjective hearing loss was
noted, and the audiometric changes were reversible in all but 1 subject. In the same study, all 9
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patients with P. falciparum malaria experience ototoxicity (hearing loss, tinnitus, or dizziness)
during treatment with quinine 600 mg administered intravenously every 8 hours for 3 days.
Hearing loss was maximal on the third day of quinine infusion, and occurred in the standard and
high frequency ranges, but was fully reversible in all patients. In a double-blind, four-way
crossover study which enrolled 32 healthy volunteers, daily consumption of up to 160 mg/day
quinine for 21 days did not significantly alter audiometric responses (Drewitt, et al., 1993). In 10
adult patients with acute falciparum malaria, who received quinine orally or intravenously, or in
combination with tetracycline, all experience hearing loss in the high frequency range after the
first dose of quinine. Tinnitus also occurred in 7/10 (70%) patients. Hearing loss improved as
plasma concentration declined, and resolved after the drug was stopped (Roche, et al., 1990).

In a small randomized, controlled study in Kenya, the incidence of hearing loss was higher in
patients (>14year old) who received a loading dose of intravenous quinine (20 mg/kg) (10/17,
60%) than in the control group who did not receive a loading dose prior to treatment with 10
mg/kg quinine every 8 hours for a minimum of 24 hours before switching to oral quinine (3/16,
19%) (Tombe, et al., 1992).

Hearing impairment with quinine administration was independent of the route of administration,
but was fully reversible in 6 healthy volunteers (Paintaud, et al., 1994). Subjective hearing
impairment and tinnitus occurred most frequently when plasma quinine concentration was > 15
pumoles/L, and no symptoms were reported when concentrations were below 5 pmoles/L in 6
healthy volunteers (Alvan, et al., 1991). The mechanism of hearing impairment may be related to
function of the outer hair cells of the cochlea (Karlsson, et al., 1995).

Postmarketing Adverse Events ‘

ODS reviewed 28 unique cases with serious outcomes classified by System Organ Class as Ear
and Labyrinth Disorders. These adverse events included deafness with tinnitus (11 reports),
deafness without tinnitus (9 reports), and tinnitus (8 reports). Outcomes include death (2),
hospitalization (10), disability (2), required intervention (1) and other (5). The deaths were due to
an apparent overdose in one patient, and to an underlying disease in the other. Permanent effects
were reported in 2 patients with tinnitus and in 9 patients with hearing loss. A positive
association between the hearing disorder and quinine use was determined in most 23/28 (82%)
reports

Medical Officer Comments: Hearing impairment, tinnitus, and vertigo are all
considered symptoms of cinchonism, and appear to be relatively common in patients who
receive quinine. Hearing impairment associated with quinine appears to be reversible
upon quinine discontinuation in most cases, although irreversible deafness has been
described, mainly in the setting of quinine overdose, but there were also reports of
permanent hearing loss in the postmarketing database. These adverse events are
described in the ADVERSE EVENTS section of the proposed label.
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Ocular Toxicity

Mild visual disturbances, including blurred vision and changes in color perception with quinine
have been described as part of the symptom complex of cinchonism (Bateman and Dyson, 1986).
Other visual signs or symptoms described with quinine use are photophobia, diplopia, night
blindness, constricted visual fields, scotomata, mydriasis, and blindness (Tracey and Webster,
2001). Ocular toxicity and blindness have been most commonly associated with quinine
overdosage, but there are several reports of transient blindness or visual impairments with
quinine exposure under other circumstances, including treatment of acute malaria with
intravenous quinine (De Perri, et al., 2002; Naraqui, et al., 1992), or with chronic tonic water
ingestion (Horgan, et al., 1995). In children with cerebral malaria receiving intravenous quinine,
photoreceptor function was transiently depressed (Lochead, et al., 2003). The exact mechanism
of ocular toxicity and visual loss is unknown.

In the setting of quinine overdose, ocular toxicity, particularly blindness, may be delayed (6-15
hours after overdose) and dependent upon plasma quinine concentration. In one study, plasma
quinine concentrations above 10 mg/L were associated with an increased risk of permanent
visual impairment (Bateman, et al., 1985). Opthalmologic changes described after quinine
ingestion and onset of blindness include progressive constriction of the retinal arterioles, macular
cherry red spot, macular edema, and optic atrophy. Some degree of visual recovery generally
occurs, and although permanent visual impairment may be severe, some patients recover
completely. The mechanism of quinine-induced blindness is not clear, but may be due to the
toxic effect of quinine on the retina (Bateman and Dyson, 1986).

Postmarketing adverse events reported to AERS and identified by ODS as occurring in patients
with serious outcomes included optic neuritis, papilloedema, retinal hemorrhage, blurred vision,
decreased visual acuity, retinal disorder, and visual disturbance. These events however were not
further evaluated for potential relationship to quinine.

Postmarketing Adverse Events
ODS reviewed 28 unique adverse events with serious outcomes classified under Vision
Disorders. These events included blindness (7), visual disturbance (6), double vision/blurred
vision (4), worsening vision, abnormal vision, visual field defect, and miosis (1 each), as well as
droopy eye, eye trouble, eyelid ptosis, swollen tear duct, and retinal hemorrhage (1 each).
Among the 7 cases of blindness, 6 were associated with overdose, and 3 had permanent damage.
Outcomes included death (4), hospitalization (14), disability (2), and other (5). None of the

- deaths were directly related to the visual problem. Four patients experienced permanent or
ongoing events, including permanent loss of vision (1), permanent changes to retinal and optic
nerves (1), abnormal vision with papilloedema and retinal hemorrhage (1), pale and ischemic
retina (1).

Medical Officer Comments: Visual symptoms such as blurred vision and changes in

color perception are part of the cinchonism symptom complex, and as such, may be
relatively frequent adverse events associated with quinine use. Irreversible blindness,
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however, appears to be rare, except in cases of quinine overdose. Visual adverse events
are listed in the ADVERSE EVENTS section of the proposed label.

10. Respiratory System Adverse Events with Quinine

Quinine has not generally been associated with pulmonary toxicity. The appllcant found a single
case report of transient pulmonary infiltrates, associated temporally with exposure to a single 325
mg dose of quinine sulfate for nocturnal leg cramps in a 45 year-old woman with no history of
pulmonary disease. Hypoxia and pulmonary infiltrates resolved within 24 hours, and no other
cause for the episode was identified (Krantz, et al., 2002).

A literature search by the medical officer identified a case report of transient acute pulmonary
edema and hypotension which occurred 30 to 40 minutes after taking a single 300 mg tablet of
quinine sulfate for leg cramps on 2 separate occasions (Everts, et al., 2004). Additionally, adult
respiratory distress syndrome (ARDS) has been described after quinine overdose (Wenstone, et
al., 1989).

Postmarketing respiratory adverse events reported to AERS included apnea, asthma, dyspnea,
wheezing, stridor, hyperventilation, decreased oxygen saturation, respiratory distress, pulmonary
edema, lung disorder, pulmonary embolism, cough, bronchitis, lower respiratory tract infection,
emphysema, pleural effusion, and pneumonia. These events were not evaluated further to
determine possible relationship to quinine sulfate.

Medical Officer Comments: Asthma was listed in the applicant’s proposed label as an
adverse event associated with quinine use, and is reported as a postmarketing adverse
event. However, literature describing quinine-associated asthma was not provided for
this NDA, nor was any references found in a literature search by the medical officer.
Nevertheless, because of the postmarketing report of asthma associated with quinine use,
it will be included in the listing of ADVERSE EVENTS in the final product labeling.
Severe malaria can be associated with pulmonary edema or ARDS, so attributing such
adverse events to quinine in patients treated for severe malaria would be difficult.
However, the single case reported by Everts, et al. (2004), indicates that pulmonary
edema can occur in patients without malaria receiving single dose of oral quinine.

11. Skin Reactions Associated with Quinine

Purpura
Purpura associated with quinine-induced thrombocytopenia or thrombotic thrombocytopenic

. purpura (TTP) was described in the section on hematological adverse events above. TTP
associated with ingestion of tonic water has been referred to as “cocktail pupura” (Belkin, 1967).

Urticaria

Urticaria, pruritus, and skin flushing are the most common manifestations of quinine
hypersensitivity (Taylor and White, 2004).
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Allergic Contact Dermatitis

Contact dermatitis related to exposure to quinine in a topical balm was reported in a 15-month
old child (Dias, et al., 1994), and in a 31-year old man who used a quinine-containing hair lotion
(Tapadinhar, et al., 1994). Additionally, there are reports of quinine-induced contact dermatitis
which occurred during occupational exposure (Wahlberg and Boman, 1981).

Photosensitivity

A number of case reports have documented the occurrence of photosensitivity reactions
associated with quinine. The first report by Ljunggran et al., (1986) described an eczematous
dermatitis in a distribution consistent with light exposure in a 72 year-old woman who had been
taking quinine hydrochloride once or twice a week over a 4 year period for leg cramps.
Histopathology and phototesting after re-exposure to quinine confirmed the diagnosis. Other
types of photosensitivity-type skin reactions reported include lichenoid photosensitiviy (Thomas,
et al., 1986; Dawson, et al., 1995), skin reactions mimicking mycosis fungoides (Okun, et al.,
1994), and a persistent photosensitivity reaction characterized by diffuse erythema, scaling, and
a Koebner reaction in a 41 year-old female who was taking quinine for nocturnal leg cramps,
after phototherapy for psoriasis (Guzzo, and Kaidbey, 1990).

Cutaneous Vasculitis
Several case reports describe cutaneous vasculitic rashes temporally associated with use of
quinine for nocturnal leg cramps (Price, et al., 1992; Mathur, et al., 1990).

Acral necrosis

Abreu-Gerke, et al., 2000 reported a case of an 87 year old woman \ who developed red skin
lesions on the fingers of both hands and several toes, 1 month after starting quinine sulfate 200
mg/day for nocturnal leg cramps. Several of these lesions progressed to acral necrosis. The
-authors attributed the acral cyanosis to quinine-induced vascular spasm. Acral necrosis was also
described in a case report of a 65 year-old male after taking one 300 mg dose of quinine sulfate
for nocturnal leg cramps. This patient was also diagnosed with quinine-induced hemolytic
uremic syndrome (Agarwal, et al., 2002).

Fixed Drug Eruption
Ingestion of tonic water containing quinine was associated temporally and by re-challenge with a
fixed drug eruption as described in one case report (Asero, 2003).

Toxic epidermal necrolysis
One case report of toxic epidermal necrolysis caused by “gin and tonic” is described in the
literature (Callaway and Tate, 1974).

Stevens-Johnson syndrome

There are two case reports of Stevens-Johnson syndrome found in the literature, one was in a
patient with acute renal failure and G6PD deficiency (Kothari, et al., 1977); while the other was
in a patient treated with quinine plus pyrimethamine-sulfadoxine (Gaston Brustenga, et al.,
1986).
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Postmarketing Adverse Events

ODS reviewed 101 unique adverse event reports with serious outcomes which described
hypersensitivity or skin reactions. These events included rash (60), erythema multiiforme (4),
blisters (4), Stevens-Johnson syndrome (2), erythema and pemphigoid, 1 each. There were 28
non-skin hypersensitivity events, including dypnea/bronchospasm (10), angioedema (6),
hypotension/syncope (5), anaphylaxis (4), adult respiratory distress syndrome (4), and acute
pulmonary edema (4). Outcomes included death (6), hospitalization (49), life-threatening (1),
disability (2), required intervention (3), and other (14). The most common indication was leg
cramps, listed in 68/79 (86%) of those events which reported indication.

Other postmarketing adverse events reported to AERS included the skin rashes, dermatitis, and
other skin reactions listed under hypersensitivity reactions, in addition to skin necrosis, skin
discoloration, cellulitis, petechiae, purpura, leukocytoclastic vasculitis, subcutaneous
hemorrhage, and others. These events were not further reviewed to determine causality.

Medical Officer Comments: Serious skin rashes associated with quinine use appear to
occur infrequently. However, as rashes generally represent a hypersensitivity reaction,
we have proposed a CONTRAINDICATION regarding quinine use in patients with
known hypersensitivity to quinine, and a PRECAUTION which describes some serious
hypersensitivity reactions as follows:

“Hypersensitivity:
Serious hypersensitivity reactions reported with quinine sulfate include anaphylactic
shock, anaphylactoid reactions, urticaria, serious skin rashes, including Stevens-Johnson

syndrome and toxic epidermal necrolysis, angioedema, facial edema, bronchospasm, and
pruritus. (See CONTRAINDICATIONS) *

12. Renal Adverse Events

Acute renal failure is a clinical manifestation of severe malaria, and also occurs in the setting of .
blackwater fever with acute intravascular hemolysis and hemoglobinuria. As reviewed by Pawar,
et al. (1994), who summarized 11 cases of quinine-associated acute renal failure from the
literature, most cases have been associated with hemolytic uremic syndrome or disseminated
intravascular coagulation. Acute interstitial nephritis, generally considered to be a drug-induced
hypersensitivity reaction has also been reported in a case report of biopsy-proven acute
interstitial nephritis associated with use of quinine for nocturnal leg cramps (Pawar, et al., 1994).

Postmarketing Adverse Events

ODS reviewed 49 unique reports of renal failure, and 2 reports of nephritis, all with serious
outcomes. Renal failure was reported in more females (30) than males (19), with an average age
of 56 years (range 18-84 years). Outcomes included death (9), hospitalization (36), disability (2),
and other (1). Nephritis was reported in a 65 year-old male with a hypersensitivity reaction,

- exfoliative dermatitis, and leukocytosis. The patient was receiving a number of concomitant
medications, including carbamazepime, but the reactions were temporally related to quinine
initiation and resolved when quinine was discontinued. The second case of nephritis was a case a
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biopsy-proven interstitial nephritis and hemolytic anemia, previously reported in the literature.
These events occurred in a 73 year-old female who used quinine intermittently for leg cramps.

Additional postmarketing adverse events reported to AERS and identified by ODS as occurring
in patients with serious outcomes included anuria, increased BUN and creatinine, renal failure,
acute renal failure, hemodialysis, proteinuria, nocturia, and renal atrophy. These events were not
reviewed further to assess potential causal relationship with quinine.

Medical Officer Comments: Renal failure may occur in the setting of severe P.
falciparum malaria, and in that setting it may be difficult to distinguish an adverse event
related to quinine and a complication of the disease process. Renal adverse events,
including renal failure, and others, are listed in the ADVERSE EVENTS section of the
proposed label. '

7.1.4 Other Search Strategies
Oral quinine labeling from other countries was provided by the Applicant, and reviewed to

compare the adverse event profile reported for the indication of malaria and for other indications
(nocturnal leg cramps, and myotonia), as shown in the following tables.

APPEARS THIS WAY
ON ORIGINAL
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Table 44: Indications and Recommended Dose of Oral Quinine in Foreign Labels*

Country of | Date of | Pharmaceutical | Indication (s) Recommended | Recommended
Origin for last Sponsor Dosage Duration
Oral labeling regimen
Quinine (adults)
Label
U.S. 2005 . | Mutual Uncomplicated | 648 mg tid -7 days
(proposed Pharmaceutical | malaria
label- this
NDA)
Australia 1997 Aventis Leg cramps 300-600 mg
Pharmaceuticals gHS
Congential NS
myotonia
Diagnosis of NS
myasthenia
gravis
Suppression of | 600 mg q 8h 7 days
malaria
Denmark 2001 The Danish Nightly leg 100-200 mg 10 days
Medicines cramps qHS
Agency
France 2001 SN Laboratories | Uncomplicated | 8 mg/kg q 8h 5-7 days
' LAFRAN. malaria
Germany NS Merck dura Malaria 1-1.25 g 7 days
quinine HCl
daily
Nocturnal calf | 0.25 g after NS
cramps evening meal
and 0.25 g HS
The 1999 Dagra Pharma | Non-serious 600 mg q8h 7 days after
Netherlands chloroquine- fever
resistant resolution
tropical malaria :
New 1999 Pacific Treatment of 600-650 mg Minimum of 3
Zealand Pharmaceuticals | chloroquine- g8h days (7 days in
resistant malaria Southeast
as combination Asia)
therapy
Nocturnal 200-300 mg HS | NS

recumbency leg
muscle cramps

with additional
dose following
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PM meal, if
needed
South 1974 Lennon Nocturnal leg 300-600 mg “at | NS
Africa cramps night”
Myotonia NS NS
congenita
falciparum 600 mg every 8 | 7 days
malaria hours
Diagnosis of NS NS
myasthenia
gravis
Sweden NS NM Pharma Alternative 10 mg/kg tid 7 days
treatment in
severe acute
malaria :
Myotonia 300-600 mg NS
congenita and bid-tid
myotonia
atrophica
Taiwan NS Shinlon Treatment of 500 mg qid 3-7 days
Pharmaceutical | malaria caused
Company by chloroquine-
resistant P.
falciparum
Maintenance 260 mg bid 6 weeks
treatment of
malaria

* Most recent available label information is presented (labels provided by Applicant)
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Medical Officer Comments: The most common adverse events reported in foreign labels
for oral quinine were cinchonism, tinnitus, cutaneous rashes, pruritus, nausea, vomiting
headache, and thrombocytopenia, and visual disturbances. Most of the
adverse events noted in these labels were also described in the literature, or in the AERS
database for postmarketing adverse events. We have proposed including these adverse
events in the ADVERSE EVENTS sectiOn of the final product labeling for quinine sulfate.

7.1.5 Common Adverse Events

7.1.5.1  Eliciting adverse events data in the development program

Adverse event data was summarized by the applicant from the studies submitted for efficacy
analysis. Some of these studies did not report adverse events, and there was no comprehensive
description of all adverse events in any of the studies. Thus, the actual incidence of adverse
events in these studies is unknown, and can only be estimated from the data provided. Additional
information from the literature and from the postmarketing data has provided some insight into
the relative incidence of adverse events associated with quinine.

7.1.5.2  Appropriateness of adverse event categorization and preferred terms

Not applicable

7.1.5.3 Incidence of common adverse events

The actual incidence of specific adverse events can only be estimated from the published studies
of quinine for treatment of uncomplicated P. falciparum malaria because of possible
ascertainment, reporting, and publication bias, as discussed previously. An attempt was made in
this section to estimate the incidence of specific adverse events from the randomized, controlled
studies submitted for evaluation of efficacy and safety, the applicant’s bioequivalence studies,
from published case reports, case series and reviews, and from the AERS postmarketing data for
quinine sulfate.

7.1.5.4 Common adverse event tables

The most common adverse events reported in the two pharmacokinetic studies and the
randomized, controlled studies with oral and parenteral quinine submitted for this NDA
are shown in the table below. These data represent an estimate of adverse event incidence
for the randomized contolled trials. Only studies in which adverse events were
enumerated by treatment group were included in this analysis. Additionally, adverse
events may not have been elicited the same way in all of the studies, so these data only
reflect a rough estimate of adverse events overall.
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Table 46: Summary of Estimated Incidence of Common Adverse Events Reported in
Subjects or Patients who received Quinine in Studies Submitted with NDA

Common Adverse Mutual RCT with oral RCT with parenteral
Events pharmacokinetic quinine quinine
studies (healthy (patients with (patients with severe
subjects) uncomplicated malaria)
malaria)
n/N (%) , n/N (%) n/N (%)
Headache 9/50 (18.0) NR NR
Sore throat 5/50 (10.0) NR NR
Nausea 5/50 (10.0) NR NR
Dizziness 3/50 (6.0) 48/222 (21.6) 4/822 (0.5)
Tinnitus NR 53/222 (23.8) NR
Impaired hearing NR 6/222 (2.7) 2/822 (0.2)
Hypoglycemia NR NR 132/822 (16.1)
QTc prolongation > 0 NR 60/822 (7.3)
500 msec
Vomiting 1/50 (2.0) 1/222 (0.5) 21/822 (2.6)

N= number of patients/subjects who received quinine
n= number of patients/subjects who experienced adverse event
NR = not reported

Medical Officer Comments: The pattern of common adverse events differed significantly
in healthy subjects, in patients with uncomplicated malaria who received oral quinine,
and in patients with severe malaria who received parenteral quinine. This may be due, in
part, to underlying disease, or lack thereof, multiple vs. single dose regimens (patients vs.
subjects), and route of quinine administration. This is particularly obvious with the
parenteral quinine studies, in which hypoglycemia and significant QTc prolongation
were common adverse events; but were not reported in studies with oral quinine or in the
Dpharmacokinetics studies. It would also appear that tinnitus, dizziness, and hearing loss
associated with multiple oral doses of quinine rather than single oral doses, or with
parenteral quinine. Patients receiving parenteral quinine generally have severe malaria
and may not be able to report these subjective symptoms.

Adverse Events Reported in Pharmacokinetic Studies of Oral Quinine

Adverse events reported in the two pharmacokinetic studies performed for this NDA are shown
in the following tables. In study RA3-085, a randomized, open-label, single-dose, three-way
crossover study comparing bioequivalence of quinine sulfate 324 mg (Mutual Pharmaceutical)
with 300 mg quinine sulfate (GPO, Bangkok, Thailand), 27 subjects (12 men and 15 women)
were enrolled, and 25 completed the study. Adverse events were reported in 11 of 27 (41%)
subjects. A total of 32 adverse events were reported; and none of the events was considered
serious. The adverse events which occurred in this study are shown in the table below. The most
common adverse events reported were headache, sore throat, and nausea. In their summary the
applicant reported twenty two of 32 (68.8%) adverse events were considered at least possibly
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drug-related. However, in review of the adverse event dataset, there were 17 adverse events
considered possibly or probably related in 8 subjects. Drug-related adverse events included
headache (9 events), nausea (3 events), vomiting (2), and heartburn (1), stiff neck (1), and viral

syndrome (1).

Table 47: Adverse Events in Bioequivalence Study RA3-085 (Applicant’s Table 5, ISS)

No. of Subjeets Reporting Adverse Events at Least Once in Mutual Pharina's
Single-dose Quinine Sulfate Bisequivalence Study RA3-085

o {35)
) Adniual Phanna’s GPOFs 300 me P
Adverse Event 324 me Capsule Tablet ;‘;g‘,;
¥=37 x=2s' ]
Headache 3 {18.5%) 3 01L5%) £22.2%)
Soee Tareat £{i4.8%) O [056y F(19.55%)
Newmes T (7% 7 {1.7%) 3 (15.1%)
Sints Pressure 1(3.795} 0 (0%} 31 3.7%)
Syirope 0- 0% 13.8%) 1{3.7%)
Yazal Congestion 173,755} 0 0% 3 {3.7%6)
Upger Respiratory Mmiecsion 1{3.3% 0 (05%F T {3.79%)
Vontting 173,595 1 {3.8%6) 1 {3.7%)
Dyspepsis 15.75% 0 D%} 11758
iral Syndrome 113.75%) (0% 1 3.7%)
SHfE Meck 113.75%) 0 £osY 1 (3.7%)

¥Does ot include Suhject New 25, who elected tw withdraw for persens] reasons prior to
gg;}ityhzg this treatreent, and Subject Mo 11, who only received Yunal’s formmiation.
Medical Officer Comments: Information regarding the subject who had syncope
was obtained from the datasets (adverse events, vital signs and ECG). This
subject was a 20 year-old Caucasian female who had a syncopal episode lasting 2
minutes which occurred 24 hour after the quinine dose. An ECG recorded at the
same time revealed a heart rate of 82 bpm, a PR interval of 140 msec, a QRS
interval of 84 msec, a QT interval of 355 msec, and a QTc interval of 394 msec.
Norne of these parameters differed from the subject’s pre-dose baseline; and at no
time post-baseline was the QTc interval longer than the baseline measurement.
Vital signs were not recorded at the time of syncope. The. investigator considered
the adverse event mild, and the relationship to study drug was considered remote.
The investigator’s assessment appears reasonable given the ECG data for this

subject.

In the dose-proportionality study, R04-0376, subjects received a single oral doses of one 324 mg
quinine, and two 324 mg quinine in a randomized, two-way, crossover study under fasting
conditions. Twenty four subjects were enrolled, 13 men, and 11 women. Thirteen subjects had a
total of 30 adverse events, as shown in the table below. The most common adverse events were
headache, dizziness, and nausea. A total of 11/30 (36.7%) adverse events were considered at
least possibly drug-related. These 11 drug-related adverse events, which occurred in 7 subjects,
included headache (2 events), nausea (2), and nightsweats, light-headedness, myalgia, diarrhea,
dizziness, tinnitus, and upset stomach, each reported once. Adverse events in this study are

shown in the following table.
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Table 48: Adverse Events in Bioequivalence Study R04-0376 (Applicant’s Table 6 ISS)

Nao. of Subjects Reporting Adverse Events at Least Once in Mutual Pharma’s
Single-dose Quinine Snlfate Dose Proportionality Stady RI4-0376

» {3
v T Xuinal Pharma ¥utnal Pharms
Adverse Event 1 = 324 mg Capsole | 2 = 324 mp Capsale ;f;l v
N=23 N=33 - o)

Headache L 248.7%) 2 {37} 4 (1 T.4%; A
Dizziness 0 B9 3{13.0%) 3 {13.0%% e
Disusen D %) 3 {13.0%) 3 £15.0%; -9
Joint ipjury {swollen knes) 1{4.3%) 0{0%) 1 {4.3%) @)
Myaizta (Jez nuusclas) 1 {£.3%5) 0 {0%) 1 {4.3%} (7, 3
Wight swests 1§4.3% D-{0%) 1 {4.3%) W,
Fatfor 1{239%) 11{4.3%% 1 {4.3%%) U'
Syucope 1 §4.3%) 0 0% 1 {4.3%5) —
Upper respiratory tract 1{4.3%) (] 1 (£.3%) (D
infection ) 0
Lass of sppetits B (055} 1435 1(4.3%)
Diarriies PR, 1 {4.3%8} 1 (4.3%) Q
Mensimsl cramps D £0%5} 1{43%} 1{£3%) U )
Body aches 00%%) 1 {4.5%) 1 (4.3%) ~g
Legpain 08} 114390} 103.3%)
Sare throat 0 %) 1{43%0) 1 (4.3%)
Chills B %) 1 {4.3%) 1(4.3%
Skin lacerstion D 0%E) 1 {43%%) 1{4.3%)
Upset stomach p 0] 1 {4.3%0) 1 ($.3%6)
Swasting incressed 0 9%} 1 {43%} 1{4.3%)
Tinitus 0 (930) 1 {$.3%) 1 ($.3%6)
‘Tonsilliss 0 (0%} 1 {4.3%6% 1 ($3%)

Medical Officer Comments: Although more adverse events occurred in subjects who
received the 648 mg dose of quinine, a dose-relationship for these adverse events cannot
be determined with the limited number of patients who received quinine in this study.

Additional information regarding the subject who had syncope was obtained directly
from the datasets (adverse events, vital signs, and ECG datasets). This was a 19 year-old
Caucasian male who had 2 episodes of syncope which occurred approximately 3 and 4
hours after his first dose of quinine. The first episode was accompanied by pallor and
lasted 1 minute; while the second event lasted 4 minutes. Vital signs measured at 1, 2,
and 4 hours post-dose revealed a slight drop in BP from 122/69 mm to 109/61 mm,
106/74 mm, and 110/62 mm, respectively; while heart rate also dropped from 92 bpm at
baseline to 74 bpm, 85 bpm, and 69 bpm, at 1-, 2-, and 4- hours post dose, respectively.
ECG data revealed no significant change in PR, QRS, QT or QTc intervals from baseline
at 2- or 4- hours post dose; and the maximum QTc recorded for this patient was 400
msec (+27 msec from baseline of 385 msec) at 4 hours post-dose. However, the patient’s
screening QTc was 414 msec, so the QTc changesseen post-dose are most likely due to
normal variation. The investigator considered the syncopal episodes mild, and unrelated
to study drug, which upon review of these data, appears reasonable.

The following table shows the adverse events characterized by quinine dose in the two

pharmacokinetic studies combined. Dizziness occurred in 3 subjects who received a 648 mg
quinine dose and in none of those who received 324 mg quinine.
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Table 49: Overall incidence of Adverse Events in Combined Studies RA3-085 and R04-076
with Oral Quinine (Applicant’s Table 4, ISS)

Summary of Adverse Events with Mutual Pharma’s Quinine Sulfste Capsules in
Single-Dose Pharmacokinetic Studies

o (35)
Muinst Pharma S

Adverse Event I x 324 mg a ;'I:«l\tm ?harm:: Tota

. 2 x 324 mg capsule et

rapsule N=23 N=30

N=30 -
‘Heatache 7 (a} 2 (8. 7% o (18.0%;}
Sore throat 4 (%) 1{4.3%} 5 {10.0%} o
Tiauzen T (%) I{I3.0%) 5 {16:0%) )
Tpper respiratory tract infocfion 250 0 02X 2 {4.0%) E’._
TJoint injary (swellen knesy T (%) 0-£0%5Y T 0% -
iyaisia fleg tmascles) T %) 0¢0%) T{2.0%) o
Iight sweats 1 (%0} - 0RsY T (2.0%6) N
Eialler 1% 1{3.3% 2 {4.0%) C_Q- ’
Svacope T (36) 0 (0%5) T 0% o
Tipset stomach 10%) 1{43%) 2409 o
Sinus Dressure 1%y D ¢ioey 0% O
TNasal congestion 1 (%) 0 (0% E{2.09%)
Fomiting 1 (%) 0 £0%%) ¥ (2.0%) 2]
“Viral syndrome 1 (%) {096 T2.0%) ®)
SAE neck ) 040%3 I (20%) o]
Dizsiness 3 {0%) 3 (33.0%;) 3 (60%) <
Loss of appstite 13 (0%%) 1 {4.3%6) I £2.0%)
Disrhes DIS] T{4.3%y T(2.0%)
ienstrsl cramps 3 {000y 1 {(4.3%% 1 {Z.0%)
Body ackes 3 {0%%3 1 {3.3%% 1{20%)
Teg pain B 10%) T{3.3%) T{20%)
Chills 3 {0%%) 1 (3% 1 {2.0%)
Skin laceraton (0% 1(3.5% 1 (20%)
Swesting increased 3 {0953 1 {3.3%] 1 (2.0%)
Tinwits G{0%) ] 1{4.3%) 1(20%)
Tonsiits T {0%) 1(4.3%) 1{2.5%)

Medical Officer Comments: The number of subjects in these studies was too small to
determine any dose-relationship for adverse events, and most adverse events were
reported only once. However, headache and dizziness were the most common adverse
events overall. Note that adverse events (including the case of syncope) associated with
the Thailand-GPO formulation of quinine sulfate were not included in this table.

Adverse Events reported in Published Randomized, Controlled Trials of Oral Quinine for
Uncomplicated Malaria

Adverse events reported in the randomized, controlled trials are listed in the table below for
quinine and the comparator. Adverse events were not reported in all of these studies, so the
overall incidence of adverse events cannot be determined accurately. The table below shows
adverse events reported in the individual studies submitted as pivotal for this NDA.
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Table 50: Adverse Events Reported in the Randomized, Controlled Trials of Oral Quinine
Monotherapy for treatment of Uncomplicated Malaria (adapted from Applicant’s Table 7,
ISS, and from individual study reports) ’

Study Adverse Event | Quinine Comparator(s) Comparator
/N (%) n/N (%)
Watt, et al, 1988 Vomiting 1/10 (10%) C 1/10 (10%)
Dizziness 2/10 (20%) 0/10 (0)
Tinnitus 2/10 (20%) 0/10 (0)
Diarrhea 2/10 (20%) 2/10 (20%)
Pruritis 0 1/10 (10%)
Pukrittayakamee, S., et | NR NR* A; Q+T; Q+P, A+P NR*
al., 2004 .
Mueller, et al, 2004** | Tinnitus 11/43 (27%) Artemesia preparations 0/72 (0)
Ache, et al., 2002 NR NR C; SP NR
Rahman, et al., 2001 NR NR C; Q+SPp NR
Pukrittayakamee, S., et | Gastro- 3/68 (4.4%) Q+T: 2/68 (2.9%)
al., 2000 intestinal
symptoms ¥ Q+C 1/68 (1.5%)
Tinnitus NR separately | Q+T; Q+C NR separately
for quinine for quinine
alone 193/204 combination
(93.7% all 193/204 (93.7%
patients) all patients)
Cinchonism Similar in all Q+T; Q+C Similar in all
groups; groups;
incidence NR , incidence NR
McGready, et al., 2000 | Headache NR separately | Mefloquine+artesunate NR separately
for quinine for comparator.
alone. No No difference
difference between groups
between 81/108 (75%)
treatment overall
groups 81/108
(75%) overall
Muscle and NR separately NR separately
joint pain for quinine for comparator.
alone No No difference
difference between
between treatment
treatment groups
groups 73/108 (68%)
73/108 (68%) overall
overall
Dizziness 37/42 (87%) 30/66 (45%)
Tinnitus 66% 17%
Anorexia No difference No difference
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between between
treatment treatment
groups groups
62% (67/108) 62% (67/108)
overall overall
De Vries, et al., 2000 Hemo- NR for quinine | Q+Artemisinin NR for
globinuria alone. comparator
2/268 (0.7%) alone. 2/268
overall (0.7%)
overall
Cinchonism Incidence NR Incidence NR
Bich, et al., 1996 Dizziness 9/59 (15.3%) Artemisinin + quinine 4/45 (8.9%)
Artemisinin + 4/53 (7.5%)
doxycycline
Tinnitus 13/59 (22.0%) | Artemisinin + quinine 5/45(11.1)
Artemisinin + 1/53 (1.9)
doxycycline
Impaired 6/59 (10.2%) | Artemisinin + quinine 5/45(11.1)
hearing
Artemisinin + 0/53
doxycycline
Excess 2/59 (3.4%) Artemisinin + quinine 0/45
salivation )
Artemisinin + 0/53
doxycycline
Dry mouth 4/59 (6.8) Artemisinin + quinine 1/45(2.2)
Artemisinin + 1/53 (1.9)
doxycycline
Metzger, et al., 1995 Dizziness NR for quinine | Quinine + clindamycin NR for quinine
alone. 27/108 | Quinine + doxycycline combination.
(25%) all 27/108 (25%)
treatment all treatment
groups# groups#
Abdominal NR for quinine NR for quinine
pain alone.22/108 combination.22
(20%) all /108 (20%) all
treatment treatment
groups# groups#
Nausea NR for quinine NR for quinine
alone.19/108 combination.19
(18%) all /108 (18%) ail
treatment treatment
groups# groups#
Diarrhea NR for quinine NR for quinine

alone.13/108

combination.13
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(12%) all /108 (12%) all
treatment treatment
: groups# groups#

Vomiting NR for quinine NR for quinine
alone.12/108 : combination.12
(11%) /108 (11%)
all treatment all treatment
groupst# groups

Segal, et al., 1974 NRT1t NRTT NRTT NRtT

NR= not reported

*authors mention that no allergic rashes were reported in any of studied patients

C= chloroquine; A= artesunate; Q+T= quinine + tetracycline; Q+P= quinine + primaquine;
A+P= artesunate + primaquine; SP= sulfadoxine-pyramethamine; Q + SP = quinine
+sulfadoxine-pyrimethamine

**authors state that other adverse events were similar between treatment groups, but did not
specify events or incidence of events

1 Nausea, vomiting, abdominal pain or diarrhea

# Authors reported no significant difference between treatment groups

NRTt Adverse event data not reported as incidence, but as patient-days. See individual study
report in Appendix, section 10.1.

Medical Officer Comments: Adverse event data were not elicited systematically in most
of these studies, so the incidence of adverse events reported for each treatment group can
only be estimated. Quinine combination therapy was a frequent comparator in these
studies, which diminishes the utility of comparative data. Additionally, in most cases, no
attempt was made to identify drug-related adverse events as opposed to those which
could be attributed to malaria. In some cases, adverse events were not reported
separately for treatment groups so comparisons between treatments cannot be made.
However, some patterns emerged from these data, notably, tinnitus and dizziness were
reported more frequently in patients who received quinine than the comparator(s).

In an attempt to estimate the overall incidence of adverse events reported in these studies,
adverse events were combined across studies in those which reported adverse events separately
for each treatment group, with the exception of the study by Segal, et al, (1974) because number
patient-days rather than numbers of patients who experienced the events was reported in the
latter. These data are presented in the table below.
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Table 51: Estimated Incidence of Adverse Events in Randomized, Controlled Trials of
Quinine Monotherapy in patients with uncomplicated malaria (calculated from previous

Table)

Adverse Event

Patients who received oral

Patients who received

quinine in RCT* comparator in RCT*
N=222 N=269
n (%)
Tinnitus 53 (23.8) 17 (4.5)
Dizziness 48 (21.6) 38 (9.9
Impaired hearing 6(2.7) 0
Dry mouth 4(1.8) 2 (0.5)
Gastrointestinal symptoms 3(1.3) 3(0.8)
Diarrhea 2(0.1) 2 (0.5)
Excess salivation 2 (0.1) 0
Vomiting 1(0.5) 1(0.3)
Pruritus 0 1(0.3)

*RCT= randomized, controlled trials. Studies included in this analysis were Watts, et al., 1988

(chloroquine comparator); Mueller, et al., 2004 (artemisinin tea comparator); Pukrittayakamee, et

al., 2000 (quinine + tetracycline and quinine + clindamycin comparators); McGready, et al.,
2000 (mefloquine-artesunate comparator); Bich, et al., 1996 (artesunate+quinine and
artesunate+doxycycline comparators)

Medical Officer Comments: Although these data are only a rough estimate of incidence,
tinnitus, dizziness and impaived hearing were the most common adverse events in
patients treated with quinine in the combined studies. Because of the differences in study
design, and adverse event ascertainment and reporting, combining data from these
studies may not be valid. Additionally, because quinine combination therapy was used as
a comparator in some of these studies, the relatively high incidence of tinnitus and
dizziness in the combined comparator groups is not unexpected.

Adverse Events Reported in Published Non-Randomized Studies of Oral Quinine
Treatment for Uncomplicated Malaria
Adverse events were not elicited systematically or were not reported in most of these studies.
The table below shows the adverse events reported with quinine in these studies.
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Table 52: Adverse Events in Patients treated with oral Quinine in nonrandomized Studies
(adapted from Applicant’s Table 8, ISS)

Study Quinine | Quinine | Comparator | Duration of | Adverse Events Reported (n)
N dose treatment
(days)
Mohapatra, | 19 10 None 5-7 Tinnitus (2, 10.5%); tinnitus,
et al., 2003 mg/kg dizziness and gastritis (7, 36.8%),
tid nausea and vomiting (3, 15.8%)
Pineli, et 454 10 None 7 NR
al., 1999 mg/kg
tid
Babalola, |6 10 | None 7 Reportedly no adverse events
et al., 1998 mg/kg
ql2
hours
on first
day,
then tid
Sowunmi, {11 10 None 7 NR
1996 mg/kg q
12hon
first
day,
then tid
Ringwald, |22 500 mg | None 3 Tinnitus (19, 86.4%); hypoacusis
etal., 1995 tid (13, 59.1%); vertigo (11, 50%);
stomach pain (5, 22.7%);
vomiting (5, 22.7%)
Bhalli and | 59 10 None 7 NR
Samiullah, mg/kg
2001 tid
Giboda 43 15¢g Quinine 10 NR
and Denis, (base) | plus
1988 qd tetracycline

N= number of patients treated with quinine
n=number of patients with adverse event

NR= not reported

Medical Officer Comments: Because adverse events were not collected systematically in
most of these studies, an overall incidence cannot be determined. A relatively high
incidence of tinnitus, dizziness and gastris (36.8%) was noted in the study reported by
Mohaptra, et al., 2003.1n this study, only 19 patients were treated with quinine, after
Jailing both chloroquine and sulfadoxine-pyrimethamine. The authors noted that 11
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patients discontinued treatment due to adverse events (7 with tinnitus, dizziness and
gastritis, and 3 with nausea and vomiting. An additional patient refused quinine after 5
days of treatment. Quinine is considered a gastric irritant, and we have proposed
wording in the DOSAGE and ADMINISTRATION section of the final product label,
recommending that quinine sulfate should be taken with food.

In the study by Ringwald, et al. (1995), the incidence of adverse events was also
relatively high, but most of these events are symptoms of cinchonism, and are not
unexpected. None of patients in this study however, discontinued quinine due fo adverse
events.

Adverse Events in Studies of Oral Quinine in Combination with other Antimalarial Drugs
for Treatment of Uncomplicated Malaria

The applicant also summarized the adverse events reported in randomized studies using quinine
in combination with another antimalarial agent, as shown in the table below.

PPEARS THIS WAY
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Table 53: Summary of Adverse Events Reported in Published Studies of Quinine in

combination with other antimalarial drugs for Treatment of Uncomplicated P. falciparum

malaria (Applicant’s Table 10, ISS)

Adverse Events® in Published Randomized Studies of Oral Quinine in Combination
with Other Antimalarials for Treatment of Uncomplicated P. fulciparnm Malaria

AdoJ ejqissoq jseg

N Adverse Events
Study (Trestment! | o wwing | Serious .
Buration Oither
Code?) in DO {m} | Deaths i)
Dusarts o of . 1885 Majority of patients bad ove or mare AR, maafuly
{Brazil) &8 3 {seware o dizziness (39%), rinnims {2496}, aud sbdonina}
13T TolRitesy ’ pain {245, and sil were consistent with krown
profile,
Pubristavekamae 30 g 0 o AFs were reported.
Gh 20D (Thailarsy® 1G7TH
Rahmsn gr al, 2681 143 o WG o AEs were reported.
{Banziadesh)* £Q3I5PL}
Pakrittavsksmes g BT} ) A5 wepe consistent with known profile, 2 707
L2000 {Thailawdy* and 1 QFT7 patient(s) developed GT syraptoms.
s [0 | oo | mesiy ot it i,
da Viries of ol 2000, 6{4103} 3 [ Two patients hed hemoglobinnria after 24 bowrs of
{ietnany}* eneTobi weannent and were discontiveed. &Rs were “pmt
B I ‘1": mi} 1 0w cansidered 15 be & clinieslly siznificant problem®.
a Linckoriom was reperbsd in % patient gromps.
Bushddser gl 80% of patiants had ABs consistont with known
192E), (Thaileed) profife: leadsche, vomiting, dizzivess, diarkea,
& o o0 drowsiness, sirndtus, and body acke.
{Q7TH Toncsmpliance was due 1o tumitas (30%),
vomiting {16.795), severe diawhea {17%), angd
“oeld not tolerate” {16.7%%)
Sali gl JORT 14 AEs were mild std self-fimited and were consistent
{Brazil) QBT D 0:0 with known prefile. 33% reparted sbdominal pain
aud 13% diarshes.
de Alencar st al., 77 0% of patients had ARs that were Cousisteny Wik
1887, {Brazil) QITH 0 i) knowm profite. Most commen wans tinnifus {33},
dirziness (30, and meuses {33},
52 0 48 Q517 o 00 AEs ware consistent with known profile sng svere
{Thailand) g similar inthe two weatment sromps. Cranmon ASs
42 (Q7TTTy 5 00 E;Z& nEusEs, vomsiting, dizziness, loss of appetite,
a4 tinmitus,
Wantjamonts ef i, 25 (Q’.’TTJ ] (1] AEs were consistent with known profile and were
1886, {Thailand) T LQTCHD o 00 mild Cinchonism was conmust in bath groups.
Bz;i;w zai_;}pgs, 45 €4103) 0 00 ?Sim:mogg ::iﬂ;iiﬁisijsmss (), tinpitus
Metzzer or al, 1855, 4 (QL.5C3) o 20 Al AEs were mild and sef€-limited, and were
{Gabar’y* consistent with knows profila: dizziness, wild 1
40 (QLSD3) o 0 z}mp&;:;, ahdoming] pain, nauses, diarthes, and
Locarsesuwar otal, Reported ABs wers conststent with known prefile:
1584, {Thailandy R beadache {8294}, dizziness {T09%), cinchonisns
F2QTIY) 0 o {9491), nmuses (3296}, vousiting (289%), and
adominal patn {1296).
SREEE AEs were mild and self-imirng and consistent
1884 BEITH D keid with known profile: tiasites (29), dizziness (16),
{Thsiland} vraudting (30}, snd nswseq {203

Q=quinine; T=tetracycline; C=clindamycin; D=doxycycline; A=artemisinin or artesunate;
SP=sulfadoxine/pyrimethamine; AM=amodiaquine; CQ=chloroquine; AE(s)=adverse event(s)

*Also reviewed in Monotherapy

1Does not include abnormal laboratory tests or vital sign or ECG parameters

2Treatment/Duration codes = drug abbreviation followed by duration of treatment in days. Combination

therapy is represented as first drug abbreviation, duration, second drug abbreviation, duration
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Medical Officer Comments: Because combination therapy with quinine is frequent in
clinical practice, and is recommended in the CDC guidelines for treatment of
uncomplicated malaria (CDC 2004 Guidelines for Treatment of Malaria in the U.S. ),
comparing the relative incidence of adverse events in combination regimens to those with
quinine alone is important to determine if there is an increased incidence of adverse
events in combination regimens containing quinine. This comparison may also be helpful
in identifying any potential drug-drug interactions which resulted in adverse events.
Additionally, the incidence of adverse events in the quinine-containing regimen in
comparison to non-quinine containing regimens may be useful in determining quinine-
related adverse event. Data on comparative incidence of adverse events in studies that
reported adverse events is provided below.

Table 54: Incidence of Adverse Events in oral Quinine Combination Therapy and Non-
Quinine Comparator ++

Study Quinine N | Adverse Events n (%) | Comparator | N | n (%)
Combination Reported Treatment
n (%)
Duarte, et al., 1996 | QT 88 | Dizziness 28 AS-T 88 | 7(8.0)
(31.8) '
Abdominal pain | 20 14
(22.7) (15.9)
Nausea 15 7 (8.0)
(17.0)
Weakness 14 7 (8.0)
(15.9)
Tinnitus 20 0
(22.7)
Anorexia 14 4 (4.5)
(15.9)
Vomiting 10 6 (6.8)
(11.4)
Myalgia 10 6 (6.8)
(11.4) _
Sweating 12 3(3.5)
(13.6)
Headache 910.3) 4 (4.5)
Bitter taste 8(9.1) 5(5.7)
Diarrhea 7 (8.0) 2(2.3)
De Alcencar, etal., | QT 77* | Tinnitus 55 A-P T7* | 3
1997 (71.4) (3.9%)
Dizziness 39 10
(50.6) (13.0)
Abdominal pain | 18 20
(23.4) (26.0)
Nausea 22 12
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(28.6) (15.6)
Weakness 15 9
(19.5) (11.7)
Headache 9 17
(11.7) (22.1)
Diarrhea 9 5(6.5)
(11.7)
Anorexia 13 5(6.5)
(16.9)
Pruritus 4(5.2) 6(7.9)
Vomiting 5 (6.5) 4(5.2)
Looareesuwan, et QT 50 | Headache 41 (82) | MT 52 | 35(67)
al., 1994
Dizziness 35 (70) 37(71)
Cinchonism 47 (94) 6 (12)
Nausea 26 (52) 25 (48)
Vomiting 14 (28) 7(13)
Karbwang, et al., QT 33 | Nausea 20 (60) | AS 31 | 14 (45)
1994
| Dizziness 16 (48) 16 (52)
Vomiting 309D 8 (26)
Tinnitus 29 (88) 0
Convulsions 0 1(3)
Bradycardia NE 7(23)

N= number of patients in ITT population (received study drug)

QT= quinine + tetracycline; AS-T= artesunate + tetracycline; A-P= atovaquone-proguanil; MT=
mefloquine + tetracycline; AS= artesunate ‘

* Evaluable patients (adverse event data not presented for ITT population)

TNot all studies with quinine combination therapy are included in this table, some studies did not
report adverse events, other studies of oral quinine monotherapy which used a quinine
combination as comparator were included in Table above..

NE= not evaluated

Adverse event data from the studies listed in the table above were combined to estimate the

incidence of adverse reactions in patients who received drug combinations containing quinine or
another (non-quinine) regimen, as shown in the table below.
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Table 55: Summary of Adverse Events in Combination Quinine Studies (calculated from

table above)t
Adverse Event Quinine Combination Comparator*
N=248 N=248
Dizziness 118 (47.5) 70 (28.2).
Tinnitus 104 (41.9) 3(1.2)
Nausea 83 (33.5) 81 (32.6)
Headache 59 (23.7) 56 (22.6)
Vomiting 54 (21.8) 21 (8.5)
Cinchonism 47 (18.9) 6(2.4)
Abdominal pain 38 (15.3) 34 (13.7)
Weakness 29 (11.7) 16 (6.5)
Anorexia 27 (10.9) 9 (3.6)
Diarrhea 17 (6.9) 10 (4.0)
Sweating 12 (4.8) . 3(1.2)
Myalgia 10 (4.0) ' 6 (24
Bitter taste 8(3.2) 5(2.0)
Pruritus 4 (1.6) 6(2.4)
Bradycardia Not evaluated- 7(2.8)
Seizure 0 1(0.4)

*Comparators included astesunate-tetracycline, atovaquone-proguanil, mefloquine-tetracycline,
and artesunate

+Studies included Duarte, et al., 1996, De Alcencar, et al., 1997, Looareesuwan, et al., 1994, and
Karbwang, et al., 1994

Medical Officer Comments: This analysis is limited by different study designs, as well as
differences in adverse event ascertainment and reporting. Those events which were
reported significantly (approximately 2-fold or higher) more frequently in patients who
received quinine combination therapy than in those who received non-quinine-containing
regimens were dizziness, tinnitus, vomiting,, cinchonism, weakness, anorexia, and
sweating, all reactions known to be associated with quinine use.

Adverse Events in Studies of Oral Quinine Monotherapy vs. Quinine Combination

Therapy

To assess whether adverse events differed between treatment groups in studies which compared
quinine monotherapy to quinine combination therapy, adverse events reported in studies which
evaluated both are shown in the following table. Only one of these studies provided sufficient
comparative information regarding adverse effects in patients who received 7-day regimens of
quinine monotherapy vs. combination therapy. In Pukrittayakamee, et al. (2000), the incidence of
gastrointestinal adverse events nausea, vomiting, diarrhea, abdominal pain) was similar in
patients who received quinine monotherapy or quinine plus tetracycline or quinine plus
clindamycin. The incidence of cinchonism was reportedly similar in all 3 treatment groups, and
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tinnitus occurred in almost all (93%) patients in the study. In the study by Metzger, et al. (1995),
in which patients received only 1.5 days (3 doses) of quinine alone or in combination with
clindamycin or doxycycline, the incidence of the adverse events reported was similar among the
3 treatment groups. In the pediatric study by Kresmner, et al. (1994), in which patients received
short course (3 days) quinine monotherapy or quinine in combination with clindamycin for 3
days, dizziness was reported more frequently in patients who received quinine monotherapy
(9/31, 29%) than in patients who received quinine plus clindamycin (1/34, 3%), otherwise the
incidence of adverse events was fairly similar between treatment groups. There is no known
pharmacokinetic interaction between quinine and clindamyin (e.g. increased quinine

metabolism) that would explain why dizziness occurred more frequently in patients who received
quinine monotherapy.Based on these limited data, there does not appear to be any significant
difference in the incidence of adverse events in quinine combination regimens containing
tetracycline, doxycycline, or clindamycin, in comparison to quinine alone.

Table 56: Incidence of Adverse Events in oral Quinine Combination Therapy and Quinine
Monotherapy Comparator

Study Adverse Event Quinine Quinine Quinine Quinine
Monotherapy | Monotherapy Combination Combination
(duration /N (%) Comparator Comparator
code) (duration code) | n/N (%)
Pukritayakamee, et | NR Q7 -- Q7T7 --
al., 2004
Pukrittayakamee, Gastrointestinal | Q7 3/68 (4.4) Q7T7 2/68 (2.9)
et al., 2000 symptoms**
QIC7 1/68 (1.5)
Tinnitus Q7 193/204 (93.7) Q7T7 and 193/204 (93.7)
for all treatment | Q7C7 for all treatment
groups groups
Cinchonism Q7 Similar in all Q7T7 and Similar in all
treatment groups, | Q7C7 treatment groups,
incidence NR incidence NR
Metzger, et al., Dizziness Q1.5 27/108 (25%) all | Q1.5C3 27/108 (25%)) all
1995 treatment treatment
groups* groups*

Q1.5D3 27/108 (25%)) all
treatment groups

Abdominal pain | Q1.5 22/108 (20%) all | Q1.5C3 22/108 (20%) all
treatment treatment
groups* groups*

Q1.5D3 22/108 (20%)) all
treatment groups

Nausea Q1.5 19/108 (18%) all | Q1.5C3 19/108 (18%) all
treatment treatment
groups* groups*

Q1.5D3 19/108 (18%) all
treatment
groups*

Diarrhea Q1.5 13/108 (12%) all | Q1.5C3 13/108 (12%) all
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treatment treatment
groups* groups*®

Q1.5D3 13/108 (12%)) all
treatment
groups*

Vomiting QL5 12/108 (11%) all | Q1.5C3 12/108 (11%) all
treatment treatment
groups* groups*

Q1.5D3 12/108 (11%) all
treatment
groups*

Kremsner, et al., Dizziness Q3 9/31 (29) Q3C3 1/34 (3)
1994 (pediatric)
' Nausea Q3 2/31 (6) Q3C3 0
Diarrhea Q3 0 Q3C3 2/34 (6)
Abdominal pain | Q3 4/31 (13) Q3C3 5/31 (15)
Itching Q3 0 Q3C3 1/34 (3)

NR = not reported Q7= 7 days of quinine; Q7T7= 7 days of quinine plus tetracycline; Q7C7=7
days of quinine plus clindamycin; Q3= 3 days quinine; Q3C3= 3 days of quinine plus
clindamycin; Q1.5= 1.5 days (3 doses) quinine; Q1.5 C3= 1.5 days quinine plus 3 days

clindamycin; Q1.5 D3= 1.5 days quinine plus 3 days doxycycline

*Authors noted no significant difference between treatment groups, but data was not provided.
** Gastrointestinal symptoms included nausea, vomiting, diarrhea, and abdominal pain.

Medical Officer Comments: In one pharmacokinetic studyof patients with acute
uncomplicated P. falciparum malaria, the combination of quinine plus tetracycline
resulted in plasma quinine concentrations about 2-fold higher than observed in patients
who received quinine monotherapy (Karbwang, et al., 1991). Quinine toxicity appears
related to plasma quinine concentration. Thus, the study by Pukrittayakamee, et al.
(2000) was reassuring in that no difference was observed in the adverse effect profile in
patients who received quinine monotherapy or quinine plus tetracycline or clindamyin.
However, definitive conclusions regarding the safety of quinine combined with an
antimicrobial agent such as tetracycline, doxycycline and clindamycin cannot be drawn
from these limited data.

Adverse Events Reported in Published Studies of Parenteral Quinine for Treatment of
Severe P. falciparum Malaria
For comparative purposes, randomized studies of parenteral quinine were submitted in support of
this application. Adverse events were not elicited or reported systematically in all of these

studies, but those reported are shown in the table below.
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Table 57: Adverse Events in Patients who received Parenteral Quinine or comparator in
RCTs (adapted from Applicant’s Table 9, ISS)

Study Quinine Quinine Adverse Events Comparator(s) | Comparator(s) | Adverse Events
N dose and ‘Reported in dose and Reported in
duration Quinine group (n) duration Comparator
group (n)
Singh, et 26 10 Hypotension (3); | Artemether 4 mg/kg IM on | GI intolerance
al., 2000 mg/kg/day | cinchonism (2); 26 -| first day; then2 | (2)
IV for 7 GI intolerance mg/kg/day for
days (7); myocarditis 4 days
(1); hypoglycemia
“4)
Newton, et | 54 20 mg/kg Hypoglycemia Artesunate 24mgkgx1 Urticarial rash
al., 2003 IV loading | (15); cinchonism | 59 dose; then 1.2 )
- dose; then | (number not mg/kgx 1in 12
10 mg/kg reported) hours; then 1.2
tid for 7 mg/kg/day for
days* 7 days**
Satti, et al., | 39 10 mg/kg Hypoglycemia (1) | Artemether 1.6 mg/kg/ql2 | None reported
2002 1V every 8 38 hours for one
hours for 7 day; then 1.6
days* mg/kg/day for
4 days
Adam, et 21 20 mg/kg Hypoglycemia (1) | Artemether 32mgkgx1 None reported
al., 2002 IV loading 20 dose; then 1.6
dose; then mg/kg/day for
10 mg/kg/8 4 days
hours for 7
days*
Faiz, etal., | 54 20 mg/kg vomiting (21); Artemether Weight > 45 Vomiting (18);
2001 IV loading | diarrhea (7); 51 kg: 160 mg IM | diarrhea (8);
dose; then | convulsions (17); x 1; then 80 convulsions (21);
10 mg/kg/8 | neuropsychiatric mg/kg/day for | neuropsychiatric
hours for 7 | side effects (8) 4 days; weight | side effects (14)
days* <45kg: 3/2
mg/kg IM x 1;
then 1/6
mg/kg/day for
4 days
Thuma, et | 44 20 mg/kg 34/44 (77%) Artemotil 3.2 mg/kg 36/48 (75%)
al., 2000 (pediatric) | 1V loading | patients{ 48 initial dose; patients}
dose; then . then 1.6
10 mg/kg/8 mg/kg/day for
hours for 7 5 days
days*
Moyou- 51 20 mg/kg Blackwater fever | Arteether 3.2 mg/kg IM None reported
Somo, et (pediatric) | 1V loading | (and death) 51 initial dose;
al., 2001 dose; then | following quinine then 1.6 mg/kg
10 mg/kg/8 | (1) daily for 4 days
hours for 6
days*
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Taylor, et 81 20 mg/kg More patients in Arthemether 3.2 mg/kg NR
al., 1998 (pediatric) | IV loading | the quinine group | 83 loading dose,
dose; then | than comparator then 1.6
10 mg/kg/8 | showed QTc mg/kg/day for
hours (for | prolongation after minimum of 3
minimum treatment, but doses; followed
of 3 doses); | difference not by single dose
followed statistically SP
by single significant
dose SP (incidence not
specified)
Olumeses, | 49 20 mg/kg NR Artemether 3.2 mgkg IM NR
etal,, 1999 | (pediatric) | IV loading 54 initial dose;
dose; then then 1.6 mg/kg
10 mg/kg/8 daily for 4
hours for 7 more days
days*
Murphy, et | 71 20 mg/kg Significant QTc Artemether 3.2 mg/kg IM Significant QTc
al., 1996 (pediatric) | IV loading | (increased >25% | 89 initial dose; (increased >25%
dose; then | baseline) (5) then 1.6 mg/kg | baseline)
10 mg/kg/8 daily for 5 days | (20)
hours (for total
minimum
of 3 doses);
followed
by single
dose SP
Karbwang, | 52 20 mg/kg Most surviving Artemether 160 mg IM Mild, transient
et al., 1995 IV loading | patients 50 loading dose, pain at injection
dose; then | developed followed by 80 | site. No '
10 mg/kg/8 | tinnitus; severe mg daily for 6 significant ECG
hours for 7 | hearing more doses changes noted,;
days* impairment (2); neutropenia (10)
QTc prolongation
(common), but no
significant
dysrhythmia;
neutropenia (8)
Karbwang, | 12 20 mg/kg Dizziness and Artemether 160 mg IM No adverse
etal., 1992 IV loading | vertigo (4) 14 loading dose, events
dose; then followed by 80
10 mg/kg/8 mg daily for 6
hours for 7 more doses
days*
Tran Hien, | 276 20 mg/kg Hemoglobinuria Artemether 4 mg/kg IM Hemoglobinuria
etal., 1996 IM loading | (blackwater) (4); | 284 loading dose; (blackwater) (7);
dose; then | hypoglycemia followed by 2 hypoglycemia
10 mg/kg (697276, 25%); mg/kg every 8 | (31/284, 11%);
every 8 QTc prolonged > hours for QTec prolonged >
hours for 500 msec minimum of 3 | 0.5 second
minimum (60/133 45%) dayst 38/152 patients
of 3days T | patients with ECG with ECG
monitoring; QTc monitoring,
prolonged > 25% 25%); QTc
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(12/133, 9%) prolonged > 25%
(11/152, 7%)
Van 288 20 mg/kg Hypoglycemia Artemether 3.2 mg/kg IM Hypoglycemia
Hensbroek, IM loading | (42/288, 14.6%); | 288 initial dose, (29/288, 10.1%));
etal., 1996 dose; then | injection site followed by 1.6 | injection site
10 mg/kg reactions (17/88, mg/kg daily for | reactions (2/288,
every 12 5.9%); sterile 4 days# 0.7%);
hours for 5 | abscess at sterile abscess at
days# injection site injection site
(5/288, 1.7%) (1/288, 0.3%)

NR= not reported; N= number of patients in treatment group

*oral quinine substituted when patient was able to swallow tablets

** Patient switched to oral artesunate or oral artesunate plus mefloquine or tetracycline or
doxycycline

SP= sulfadoxine-pyrimethamine

7When patient could take oral medication, a second randomization was performed to either
single oral dose of mefloquine (15 mg/kg) or to oral quinine 10 mg/kg three times daily for up to
4 days. Treatment with quinine was followed by 2 tablets of SP.

#In year 2 and 3 of the study, patients also received a single oral dose of SP after randomize
treatment. '

I Adverse events reported with quinine in this pediatric studies included weakness (2), aphasia
(8), deafness (2), fevers/rigors (2), anorexia (6), nausea/vomiting (2), diarrhea (5), cough (7),
pneumonia (7), conjunctivitis (2), other infections (e.g. skin) (5).

Medical officer Comments: Although actual quantification of adverse events by
combining studies is not possible due to significant differences in study design, patient
populations, and adverse event reporting, some patterns of adverse events with
intravenous quinine emerged upon review. Hypoglycemia, dizziness or vertigo, tinnitus,
and cinchonism were reported as adverse events more frequently in the quinine group
than in comparator groups. QTc prolongation was reported more commonly with quinine
than with comparators, except in the study reported by Murphy, et al. (1996), in which
the incidence of significant QTc prolongation was higher in the artemether than the
quinine treatment group. Hypotension was reported as an adverse event in quinine-
treated patients in only one study (Singh, et al., 2000). These data were pooled across
studies in an attempt to estimate incidence of specific adverse events in patients who
received quinine and those who received the comparator, as discussed below.

In an attempt to quantify the adverse events reported in adult patients with parenteral quinine or
the comparator (artemether and artesunate), the total number of patients for each treatment arm,
and the number of patients with specific adverse events were combined across studies. Because
adverse events were not reported systematically reported in all of the studies, only a rough
estimate (possibly an underestimate) of incidence can be determined, as shown in the table
below.
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Table 58: Estimate of Incidence of Adverse Events in pooled Studies of Adult Patients*
treated with parenteral Quinine or Comparator (calculated from table above)

Adverse Event Quinine Comparator**
N=822 N=830
n (%) n (%)
Hypoglycemia 132 (16.1) | 60 (7.2)
QTc prolongation > 500 msec | 60 (7.3) 38 (4.6)
Vomiting 21 (2.6) 18 (2.2)
Convulsions 17 (2.1) 21(2.5)
Injection site reactions 17(2.0) 2(0.2)
Neutropenia 8(1.0) 10 (1.2)
Neuropsychiatric symptoms 8(1.0) 14 (1.7)
Gastrointestinal intolerance 7(0.9) 2(0.2)
Diarrhea 7(0.9) 8(1.0)
Sterile abscess at injection site | 5 (0.6) 1(0.1)
Dizziness/vertigo 4 (0.5 0
Hemoglobinuria 4 (0.5 7(0.8)
Cinchonism 2(0.2) 0

*Studies with adult patients included Singh, et al., 2002; Newton, et al., 2003; Satti, et al., 2002;
Adam, et al., 2002; Faiz, et al., 2001; Karbwang, et al., 1995; Karbwang, et al., 1992; Tran, et al.,
1996; van Hensbroek et al., 1996).

** Comparators were artemether (1055 patients), and artesunate (59 patients).

Medical Officer Comments: Patients with severe malaria could be obtunded and unable
to report many of the adverse events noted in studies with oral quinine, such as hearing
or visual loss. Because of the differences in study design, as well as in collection and
reporting of adverse events, these data can only serve as a very rough snapshot of
adverse events observed in patients treated for severe malaria. It is notable that
hypoglycemia, QTc prolongation, dizziness/ vertigo and, cinchonism were reported more
Jrequently in patients who received quinine than the artemisinin comparator. It should
also be noted that injection site reactions and sterile abscesses at the injection site were
noted only in studies with intramuscular quinine rather than intravenous.

Adverse Events Reported in Postmarketing Databases

The most common adverse events from the FDA AERS postmarketing databases from 1969
through December 31, 2003 were summarized by the applicant, as shown in the table below,
from 487 adverse event listings, some of which may have been duplicates and follow-up reports
not linked to the initial report. From 1969 to October, 1997, thrombocytopenia was the most
common adverse event reported, with 66 reports. Similarly, in the time period from November,
1997 through 31 December, 2003, thrombocytopenia was the most commonly reported adverse
event, with 44 total reports. After thrombocytopenia, the most common adverse reactions
reported in the latter time frame were vomiting (22 reports), nausea (19 reports). Interestingly in
the earlier time frame (1969 to October, 1997), the most common adverse events after
thrombocytopenia were rash (18 reports), dypsnea (16 reports) and thrombocytopenic purpura
(14 reports). ‘
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Table 59: Most Common Adverse Events Reported in FDA Postmarketing Databases from
1968 through December 31, 2003 (Applicant’s Table 8, 120-day Safety Update)

The 26 Most Comnon Adverse Events by Database Reported in Association with
Quinine (Suspect Drug) During FDA’s Postmmarketing Experience

Adverse Event Term CTount
(COSTART Data) Connt' MDA 21-T09 ‘Update
106031 Oct. 1997 Adverse Event Tenm | o0 3007 - | 130w, 1997
(MedDRADafs) | 36 7730030 | 31 Dec 2003
Tlrombocyiopeuiz &6 Threondbocytopeuis 33 44 >
Rash ig Voziting WOS 22 22
Thrombocoyiopenic Purpura 4 Hausea 13 1% Q.
Chills 3 | Medication Bmor 11 17 O
Thapnes 16 | Dirug Imeraction NOS 15 18 U
| Coagnistion Disorder g Pyrexiz 11 15

Leukopenia 13 | Bcchymesis 13 13 (1))
“Hypotension Tz Petechise 13 13 3
Epistaxiz Ii Diarches MOS 11 11 fr—]
“Acute Kidney Faihge 10 | Dyspoes NOS 11 11 %
Cum Hemsorrhzee & Epdstaxis 9 1% o
Tleafoess g Donfoess NOS g 2 o

Drig g
Faver 9 | Maslsdwinistration 9 7

Hemoglobin E] m
Headache % Drerrpased 9 o
HNawsen and Vomirng El Overdose BIOE g a
Prarins 2 Tianims 2 9

Platelet Count -
Chills sed Faver 3 Decreazed 9
Tinnitus G Hematoms NGS5 8 3

Laver Puaction Tests. E
Asthenis g NOS Abasl 8
Crans 3 Hizoss — 3

e

T. Source: FOL Spomiaects Reportug Syl wilh Quimns, 1968 frowsh Dtober 1997, iociuted
in DA 3709

2. Source: POERepor of Adverse Events with Quinine through 30 Juna 2003, fie most cusTent
infonestion available publicly as of P June 2004; included in NDA X1-708

3. Source: FOE Repont of Adwverse Bvents with Guinioe Beaction Syummary thoough 31 Dacentier
2003, the most current infoumation wwatlabie publicly as of 31 December 2004 .

Medical Officer Comments: Postmarketing reports do not permit estimation of adverse
event incidence. These reports are collected voluntarily from physicians, other health
care providers, the sponsor, and consumers, and the denominator (number of patients
who received the medication) is not known. Additionally, because the terms (COSTART
vs. MedDRA) for adverse events differed across the time periods reported, pooling of
adverse events across the time periods is not feasible. However, thrombocytopenia was
the most common adverse event for all time periods reported.

In the WHO postmarketing database for quinine, there were a total of 1908 reports of 4191
adverse events (an average of 2.2 events per report) from 27 countries, reported from 1968
through December, 2004 for any quinine product. For oral quinine, there were 504 reports of
1195 adverse events (an average of 2.4 events per report) from 15 countries, from 1968 through
March, 2004. The most common adverse events reported were summarized by the sponsor, as
shown in the table below.
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Table 60: Most Common Adverse Events Associated with Quinine in WHO Database from
1968 through December, 2004 (from Applicant’s Table 9, 120-day safety update)

- anran -

World Health Organization Data: The Most Commonly Reported Adverse Events
Associated with Quinine

Count
Adversz Event NDA 21-799° Al {uinine Produds
Bral Quinine Salfate 1968 through
1258 throngh December 2004%
March 2004
Total Ne. of Repotts 304 1508

Thrombacytoenda &4 4% o)
Tinnitus. &6 361 m
Vomiting 31 371 N
Purpirs 50 159 —pe
Bizuces 5% 138 g v )
Peter 47 127 o]
Rash. 3 311 (72
Prurites 31 183 g-
Teadache 35 54 e)
Rigers = 78 5
Fharriiea 23 74

Dizziess 0 57 0O
Rash srythenstous 15 54 o
Uirticacs 15 34 U
Epyistaxis 13 22 ~&
Photesensitivity resction 13 41

Dyspnes } 11 40
Deafess [ 32
Rash nuoulo-papulsy 17 £

1. Sorrce. WHO Foport of Adverse Events with Gral {jamine Sufae

throughk March 2004,

2. Bource: WHO R of Advesse Events with Quintne theopeh
220epdar 2004 e moss carrent information svaitable
publicly ss of 31 December 2804 for guinive, regarfless of the
salt or route of admivistration

Medical Officer Comments: Similar to the FDA AERS postmarketing database,
thrombocytopenia was the most frequent adverse event reported overall. Aside from
thrombocytopenia, the most frequently reported adverse events were tinnitus and
vomiting. There was little difference in the relative frequency of specific adverse event
reporis for oral quinine compared to all quinine products, except for deafness which was
not reported with oral quinine in this database. Deafness, however, was reported to the
AERS database, as shown in Table 52 above. The nature of the postmarketing data is
such that a true incidence cannot be calculated from adverse event reports given lack of
denominator data (number of patients who received the drug). Additionally,
postmarketing data reporting is voluntary, and is generally considered underreported.

7.1.5.5  Identifying common and drug-related adverse events

In most of the randomized, controlled studies provided by the applicant with this NDA
submission, drug-related adverse events were not distinguished from those considered unrelated.
In the bioequivalence studies sponsored by the applicant, however, adverse events considered

possibly or probably related to study drug by the investigator were reported, and are shown in the
tables below.
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Table 61: Drug-Related Adverse Events in Pharmacokinetic Study R040376 Dose-
Proportionality Study (Data obtained from adverse events dataset)

Adverse Event Quinine 1 x 324 mg Quinine 2 x 324 mg Total
capsule capsule events*
N=24 N=24 N=24
Headache 2 0 2
Night sweats 1 0 1
Myalgias 1 0 1
Nausea 0 3 3
Light-headedness 0 1 1
Diarrhea 0 1 1
Dizziness 0 1 1
Tinnitus 0 1 1
Total Drug-Related Adverse Events 4 7 11
Number (%) of subjects with 3 (12.5%) 8(33.3)
AE

N=number of subjects subjects were the same for each treatment group

Medical Officer Comments: In this study, the most common drug-related adverse events
were nausea, which occurred in 3/24 (12.5%) subjects who received a 648 mg dose of
quinine, and headache, which occurred in 2/24 (8.3%) subjects who received a 324 mg
dose of quinine. Although the incidence of dru-related adverse events was higher in
subjects who received the higher (648 mg) dose of quinine sulfate, the number of subjects
tested was too small to draw conclusions regarding any dose relationship between
adverse events and quinine.

Table 62: Drug-Related Adverse Events in Pharmacokinetic Bioequivalence Study RA3085
(data obtained from adverse events dataset)

Adverse Event Mutual Pharma GPO Quinine capsule | Mutual Pharma Quinine | Total
‘ Quinine capsule 300 mg (fasted) Capsule 324 mg (fed) events

324 mg (fasted) N=27 N=27 N=27
N=27

Headache 3 3 9

Stiff neck 1 0 1

Nausea 0 2 3

Vomiting 0 1 2

Heartburn 0 0 1

Total drug-related adverse 4 6 17

|_events
Total subjects (%) with a 4 (14.8) 3(11.1) 5(18.5)
drug-related adverse event

N= number of subjects.
This study had a three-way crossover design, so subjects are the same for each group
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Medical Officer Comments: No significant difference was seen in drug-related adverse
events in subjects who received quinine sulfate in fed or fasted state, or those who
received the Thailand-GPO formulation in comparison to Mutual’s 324 mg capsule. In
this study, headache was the most common adverse event considered possibly or
probably related to study drug, occurring in 3/27 (11.1%) subjects in each treatment
period.

Drug-Related Adverse Events Reported in Randomized, Controlled Studies of Quinine
Monotherapy v
This section describes only studies which reported adverse events considered drug-related by the
investigators.

Study 1: McGready, et al. (2000)

In this randomized, controlled study performed in Thailand in pregnant women (second or third
trimester), adverse events considered possibly drug-attributable were compared for the 2
treatment groups. There were no drug-related adverse events considered serious in this study.
Drug-attributable adverse events reported in this study are shown in the following table. For full
details of the study, see Appendix, section 10. 1.

Table 63: Incidence of Drug-Attributable Adverse Events Reported in McGready, et al.
(2000)

Adverse Event Quinine Mefloquine-artesunate
N=66 N=42
% %
Headache 50 21
Muscle/joint pain 28 32
Abdominal pain 50 29
Anorexia 48 34
Nausea 50 47
Vomiting 2 0
Dizziness 87 45
Tinnitus ‘ 66 17
Abnormal neuro* 5 1

*authors did not state if this meant neurological sign or symptom

Medical Officer Comments: In this study which included only women in the second or third
trimester of pregnancy, adverse events significantly (approximately 2-fold higher) more
common in patients who received quinine than the comparator were headache, tinnitus, and
dizziness. These findings are consistent with the known adverse event profile of quinine.

Study 2: Bich, et al. (1996)

This study was performed in Vietnam in patients ages 8-65 years old with uncomplicated P.
Jalciparum malaria. For full details, see study report in Appendix, section 10.1. Patients were
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randomized to oral quinine monotherapy (10 mg/kg 3 times daily for 7 days) (N=59), artemisin
(20mg/kg single dose) plus quinine (10 mg/kg 3 times daily for 3 days) (N= 45), or artemisinin
(20mg/kg single dose) plus doxycycline (4 mg/kg for 3 days) (N=53). Drug-related adverse
events reported in this study are shown in the table below.

Table 64: Incidence of Drug-Related Adverse Events Reported by Bich, et al. (1996)

Adverse Event (AE) | Quinine | Quinine +artemisinin | Doxycycline+ artemisinin
N=59 N=45 N=53
n (%) n (%) : n (%)
Any drug-related AE | 18 (30.5) [ 9(20) 8 (15.1)
Dizzincss 9(53) | 4.9 4(7.5)
Tinnitus 13(22.0) | 5(11.1) 1(1.9)
Impaired hearing 6(0.2) |14(8.9 0
Excess salivation 2334 0 0
Dry mouth 4(6.8) 1(2.2) 1(1.9)
Hemoglobinuria 0 0 1(1.9)
Skin rash 0 1(2.2) 0

Medical Officer Comments: Not unexpectedly because of the longer duration of
treatment, the quinine monotherapy group had the highest incidence of drug-related
adverse events. Tinnitus and impaired hearing were observed more frequently in patients
who received one of the two quinine-containing regimens.

Study 3: De Vries, et al. (2000)

This study was a continuation of the study published by Bich, et al. (1996) discussed above. For
full details see study report in Appendix, section 10.1. This study was performed in Vietnam, and
included patients ages 8-65 years old with uncomplicated P. falciparum malaria, 84 patients
were randomized to 7-day quinine monotherapy (10 mg/kg 3 times daily) 96 patients were
randomized to artemisinin (20 mg/kg single dose) plus quinine (10 mg/kg 3 times daily for 3
days), or to artemisinin (20 mg/kg single dose) plus quinine (10 mg/kg 3 times daily for 5days).
The authors reported 2 cases of hemoglobinuria observed after 24 hours of treatment, and
regarded these events as adverse effects of quinine, although it was not specifically stated to
which treatment group the patients who experienced hemoglobinuria had been randomized. Both
patients, however, were withdrawn from the study due to hemoglobinuria and were treated with
artesunate. One of these cases was reported previously in the study by Bich, et al. (1996).

Medical Officer Comments: Hemoglobinuria has also been described in the published
literature, in association with severe malaria, with blackwater fever in malaria patients
treated with quinine, with hemolysis related to G6PD deficiency, or to quinine
hypersensitivity. The authors of the study attributed hemoglobinuria to quinine in both cases.

Drug-Related Adverse Events Reported in Randomized, Controlled Studies of Quinine
Combination Therapy

This section describes the only study submitted of quinine combination therapy which reported
adverse events considered drug-related by the investigators/authors.
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Study 1: Karbwang, et al. (1994) .

This study was performed in Thailand and enrolled only males ages 15-35 years old. For full
details see study report in the Appendix, section 10.1. Patients were randomized to quinine (600
mg orally 3 times daily) plus tetracycline (250 mg orally every 6 hours) for 7 days (N=33), or to
artesunate (200 mg orally initial dose, then 100 mg 12 hours later, then daily for 4 days) (N=31).
The incidence of drug-related adverse events in this study is shown in the table below.

Table 65: Incidence of Drug-Related Adverse Events Reported by Karbwang, et al. (1994)
(from author’s Table 3)

Drug-Related Adverse Event | Artesunate | Quinine + tetracycline
N=31 N=33
n (%) n (%)

Nausea 14 (45) 20 (60)

Dizziness , 16 (52) 16 (48)

Vomiting 8 (26) 30 (91)

Tinnitus 0 29 (88)

| Convulsions 1(3) 0
Bradycardia 723 NE

Medical Officer Comments: The authors note that the incidence of nausea, and dizziness
were not significantly different in the two groups; while the incidence of vomiting amd
tinnitus were significantly higher in the quinine+tetracycline group than in the
comparator group. ECGs were not performed in the quinine-tetracycline group, so the
incidence of cardiac arrhythmia or QTc prolongation could not be determined for that
regimen.

Drug-Related Adverse Events Conclusions

The most common adverse events determined to be drug-related (for quinine mono- or
combination therapy) by study investigators/authors were headache and nausea in the
pharmacokinetic studies, headache, tinnitus and dizziness (McGready, et al., 2000), tinnitus and
hearing impairment (Bich, et al., 1996), hemoglobinuria (De Vries, et al., 2000), and tinnitus and
vomiting (Karbwang, et al., 1994).

7.1.5.6  Additional analyses and explorations

Foreign labels for oral quinine were compared for inclusion of adverse events. Although
inclusion of an adverse event in a label, does not necessarily imply its relative incidence, adverse
events noted almost universally in the foreign quinine labels included cinchonism (10/10),
headache (9/10), cutaneous rashes and urticaria (10/10), and tinnitus (9/10) (section 7.1.4).
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7.1.6 Less Common Adverse Events -

Because the actual incidence of adverse events with oral qunine could not be determined from
published studies, we have relied heavily on reviews of quinine toxicity to ascertain relative
frequency of adverse events. Additionally, adverse events associated with quinine use identified
only from case reports or case series were considered uncommon or rare.

Some of the less common adverse events reported with quinine include asthma, blackwater
fever, with massive hemolysis, hemoglobinemia, and hemoglobinuria, TTP,
hypoprothrombinemia, leukopenia, agranulocytosis (as reviewed by Tracy and Webster, 2001)
Other rare or uncommon adverse events reported with quinine include transient or permanent
blindness, thrombocytopenia, leukopenia, acute intravascular hemolysis, HUS, and DIC, and
cardiovascular adverse effects, including arrhythmias, photosensitivity rashes, cutaneous
vasculitis, lichen planus, lichenoid photosensitivity, and granulomatous hepatitis (as reviewed by
Taylor and White, 2004).

Adverse events for which only one or a few case reports of quinine-associated adverse events
were provided by the applicant, or found upon literature search include lupus-like syndrome,
lupus anticoagulants, toxic epidermal necrolysis, Steven’s Johnson syndrome, acral necrosis,
renal failure, acute interstitial nephritis, pulmonary edema, ARDS, pulmonary infiltrates,
blindness, deafness, as reviewed in section.7.1.3.3 above.

7.1.7 Laboratory Findings

7.1.7.1 Overview of laboratory testing in the development program

Pharmacokinetic Studies

In the two pharmacokinetic studies submitted by the applicant, laboratory evaluations were
performed at screening, and selected laboratory evaluations were performed on study exit. The
applicant states that laboratory test results showed no clinically significant changes, or changes
considered by the investigator to be related to study drug. Laboratory data was not summarized
or presented in the datasets for these studies, and thus was not reviewed. Some of the published
studies submitted in support of this application were reviewed to evaluate changes in laboratory
values associated with quinine.

7.1.7.2 Selection of studies and analyses for drug-control comparisons of laboratory
values

The randomized, controlled trials which studied oral quinine in the treatment of uncomplicated
malaria, and those which evaluated parenteral quinine for treatment of severe malaria were
reviewed for laboratory analyses. Some of the studies reported monitoring laboratory values, but
most (8/11) did not report the results, as summarized in the table below. Of the 3 studies that
reported laboratory results, only 1 reported substantial laboratory data.
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Table 66: Laboratory Evaluations in Randomized Controlled Trials of Oral Quinine
Monotherapy for treatment of Uncomplicated Malaria (adapted from Applicant’s Table

18, ISS)
Study N | Patient Laboratory Evaluation Results of Laboratory Evaluation
Population
Watt, et al., 1988 10 | Males> 16 | Admission hematology NA
years old and biochemistry only
Pukrittayakamee, | 30 | Adult males | Routine biochemistry NR
et al., 2004 and hematology at
baseline, 7, 14, 21 and
28 days
Mueller, et al., 48 | Age>18 Not reported NA
2004 years old
Ache, etal., 2002 | 48 | > 6 months | Hemoglobin and NA
old hematocrit at baseline
Rahman, et al., 49 | 12-60 years | Hemoglobin at baseline | NA
2001 old
Pukrittayakamee, | 68 | Adult males | Routine biochemistry No patient developed a serious laboratory
et al., 2000 and hematology at abnormality
baseline, days 7, 14, 21,
and 28
McGready, et al., | 42 | Pregnant Hematocrit every 2 Mean hematocrits were 29.4 % (17.5-39.0) for
2000 women weeks MAS group and 28.7% (21.0-37.2) for Q
group at baseline, and 27.6% and 29.5% for
MAS and Q groups, respectively, day 7
(p=0.043)
De Vries, et al., 84 | 8-65 years CBC and “liver tests” at | NR
2000 old baseline and day 3
Bich, et al., 1996 59 | 8-65 years | Hemoglobin, hematocrit, | All treatment groups (Q, AQ, and AD) had
old . WBC, glucose, AST, small decrease in hemoglobin and hematocrit
ALT, creatinine, BUN at | on day 3. Mean WBC decreased from 7.6 x
baseline and dya 3 109/L to 7.2 x 109/L on day 3; BUN and AST
decreased slightly in all groups; AST
decreased slightly in AQ and AD groups
Metzger, et al., 40 | > 15 years | Not reported NA
1995 old
Segal, et al., 1974 | 26 | Males > 15 | Hematocrit, WBC, See table 60 below.
years old bilirubin, alkaline

phosphatase, AST, and
creatinine at baseline,
days, 3,6, and 18

N= number of patients who received quinine

NA= not applicable;
NR= not reported

Medical Officer Comments: Only I of these studies provided any substantial laboratory
data relevant to safety (Segal, et al., 1974), and in that case only the mean and range of
laboratory values was provided for the quinine group and comparator over time, as

summarized in the table below.
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Table 67: Laboratory Evaluations Reported in Segal, et al. (1974) Study

Laboratory Test Study Day Quinine WR33063
N=26 N=25
Mean (range) Mean (range)
Hematocrit (%) 0 33.0 (20-46) 33.3 (12-47)
3 30.6 (16-45) 32.2 (19-44)
6 33.6 (18-46) 32.4 (23-44)
28 39.6 (30-47) 37.9 (30-44)
WBC (count/mm3) 0 6,256 (3,080-13,420) | 5,895 (3,450-11,330)
3 6,561 (3,190-10,120) | 5,918 (2,970-9,990)
6 7,297 (4,400-14,300) | 7,085 (3,050-11,000)
28 9,295 (5,280-15,840) [ 9,638 (4,840-25,410)
Bilirubin (direct) 0 0.69 (0.1-5.1) 0.56 (0.1-3.0)
mg/dL ‘
3 0.64 (0.1-4.2) 0.44 (0-1.2)
6 0.46 (0-3.4) - 0.32 (0-0.9)
28 0.23 (0-0.6) 0.25 (0-0.9)
Bilirubin (total) 0 1.34 (0.3-6.1) 1.29 (0.3-3.8)
mg/dL
3 0.9 (0.2-4.9) 0.8 (0.1-1.7)
6 0.7 (0.1-3.7) 0.8 (0.1-1.2)
28 0.5 (0.1-1.1) 0.6 (0.1-1.5)
Alkaline phosphatase | 0 2.1 (1.0-4.7) 2.5(0.8-6.1)
(sigma units???)
3 1.9 (0.8-4.2) 2.5 (1.1-5.1)
6 1.9 (0.9-3.9) 24 (1.14.7)
28 2.5 (1.4-5.7) 2.9 (1.3-7.0)
AST (S-F units) 0 29 (14-75) 39 (15-97)
3 25 (3-38) 30 (11-72)
6 24 (14-55) 32 (11-105)
28 26 (17-41) 26 (13-59)
Creatinine (mg/dL) 0 1.4 (0.5-6.8) 1.3 (0.6-6.5)
' 3 1.2 (0.5-5.3) 1.2 (0.6-8.5)
6 1.0 (0.6-3.2) 1.0 (0.5-5.5)
28 0.8.(0.5-1.3)

0.8 (0.5-1.2)
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Medical Officer Comments: There were no apparent differences in the mean laboratory
values during the course of treatment or at 28 days in the above study; however, statistical
analysis was not provided by the investigator. Normal laboratory values were not provided,
but the range of values indicates that there were likely some outliers with laboratory
abnormalities, although these were not described in the study.

Laboratory Evaluation in Published Randomized, Controlled Trials of Combination
Quinine Therapy for Treatment of Uncom plicated P. falciparum Malaria

Laboratory testing was performed in 10 of the 16 randomized studies which evaluated quinine
combination therapy. However, no laboratory data was provided in 2 of these studies.
Additionally, six of the studies reported only that no laboratory abnormalities were seen.
Laboratory abnormalities with a quinine combination regimen were reported in 3 studies (De
Vries, et al., 2000, De Alencar, et al., 1997, and Looaresuwan, et al., 1994) as described in the
following table.

APPEARS THIS wAY
ON ORIGINAL
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Table 68: Laboratory Data in Randomized, Controlled Trials of Oral Quinine
Combination Treatment of Uncomplicated P. falciparum Malaria (Applicant’s Table 20,

ISS)
N (Treatment/
Study Duration Coder) Abnormal Laboratory Finding(s)

Duarte et al., 88 (Q3T7) Selected biochemical and hematological tests and urinalysis were

1996(Brazil) performed on admission and follow-up visits. No results or conclusions
are, however, provided.

Pukrittayakamee et al., | 30 (Q7T7) Routine biochemical and hematological tests were obtained on

2004(Thailand)* admission and repeated on Days 7, 14, 21, and 28 afier admission. No
results or conclusions are, however, provided.

Pukrittayakamee ez al., | (Q7C7 and Q7T7) | Routine biochemical and hematological tests were obtained on

2000(Thailand)* admission and repeated on Days 7, 14, 21, and 28 after admission.
None developed a serious laboratory test abnormality.

de Vries et al., 184 (A1Q3 and Two patients had hemoglobinuria after 24 hours of quinine treatment

2000(Vietnam)* Al1Q5) and were discontinued (regimen not specified).

Salcedo et al., 1997 14 (Q3T7) Routine biochemical and hematological tests were obtained on

(Brazil) admission and repeated on Days 7, 14, 21, and 28 of follow-up.
Analysis of pre- and post-treatment values did not show a statistically
significant difference (P > 0.05, student’s t test)

de Alencar et al., 77 (Q7T7) Routine biochemical and hematological tests were obtained on

1997(Brazil) admission and repeated on Days 7, 14, 21, and 28 of follow-up. No
patient with normal laboratory values on admission developed
abnormal values on treatment, except for eosinophilia (number of
patients not specified), which was attributed to intestinal parasites.

Vanijanonta et 50 (Q7T7 and Routine biochemical and hematological tests were obtained on

al.,1996(Thailand) Q7CQ3) admission and repeated weekly thereafter. There were no significant

: changes in the laboratory test results.

Bich et al, 45 (A1Q3) Selected biochemical and hematological tests and urinalysis were

1996( Vietnam)* performed on admission and after 3 days of treatment. No results were
significantly different for quinine versus artemisinin/quinine.

Looareesuwan ef al., 52 (Q7T7) Selected biochemical and hematological tests and urinalysis were

1994(Thailand) performed on admission and on Days 7, 14, 21, and 28 of follow-up.
Two patients who had normal transaminases on admission had
increased values (range 103 to 154 IU) 2 to 3 weeks after treatment;
values returned to within normal limits in 3 to 6 weeks.

Karbwang et al,, 33(Q7T7) Routine biochemical and hematological tests were obtained on

1994(Thailand)

admission and on Days 2, 4, and 7 and then weekly until Day 28. No
significant drug-related abnormalities occurred.

Q=quinine; T=tetracycline; C=clindamycin; A=artemisinin or artesunate; CQ=chloroquine *Also reviewed in
Monotherapy 1Treatment/Duration codes = drug abbreviation followed by duration of treatment in days. Combination
therapy is represented as first drug abbreviation, duration, second drug abbreviation, duration

Medical Officer Comments: These studies provided very limited data on laboratory
abnormalities which occurred in patients who received quinine combination therapy. The
abnormalities which were reported include hemoglobinuria, which was discussed
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previously (section 7.1.5.5), and mild-moderate transient transaminase elevation noted in
2 patients by Looareesuwan et al., 1994.

Laboratory Evaluation in Randomized, Controlled Trials of Parenteral Quinine for
Treatment of Severe P. falciparum Malaria

Among the randomized trials of parenteral quinine for treatment of severe malaria, 13/14
performed some routine laboratory monitoring, as summarized by the applicant in the table
below. Patients with severe malaria often have significant laboratory abnormalities at baseline,
including anemia, leukopenia, thrombocytopenia, hypoglycemia, lactic acidosis, hyponatremia,
_elevated bilirubin, creatinine, and transaminases, and others. Thus, attributing laboratory
abnormalities to quinine in patient with severe malaria could be difficult, and most of the studies
summarized below did not report laboratory values during treatment, or treatment-related
abnormal laboratory abnormalities.

APPEARS THIS WAY
ON ORIGINAL
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Table 69: Summary of Laboratory Data from Clinical Trials of Parenteral Quinine
(Applicant’s Table 19, ISS)

Abnormal Laboratory Findings in Published Randomized Studies of Parenteral
Quinine for Treatinent of Severe P. falciparnm Malaria, Including Cerebral Malaria

(Treatment/
Stady Baration Abzermal Laboratory Findina(s)
Caode"y
Iniravenous
Nowron g ol 2083 34 Gincose and factate wers evalusted ar frequert mtervals during ireatment
{Thailaady {379 $or 31 unspecified period of fme: 28%% developed hypoelveemia.
Satti ot ni., ES] Eemstelogical and biochennical 125t Wete PErforTed on SAUSESI0N B4
28034 Sndarsy [t E] repeated on Day 3 of freatment. Hiypoglycemia was observed in I
Datient {3%5).
Adager gt 21 Capillary Blood ghacose was measured on sdnvission sud “sstivated 2
208N Sadany Q7 hovrs eRer dmug admimistration. Hypoghycemis was obsarsed iz T
patient {5%.
Taizoral, E) ‘Hematological aud biochewical tests wete ez IorEEs ol AAmiesion Sl oo
2081{Bangladesh) [<e ] repested oaly sz cliniczily warrsnted. Mo coprument was mads om m
abnoemal Esboratory tust reslts associated with Grinineg, (_Q_
Thums ofal 44 ‘Hemstological and biachemizal tests were performed on admission and
22004 Tambia}y [y} repeated e Days 3, 7, 14, 21, and 28. There was no Sifferance beswesn o)
: weannant with spemetier and guinine treatment syoups. Mo specific o
Teferance was msde to abnorixst Isboratary test restitts atribured 1o a
quinine, 145
2fgygu-Somp e at 51 Hewatological and biochenxical te5ts were performed on snnssion and g
20B1{Camearaony - feeys) repeated ex Days 3, 7, 14, aud 28, “There was no difference hanveen <'D
trestent with antemether and quinine treatment groups. 2o spacific
reference was made to abnormal Jaborstory testresults attribured to 0
Tavter aral., BE Hematelogical and biochenical toxts were performed on sdoission 20d -D
1208 0Matand) Q3% repested ox Days 3, 7, and 28, o shoonmst Iabaratory test sesults <
atrimited to quéinive were regarted.
; e oo 40 Henwtelogics! and biochemical tests were preformed on sdoission and
1859 igariz) Q7 Days3 and 7 and then weekly a¢ follow-up 1o Eiay 28, Ko shuorms}
Iabaratory test results atiributed to guinins were Tepored.
Murehy of gl 7 Hemateloigica! sud biochensc al tests were performed at admission a0
198§Kenyz) Q39 repeated only 3z clinically warranted. Mo sbuormal Izborstory test
resulis atiibwted fo guinine wers reporied.
Ksthwanz et ai., 32 Hemstelogical apd biochemical tests were performed on A0MTEI0n0 Sog
1985 Thaitand} [t repeabed on Days 2, 4, and 7. No abuorms! fndings were associated
with quinive weatment.
Kabwans et gl 12 Hematslogical apd biockemics] tosts wese parformed on adumssion and
1892 Thaitand) [is g} repeated ont Days 2, 4, and 7. There were no siznificsnt drug-relatad
chsmpes in ksborstory test resulis.
Inirapmscalar
Ipangegi, 276 Gincose and factste were evaluated at 4, 8, 12, ang 24 bowrs aRer
| 1888b 0 iatnam} 3y adnission: 25% developed byporlveenia,
“an Hensbroek ot 288 Blood glucoss was neasured on admisston and repegted afier 4 and 12
ai. 1806(Gsmbia) 05 heners and fhen when clindcsily indicated, Hypoglycemia oroured in
14.8% of pstients
Q=quinive

Treatment/Durstion codes = druz, albraviaion followed by tustion of westment in devs.
“Inravenous freakuent was followad by wrestnzent with one other arsl sntimalarist drug

Medical Officer Comments: Review of these studies confirmed the results shown in the
applicant’s table above. In Tran, et al. (1996), hypoglycemia was noted in 25% quinine-
treated patients (adults) in comparison to 11% of those who received artemether. The
relative risk as determined by the investigators was 2.3, with a 95% confidence interval
of 1.6 to 3.4, and p value= < 0.001). In Van Hensbroek et al., (1996), hypoglycemia was
reported in 10.1% of patients (children) who received artemether in comparison to
14.6% of children who received quinine. This difference was not statistically significant
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after stratification for the presence of hypoglycemia on admission. In Karbwang, et al.
(1995), the authors noted that 10 of 47 (21.3%) patients in the artemether group, and 8 of
50 (16%) patients in the quinine group developed neutropenia, defined as a absolute
neutrophil count < 3000 cells on the third treatment day, although some patients were
neutropenic prior fo treatment. In some of these patients (treatment group not specified),
neutropenia persisted at day 7, but was not followed further.

Laboratory Adverse Events Reported in Postmarketing Safety Databases

The applicant provided a summary of common laboratory adverse events in patients who
received quinine reported to AERS from January, 1969 to 30 June, 2003. These events were not
reviewed for possible causal relationship to quinine. For both time periods reported,
thrombocytopenia was the most frequent laboratory adverse event, as shown in the following
table.

Table 70: Laboratory Adverse Events Reported in 5 or more Patients who received
Quinine in AERS Database (Applicant’s Table 21, ISS) -

Counfs
Adlverse Event Term ¥ Jam 1060 - 1 Moy, 1907 —
31 Cct. 1907 30 June 2003°

Hematology
Thrombocyiopenia
Platelet Connt Decregsed
Leukopeniz ]

Hemnatocrit Decrassed
Bemogzlobin Derreased
Intemational Kormalized Ratic Increased
Coaguiation Disonder

Bipchemistry
Liver Punction Tests NOS Abnormal
Fenal Impairment 305
Bload Creatize Iucpeased
Blood Potassinm Izcpegsed
Lenkocytosis

Source: FOE Report of Adverse Events with Quinive, 9 Tune 2004

‘Costart Terminelogy / Sportaneous Repoosing System (SES) datsbase

*MedDRA Terminolory ¢ Agverss Event Peporting System (AERS) dstabaze

g

33
8

)
[

RIS I

ot (11

wil 1] ]ee
]

Ado?) ajqissod isag

Medical Officer Comments: As noted previously, postmarketing adverse event data
cannot be used to determine incidence unless a denominator (number of patients who
received the drug in question) is available. The Medwatch reports for these events were
not reviewed, so although they were associated with quinine use, a causal relationship
has not been established.

The applicant also provided a summary of laboratory adverse events from the WHO

postmarketmg database which included 504 reports from 15 countries. This summary is prov1ded
in the table below.
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Table 71: Laboratory Adverse Events in Patients who received Quinine Reported to WHO
Database from 1968 to March 2004 (Applicants’ Table 22, ISS)

Adverse Event Terms | Count
Hematology
Tircmibocylopenis
Gramulorytopenia
Leucopenia
Arramalecyiosiz
Pancyiopelds
Aneniz aplastic
Anerniz Semalvik.
Leukocvtosis
Prothromsbiz decreased
Biochemiziry
Hepatic fingiion sbopnnal
2P increased
Hypoglvosnsiz
LD incremsad
Rensl fuacten shoormal
Trinalysis
Hemateria ]

wwwm‘au‘a.gﬁ

Gl P | s | e

o)
B

Medical Officer Comments: Thrombocytopenia was the most common laboratory
adverse event, followed by granulocytopenia and hematuria for this time period. The
term, “NPN” increased was not clarified by the applicant.

7.1.7.3  Standard analyses and explorations of laboratory data
Not applicable

7.1.7.4  Additional analyses and explorations

No additional analyses or explorations were performed to evaluate laboratory abnormalities from
the data provided.

7.1.7.5  Special assessments

Not applicable
7.1.8 Vital Signs

7.1.8.1 Overview of vital signs testing in the development program

Pharmacokinetic Studies

In the two pharmacokinetic studies submitted with this NDA, vital signs were routinely obtained
at baseline and at specified times post-dosing. The applicant concluded that no clinically
significant changes were observed in the vital signs measurements, and that no changes were
considered related to the study medication by the investigator. The applicant did not provide any
statistical analysis for vital signs measurements in these studies. The vital signs databases
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provided by the applicant for these two studies were reviewed and no significant abnormalities in
vital signs were identified by the Medical Officer.

Medical Officer Comments: These studies used single doses of quinine sulfate (324mg
and/or 648 mg) in healthy subjects, and steady state plasma concentrations of quinine
would theoretically not be achieved until 3 days of dosing (648 mg 3 times daily) (see
pharmacokinetics section 5.1 above). These data are therefore limited in their predictive
value regarding the potential for hypotension and other adverse events in patients
receiving quinine for malaria.

Published Randomized, Controlled Trials of Quinine Monotherapy

The applicant summarized vital signs monitoring in the randomized studies of oral quinine in
patients with uncomplicated malaria, as shown in the table below. Eight of the 11 studies
monitored vital signs (temperature, blood pressure and heart rate). In some of these studies, fever
clearance time was determined as a measure of treatment efficacy, and is discussed in the
Integrated Summary of Efficacy in this review (section 6). Notably, there were no reports of
hypotension in these studies with oral quinine monotherapy.

Table 72: Evaluation of Vital Signs in Randomized, Controlled Trials of Oral Quinine
Monotherapy (Applicant’s Table 23, ISS)

Abnormal Vital Sign Measnrements in Published Randomized Stadies of Oral
Quinine Monotherapy for Treatment of Uncomplicated P. faleipasum Malatia

N

Study (Treatment! Abznormst Vital Siga Messurement(s)
DizrationCode’)
Puhzingvekames & 10 Zitat signs {not farther described) were recorded every 4 hours wnl
., 2004 Thaitand} resphasion of fover sud thereaRer svery £ito 12 hows. Mo shuormal wital
R7 sz massurements wese repostad.
Wfveller or ol 48 Qn Days 3 and 7, pulse, blood pressure, and swﬂlsry body temperamre
20081 Conzp} 07 were recorded. Mo abronnal vital sign measurements were zeported.
Bukzinayakames &t &8 Wital signs {uot hether descaibed) were neoorded every 4 hours umedl
ab., 2000 Thailandy QT reselation of faver and thereafter svery 6 fo 12 bonrs. No abeeaniad xitsh
sign mezsurements ware reported.
3cGreatver ol 42 Weskly physicsl exurination included osal Serperamre, biood pressure,
2000{ Thailand) 0% and plze. ¥ somults or adverse putconmes wers reported for vital siga
NSNS,
Se¥Vdesgoral, g4 Vital signs {not fanther descaihed) were recorded evesy § hours daring
2000{Viemang) 07 bospitalization. Ne shuomzaf vitsl sign measuremenys were regorted.
Birhet gl sq “Vital signs {not farther described) were recorded every § hours watl at
J008Vietnany) {Q;*'} tesst three normal temaperanare readings were obtaized. Mo sbwsorms]
i vital sien measurements wers reported.
kfpgear o aqf FOOS 40 Llinicsl “sizns® were recorded every 12 hours unsl the patfent *wss Foe
{Gabon} @15 of symptomis”. Apparendy, axitlary temperanues were nwasured. Mo
) abparmal wital sign messurenzents were reported.
SesMeral 1974 28 Qral temaperaure was taken every 6 bours. Adgitional vital sign
{Thailand) {05} nessuraments sre not described.
Q=qunine

“Trestwent Duration codes = deug sbbreviation followad by durstion of weatment in days.
Medical Officer Comments: As discussed previously, there may have been reporting bias

in some of these studies; and the absence of reports on abnormal vital signs does not rule
out their occurrence.
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Published Randomized, Controlled Trials of Quinine Combination Therapy

Seven of the 16 studies of quinine combination therapy monitored vital signs, and 4 of these
studies had a quinine monotherapy arm and were shown in the previous table. No abnormal vital
sign measurements were reported as shown in the table below.

Table 73: Evaluation of Vital Signs in Randomized, Controlled Trials of Quinine
Combination Therapy for Uncomplicated P. falciparum Malaria (Applicant’s Table 25,

ISS)

N
Study {Treatmeat! Abunormal Vifal Sign Measorement {s) .
Durstion Code'})
Igvekspres or ai Wital signg
2004 Thaiisndy* ki {wot further described} were recorded every 4 hosrs wntil resolution of
7R fever and theresfier every 10 12 hows. Abnormal vitst sign
messurernsnts 87& not reponed. (o~}
kTt akaImee o oo, Vital signs D
2008 Thaiiandy* 138 {mot fusther described) were recordsd every 4 hours until resolution of ‘_D‘_
(Q7CT and QTTT} | fever snd theresfer every 5 to 12 howrs. Abnormal vitst stzn
MeIsurentents are not repared. pre)
3 Vaizs el oL 5% itel st O
L0 Vismany® (A1G3 aud ALQS) {mot fusther described) were recorded every § bowrs dusing (‘?)
hospiralizstion. Abnormal vital sisn messuremants are not veported. [
Zaniisponis gt ol 58 ¥itsl signs o
1988 Thaitand) (Q7T7) aud {pot farther describedy were recorded ever 4 howrs waril resolurion of (‘D
v TC0OT faver and thereaiter evary 6 to 12 hours. Aboormal vitad sign
(Q7Ca3) IMEaSUPSINSRLs 3IE BOT reported. 0
Bich g af. Vital signs o
J 18§ atpam)* 45 {riot farther describedy were recorded 2vary & hours until at ]Em three -U
(¢ 41@3) mormal sempersmre readings were obtained. Abpormal wim} 332419 <
RN mezsurenents are not reporved. There was no evidence of tatrogeric
- hynotensing.
Motcmar gr gl 1003 Clinical “cigns”
{Baban®y* ol 5%@3 {ot further described) were recorded every 12 howrs vl tle pattent
¢ Qi D3 “was free of: symptoms”. Apparenty, axillary tamperarure was
i mezoured. Abzonmns vital siza ¢ TEnts A0 20f regonad.
Locareasuwan &f af. . . 52 Budy tewsperature, pulse, sng respiratory Fate WETE e siea ;ery §
L2 Thaitand) FA7TTY owrs, Abaormst wital SITh DeSNMISNIEATS ST 10t reported.
C=quiniee; T=telracyclne; C=clindarrcin; D=doxycycling; A=artemisinin er artesnats; CQ=chloroguine
*Also reviewed in Mouotherapy

TreamentTrursrion codes = drug abbreviation followed by durstion of westment in days. Combinaton

therspy is represauted as first drug shbrevinion, durstion, second Zrag sbbrevistion, durazon
Medical Officer Comments: As discussed previously, there may have been reporting bias
in some of these studies; and the absence of reports on abnormal vital signs does not rule

out their occurrence.

Published Randomized Controlled Trials of Parenteral Quinine Therapy

In the randomized studies of parenteral quinine, vital signs were measured routinely in 10 of the
16 studies provided by the applicant. Results of vital signs measurements in these studies were

summarized by the applicant, as shown in the table below. None of these studies reported drug-

related abnormal vital sign measurements in patients treated with quinine.
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Table 74: Evaluation of Vital Signs in Randomized, Controlled Trials of Parenteral
Quinine Treatment for Severe P. falciparum malaria (Applicant’s Table 24)

Abnormal Vital Sign Measarements in Published Randomized Studies of Parenteral
Quinine for Treatment of Severe P. fulciparum Malaria, Including Cevebral Malaria

. X
Stody {Treatment’ Abmormal Vital Sign Measurement 5}
Durafion Code’)
Infravenony
Dawion ot gl I003 B2 Pulse, respiratory zate, blood pressure, and axiifary body
{Thatland} 079 tempeeatre were megsired every 15 minutes for the first 2 hougs, st
4.6, &, 10, and 12 hours, and ther every 6 howrs wntil parasieniy
biad clesred for 24 bowrs. No drug-related sbooous] vitad stgr
TESISITRMIeNS WaES Teportad.
i 34 Temperarare, pulse, blond pressure, and respiratory rate were
2001 {Bangladeshy 97 bponitored avery § bewrs during the pariod of coma and svery 12
Bpurs thereafier. Mo drug-telsied shnonmal vital sige messtrements
. Were repoztad.
T pral L Vital signs
2060 Fambis) w7 {no; ferther described) were measured every 4 houss. Mo drag-
related shuornw] vitsl sien measurements were TEPOTtER.
Mavon-Somb et ol 51 Pulse and respiratory rate were measured every 4 Honrs and biood
2801¢Cameroon} 0N pressuse and rectal ienwerstire were measured every § hours nmil
Day 7, and then weekly on Days 14, 21 , and 28, Wo dmag-relaed
shoornual vital sizn measursiisnts were repored.
Fad 5 E8 Vita} signs were megsured hourly for the first 6 kowrs, 2-bearly uokl
I5SEMataniy {QSi’) the patient ragained corsciowsness, and then 4-hourly umntit
dischargs. No reference was made to sboormal vitsl [t
Mphy ar @l k2 Temperarwee, puize, snd biood pressure were meazured every 4
1888 Kenya) {35 bours. Mo drug-related dbnnral vitsl stgn messurements were
repooted.
Eatowans et al, 32 Vital sigus wers mesnwred every § hours, No fraz-Telated sbnommt
1885{Thailand} 27 wital sien measurements wers repored.
RWARE 5t X Vital sizns were measred every £ houss. Do droz-related abromuat
1842 Thaitandy [ g vital sign measurements were reporied.
Iniramuscalar
Tran ot af. 276 Detailed clindcat observations ware recorded at Jeast every 4 howrs
158G (Wietnan} Q3 for the first 24 hours and every § hours theresBer. Vo drus-related
shaornal vital zizn messurements were puported.
373n Heucbmek of 288 Temperatima, pulse, 208 1espiraiory rete were measured every 4
2L, IR56(Geunbiay Q5 ‘hours for the first 34 hours aud then every 6 hors sl discharpa,
Mp drag-patated ahaonmnal xitﬂj;zl TEsHTRNenis Wars reparted.
C=quinine

TreammentDurston codes = deug abbreviation follewed by durstion of frestment fn days.
“Intravenous fregtment was Sollowed by treatment with one other oral ansinslazial druz

AdoD ajqissod isod

Medical Officer Comments: In the study by Newton, et al. (2003) shown above, one patient
initially randomized to artesunate developed a widespread, erythematous, urticarial rahs and

was switched to quinine therapy. The patient died 52 hour later with pulmonary edema,
oliguria, hypotension and electromechanical dissociation. The authors attributed these

evenis to severe malaria. As such, it would be difficult to attribute hypotension to quinine or

other treatment in patients with severe malaria, because significant hypotension is often

present as a disease manifestation.

Reports of hypotension with intravenous quinine were identified in the literature as reviewed

in section 7.1.3.3 above. Some, but not all of those reports were in patients who received a

bolus (rapid) intravenous infustion of quinine. In one published randomized, controlled study

(not shown in the table above) which evaluated intravenous quinine for treatment of severe
malaria, hypotension was reported as an adverse event in 3 of 26 (11.5%) patients who

188



Clinical Review

Mary E. Singer, M.D., Ph.D.

NDA 21-799}

Quinine Sulfate Capsules USP, 324 mg

received intravenous quinine (10 mg/kg daily Jor 7 days), and in none of the 26 patients
treated with artemether in Singh, et al. (2000). Additionally, hypotension in conjunction with
pulmonary edema was reported in a patient who received a single 300 mg dose of quinine
sulfate for leg cramps (Everts, 2004).

7.1.8.2 Selection of studies and analyses for overall drug-control cdmparisons

Not applicable

7.1.8.3  Standard analyses and explorations of vital signs data

Not applicable

7.1.8.4  Additional analyses and explorations

No additional analyses were performed.

7.1.9  Electrocardiograms (ECGs)

7.1.9.1 Overview of ECG testing in the development program, including brief review
of preclinical results ’

For this 505 (b)2 NDA, the applicant submitted 2 bioequivalence studies which also evaluated
ECG data up to 24 hours after a single dose (324 mg or 648 mg) of quinine sulfate. Additionally,
the applicant provided pubished literature, including clinical studies which did ECG testing in
patients with malaria, as previously reviewed in section 7.1.3.3. The preclinical information on
cardiovascular toxicity of quinine was reviewed briefly above in section 7.1.3.3. See Dr. Steven
Kunder’s Pharmacology/Toxicology review for full details.

7.1.9.2 Selection of studies and analyses for overall drug-control comparisons

In both of the pharmacokinetic studies submitted with this NDA, electrocardiograms were
obtained in subjects at baseline, and at 2,4, 6, 12, and 24 hours after the quinine sulfate dose. A
summary of the ECG data regarding QTc intervals from these studies follows below. The
applicant also provided an ECG dataset which contained values for heart rate, PR interval, QRS
interval, QT and QTc intervals for each subject at specified time points.

7.1.9.3  Standard analyses and explorations of ECG data

7.1.1.1.1 Analyses focused on measures of central tendency

ECG Data from Quinine Dose Proportionality Study R04-0376
This was a randomized, open-label, two-way crossover study, in which 24 healthy (non-
smoking) subjects (13 males and 11 females) were enrolled. Mean age was 33.0 (£ 13.9 years),
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ranging from 19-61 years, 23 were Caucasian, and 1 was a Native American. Twenty three
subjects completed the study; and one subject withdrew for personal reasons.

A single oral dose of quinine sulfate 324 mg (one capsule), or 648 mg (2 capsules) was
administered under fasting conditions on two separate occasions, with a 7 day wash-out period
between the first and second dose. ECG data were obtained at 2, 4, 6, 12, and 24 hours after each
dose, and mean QTc and change from baseline for each of the timepoints is shown in the
following table.

Table 75:

Mean QTc Measurements and Change from Baseline Over 24-hours Following a
Single Oral Dose in Patients in Mutual-Sponsored Dose Proportionality
Study R04-0376 (Applicant’s table 2, 120-day safety update)

QTc (msec)
Statistic Baseline | 2hr |  4br |  6br | 12bhr | 24hr
Quinine Sulfate Capsules USP, 1 x 324 mg
xjggf SD 404+ 20 415+ 26 414+ 26 411+21 411+ 24 409+ 24
Change from

Baselinei+ SD -- 10.4+18.8 9.1+174 6.4+139 52+153 48+119

Quinine Sulfate Capsules USP, 2 x 324 mg

Mean = SD

N=24 410+ 26 422 + 29 422 £ 30 419+ 25 417+ 24 412+23
Change from

; -- 123+ 17.7 12.0+ 14.8 93+14.8 7.5+144 2.8+ 14.4
Baseline & SD

Source: ECG data for R04-0376

1Subject 10 has no baseline value, thus 22 subjects contributed data to the baseline mean and change from
baseline

Medical Officer Comments: The mean maximum change of QTc was 10.4 £ 18.8 msec
and 12.3 + 17.7 msec qfter a single 324 mg or 648 mg dose of quinine sulfate,
respectively. This change is probably not clinically significant. However, these data may
not reflect changes in QTc intervals after repeated doses of quinine as in those used for
treatment of malaria.

In this study, a total of 7/24 (29.2%) subjects had significant QTc prolongation (> 450 msec)

post-quinine dosing, as shown in the following table. No subjects had QTc prolongation > 470
msec.
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Table 76: QTc Intervals in Individual Subjects with a measured QTe¢ > 450 msec
(Applicant’s Table 3, 120-day safety update)

Patiends itk Tc > §50 Msec and Baseline 2nd Within 24 bouss Following a Single
Oral Dise ip Paticnts in Mutnal-Sponsered Bose Propor fonality Stedy R04-03768
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In the following table, pharmacokinetic parameters data were compared to the QTc¢ data for
patients shown in the table above to assess whether QTc prolongation occurred at the quinine
Tmax in individual patients.

Table 77: Correlation of pharmacokinetic data with maximum QTc interval (from
Pharmacokinetics dataset, NDA-21-799)

Subject | Dose Maximum QTc Quinine concentration | Cmax Tmax (Time
(mg) (msec) At time of maximum (ng/mL) of Cmax)
QTc (ng/mL)
3 648 454 (baseline), and | 3390.38 3554.03 2.5 hours
453 (4 hours)
7 324 454 (4 hours) 4799.84 5500.75 2.0 hours
11 648 456 (2 hours) 3528.04 3605.67 2.5 hours
15 324 459 (2 hours) 3331.95 3438.53 3.5 hours
15 648 460 (4 hours) 2744.50 2863.91 3.5 hours
16 324 463 (24 hours) 599.73 3202.72 2.0 hours
16 648 463 (2 hours) 2011.53 2100.37 3.5 hours
19 648 463 (2 hours) 1827.01 2522.87 2.5 hours
20 324 458 (4 hours) 2711.35 2903.90 3.0 hours
20 648 470 (4 hours) 2912.70 3071.50 2.5 hours

Medical Officer Comments: With the exception of subject 16, whose maximum QTc
occurred 24 hours after the quinine dose, these data suggest a relationship between

maximum QTc and quinine Tmax. In most cases the quinine concentration at the time of

maximum QTc prolongation was slightly lower than the Cmax; however ECG data was

only collected at 2, 4, 6, 12, and 24 hours post-quinine dose, so the actual ,maximum QTc

may have been missed.

A linear regression analysis was performed with data from both pharmacokinetic studies

by the Clinical Pharmacology Reviewer, Dr. Gerlie Gieser to determine if there was a
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relationship between QTc and plasma quinine concentration. These data were discussed
in Clinical Pharmacology (section 5.2) section of this review. In brief, a slightly positive
correlation was found between QTc and plasma quinine concentration. This correlation
was more obvious with females than males.

Demographic data for the 7 subjects in this study who had a measured QTc >450 msec are
shown in the table below. :

Table 78: Demographic data for Subjects with QTc > 450 msec (from Applicant’s
Demographics dataset)

Subject ID Age Gender Race
3 21 F C
7 52 F C
11 ' 52 F C
15 42 F C
16 20 M C
19 37 M C
20 58 F C

F= female; M= male; C= causcasian

Medical Officer Comments: QTc interval prolongation > 450 msec (post-baseline) was
observedin 5 of 11 (45.5%) females, and in 2 of 13 (15.4%) male subjects in this study.
Four of the five women with QTc prolongation were older than 40 years; while most of
women, 3/6 (50%) without significant QTc prolongation were younger than age 25.
Interestingly, most of the males in the study were younger than age 40 years (92%); while
6 of 11 (54.5%) of females were over the age of 40. However, too few subjects were
enrolled to draw firm conclusions regarding age, gender and QTc interval changes in
this study.

ECG Data from PK Study RA3085

This was a randomized, open-label, single-dose, three-way crossover study comparing the
Mutual Pharmaceutical Company’s quinine sulfate 324 mg capsule formulation (under fed and
fasted conditions), with the 300 mg quinine sulfate tablet formulation manufactured by the GPO,
Bankok, Thailand. Twenty seven healthy, non-smoking subjects, 12 males and 15 females were
enrolled. Mean age was 24.2 years (range 18-47 years), and 26 subjects were Caucasian, and one
was Hispanic. Twenty five of 27 (92.6%) subjects completed all three treatment periods of the
protocol. One subject was discontinued due to a positive pregnancy test; and a second withdrew
for personal reasons.

An ECG was obtained at baseline, and at 2, 4, 6, 12, and 24 hours after each dose. No subject

had a QTc interval exceeding 450 msec post-dosing; and the mean QTc interval change from
baseline was not significant, as shown in the table below.
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Table 79: Mean QTc Measurements and Change from Baseline Over 24-hours
Following a

Single Oral Dose in Patients in Mutual-Sponsored Bioequivalence Study RA3-085
Applicant’s Table 26, ISS)

Study RA3-085 QTc¢ (msec)
Baseline | 2hr |  4nr | 6hr | 12mr | 24nr
Mutual Pharma’s 324 mg Capsule (Fasting)
%j;g =SD 1 399418 402+ 23 399+ 20 400+ 22 398 % 20 399+ 23
Change
from - 2.5 0.5 1.0 -1.6 0.3
Baseline
GPO’s 300 mg Tablet (Fasting)
11;4:;‘5‘ =SD | 399415 40624 | 400424 400+ 19 396+ 17 394 20
Change
from - 7.1 1.3 1.0 -3.0 -5.24
Baseline
Mutual Pharma’s 324 mg Capsule (Fed)
Illl’ljgg 8D 1 397418 | 397:19 396 % 25 402£22 | 400£196 | 40020
Change
from - -0.0 -1.7 4.4 2.3 3.0
Baseline

Medical Officer Comments: In this study, no significant mean QTc prolongation
was observed afier a single dose of Mutual’s 324 mg capsule in fed or fasting
subjects, or after a single dose of the GPO 300 mg capsule in fasting subjects.
The maximum change in QTc over baseline was 2.5 msec in fasted subjects who
received Mutual’s 324 mg quinine sulfate capsule, and 4.4 msec in fed subjects
who received a 324 mg capsule; while the maximum change in QTc was 7.1
msec in fasted subjects who received Thailand-GPO'’s 300 mg tablet. These data
must be interpreted cautiously however, because changes in QTc intervals may
differ after repeated quinine dosing.

Overall Conclusions Regarding QTc Data from Mutual Pharmaceutical’s Pharmacokinetic
Studies

1. There were only minimal changes in overall mean QTc interval in both studies after a single
dose of quinine sulfate (324 mg or 648 mg). The mean changes in QTc were similar with the
Mutual Pharmaceutical Co. formulation and the GPO formulation of quinine sulfate 324 mg, and
in fed or fasting subjects. Whether similar results would be observed in patients with malaria
who received multiple doses of quinine sulfate is not known.
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2. In study R04-0376, 7/24 (29.2%) subjects had a maximum QTc interval of > 450 msec (470
msec was the maximum QTc interval recorded) during the 24 hour post-dose monitoring period.
No cardiac arrhythmias or other adverse events potentially due to an arrhythmia were reported in
these subjects. Syncope was reported in 1 subject in each study; however, neither patient had a
prolonged QTc interval or cardiac arrhythmia on ECG. :

3. As shown in section 5.2 of this review, a temporal relationship was seen between total plasma
quinine concentration and AQTec, with the greatest increase in mean AQTc¢ around the time of
Tmax (2-4 hours). Additionally, a weak correlation was shown between AQTc¢ and time matched
individual plasma quinine concentrations, in female > male subjects, when a linear regression
analysis was performed combining data from both pharmacokinetic studies.

4. ECG data was obtained from a relatively small number of healthy subjects (49 for both
studies), so the data cannot necessarily be extrapolated to a larger, non-homogeneous population.
Additionally, patients with electrolyte abnormalities (hypokalemia, hypocalcemia, and
hypomagnesemia), congestive heart failure, renal or hepatic impairment, those < 16 years old or
> 65 years old may be at higher risk for drug-related QT/QTc interval prolongation and torsades
de pointes, and were not evaluated in these phase 1 studies. Female patients may also be at
higher risk for drug-related QTc prolongation, and although 5/7 (71.4%) subjects who had a QT¢c
interval of > 450 msec in study R04-0376 post quinine dosing, were female, too few subjects
were enrolled in the study to draw firm conclusions regarding any gender-related effects of the
drug.

ECG Data from Randomized, Controlled Trials of Oral or Parenteral Quinine
See section 7.1.3.3.

7.1.9.4  Additional analyses and explorations

Please refer to section 5.2, Clinical Pharmacology for linear regression analysis of QTc interval
data obtained from the pharmacokinetic studies.

7.1.10 Immunogenicity

The applicant did not submit any preclinical data regarding immunogenicity of quinine. Quinine
itself is not immunogenic, but probably acts as a hapten, and induces immunogenicity after
binding protein. However, in humans, quinine has been shown to elicit specific antibodies
directed against platelets, red blood cells, leukocytes, causing thrombocytopenia, anemia and
leukopenia, and possibly other cell types, as reviewed in section 7.1.3.3 above.

7.1.11 Human Carcinogenicity
Carcinogenicity studies have not been performed in animals. For this indication, treatment of

acute malaria, which generally requires 7 days of antimalarial therapy, human carcinogenicity
studies are not required.
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Medical Officer Comments: For other indications, such as malaria prophylaxis, which
could be long-term, carcinogenicity studies in animals would likely be required for this
drug.

7.1.12 Special Safety Studies

No special safety studies were submitted. .See sections 5.2 and 7.1.9 for review of the ECG data,
with respect to the potential for QT prolongation with quinine sulfate.

7.1.13 Withdrawal Phenomena and/or Abuse Potential

There are no literature reports of abuse potential or withdrawal phenomena associated with
quinine.

7.1.14 Human Reproduction and Pregnancy Data

Quinine has known teratogenicity in humans. Some of the malformations reported include
auditory nerve hypoplasia and deafness, limb anomalies, visceral defects, and visual changes
(Dannenberg, et al., 1983). At high doses, quinine may also have weak abortifacient properties.
In a case series by Dannenberg, et al. (1983), 11 of 70 (16%) women who used quinine in an
attempted self-abortion died, 41 offspring in this series had congenital anomalies for which
quinine was the suspected etiologic agent, and abortion without maternal death was achieved in
only 3/70 (4%) of cases. The quinine dose (where known) used in these cases varied from <
1gram to 30 grams.

It is not known whether quinine is teratogenic at the doses used for treatment of malaria;
although standard doses of quinine apparently do not increase the risk of abortion or pre-term
delivery. In a descriptive, non-randomized study of malaria treatment of pregnant women in
Thailand, there was no significant difference between treatment groups (quinine, mefloquine,
quinine plus mefloquine, and artemisinin for mean birthweight or mean gestational age ; and no
congenital abnormalities were reported among the children born in the study (McGready and
Nosten, 1999). In a randomized, open-label study of quinine vs. mefloquine-artesunate, in 108
evaluable pregnant women with drug-resistant malaria, there were 2/108 (1.9%) mid-trimester
abortions in the mefloquine-artesunate arm, and none in the quinine arm. No stillbirths were
reported, and no congenital abnormalities occurred among the 92 documented births. Blindness
was reported in one infant born to a mother who received quinine. However, the blindness in this
child, with an estimated gestation age of 31 weeks, was attributed to retinopathy of prematurity.
There were also no differences in birthweight or estimated gestational age between the treatment
groups. Patients in this study received the standard doses of quinine for treatment of malaria (10
mg/kg every 8 hours) for 7 days.

In an epidemiological study performed from July, 1991 through June, 1994, a total of 655 Thai
women diagnosed with P. falciparum malaria during pregnancy were treated at some time during
pregnancy with quinine sulfate (10 mg/kg orally 3 times daily for 7 days) alone (Nosten, et al.
(1999). As reviewed by Dr. Gerard Nahum, of the Pregancy and Lactation Team, there was no
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clinically relevant or statistically significant difference in the rate of stillbirths (odds ratio = 0.87)
or in the rate of congenital malformations (odds ratio = 0.82) between women with malaria
treated with quinine and 2,470 pregnant women without malaria or antiparasitic treatment. There
was a statistically significant difference in the rate of low birth weight, 17.8% in pregnant
women with malaria who were treated with quinine, and 12.7% in the control group (odds
ratio=1.4, 95% CI 1.1-1.9). However, this difference could be attributed to malaria alone, and the
difference in birthweights was small (-31 to -209 grams), and not considered clinically
significant.

In another epidemiological study which was part of the Collaborative Perinatal Project (USA), in
a cohort of 50,282 mother-child pairs, 3,248 (6.5%) children with drug exposures during
pregnancy had congenital malformations. Among 104 mother-child pairs who were exposed to
quinine (unknown dose or duration) during the first 4 months of pregnancy, 2 children (1.9%)
had congenital malformations (Heinonen, et al., 1977).

In the postmarketing AERS safety database, one case of congential abnormalities was considered
was reported in a patient who had a serious outcome. As reviewed by ODS, cerebellar
hypoplasia was reported in a premature (32-week) French infant who had been exposed to
quinine (in addition to 4 other medications taken by the mother) during gestation. The reporting
physician did not attribute the congenital abnormality to quinine or any of the other drugs.
Sufficient information was not provided to determine if this abnormality was related to quinine
use.

Medical Officer Comments: Maternal and fetal morbidity and mortality is high in
untreated severe falciparum malaria, and few treatment options may exist, particularly in
pregnant women with malaria acquired in Southeast Asia, where P falciparum may be
resistant to multiple antimalarial drugs. Although teratogenic effects of quinine have
been reported, particularly with high doses of quinine, the benefit of quinine therapy
probably outweighs the risk of quinine use in a pregnant woman with P. falciparum
malaria.

Other antimalarial agents available for use in pregnancy in areas of chloroquine-
resistant P. falciparum malaria, include mefloquine (pregnancy category C), and
atovaquone-proguanil (pregnancy category C). Despite the pregnancy category C
ratings, mefloquine and atovaquone-proguanil are generally not recommended by the
CDC or the WHO for treatment of malaria in pregnant women, because adequate and
well-controlled studies to support their safety and efficacy in pregnant women have not
been performed. The CDC recommendations advise use of quinine plus clindamycin for
treatment of chloroquine-resistant P. falciparum malaria in pregnant women (CDC 2004
Guidelines for Treatment of Malaria in the U.S.). Clindamycin has a pregnancy category
B rating, but cannot be used alone for treatment of malaria. Other antimicrobials
recommended by the CDC for use in conjunction with quinine for treatment of
chloroquine-resistant P. falciparum, are tetracycline and doxycycline, which are both
pregnancy category D.
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Recommendations of the Pregnancy and Lactation Team

The DSPIDP consulted the Pregnancy and Lactation Team for review of this information and
recommendations regarding the pregnancy section of the final product labeling. Their major
recommendation was to change the proposed Pregnancy category ____ to C, based on a
risk/benefit assessment in favor of quinine, i.e. P. falciparum malaria is a potentially life-
threatening illness in pregnant women associated with adverse pregnancy outcomes, and the
benefit of treatment with quinine sulfate may outweigh the risk. Additional recommendations
wer made regarding the sections on Labor and Delivery and Nursing Mothers in the proposed
label. The following labeling recommendations were provided and have been incorporated into
the proposed final product labeling for quinine sulfate:
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7.1.15 Assessment of Effect on Growth

No published studies were submitted which evaluated the effect of quinine sulfate on growth.
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7.1.16 Overdose Experience

Quinine overdose has been observed in several situations, including self-poisoning, accidental
overdose, particularly as the result of heroin or cocaine adulteration with quinine, and attempts at
self-abortion. At one time, quinine poisoning was apparently a common cause of death in
children under 4 years old, due to consumption of quinine tablets prescribed for a relative, in an
epidemiologic study in Australia (Pearn, et al., 1984).

The clinical manifestations of quinine overdose are well-described in the literature. As reviewed
by Taylor and White, 2004, cinchonism invariably occurs with overdose; while some of the
serious effects of quinine overdose include blurred vision, fixed dilated pupils, visual fields
restriction, amblyopia, altered color perception, and blindness, hypoglycemia, cardiac
arrhythmias, and death. ECG signs of quinine overdose include sinus tachycardia, prolonged PR
interval, buncle branch block, QRS widening, prolongation of QTc¢ interval, ST segment
depression, and T-wave inversion. Cardiac arrhythmias include ventricular tachycardia,
idioventricular rhythm. CNS features of overdose include impaired consciousness, coma, and
seizures, particularly in children.

Bateman and Dyson (1986) extensively reviewed quinine overdose toxicity. These authors noted
that moderately elevated quinine levels are associated with cinchonism (auditory symptoms,
gastrointestinal disturbances, vasodilatation, sweating, and headache); while higher plasma
quinine levels are associated with more severe visual disturbances; cardiac and neurological
features. Gastrointestinal symptoms include mild nausea, or with large overdoses, vomiting,
abdominal pain, and diarrhea. Vasodilation may be associated with mild hypotension seen in the
absence of cardiac dysrhythmia. Auditory symptoms include tinnitus, and with larger overdoses,
bilateral nerve deafness and vertigo. According to these authors, auditory symptoms generally
resolve within a few days of overdose, and permanent hearing loss after acute quinine overdose
has not been reported.

Other toxic effects of quinine discussed by Bateman and Dyson (1986) include allergic reactions
associated with quinine include angioedema in aspirin-sensitive patients, anaphylactoid
reactions, and drug fever, hematolgic reactions, including thrombocytopenia, hemolytic anemia,
agranulocytosis, DIC, hepatitis, hypoglycemia, hypokalemia, purpura, erythema multiforme,
fixed drug eruption, toxic epidermal necrolysis, ataxia, seizures, coma, respiratory depression,
deterioration in patients with myasthenia gravis, oculotoxicity, and cardiac toxicity, including
mycocardial depression, wide-complex ventricular tachycardias, and electromechanical
dissociation. Ventricular fibrillation and torsades de pointes have also been reported
(Bodenhamer and Smilkstein, 1992; Morrison, et al., 2003).

The clinical features of quinine overdose were reviewed by Jaeger, et al (1987), who compared
two published case series for adverse events, as shown in the table below.
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Table 80: Clinical features of quinine overdose (adapted from Jaeger, et al., 1987)

Clinical Features of Overdose Dyson, et al (1985) | Boland, et al., 1983
N=48 N=165
% patients % patients
Asymptomatic 17 2]
Unconscious from other drugs 8 --
Symptomatic 75 79
Nausea 54 47
Vomiting 40 --
Tinnitus 56 38
Deafness 50 23
Vasodilatation 15
Hyperventilation 6 --
Mild impairment of consciousness | -- 14
Coma -- 2.5
Visual Symptoms 17 42
Blurred vision (only) -- 19
Altered color perception (only) 2 --
Visual field constriction (only) 2 --
Blindness 13 : 23.6
Cardiovascular symptoms 50 -=
Tachycardia > 100 46 23
Hypotension (SBP< 90 mm) 10 --
Pulmonary edema 2 --
Ventricular tachycardia 2 2.5
ECG abnormalities 35% 8
Increased PR interval 8 5
Widening of QRS interval - 3
Fatalities 0 3**

*ECG changes occurred in 17/48 (35.4%)patients, and included atrial repolarization changes in
4, prolongation of PR interval in 3, QT interval prolongation > 420 msec in 15, minor ST
segment depression in 6, T wave flattening or inversion in 6, and prominent U waves in 6
patients.

** Death was reported in 5/165 (3.0%), including 4 patients with intractable ventricular
arrhythmias, and one with “Jacksonian fit” followed by cardiac arrest.

Medical Officer Comments: In a case review of 48 patients admitted to a regional
poison center for quinine overdose (Dyson, et al., 1985), one patient developed
ventricular tachycardia and had a plasma quinine concentration of 23.5 mg/L. This
arrhythmia ended spontaneously 8 hours after ingestion. The patient reportedly went on
to develop pulmonary edema, unresponsive to diuretics, but cleared slowly afier the next
3 days. In the same study, visual loss occurred in every patient that had a quinine plasma
concentration > 10 mg/L.
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Quinine toxicity appears to be related to plasma concentration. As reviewed by Jaeger, et al.,
(1987), in general, the toxic effects of quinine occur at plasma concentrations > 10 mg/L. In one
study, cardiac arrhythmias were reported at plasma quinine concentrations above 15 mg/L
(Bateman, et al., 1985); while in one case series, blindness was associated with plasma quinine
concentrations > 15 mg/L less than 10 hours after ingestion (Boland, et al., 1985).

The lethal dose of quinine is between 2 and 8 grams in adults, but has not been further defined
(Jaeger, et al., 1987; Taylor and White, 2004).

Serious adverse events associated with accidental or intentional quinine overdose reported in the
AERS postmarketing safety database included anuria, cardiac arrest, hypotension, arrhythmia,
cinchonism, visual disturbance, increased AST, increased creatinine, increased ALT, increased
ammonia, increased bilirubin, increased INR, prolonged prothrombin time, increased
thromboplstin time, decreased platelet count, decreased hematocrit, dehydration, myalgia,
thrombocytopenia, vomiting, blindness, atherosclerosis, hepatic cirrhosis, apnea, brain edema,
cardiomegaly, coma, confusional state, intestinal infarction, ileal perforation, peritonitis,
pulmonary edema, absent pulse, respiratory arrest, congestive cardiomyopathy, hyperhidrosis,
depressed level of consciousness, acidosis, hemodialysis, mental status changes, multi-organ
failure, renal failure, azotemia, bronchitis, Coombs test positive, hematuria, myocardial
infarction, normochromic normocytic anemia, oliguria, prolonged prothrombin time,
superinfection, actue renal failure, asthesnia, nausea, impaired hearing, tinnitus, increased
creatine phophokinase, grand mal convulsion, leukocytosis, asphyxiation, pulmonary edema,
nephrogenic diabetes insipidus, polyuria, hypokalemia, supraventricular tachycardia, cardiogenic
shock, and death.

Medical Officer’s Comments: in many of these cases, the drug overdose was due to
multiple drugs, so attribution to quinine is difficult. These cases were not further
reviewed to determine causality.

Management of quinine overdose

Quinine overdose is managed by supportive therapy, including inotropic support for circulatory
failure. Activated charcoal to decrease absorption in the stomach may be useful (Taylor and
White, 2004). Acitivated charcoal has been recommended by the American Academy of Clinical
Toxicology to increase quinine clearance in the setting of overdose (American Academy of
Clinical Toxicology, 1999). In one study of 7 healthy adult volunteers, multiple-dose activated
charcoal (50 grams administered 4 hours after quinine dose (single 600 mg dose), then 3 doses
over the next 12 hours) decreased the elimination half life from 8.23 to 4.55 hours, and increased
the mean quinine clearance by 56% from 11.8 L/h to 18.4 L/h (Lockey and Bateman, 1989).

Attempted methods to increase quinine elimination, including hemodialysis, peritoneal dialysis,
charcoal hemoperfusion, phasmapheresis, exchange transfusion, and forced acid diuresis are not
considered useful (Bateman and Dyson, 1986).

Medical Officer’s Comments: In the proposed label,

r
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. — g 4dditionally, the Amercian Academy
of Pediatrics changed its recommendation in 2003, such that the use of syrup of ipecac to
induce vomiting is no longer routinely recommended for emergency use because it has
not been shown to be beneficial in improving clinical outcomes in cases of accidental
poisoning. We have proposed wording in the final product labeling regarding
management of quinine overdosage as follows:

“Quinine is rapidly absorbed, and attempts to remove residual quinine sulfate
Jfrom the stomach by gastric lavage may not be effective. Multiple-dose activated
charcoal has been shown to decrease plasma quinine concentrations (See
CLINICAL PHARMACOLOGY/ Extracorporeal elimination).

Forced acid diuresis, hemodialysis, charcoal column hemoperfusion, and plasma
exchange were not found to be effective in significantly increasing quinine
elimination in a series of 16 patients.”

7.1.17 Postmarketing Experience

Postmarketing safety data is available for this NDA because quinine has been available in the
U.S. since before the 1938 Food, Drug, and Cosmetic Act. Quinine sulfate was switched from
over-the-counter to prescription only use in 1998 (FR No. 13528, March, 1998 and 21 CFR 310.

547) and marketing for treatment of nocturnal leg cramps was no longer permitted since 1994
(FR notice, and 21 CFR 310.546).

Section 7.1.17 above describes the most common postmarketing adverse events reported to the
FDA since 1969 and to the WHO since 1968. Specific adverse events in the AERS database
were reviewed by the ODS, at the request of the DSPIDP, specifically with regard to
cardiovascular, renal, and hematological adverse events. Most reported adverse events with
quinine were from oral administration for the indication of leg (or muscle) cramps, when the
indication was provided. See attached consultation from ODS in Appendix (section 10. 3)

Medical Officer Comments: Most postmarketing adverse events reported to the FDA are
in patients who used oral quinine for treatment of nocturnal leg cramps. This may due to
the fact that quinine was (and is) used more frequently in this country for treatment of leg
cramps than for treatment of malaria. An alternative explanation may be that the use of
quinine for malaria is associated with fewer adverse events, possibly due to the different
pharmacokinetics of quinine in patients with malaria.

Summary of ODS Review of Quinine Postmarketing Data

ODS was consulted by DSPIDP to evaluate specific postmarketing events in the AERS
postmarketing database for quinine. The full consultation is attached in the Appendix, section
10.3. Additionally, information regarding specific postmarketing events has been included in the
systems review of safety. ODS also provided data mining profiles for both quinine and quinidine
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for adverse events reported at an incidence at least twice that expected. These profiles are
attached in the Appendix, section 10.3.

In brief, AERS cases which reported a serious outcome through 31 March, 2005 were reviewed.
A total of 537 unique cases were identified, most were from the U.S. (82%), 57% were in
females, and most reports were in patient 51-60 years old. A sample (400/537) reports was
reviewed to determine the indication for quinine use. Most patients (56%) used quinine for leg
cramps (or related indications such as spasms, muscle pain, and restless leg syndrome); while
only 4% patients used quinine for malaria. Other indications included malignant melanoma (3%),
accidental or intentional overdose (11%), and no indication was listed in 19% of cases. A total of
313 cases were reviewed to determine an association between quinine use and adverse event.
Positive associations with quinine, determined by a temporal association, a positive de-challenge,
or by reporter assessment, were found in the majority of cases reviewed.

ODS reviewed specific adverse events, selected in discussion with DSPIDP. Reports from these
adverse events were reviewed to determine possible association with quinine. The specific
adverse events of interest, and the number of unique cases reviewed are shown in the following
table.

Table 81: Number of AERS Unique Adverse Events Reports Reviewed by ODS (from Dr.
Farinas’ consultation report, Table 1)

Event of Interest Number of AERS Cases
Fatalities 81
Teratogenic events 1
Cardiac Events 63

Torsade de pointes 11
Chest Pain 7
Palpitations 15
Arrhythmia 6
Tachycardia 5
Worsening CHF 4
Ventricular tachycardia 3
Syncope 4
Heart arrest, abnormal
EKG, atrial fibrillation 2 each
Bradycardia 1
Thrombocytopenia 173
HUS/TTP 25
Agranulocytosis 5
Renal Failure 49
Nephritis 2
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Medical Officer Comments: Information from the ODS review of these events was
incorporated into section 7.1.3.3 of this review, in the systems review of
adverse events associated with quinine, and in section 7.1.1 on deaths.

7.2 Adequacy of Patient Exposure and Safety Assessments

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and Extent of
Exposure) Used to Evaluate Safety

7.2.1.1 Study type and design/patient enumeration

Safety information for this review was obtained from the two pharmacokinetic studies submitted
by the applicant in addition to the published studies submitted in support of this NDA. In
addition, the applicant summarized of postmarketing data from the AERS database, and the
WHO, and product labeling from a number of foreign countries was provided Additional
literature searches were also performed by the medical reviewer to supplement the information
provided by the applicant. Tables 75-79 below describe the studies submitted for safety and
efficacy evaluation for this NDA.

Table 82: Pharmacokinetic Studies Submitted for Safety Evaluation

Study - Study Design N | Study { Study | Quinine | Comparator(s) | Comments
population | location | dose and | dose and
duration | duration
RA3-085 Pharmacokinetic | 26 | Healthy U.S. Mutual’s | GPO quinine | Fed and
(bioequivalence) male and 324 mg | sulfate 300 fasting
3-way crossover female quinine | mg x 1 dose
subjects sulfate
single
dose
R04-0376 Pharmacokinetic | 24 | Healthy U.S. Mutual’s | none Fasted
(dose male and 324 mg
proportionality) female vs. 648
2-way crossover subjects ‘ mg
single
dose
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Table 83: Published Studies for oral Quinine Monotherapy

Study Study Total Number of Study Study Quinine | Comparator(s) | Comments
Design patients enrolled population | location dose dose and
(#Q/#comparator) and duration
) duration
Watt, et al., 1988 | Randomized, | 20 Males > Phillipines | 648 mg | Chloroquine 25 | All AEs
double- (10Q/10CQ) 16 years q8h mg/kg total reported
blinded, old for 5 over 3 days
double- days
dummy
Pukrittayakamee, | Randomized, | 176 Adult Thailand 10 See individual AEs not
etal., 2004 open-label (30Q730 QT/ males mg/kg | study report reported
29QP0.25/37QP0.5/ 3x daily
23A/27AP) 7 days
Mueller, et al., Randomized, | 132 Adults > Democratic | Quinine | A5: 1 liter/day | AEs not
2004 open label (48Q/45ARteas/ 18 years Republic sulfate | for 7 days; A9: | quantified
39ARtea9) of Congo 500mg | 1liter/day for 7 | except for
3x daily | days tinnitus
for 7
days
Ache, et al., Randomized, | 71 Age>6 Venezuela | 30 CQ: 25 mg/kg | AEs not
2002 open-label 16Q/23CQ (40 months mg/kg qd for 3 days; reported
mg/kg)/6 CQ (25 perday | or CQ 40
mg/kg)/26SP) in3 mg/kg qd for 3
doses days; or SP
q8h for | 1.25 mg (based
7 days on
pyrimethamine)
as single dose
Pukrittayakamee, | Randomized, | 204 Adult Thailand 10 QT:same dose | AEs
et al., 2000 open-label (68Q/68QT/68QC) | males mg/kg | quinine+ selectively
3x daily | tetracycline 4 reported
for 7 mg/kg 4 x daily
days for 7 days; or
QC: same dose
quinine+
clindamycin 5
mg/kg base 4 x
daily for 7
days)
McGready, et al., | Randomized, | 115 (108 evaluable) | Pregnant | Thailand 10 MAS: Common
2000 open-label (42 Q/66 MAS) women mg/kg | mefloquine 25 | AEs
. q8h for | mg/kg onday 1 | reported
7 days and 10 mg/kg
. on day 2;
artesunate 4
mg/kg/day for
3 days.
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De Vries, et al., Randomized, | 268 8-65 years | Vietnam 10 ATQ3 or AEs not
2000 open-label 84 Q/96 ATQ3/88 old mg/kg 3 | QTQs5: reported by
: ATQ5) x daily | artemisinin 20 | treatment
for 7 mg/kg single group
days oral dose +Q
10mg/kg 3x
daily for 3 or 5
days.
Bich, et al.,, 1996 | Randomized, | 161 (157evaluable) | 8-65 years | Vietnam 10 ATQor ATD: | Drug-
open-label 59 Q/45 ATQ/53 mg/kg 3 | artemisinin 20 | related AEs
ATD x daily | mg/kg single reported
for 7 oral dose,
days followed by Q
10 mg/kg 3 x
daily for 3
days: or
doxycycline 4
mg/kd daily for
3 days
Metzger, et al., Randomized, | 120 Age>15 | Gabon 12 QC and QD: AEs not
1995 open-label (40 Q/40 QC/40 years mg/kg q | quinine 12 reported
QD) 12h for | mg/kgq12h individually
3 doses | for 3 doses + for each
clindamycin 5 | treatment
mgkg q12h group
for 6 doses; or
doxycycline 2
mgkgql12h
for 6 doses
Segal, et al., Randomized, | 51 Males > Thailand 540 mg | WR 33063: 600 | All AEs
1974 open-label 26 Q/25 WR 33063 | 15 years (base) q | mg PO q 8h for | reported
old 8h for 6 | 6 days
days
Rahman, et al., Randomized, | 413 12-60 Bangladesh | 10 CQ: 10 mg/kg | AEs not
2001 open-label (49 Q/149 CQ/145 | years old mg/kg | on first day, reported
Q3SP/70 M) q8h for | then 7.5 mg/kg
7 days qd x 2 days;
Q3SP: quinine
10 mg/kg q 8h
for 3 days, then
SP 25 mg/kg
(sulfadoxine)
single dose

AEs= adverse events; Q= quinine; CQ= chloroquine; QT=
quinine+primaquine 0.25 mg/day; QP0.5= quinine+primaq
artesunatetprimaquine; ARtea5=Artemisia tea 5 g/L; ARte
sulfadoxine-pyrimethamine; Qc=
artemisinin; ATQ= artemisinin+ quinine; ATD=

days+sulfadoxine-pyrimethamine
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Table 84: Published Non-randomized Studies of oral Quinine Therapy

Study Study Design Total Number of | Study Study Quinine | Comparator(s) | Comments
patients enrolled | population | location dose dose and
(#Q/#comparator) and duration
duration
Mohaptra, | Non- 53 > 1 year India (near | 10 CQ:10mg on AEs
etal., randomized, 19 Q/53 CQ/43 old border with | mg/kg 3 | day 1and 2, 5 reported
. 2003 non-blinded, SPP Myanmar) | xdaily | mgon day 3; for
prospective for 5-7 | SPP: quinine
study days sulfadoxine only
(25 mg/kg)-
pyrimethamine
(1.25 mg/kg)
single dose,
then
primaquine
(dose not
. specified)
Pineli, et | Retrospective 454 (all quinine) | All patients | Brazil 10 NA AEs not
al., 1999 study with mg/kg q reported
confirmed 8h for 7
malaria days
who
received
quinine
Babalola, | Pharmacokinetic | 6 (all quinine) Patients Nigeria 10 NA No AEs
etal., study ages 8-20 mg/kg q reported
1998 years old 8 h for in study
7 days
Sowunmi, | Pharmacokinetic | 11 (all quinine) Patients 8- | Nigeria 10 NA AEs not
1996 study 20 years mg/kg reported
’ old ql2h
on day
1, then
q8h for
6 more
days
Ringwald, | Prospective 22 (all quinine) Patients> | Cameroon | 500 mg | NA AEs
etal., study 15 years q8h for reported
1995 old 3 days
Bhalli and | Prospective 120 120 Pakistan 10 CQ: 10 mg/kg | AEs not
Samiullah, | (randomized) 59 Q/30 CQ/16 consecutive mg/kg | single dose, reported
2001 study (not SP/7 QSP/4 male q8h for | then 5 mg/kg
blinded) QD/4 CQSP patients 7 days | in 6 hours, and
qd for 2 days;
SP: one tablet
Giboda Prospective, 65 Males 16- | Kampuchea | 500 mg | QT: quinine AEs not
and Denis, | non-randomized | 43 Q/22 QT 53 years 3x 500 mg 3 x reported
1988 old daily daily for 10
for 10 days +
days tetracycline
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500 mg 3x
daily for 7
dyas

* All patients initially received chloroquine, followed by sulfadoxine-pyrimethamine +
primaquine if initial regiment failed, then quinine if first 2 regimens failed; NA= not applicable
Q= quinine; CQ=chloroquine; SPP= sulfadoxine-pyrimethamine +primaquine: CQ=
chloroquinine; QSP= quinine-+sulfadoxine-pyrimethamine; QD=quinine+doxycycline;
CQSP=chloroquine+sulfadoxine-pyramethamine; QT= quinine +tetracycline

APPEARS THIS WAY
ON ORIGINAL
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Table 85: Published Randomized, Controlled Studies with Oral Quinine Combination

Therapy
Study Study N Study Study Quinine | Comparator(s) Comments
Design population | location | dose dose and duration
and
duration
Bunnag, et al., | Randomized, | 90 Males 16- | Thailand | NA Q5T7 or Q777, AEs not
1996 open-label 48 Q5T7 | 54 years quinine 600 mg 3 | reported
42 Q7T7 | old x daily for 5 or 7
days +
tetracycline 250
mg 4 x daily for 7
days
De Alencar, et | Randomized, | 175 (154 | Males 16- | Brazil NA QT: quinine 600 | AEs
al., 1997 open-label evaluable) | 65 years mg 3 x daily + reported
77 QT ) tetracycline 250
77 AP mg 4 x daily for 7
days; AP:
atovaquone 1 g +
proguanil 400 mg
: daily for 3 days
Villalobos, et Randomized, | 42 Males and | Brazil NA. See individual Some
al., 1997 open-label AS-T females 8- study report adverse
(PO) 64 years (appendix) events
AS(IV)-T { old reported
(2]
Q (IV)-T
(PO)
QT (PO)
M (PO)
Duarte, et al., Randomized, | 176 Patients > | Brazil NA AS-T: initial dose | AEs
1996 blinded 88 AS-T 14 years 100mg AS (oral), | reported
88 QT old then 50mgq 12 h
+ tetracycline 500
mg q 8 h for total
of 7 days; QT:
quinine1gq12h
for 3 days +
tetracycline 500
mgq8hfor7
days
Fungladda, et | Randomized, | 137 Patients Thailand | NA QT: quinine 600 | AEs
al., 1998 open-label 60 QT 15-60 mg 3 x daily reported,
77 AS years old +tetracycline 500 | but
mg 2 x daily for 7 | specific
days; AS: AEs not
artesunate 300 quantified
mg initial dose on
day 1, then 100 4
mg daily for 4
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more days

Looareesuwan,
et al., 1994

Randomized,
open-label

102
52 MT
50 QT

Patients
16-60
years old

Thailand

NA

QT: quinine 600
mg 3 x daily +
tetracycline 250
mg 4x daily for 7
days; MT:
mefloquine 750
mg initial dose,
then 500 mg 6
hours after initial
dose+
tetracycline
(same as above
for 7 days)

Adverse
events
reported

Vanijanonta, et
al., 1996

Randomized,
open-label

50
25 QT
25 QCQ

Males 14-
51 years
old

Thailand

NA

QT: quinine 10
mg/kg 3 x daily +
tetracycline 4
mg/kg 4 x daily
for 7 days; QCQ:
same dose and
duration of
quinine
+chloroquine 25
mg/kg total dose
over 54 hours

Some
adverse
events
reported

Karbwang, et
al., 1994

Randomized,
open-label

64
33QT
31 AS

Males 15-
35 years
old

Thailand

NA

QT:quinine 600
mg q8h +
tetracycline 250
mg 250 mg q 6h
for 7 days; AS:
200 mg initial
dose, then 100
mg 12 hr later,
then 100 mg daily
for 4 days (5 days
total)

Adverse
events
reported

Q5T7= quinine 5 days+tetracycline 7 days; Q7T7= quinine 7 days+tetracycline 7 days; QT=

quinine=tetracycline; AP= atovaquone-proguanil; AS-T= artesunatettetracycline; M=

mefloquine; AS= artesunate; MT= mefloquine=tetracycline; QCQ= quinine+ chloroquine;

AS~artesunate

PO= per os (by mouth)
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Table 86: Published Randomized, Controlled Studies with Parenteral Quinine for
Treatment of Severe Malaria

Study Study N Study Study Quinine dose Comparator(s) Comments
Design population | location and duration dose and
duration
Singh, et Randomized, | 52 Patients India 10 mg/kg daily* | AR:initial dose | Adverse
al., 2000 open label 26 Q | >15 years IV for 7 days 4 mg/kg IM, events
26 old then 2 mg/kg for | reported
AR 4 days (5 days
total duration)
Newton, et | Randomized, | 113 | Patients> | Thailand 20 mg/kg IV AS: initial dose | Some
al., 2003 open-label 54 Q | 15 years loading dose, 2.4 mg/kglV, adverse
59 old then 10 mg/kg then 1.2 mg/kg events
AS 1V q8 h, then in 12 hours and | reported
same dose PO daily , followed
for 7 days total by oral AS 12
mg/kg for total
of 7 days**
Satti, et al., | Randomized, | 77 Children 3 | Sudan 10mg/kgq8h AR:1.6 mg/kg q | Some
2002 open-label 39Q [ months to IV,thenPOfor | 12hIMonday | adverse
38 15 years 7 days 1, then 1.6 events
AR old mg/kg IM daily | reported
for 4 days (5
" days total)
Adam, et Randomized, | 41 Children Sudan 20 mg/kg IV AR: 32 mg Some -
al., 2002 open-label 21Q loading dose, IMloading dose, | adverse
20 then 10 mg/kg q | then 1.6 mg events
AR 8h IV, then PO daily for 4 days | reported
for total of 7 (5 days total)
days
Faiz, et al., | Randomized, | 105 | Patients Bangladesh | 20 mg/kg IV AR: for weight Some
2001 open-label 54Q | 14-50 loading dose, >45kg: 160 mg | adverse
51 years old then 10 mg/kg q | IM initial dose, | events
AR 8h IV then PO the 80 mg/kgt reported
for total of 7 IM daily for 4
days days (5 days
total); for weight
<45kg:3.2
mg/kg IM initial
dose, then 1.6
mg/kg daily for
4 days
Thuma, et | Randomized, | 95 Children Zambia 20 mg/kg IV AML: 3.2 mg/kg | Adverse
al., 2000 open-label 47 Q | 0-10 years loading dose, IM loading dose, | events
48 old then 10 mg/kg q | then 1.6 mg/kg reported
AML 8 h1V then PO | IM daily for 5
for total of 7 days total
days
Moyou- Randomized, | 102 | Children Cameroon | 20 mg/kg IV AE: 3.2 mg/kg Adverse
Somo, et open-label 51Q [ 0-10 years loading dose, IM loading dose, | events not
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