CLINICAL PHARMACOLOGY REVIEW

NDA: 205-053

Submission Date(s): 01/25/2013

Drug

Posaconazole

Trade Name

Noxafil® Tablets

OCP Reviewers

Seong H, Jang, Ph.D.

OCP Team Leader

Phil Colangelo, Pharm.D., Ph.D.

OCP Division DCP4
OND division DAIP
Sponsor Merck
Relevant IND(s) IND 51,316

Submission Type;
Code

Original; 1S

Formulation; Oral Tablets; 100 mg
Strength(s)
Indication Prophylaxis of invasive Aspergillosis and Candida infections
in patients 13 years of age and older
Dosage and Loading dose of 300 mg (three 100 mg tablets) twice a day
Administration on the first day, then 300 mg (three 100 mg tablets) once a
day thereafter. Duration of therapy is based on recovery from
neutropenia or immunosuppression.
Table of Contents
1. EXECULIVE SUMIMATY ...ttt bbbt bbb 2
1.1, RECOMMENUALION ....cuiiiiiieiiiiiecii ettt sttt et e e st st nbeereenes 3
1.2. Phase 4 COMMITMENTS .....ccooiiiiiiieeeie e se e steesee e te e snee e eaesneesreeneenneenes 3
1.3.  Summary of Important Clinical Pharmacology findings..........ccccccovveviiiieiiinecen. 3
2. QUESLION-BASEU REVIBW .....c.ueeiiiiieiieeie ettt teete e ste e e aseesaeeneenneeneeenee e 6
2.1.  General attributes of the drug ... 6
2.2.  General Clinical Pharmacology ... 7
2.3, INEFINSIC FACTOIS vttt bbb neenes 23
P =5 1 1] [l = o1 (0] SRR 23
2.5,  General BiopharmacCULICS .........cccciiiiiiiiiiic st 27
2.6, ANAIYLICAl SECLION ......oiiiie et rn 31
3. Labeling ReCOMMENTALION ........ooiiiiiiiiec e sbe e sae e re e 34

Reference ID:

3391442



1. Executive Summary

Posaconazole (also known as SCH056592, MK-5592 and Noxafil®; hereafter referred to as
POS), is a triazole antifungal agent with activity against both pathogenic yeasts and molds. POS
was developed initially as an oral suspension and subsequently approved for the prevention of
invasive fungal infections (IFI) in immunocompromised patients, specifically neutropenic
patients under treatment for acute myelogenous leukemia (AML) or myelodysplasia (MDS), as
well as hematopoietic stem-cell transplant (HSCT) patients with graft-versus-host disease
(GVHD). The limitations of POS Oral Suspension are the need to administer multiple times a
day and to take with food (preferably a high fat meal) or nutritional supplement to ensure
adequate oral absorption and systemic PK exposure. The recommended dosing for prophylaxis
is 200 mg POS Oral Suspension three times a day, with each dose to be taken with a high fat
meal. Patients requiring antifungal prophylaxis include those with chemotherapy-induced side
effects, namely severe nausea or vomiting, or GVHD complications of severe mucositis or
diarrhea. Concomitant with these side effects, it may be difficult to ensure adequate food intake
to optimize POS exposure. It is important to attain adequate exposure throughout the full course
of antifungal prophylaxis to achieve optimal outcomes. Therefore, the sponsor developed a new
solid oral tablet formulation of POS (hereafter referred to as POS Tablets) that can be taken once
daily ® @, to reach the previously established POS systemic plasma
exposure associated with adequate antifungal prophylaxis. However, the current data does not
support that POS Tablets can be taken ®® (see below).

The clinical program for POS Tablets was designed to demonstrate comparable systemic PK
exposure and safety among similar patient populations for which the POS Oral Suspension has
already been approved (see above). The exposure target was based upon the range of exposures
achieved and the exposure-response relationship established in earlier controlled studies of POS
Oral Suspension. In this current NDA submission, the Phase 1B/3 study (Study P05615) showed
that the proposed dose of POS Tablets (i.e., 300 mg QD following a loading dose of 300 mg BID
on the first day) provided POS exposure within the pre-defined target exposure range, without
safety problems, in patients with AML and in HSCT recipients (see 1.3 on pg. 3), indicating that
the proposed dose of POS Tablets is acceptable for the prophylaxis of invasive fungal infections.

However, in this NDA, there is not sufficient data to support the sponsor’s proposed dosing and
administration recommendation ® @

. With the currently available information in this NDA, the Clinical
Pharmacology team recommends that POS Tablets be given with food. Based on previous
studies of the oral suspension, it is expected that food intake would also increase the systemic
bioavailability of POS from the tablet formulation. Per the FDA’s request, and after submitting
this NDA, the sponsor conducted an additional food effect PK study in order to confirm the
Sponsor’s proposal ®®, However, at the
time of the writing of this review, the sponsor did not submit the final clinical study report. The
sponsor plans to submit the final clinical study report for the food effect study as a prior approval
labeling supplement after the Division (DAIP) takes an action on this NDA.
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1.1. Recommendation

The Office of Clinical Pharmacology Division 4 has reviewed NDA 205-053 for POS Tablets.
From a Clinical Pharmacology perspective, it is acceptable to support the approval of POS
Tablets for prophylaxis of invasive Aspergillosis and Candida infections in patients 13 years of
age and older.

1.2. Phase 4 Commitments

No Phase 4 commitments are recommended. However, during the review of this NDA, the FDA
requested the sponsor to conduct an additional food effect PK study in order to confirm the
sponsor’s proposal ®@. Although the
sponsor completed the food effect study at the end of this NDA review cycle, the sponsor intends
to submit the final clinical study report as a labeling supplement after the Division (DAIP) takes
an action on this NDA.

1.3.  Summary of Important Clinical Pharmacology findings

Rationale for Development of POS Tablets
In order to overcome the limitations of POS Oral Suspension [i.e., the need to administer POS
Oral Suspension multiple times a day and to take with food (preferably a high fat meal) or
nutritional supplement to ensure adequate systemic PK exposure], the sponsor has developed a
POS oral tablet formulation designed to release POS in the small intestine, thus maximizing
systemic absorption ® @
®®; this
approach limits POS absorption in the stomach and maximizes its release in the small intestines.

Proposed Dose Justification: Bridging to POS Oral Suspension

The proposed dosing regimen of POS Tablets for the prophylaxis of invasive fungal infections is
a loading dose of 300 mg (three 100 mg tablets) twice a day on the first day, then 300 mg (three
100 mg tablets) once a day thereafter. This dosing regimen was evaluated in a Phase 1B/3 study
(Study P05615) designed to demonstrate that this tablet dosage regimen will provide POS
exposure within the pre-defined target exposure range. The exposure target was determined
based upon the range of exposures achieved with the oral suspension product in safety and
efficacy trials, as well as the exposure-response relationship found in earlier controlled studies of
POS Oral Suspension (see 2.2.2), i.e.,

* Cpin at steady-state levels >500 ng/mL or AUC >12,000 hreng/mL in at least 90% of subjects
(in the serial PK-evaluable dosing cohort)

* Mean Cpn Steady-state level <2,500 ng/mL or AUC <59,000 hreng/mL (in the serial PK-
evaluable dosing cohort)

* No subject with a mean steady-state plasma concentration >3,750 ng/mL or with a steady-state
AUC >90,000 hreng/mL (in the serial PK-evaluable dosing cohort)
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In general, the steady state POS C, following administration of POS Tablets 300 mg QD fell
within the pre-defined target exposure (Table 1). The steady state POS Cpin was >500 ng/mL in
94.6% of patients (176 out of 186 patients treated with 300 mg QD dose of POS Tablets). The
mean Cn, at steady-state in 186 patients treated with 300 mg QD dose of POS Tablets was
<2,500 ng/mL (i.e., 1716 ng/mL). Although there were 6 patients with a steady state POS Cpin
>3750 ng/mL, no substantial safety issues were found in these patients (see 2.2.4.4).
Accordingly, the proposed dose of POS Tablets (i.e., 300 mg QD following a loading dose of
300 mg BID on the first day) is acceptable to the Clinical Pharmacology review team for the
prophylaxis of invasive fungal infections.

Table 1. Steady-state Cy,i, POS plasma concentrations (ng/mL) (Study P05615)
N Mean SD Min | 5th | 10th | 25th Median 75th | 90th | 95th | Max

186 | 1716 1091 | 210 | 479 | 676 | 1105 1530 2060 | 2850 | 3220 | 9135
No. of Patients with average C., <500 ng/mL: 10 (5.4%)
No. of Patients with average Ci, >3750 ng/mL: 6 (3.2%)

Absorption and Food Effect

After administration of single and multiple doses of POS Tablets, peak plasma concentrations
were attained at a median Tmax Of 4 to 5 hours both in patients and in healthy volunteers.
Following a dose of 300 mg of the to-be-marketed formulation of POS Tablets (i.e., Tablet D),
maximum concentrations were 614 and 2764 ng/mL after single dosing (fasted) and at steady
state (fed), respectively (Study P0O7783). The absolute bioavailability (F) of POS Tablet D was
calculated to be on average 0.54 at the clinically relevant dose of 300 mg relative to the
investigational 1V solution (Study P07783).

No PK study was conducted to evaluate the effect of food on the systemic bioavailability of
Tablet D. A PK study (Study P04975) conducted with earlier formulations (Tablet A and Tablet
B) showed that no substantial food effect on the bioavailability of Tablet A and Tablet B.
However, it is not reasonable to extrapolate the effect of food intake on the bioavailability of
Tablet A and Tablet B to Tablet D. The composition of Tablet D is not comparable to that of
Tablet A and Tablet B, and the difference in composition resulted in a substantial difference in
the systemic bioavailability between Tablets A and B vs. Tablet D. In addition, in Study P05615
(a pivotal clinical trial), food intake data were not collected for the subjects. It is not acceptable
to conclude that POS Tablets were in fact given without regard to food intake in Study P05615
merely because the study protocol indicated that the drug was to be taken without regard to food.
With the currently available data, the Clinical Pharmacology review team is recommending that
POS Tablets should be given with food because it is expected that food intake would increase the
systemic bioavailability of POS from the tablet formulation (see 2.5.3 for further discussion).
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Distribution, Metabolism and Excretion

No additional studies were conducted with POS Tablets, as the data obtained with POS Oral

Suspension are considered appropriate to characterize POS distribution, metabolism and
excretion from POS Tablets.

Drug-Drug Interactions: Effect of medications that affect the gastric pH and gastric motility

There is no clinically meaningful effect of gastric pH or gastric motility on the PK of POS after
co-administration of POS tablets with the drugs listed in Table 2 below. However, POS exposure
is substantially reduced by these same drugs after co-administration of POS Oral Suspension.

Table 2. Mean (%CV) pharmacokinetic parameters of POS following single 400 mg dose of
POS Tablets alone or with concomitant medications that effect gastric pH or motility to healthy
volunteers (Study P07764)

Treatment Cmax Tiax. AUC,., t,, (hr) CL/F
(ng/ml) (hr) (hr-ng/ml) (L/hr)
POS Alone 1090 (43) 4(2-8) | 42406 (49) | 27.3(37) | 12.2(64)
POS + Mylanta 1112 (36) | 4.8(3-12) | 42468 (39) | 27.7 (29) | 11.1 (47)
POS + Ranitidine 1094 (37) 4(3-5) | 39287 (37) | 26.9(35) | 11.7 (40)
POS + Esomeprazole 1104 (35) | 4.5(3-24) | 41574 (43) | 28.0 (30) | 11.3 (42)
POS+ Metoclopramide 935 (44) 4 (2-6) 38513 (43) | 29.0(38) | 12.9 (59)

% Median (range)

Seong H. Jang, Ph.D.
Clinical Pharmacology Reviewer
OTS/OCP/DCP 4

Concurrence

Phil Colangelo, Pharm.D., Ph.D.
Clinical Pharmacology Team Leader
OTS/OCP/DCP 4
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2. Question-Based Review

2.1. General attributes of the drug

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

NOXAFIL® (posaconazole, POS) is a triazole antifungal agent available as a tablet or suspension
for oral administration. POS is designated chemically as 4-[4-[4-[4-[[ (3R,5R)-5- (2,4-
difluorophenyl)tetrahydro-5- (1H-1,2,4-triazol-1-ylmethyl)-3-furanyl]methoxy]phenyl]-1-
piperazinyl]phenyl]-2-[ (1S,2S)-1-ethyl-2-hydroxypropyl]-2,4-dihydro-3H-1,2,4-triazol-3-one
with an empirical formula of C37H42F2NgO,4 and a molecular weight of 700.8. The chemical
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POS is a white powder with a low aqueous solubility.

POS Tablet is a yellow, coated, capsule-shaped tablet containing 100 mg of POS. Each tablet
contains the inactive ingredients: hypromellose acetate succinate, microcrystalline cellulose,
hydroxypropylcellulose, silicon dioxide, croscarmellose sodium, magnesium stearate, and
Opadry® Il Yellow (consists of the following ingredients: polyvinyl alcohol partially
hydrolyzed, Macrogol/PEG 3350, titanium dioxide, talc, and iron oxide yellow).

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

POS blocks the synthesis of ergosterol, a key component of the fungal cell membrane, through
the inhibition of cytochrome P-450 dependent enzyme lanosterol 14a-demethylase responsible
for the conversion of lanosterol to ergosterol in the fungal cell membrane. The resulting
accumulation of methylated sterol precursors and depletion of ergosterol within the cell
membrane weakens the structure and function of the fungal cell membrane. This process may be
responsible for the antifungal activity of posaconazole.

The proposed indications of POS Tablets are prophylaxis of invasive Aspergillus and Candida
infections in patients, 13 years of age and older, who are at high risk of developing these
infections due to being severely immunocompromised, such as hematopoietic stem cell
transplant (HSCT) recipients with graft-versus-host disease (GVHD) or those with hematologic
malignancies with prolonged neutropenia from chemotherapy.
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2.1.3. What are the proposed dosage(s) and route(s) of administration?

The proposed dose of POS Tablets is summarized in Table 3. POS Tablets should be swallowed
whole, and not be divided, crushed, or chewed. The sponsor proposed ®®

However, the currently available data are not sufficient to
support the sponsor’s proposal (see 2.5.3). The Clinical Pharmacology review team will
recommend that POS Tablets should be given with food because it is expected that food intake
would increase the systemic bioavailability of POS from the tablet formulation, as was observed
with the oral suspension.

Table 3. Proposed dosage and administration for Noxafil Tablets

Indication Dose and Duration of Therapy
Prophylaxis of Loading dose of 300 mg (three 100 mg tablets) twice a day on the
Invasive Fungal first day, then 300 mg (three 100 mg tablets) once a day
Infections thereafter. Duration of therapy is based on recovery from
neutropenia or immunosuppression.

2.2.  General Clinical Pharmacology

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

The POS Tablet formulation has been studied in six clinical studies in healthy volunteers and one
pivotal clinical study in patients (Table 4). A total of 334 subjects treated with POS Tablets were
enrolled in these studies to support the registration of POS Tablets: 104 healthy volunteers in Studies
P04975, P05637, PO7764, P07691, and P07783; 230 patients at risk of developing IFI (invasive
fungal infections) in Study P05615.

APPEARS THIS WAY ON ORIGINAL
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Table 4. Overview of the clinical program with the POS Tablets

Study  |Short Protocol Study |POS |Formulation No. of

Titles Design |Dose |and Food Intake (fasted if not [Subjects
(mg) |specified) Treated with
Active Drug

P04975 |PK & food effect study |  XO 100 | Tablet A, Tablet B, Capsule, OS 16
in healthy adult (4-way, (Fasted & fed)
volunteers (SD) 2-part)

P05637 |PK study in healthy Parallel /| 200, 200 BID 19
adult volunteers fixed 400 200 QD
(SD and MD) sequence 400 QD

Tablet C-green
MD: without regard to food

P07691 |Relative bioavailability | XO 100 Tablet C-green 23
study in healthy adult Tablet D-yellow
volunteers (SD) oS

P0O7764 |DDI study with drugs X0 400 Tablet D-green 21
impacting
gastric pH or
gastric motility in
healthy adult
volunteers (SD)

P07783 |Absolute X0 300 Tablet D-yellow 13SD
bioavailability IV solution
and MD PK study MD 300 QD with Tablet D- 12 MD
in healthy adult yellow MD: breakfast one hour
volunteers after drug intake
(SD and MD)

P05615 |Dose finding and Fixed 200, Tablet C-green 20 (200 mg);
confirmation sequence| 300 Tablet D-green 210 (300 mg)
study in adult Without regard to food
patients receiving
prophylaxis (MD)

XO: Crossover study

There was an up to 40% difference in the bioavailability of POS between the to-be-marketed
formulation (Tablet D) and early development formulations (Tablet A, Tablet B, and Tablet C)
(Table 5 and see 2.5.2 for details). Thus, the Clinical Pharmacology of POS Tablets was
reviewed mainly based on the studies conducted with Tablet D.
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Table 5. Comparison of dose normalized AUCy.., [geometric means (% CV)] between single
dose studies performed with POS Tablets formulations.

Dose? Treatment | AUC,., AUC,_,, normalized to 100 mg Zttljg)l/)er
Tablet A 11394 (24%) 11394 P04975
100 mg Tablet B 11429 (23%) 11429 P04975
TabletC | 9188 (33%) 9188 P07691
TabletD | 8321 (36%) 8321 P07691
200 mg TabletC | 23374 (25%) 11687 P05637
300 mg TabletD | 21399 (49%) 7133 P07783
400 mg TabletC | 44137 (36%) 11034 P05637
Tablet D 37709 (55%) 9427 PO7764

% dose was given in 100 mg tablets

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

The clinical program for POS Tablets was designed to demonstrate comparable systemic PK
exposure and safety among similar patient populations for which the POS Oral Suspension has
already been approved. Thus, the endpoint of clinical studies was whether the proposed dosing
regimen of POS Tablets will provide POS exposure within the pre-defined target exposure range,
which was determined based on an exposure-response (E-R) relationship established with POS
Oral Suspension.

In clinical trials of the POS Oral Suspension, a clear E-R relationship was identified, with higher
exposures associated with a higher likelihood of clinical response. In particular, efficacy for
prophylaxis and salvage treatment with POS Oral Suspension was greater in POS-treated
subjects than in control subjects when POS exposures were within the second or higher quartiles
(Figures 1 and 2). Importantly, this effect was seen not only in the pivotal Phase 3 prophylaxis
studies (P01899 and C/198-316) but also in patients with aspergillosis enrolled in the refractory
IFI study (P00041). The corresponding data are summarized in Table 6.

APPEARS THIS WAY ON ORIGINAL
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Figure 1. POS exposure-response relationship for the prophylaxis of IFIs in patients with GVHD
(N=252) (Study C98316) and patients with AML/MDS (Study P01899) following administration
of POS Oral Suspension. Logistic regression was performed using natural log of average
concentrations per patient (log(Cayg)) as a continuous variable and the Clinical Failure as a binary
variable (yes or no). The solid line represents the regression fit. Subsequent to the logistic
regression, the response rates in each of the 4 quartiles of C,yq (closed circles) are plotted to
assess the goodness-of-fit.
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Figure 2. POS E-R relationship for the treatment of Aspergillosis in patients with Aspergillus
infection (Study P00041; n=67) following administration of POS Oral Suspension. Logistic
regression was performed using concentrations as a continuous variable and the clinical response
as a binary variable (yes or no). The line represents the regression fit. Subsequent to the logistic
regression, the response rates in each of 4 concentration quartiles (symbols) are plotted to assess
the goodness-of-fit.
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Table 6. POS Oral Suspension exposure response analysis in clinical treatment and prophylaxis

trials
Study P00041° Study P01899° Study C98-316°
(Treatment of refractory |(Prophylaxis in AML/MDS)| (Prophylaxisin GVHD)
aspergillosis)
Cmax Range Response Cag Range Response Cag Range Response
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
Q1 55-277 24 90-322 45.3 22-557 55.6
Q2 290-544 53 322-490 63.0 557-915 79.4
Q3 550-861 53 490-734 53.7 915-1563 82.5
Q4 877-2010 71 734-2200 72.2 1563-3650 82.5

& Trial for salvage treatment of IFI
b Prophylaxis trial
AML=acute myelogenous leukemia, MDS=myelodysplastic syndromes, GVHD=graft versus host disease

This exposure response relationship for POS Oral Suspension supported the exposure target for
the registration of POS Tablet. The primary intent of the pivotal clinical study in patients (Study
P05615) was to fully characterize the pharmacokinetics (PK) and assess safety of POS Tablets in
neutropenic patients with acute myelogenous leukemia (AML) or myelodysplasia (MDS), and in
patients who had undergone a HSCT and were under treatment for GVHD. Study P05615 was
designed as a bridging study to the POS Oral Suspension clinical program. The exposure target
for POS Tablets in Study P05615 was to be within the range of POS exposures previously
studied and demonstrated to be safe and effective in the prophylaxis and salvage treatment
setting with POS Oral Suspension.

The exposure target range for POS Tablets was set (by the sponsor) as follows:

* Cayq at steady-state levels >500 ng/mL or AUC >12,000 hreng/mL in at least 90% of subjects
(in the serial PK-evaluable dosing cohort)

* Mean Ca,yq Steady-state level <2,500 ng/mL or AUC <59,000 hreng/mL (in the serial PK-
evaluable dosing cohort)

* No subject with a mean steady-state plasma concentration >3,750 ng/mL or with a steady-state
AUC >90,000 hreng/mL (in the serial PK-evaluable dosing cohort)

However, C,q at steady-state is not appropriate to bridge from POS Oral Suspension to POS
Tablets because the bridging should be based on steady-state C,i» measured for POS Tablets (see
below). This issue was discussed with the sponsor in a previous meeting.

Steady-State Cpin_VS. Steady-State C,,q for POS Oral Suspension and POS Tablets

In the E-R analyses with data obtained from POS Oral Suspension, average values of POS
concentrations (Cayg) measured in each patient were used by the FDA for the exposure of POS.
In the Phase 3 studies with POS Oral Suspension, however, only one POS concentration was
determined in the majority of patients. In those patients, C,,q Was equal to the value of one POS
concentration (mainly measured as a trough concentration). In patients who had two to three
POS concentrations, Cayq Was the average value of the POS concentrations determined in each
patient. This method to determine Cayq in each patient who had limited POS concentrations in the
Phase 3 study was accepted by the Clinical Pharmacology reviewer because the concentration-
time profile of POS following administration of POS Oral Suspension at TID dosing at steady
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state was considered to be nearly constant as observed during a constant 1V infusion. The
relatively constant POS concentrations at steady state were expected from a long elimination
half-life of POS (i.e., ~35 hours) compared to the dosing interval (i.e., 8 hours) following
administration of POS Oral Suspension 200 mg TID. In fact, relatively constant POS
concentrations following administration of POS Oral Suspension 400 mg BID had been observed
in a previous study.

However, the flat concentration profile does not hold true for POS Tablets. The elimination half-
life of POS Tablets is 26 hours following a dose regimen of 300 mg QD and does not appear
long compared to the dosing interval (i.e., every 24 hours). Thus, unlike following administration
of POS Oral Suspension 200 mg TID, the concentration-time profile of POS following
administration of POS Tablets 300 mg QD is not nearly constant (See Figure 4 in 2.2.5.1).

The sponsor used a time-averaged concentration (“Cayg”=AUC/24 hour) for the analysis of PK
data obtained from Phase 1B in Study P05615 where a full concentration-time profile was
obtained from each patient. Note that “C,yq” (time-averaged concentration) is substantially
different from C.4 (average value of measured concentrations) if the concentration-time profile
is not nearly constant during dosing interval, whereas “Cayg” would be similar to Cayg and Cpin if
concentration-time profile is nearly constant during dosing interval. Then, in patients with one
concentration (i.e., Cnin) in Study P05615, the predicted “Cayy” was estimated from the
relationship between “Cayg” and trough POS concentration (Cpin) (i.€., “Cavg” = 214 + 1.07-Cpin),
which was obtained from Phase 1B in Study P05615. Thus, Cay for the E-R analyses in the
studies with POS Oral Suspension is not comparable to “Cayg” obtained from Study P05615.
Accordingly, bridging “Cayg” in Study P05615 to Cayg in Studies with POS Oral Suspension is
not appropriate. It is not known whether the antifungal efficacy of POS is related to time above
minimum effective concentration (i.e., 500 ng/mL). Thus, using a more conservative approach,
bridging POS Tablets exposure to POS Oral Suspension should be based on Cyi, instead of
“Cavg”- Given this, the exposure target range for the use of POS Tablets in patients should be set
as follows:

* Cpin at steady-state levels >500 ng/mL or AUC >12,000 hreng/mL in at least 90% of subjects
(in the serial PK-evaluable dosing cohort)

* Mean Cpjn Steady-state level <2,500 ng/mL or AUC <59,000 hreng/mL (in the serial PK-
evaluable dosing cohort)

* No subject with a mean steady-state plasma concentration >3,750 ng/mL or with a steady-state
AUC >90,000 hreng/mL (in the serial PK-evaluable dosing cohort)

12
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2.2.3. Are the active moieties in plasma (or other biological fluid) appropriately identified
and measured to assess pharmacokinetic parameters and exposure response
relationships?

POS was the active moiety measured in human plasma in clinical pharmacology studies,
biopharmaceutical studies, and clinical studies. There is no evidence that any POS metabolites
are pharmacologically active. Because POS plasma protein binding is not concentration-dependent,
total drug concentration (bound plus free) of POS was measured in human plasma.

2.2.4. EXxposure-response

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

Because efficacy was not one of the objectives for Study P05615, no formal E-R analyses were
conducted on the POS Tablet data. See 2.2.2 for the E-R relationship for efficacy following POS
Oral Suspension.

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

The E-R analyses for safety of POS Oral Suspension (Studies P01899 and C/198-316) indicated
that there was no correlation of POS exposure and safety (i.e., similar incidence of adverse
events at different POS exposure).

The E-R relationships for safety of POS Tablets were evaluated with the data from Study
P05615. This assessment was performed using all subjects for whom steady-state concentrations
had been determined, and combined the C,i, PK-evaluable population for both the 200 mg and
300 mg dosing cohorts. For this analysis, subjects were included according to Cayg, and the
incidence of reported treatment-related Treatment-Emergent Adverse Events (TEAES) was
evaluated by quartile of exposure. A total of 205 subjects were included in the analysis of the
incidence of AEs by quartile of exposure. Table 7 summarizes the incidence of treatment-related
TEAES by quartile of exposure. Table 8 summarizes the most common treatment-related TEAES
(>2% incidence) for the four quartiles by descending frequency. Within the range of exposures
that have been observed in this study, there does not appear to be an association of higher POS
concentration with a higher incidence of a treatment-related TEAE following administration of
POS Tablets.

Table 7. Summary of all treatment-related TEAEs by quartile of C,q values, all Cyin PK-
evaluable subjects, POS Tablets - 200 mg and 300 mg cohorts combined

Cavg Mean No. of No. of Subjects
(ng/mL) Cavg Range Subj.ects Reporting Any
Adverse Event

13
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Quartile 1 | 860 ng/mL 442 ng/mL to 1223 ng/mL 51 29 (57)
Quartile 2 | 1481 ng/mL 1240 ng/mL to 1710 ng/mL 51 19 (37)
Quartile 3 | 1979 ng/mL 1719 ng/mL to 2291 ng/mL 51 16 (31)
Quartile 4 | 3194 ng/mL 2304 ng/mL to 9523 ng/mL 52 20 (38)

Table 8. Summary of treatment-related TEAEs by quartile of C,yq Values, all Cin PK-evaluable
subjects, POS Tablets - 200 mg and 300 mg cohorts combined. Adverse Events are presented in

decreasing frequency based upon the treatment group 'PK Evaluable Subjects'.

Quartile1 | Quartile2 | Quartile 3 | Quartile 4
Mean C,y (Ng/ML) 860 1481 1979 3194
Range (ng/mL) 442 -1223 | 1240 -1710 | 1719 - 2291 | 2304 - 9523
Number of Subjects n=51 n=51 n=51 n=52
Nausea 5 (10)* 5 (10) 3 (6) 7 (13)
Diarrhoea 6 (12) 3 (6) 6 (12) 2 (4)
Abdominal Pain 4 (8) 3 (6) 2 (4) 1(2
Vomiting 3 (6) 3 (6) 0 4 (8)
Alanine Aminotransferase Increased 2 (4) 2 (4) 4 (8) 1 (2)
Hypokalaemia 3 (6) 0 3 (6) 2 (4)
Rash 5 (10) 1 (2) 1 (2) 1 (2)
Aspartate Aminotransferase Increased 0 2 (4 3 (6) 2 (4
Abdominal Pain Upper 2 (4) 1 (2) 1) 2 (4
Dyspepsia 1 (2 2 (4 3 (6) 0
Hypophosphataemia 3 (6) 1 (2 12 1(2
Liver Function Test Abnormal 2 (4) 2 (4) 0 1 (2)
Decreased Appetite 1(2) 2 (4 0 1)
Flatulence 1 (2 1 (2 2 (4) 0
Hypomagnesaemia 2 (4) 1 (2) 0 1 (2)

% number and incidence (%)
2.2.4.3. Does this drug prolong the QT or QTc interval?

The evaluation of effect on QT and QT prolongation was not conducted following the
administration of POS Tablets. Results from a multiple time-matched ECG analysis in healthy
volunteers did not show any increase in the mean of the QTc interval following administration of
POS Oral Suspension (up to 400 mg BID; see Clinical Pharmacology Review 2006).
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2.2.4.4. Is the dose and dosing regimen selected by the sponsor consistent with the known
relationship between dose-concentration response, and are there any unresolved
dosing or administration issues?

Yes, the dosing regimen selected by the sponsor is consistent with the known relationship
between dose-concentration response. There is no unresolved dosing or administration issue.

The dose that was evaluated in Part 2 of Study P05615 was determined in Part 1 of the study. In
Part 1, two sequential and escalating dosing cohorts (200 mg QD and 300 mg QD, after BID on
Day 1 only) were evaluated with serial PK sampling to fully characterize the PK profile of POS.
The PK parameters of POS on Day 8 following administration of POS Tablets 200 mg QD and

300 mg QD to patients undergoing chemotherapy for AML or MDS are summarized in Table 9.

Table 9. Mean (%CV) of PK parameters in serial PK-evaluable subjects on Day 8 following
multiple dosing of POS Tablets (200 mg QD and 300 mg QD)

Dose N Cmax Tmax AUCq 2 Cavg Chmin CL/F (L/hr)
(ng/mL) (hr) (ng-hr/mL) | (ng/mL) (ng/mL)
200mg | 18 | 1310 (47) | 4 (2.0-8.1) | 23500 (49) | 981 (48) | 812 (55) | 10.9 (53)
300 mg | 33 | 1930 (32) |2.2 (1.3-8.1)| 34300 (36) | 1440 (36) | 1190 (47) | 10.1 (43)
% Median (range)

Based on steady-state (on Day 8) data from these serial PK-evaluable patients, 6 of 18 (i.e., 33%)
patients receiving POS Tablets 200 mg QD attained Cpin < 500 ng/mL, whereas 3 of 33 (9%)
patients receiving POS Tablets 300 mg QD attained Cpi, < 500 ng/mL. Accordingly, 300 mg QD
(after BID on Day 1 only) was determined to proceed to Part 2 of the study.

The distribution of steady state POS Cn, following administration of POS Tablets 300 mg QD is
shown in Figure 3 and Table 10 (Study P05615). In general, the steady state POS Cpi, ranged
within the pre-defined target exposure (see 2.2.2). The steady state POS Cpi, was >500 ng/mL in
94.6% (176 out of 186 patients) of patients treated with 300 mg QD dose of POS Tablets. The
mean Cn, at steady-state in 186 patients treated with 300 mg QD dose of POS Tablets was
<2,500 ng/mL (i.e., 1716 ng/mL). Although, there were 6 patients with a steady state POS Cpin
>3750 ng/mL, no substantial safety issues were found in these patients (see detailed narratives
for these 6 patients in Table 11. Accordingly, the proposed dose of POS Tablets (i.e., 300 mg QD
with a loading dose of 300 mg BID on the first day) is acceptable for the prophylaxis of invasive
fungal infections from the perspective of the Clinical Pharmacology review team.
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Figure 3. Distribution of steady state POS Cp, (Study P05615)

Table 10. Steady-state Crin POS plasma concentrations (ng/mL) (Study P05615)
N Mean SD Min | 5th | 10th | 25th Median 75th 90th 95th Max

186 1716 1091 210 | 479 | 676 1105 1530 2060 | 2850 | 3220 | 9135

No. of Patients with average C,i, <500 ng/mL: 10 (5.4%)
No. of Patients with average C,i, >3750 ng/mL.: 6 (3.2%)

Table 11. Individual PK parameters of subjects with average Cpin >3750 ng/mL (All Cpin PK-
evaluable subjects, POS Tablets - 300 mg Cohort)

Subject |Treatment| Avg |Predicted|Primary Comments
Number | Duration | Cpin Cag |Disease
(days) |(ng/mL)| (ng/mL)

e Subject with acute Grade 1 GVHD.
21/000110 28 3830 4120 | HSCT |e No treatment-related TEAES reported.
o The subject completed treatment.

o Subject with chronic extensive GVHD of skin,
liver, and mucosa.

o Treatment-related TEAEs (all mild or moderate
intensity) included the following: abdominal pain,
decreased magnesium, decreased potassium,
29/000128 28 5800 6130 | HSCT |decreased calcium, decreased phosphorus, decreased
heart rate, increased alkaline phosphatase, and
supraventricular extrasystoles (study medication not
discontinued). No treatment given for these mild or
moderate AEs.

e The subject completed treatment.

e Subject with chronic limited GVHD.

e Treatment -related TEAEs included the following:
36/000182 29 6445 6790 | HSCT mild and moderate increased ALT (Baseline 54 U/L,
Peak 213 U/L), mild AST increased (Baseline 19
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U/L, Peak 38 U/L), and mild alkaline phosphatase
(Baseline 110 U/L, Peak 137 U/L).

o Improvement of ALT seen while continuing study
medication.

o The subject completed treatment.

e Subject with chronic limited GVHD.

o Subject experienced one treatment-related TEAE
of severe increased blood pressure (BP) to 170/110
(baseline 120/70) without associated symptoms on
Day 8. Normal ECG. New concomitant medication
36/000196 8 4820 5130 | HSCT |of oral contraceptives.

o The subject discontinued study treatment on Day 8.
¢ Antihypertensive therapy was given on Day 8 with
improvement in BP.

¢ No other treatment-related TEAES or
cardiovascular events reported.

o No treatment-related TEAES reported.

36/000199 28 9130 9520 | HSCT o The subject completed treatment.

o Subject with intermittent skin GVHD.

o Treatment-related TEAE of mild, intermittent
nausea reported on Day 12 and was ongoing.

o The subject completed treatment.

13/000217 28 5640 | 5970 | HSCT

ALT=alanine aminotransferase; AML=acute myelogenous leukemia; BP=blood pressure;
ECG=electrocardiogram; GVHD=graft-versus-host disease; HSCT=hematopoietic stem cell transplant;
Predicted Cavg= predicted average concentration from Cmin; TEAEs=treatment-emergent adverse events.

2.2.5. What are the PK characteristics of the drug and its major metabolite?

Overall, the single-dose PK of POS following administration of POS Tablets was linear at doses
ranging from 100 mg to 300 mg. The general POS PK characteristics following POS Tablets
administration are similar to those following POS Oral Suspension except the absorption
process. The detailed PK characteristics of POS following administration of POS Tablets are
provided below.

2.2.5.1. What are the single and multiple dose PK parameters?

The PK parameters of POS following single and multiple oral administration of Tablet D (the
final to-be-marketed formulation) are listed in Tables 12 and 13, respectively. The mean
concentration-time profile of POS following multiple oral administration of the to-be-marketed
Tablet D was described in Figure 4.
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Table 12. Mean (% CV) PK parameters of POS following single dose administration of POS

Tablets
Study | Dose | N AUC,., Crmax Trmax tin CL/F
(mg) (ng-hr/mL) (ng/mL) (h) (h) (L/h)
PO7691 | 100 | 22 | 8786.2(33) 287 (40) | 5(3-12) |27 (27) | 12.7(37)
PO7783 | 300 | 13 | 23647 (48) 614 (38) 5(3-6) |28(26) | 15.4(46)

% Median (range)

Table 13. Mean (% CV) PK parameters of POS following multiple dose administration of POS

Tablets (Study P07783)
Dose (mg) AUC. | Cmax Cavg Cmin | Tmax' | tie Cl/F
(ng/mL) | (ng/mL) | (nhg/mL) | (h) (h) (L/h)
300* 51618 | 2764 2151 1785 4 31 7.5
(25.4) | (20.6) | (25.4) | (28.5) | (3-6) | (39.6) (25.6)

% Median (range)
: Multiple doses of 3x100 mg POS Tablet D-yellow, twice daily on Day 1 and once daily on Days 2 to 8

4000 A

3000 -

2000 -

POS Plasma Concentration (ng/mL)

1000 -

0 6 12 18 2

Time (hours)
Figure 4. The mean concentration-time profile of POS following multiple oral administration of
the to-be-marketed Tablet D (on Day 8, Study P07783)

POS concentration steady state was reached by Day 6 of 300 mg daily doses. The mean trough

concentration on Day 6, 7 and 8 ranged from 1646 ng/mL to 1749 ng/mL (Table 14). The mean
ratio [90% CI] of the pairwise comparisons between Days 6, 7 and 8 were 1.05 [0.93, 1.19] and
0.98 [0.92, 1.05].

Table 14. Assessment of time to reach steady state using posaconazole plasma trough
concentrations

Study Day Comparison
(Day 7+Day 8)/2 vs. Day 6
Day 8 vs. Day 7

90% CI For Pair-wise Difference
(0.93, 1.19)
(0.92, 1.05)

LS Mean For Pair-wise Difference
1.05
0.98
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2.2.5.2. How does the PK of the drug and its major active metabolites in healthy volunteers
compare to that in patients?

Patients have approximately 25% lower exposure as compared to healthy volunteers after
multiple dosing of POS Tablets. Factors associated with the underlying acute illness may have
had an impact on POS absorption and steady state exposure.

One patient study was performed using the POS Tablets (Study P05615) in which 200 and 300
mg doses were investigated. Comparison of the exposure and CL/F and t;/, based on multiple
dose data are shown in Tables 15 and 16.

Table 15. Mean values of selected PK parameters after administration of POS Tablets to healthy
volunteers (HV) and patients

Steady state exposure Cmax (Ng/mL) Tmax: () Cavg (ng/mL)
200 mg HV (Study 05637) 1800 5 1310
200 mg patients 1310 4 981
300 mg HV (Study 07783) 2764 4 2151
300 mg patients 2090 4 1580

& Median

b-Cavg = AUCt/t;

Table 16. Mean (% CV) PK parameters after multiple dose administration of POS Tablets to
healthy volunteers and patients

CL/F (L/h) Ty (h) VIF (L)
Healthy volunteers 7.5 (58) 31 (36) 327 (57.3)
Patients 9.8 (48) 32 (49) Na

Na: Not analyzed

The mean C,q at steady state in patients was 981 ng/mL and 1580 ng/mL for 200 mg and 300
mg dose, respectively. The exposures that were reported in this study are approximately 25%
lower than that seen with POS Tablets in studies performed in healthy volunteers. In Study
P05637, when healthy volunteers were given a dose of 200 mg QD to steady state, the healthy
volunteer population achieved a C,yq 0f 1310 ng/mL. For the 300 mg dose level, mean steady
state Cayy Obtained in healthy volunteers was 2151 ng/mL (Study P07783).

For both the patient study and the healthy volunteer study, the time to maximal concentration
(Tmax) Was similar. Half-life is comparable between healthy volunteers and patients after multiple
dosing. Apparent clearance is somewhat higher in patients as compared to healthy volunteers.
This is most likely the effect of bioavailability differences between healthy volunteers and
patients. In patients, it is likely that factors associated with the underlying acute illness may have
had an impact on POS absorption and steady state exposure. For POS Tablets, the differences in
exposure between healthy volunteers and patients are much less than the exposure differences
reported for POS Oral Suspension for these populations [see Clinical Pharmacology review for
POS Oral Suspension (May, 2006)].
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2.2.5.3. What are the characteristics of drug absorption?

After administration of POS Tablets, peak plasma concentrations were attained at a median Tmax
of 4 to 5 hours both in patients and in healthy volunteers, after both single and multiple dosing.
For 300 mg dose POS Tablet D (the final to-be-marketed formulation), maximum concentrations
were 614 and 2764 ng/mL after single dosing (fasted) and at steady state (fed), respectively
(Study PO7783).

The absolute bioavailability of POS Tablet D was calculated to be on average 0.54 at the
clinically relevant dose of 300 mg relative to the investigational IV solution (Study P07783).
Mean plasma concentration-time profiles and pharmacokinetic parameters following a single-
dose administration of POS Tablet D (Treatment A: 3 x 100 mg tablet) and POS IV solution
(Treatment B: 300 mg) are presented in Figure 5 and Table 17, respectively. The individual
absolute bioavailability estimates in that study ranged from 0.26 to 0.77. Variability (expressed
as %CV) of the AUCy., was 48% for POS Tablets and 32% for the POS IV solution.

Treatment Az S
Treatment B: b

Figure 5. Mean plasma concentration-time profiles following a single-dose administration of
POS Tablet D (Treatment A: 3 x 100 mg tablet) and POS 1V solution (Treatment B: 300 mg)
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Table 17. Summary of POS PK parameters [Geometric Mean (% CV)] following a single-dose
administration of POS Tablet D (Treatment A: 3 x 100 mg tablet) and POS IV solution

(Treatment B: 300 mg)

Parameter (unit) Treatment A (N=13) Treatment B (n=13)
Cmax (ng/mL) 572 (41.9) 4172 (22.3)
Trmax (hr)* 5.00 (2.98 — 6.00) 0.5(0.25-0.5)
T (hr) 27.4 (23.3) 27.9 (25.4)
AUCy. (ng-hr/mL) 20606 (49.2) 40767 (36.0)
AUC., (ng-hr/mL) 21399 (49.0) 42044 (36.9)
V,IF (V for IV) (L) 554.1 (33.0) 287.1 (23.6)
CL/F (CL for IV) (L/hr) 14.0 (49.0) 7.1 (37.0)

% Median (range)

No PK study was conducted to evaluate the effect of food on the systemic bioavailability of
Tablet D (i.e., to-be-marketed formulation). It is not reasonable to extrapolate the results of
Study P04975 (i.e., the effect of food intake on the bioavailability of Tablets A and B to Tablet
D) because the composition of Tablet D is not comparable to that of Tablet A and Tablet B, and
the composition difference resulted in a substantial difference in the absorption between Tablets
A and B vs. Tablet D (see Table 26 in 2.5.2.1). See 2.5.3 for further discussion regarding the
effect of food intake on the bioavailability of POS Tablets).

2.2.5.4. What are the characteristics of drug distribution?

POS is highly protein bound (>98%), predominantly to albumin. After administration of the POS
Tablets, POS has a mean apparent volume of distribution of 394 L (CV, 42%), ranging between
294-583 L among the studies in healthy volunteers. From the absolute bioavailability study
(Study PO7783), it was concluded that volume of distribution (after intravenous administration)
was 287 L, indicating that POS may be distributed into tissues.

2.2.5.5. Does the mass balance study suggest renal or hepatic as the major route of
elimination?

No formal radiolabelled mass-bhalance studies have been conducted with POS Tablets as data
obtained with the oral suspension are considered appropriate.

Following administration of POS Oral Suspension, POS is predominantly excreted in the feces
(77% of the radiolabeled dose) with the major component eliminated as parent drug (66% of the
radiolabeled dose). Renal clearance is a minor elimination pathway, with 14% of the
radiolabeled dose excreted in urine (<0.2% of the radiolabeled dose is parent drug) [Clinical
Pharmacology Review of POS Oral Suspension (May, 2006)].
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2.2.5.6. What are the characteristics of drug metabolism?

No additional metabolism studies with POS Tablets have been performed as the data obtained
with POS Oral Suspension are considered appropriate. POS does not have any major circulating
oxidative metabolites and its concentrations are unlikely to be altered by inhibitors of CYP450
enzymes. Of the circulating metabolites, the majority are glucuronide conjugates of POS with
only minor amounts of metabolites formed by CYP450. The primary metabolic pathways for
POS include direct glucuronidation, oxidation, cleavage (N- and O-dealkylation), and
conjugation (glucuronidation and sulfonation) of oxidative metabolites or cleavage products.
CYP3A4 (and possibly CYP1A1 and 3A5), UGT1A4, and P-glycoprotein (PGP) are enzymes
and transporters that play a role in the elimination of POS. Furthermore, POS is a strong inhibitor
for CYP3AA4, and also inhibits PGP and UGT1A1. Induction of glucuronidation decreases POS
exposure. The excreted metabolites in urine and feces account for approximately 17% of the
administered radiolabeled dose. See the Clinical Pharmacology Review of POS Oral Suspension
(May, 2006) for the further information.

2.2.5.7. What are the characteristics of drug excretion?

POS is eliminated with a mean half-life (t,,) ranging between 26 and 31 hours and a mean
apparent clearance ranging from 7.5 to 11 L/hr following administration of POS Tablets. See
2.2.5.5 for the renal elimination routes of POS following administration of POS Oral Suspension.

2.2.5.8. Based on PK parameters, what is the degree of linearity or nonlinearity in the
dose-concentration relationship?

The POS Tablets exhibited linear pharmacokinetics in healthy volunteers after multiple once-
daily dosing between 200 mg and 300 mg in terms of AUC and Cax, but there was a less than
dose proportional increase between once-daily dosing of 300 and 400 mg (Table 18). No doses
above 400 mg QD have been investigated with the POS Tablets.

Table 18. Treatment effect on pharmacokinetic parameters following multiple dose oral
administration of POS Tablets — Composite PK analysis

Parameter | Treatment N? Dose-normalized comparison vs. 300 mg QD
GMR 90% ClI p-Value”

AUC.4 | Tablet C200 mgBID | 8 0.936 0.470-1.865 | 0.8717
(ng-hr/ml) | Tablet C200mgQD | 8 1.001 0.503-1.993 | 0.9982
Tablet C 400 mg QD 8 0.772 0.410-1.452 0.4898

Tablet D300mg QD | 11
Crnax Tablet C200mg BID | 8 0.821 0.437-1.542 0.5967
(ng/ml) | Tablet C200mgQD | 8 1.035 0.550-1.945 | 0.9274
Tablet C 400 mg QD 8 0.742 0.416-1.324 | 0.3868

Tablet D300 mg QD | 11

& Number of observations, some subjects from crossover studies had more than one observation
®-p-Value is for the hypothesis testing whether the true GMR is 1 for the corresponding comparisons

The data indicate that steady state POS exposure is dose proportional between 200 mg QD and
300 mg QD as the geometric mean ratios (GMRs) for all three dose normalized parameters are
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essentially 1. It should be noted that because different doses and formulations have been used in
the different studies, it is difficult to discriminate between effects of dose, study and tablet
formulation on the exposure after administration of POS Tablets.

2.2.5.9. How do the PK parameters change with time following chronic dosing?

After multiple dosing of POS Tablets in healthy volunteers the CL/F is somewhat lower as
compared to CL/F after single dosing (7.5 versus 15.4 L/h, for multiple and single dosing,
respectively) and half-life is somewhat longer (31 hours after multiple dosing and 26 hours after
single dosing). This results in a greater accumulation than that predicted from single-dose data.

POS is metabolized only to a limited extent. POS is a strong inhibitor for CYP3A4, and also
inhibits P-glycoprotein (PGP) and UGT1A1, systems that are involved in the metabolism and
elimination of POS from the body. As it cannot be excluded that POS is able to at least partly
inhibit its own metabolism/elimination, this might be a possible explanation for the effect of
multiple dosing on the apparent clearance.

In summary, the data indicate a small decrease in apparent clearance upon multiple dosing of
POS Tablets, for which no single clear explanation exists. Multiple doses of POS result in
greater than expected exposures based on single dose data. However, these exposures will be
beneficial in terms of attaining the exposure greater than needed for efficacy and remain within
the exposure ranges observed previously that were shown to be safe (See 2.2.4.2).

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

Based on the composite PK analysis, the multiple-dose PK data in healthy volunteers showed
higher variability compared to single dose data with a % CV of 46.5% and 42.2%, respectively
for AUC.24nr and Crrax. The variability of steady state pharmacokinetics in patients was moderate
to high with % CV of 46.8% for AUCg.24nr and 42.2% for Cyax, Which was very similar to the
variability in healthy subjects at steady state.

As there was only one study (Study P04975) containing data with repeated measurements, the
within-subject variability was not very well characterized.

2.3. Intrinsic Factors

The effects of intrinsic factors on the exposure and exposure-response relationship for POS
following the administration of POS Tablets are anticipated to be similar to those for POS Oral
Suspension and were not evaluated further in this NDA. Please see the previous Clinical
Pharmacology Review (May, 2006) for the further information regarding POS Oral Suspension.
2.4. Extrinsic factors

The effects of extrinsic factors on the exposure and exposure-response relationship for POS Oral
Suspension are anticipated to be similar to those for POS Tablets with the exception of
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interaction of POS Tablets with antacids, proton pump inhibitors, gastric motility drugs, and H2
acid blocking agents (see below). Briefly, POS is an inhibitor of the cytochrome P450 enzyme
CYP3AA4 at clinically relevant concentrations and, thus, possesses the potential for drug
interactions with concomitantly administered drugs metabolized by CYP3A4. In vivo, POS does
not significantly inhibit other human CYP450 enzymes, including CYP1A2, CYP2E1,
CYP2CB8/9 and CYP2D6. POS does not have any major circulating metabolites and its
concentrations are unlikely to be altered by inhibitors and/or inducers of CYP450 enzymes.
While most POS is excreted unchanged via the biliary tract, a minor route of metabolism of POS
is via UDP -glucuronosyltransferase (Phase 2 enzymes); therefore, inhibitors or inducers of this
clearance system may affect POS’s plasma concentrations. POS is a substrate and inhibitor of the
transporter PGP, so inhibitors or inducers of the PGP system may affect POS plasma
concentrations. Please see the Clinical Pharmacology Review of POS Oral Suspension (May,
2006) for the further information.

In this NDA, a drug interaction study with POS Tablets was conducted to evaluate the effect of
concomitant medications that affect the gastric pH and gastric motility on the pharmacokinetics
(PK) of POS (Study P07764).

Study 07764: Effect of medications that affect the gastric pH and gastric motility: There is no
clinically meaningful effect of gastric pH or gastric motility on the PK of POS after co-
administration of POS Tablets with each of these drugs affecting the gastric pH or gastric
motility, whereas POS exposure after administration of POS Oral Suspension is substantially
reduced by these drugs.

A summary of pharmacokinetic parameters following single-dose administration of 4 X 100 mg
POS Tablets alone (Treatment A) or with concomitant medications including the antacid
Mylanta® (Treatment B), ranitidine (Treatment C), esomeprazole (Treatment D), or
metoclopramide (Treatment E) is presented in Table 19. Mean plasma concentration-time
profiles of POS are presented in Figure 6. The comparisons of AUC.jast and Crax between
treatment groups are summarized in Tables 20-23.

APPEARS THIS WAY ON ORIGINAL
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Table 19. Mean (%CV) of the PK parameters of POS following single-dose administration of
400 mg POS Tablets alone with concomitant medications to healthy volunteers

Treatment Crnax Trax AUCiast AUC,.,, ty, CL/F VzIF
(ng/mL) | (hr) (hr-ng/mL)| (hr-ng/mL) (hr) | (L/hr) (L

POS Alone 1090 (43)| 4(2-8) | 40967 (47) | 42406 (49) | 27.3(37)| 12.2(64) 4%31')2

®
POS +Mylanta™ | 1115 (36)| 4.8 (3-12)| 41247 (39) | 42468 39) | 27.7 (29)| 11.1 (47) 4(13?6())

POS + 428.1

Banitiding 1094 (37)| 4(35) | 38046 (35) | 30267 (87) | 269(3)| 117 (40) 28
POS + 1104 (35) | 4.5 (3-24)| 40083 (40) | 41574 (43) | 28.0(30)| 11.3 (42)| 431.7
Esomeprazo|e ( ) . ( - ) ( ) ( ) . ( ) . ( ) (34)
POS + 498.1
Metoclopramide | 935 (44) | 4(2:6) | 36975 40) | 38513(43) | 20.0(38)| 129(69) %0

& Median (min-max)

Figure 6. Arithmetic mean POS plasma concentration-time profiles following single-dose
administration of 400 mg POS Tablets Alone or with concomitant medications to healthy
volunteers (N = 20 for Treatment A, C, D, and E; N = 21 for Treatment B) (Inset is Semi-Log
Scale)
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Table 20. Summary of POS pharmacokinetic parameters for comparison of a single 400 mg dose
of POS Tablets with a single 400 mg dose of POS Tablets + 20 mL of Mylanta® ultimate
strength liquid in healthy subjects

PK Treatment A° Treatment B Treatment (A/B) [rMSE®
parameter | N | GM® 95% CI N | GM 95% CI GMR | 90% CI

AUC,’ | 20 | 36892 | (30370, 44813) | 21 |38394| (31697, 46507) | 1.04 | (0.9, 1.2) | 0.271
Cond 20| 982 | (815, 1184) |21 |1045| (871,1255) | 1.06 | (0.9, 1.26) | 0.314

*Treatment A: A single 400 mg of POS Tablets

"Treatment B: A single 400 mg dose of POS Tablets + 20 mL of Mylanta ultimate strength liquid

¢ Back-transformed least-squares mean and CI from mixed effects model performed on natural log-transformed values.
IrMSE: Square root of conditional mean squared error (residual error) from the linear mixed effect model.
rMSE*100% approximates the within-subject % CV on the raw scale.

*GM: geometric mean

Table 21. Summary of POS pharmacokinetic parameters for comparison of a single 400 mg dose
of POS Tablets with a single 400 mg dose of POS Tablets + morning dose of 150 mg ranitidine
tablets BID in healthy subjects

PK Treatment A? Treatment C° Treatment (A/B) |rMSE
parameter | N | GM® 95% CI N | GM 95% CI GMR[ 90%Cl |°

AUC,1.¢" | 20 | 36892 | (30370, 44813) | 20 |35963| (29606, 43684) | 0.97 [(0.84,1.12) |0.271
Crnax 20 | 982 (815,1184) | 20 | 1022 | (848, 1231) 1.04 ((0.88,1.23) |0.314

*Treatment A: A single 400 mg of POS Tablets

"Treatment C: A single 400 mg dose of POS Tablets + morning dose of 150 mg ranitidine tablet BID

¢ Back-transformed least-squares mean and CI from mixed effects model performed on natural log-transformed values.
9rMSE: Square root of conditional mean squared error (residual error) from the linear mixed effect model.
rMSE*100% approximates the within-subject % CV on the raw scale.

*GM: geometric mean

Table 22. Summary of POS pharmacokinetic parameters for comparison of a single 400 mg dose
of POS Tablets with a single 400 mg dose of POS Tablets + esomeprazole 40 mg QAM x 5 days
(Day -4 to 1) in healthy subjects

PK Treatment A Treatment D° Treatment (A/B) [rMSE®
parameter | N | GM® 95% ClI N | GM 95% ClI GMR| 90% CI

AUCown | 20 | 36892 | (30370, 44813) | 20 |37534] (30905, 45586) | 1.02 |(0.88, 1.17) | 0.271
Cone® 20| 982 | (815 1184) | 20 | 1033 | (857, 1245) | 1.05 |(0.89, 1.24) | 0.314

*Treatment A: A single 400 mg of POS Tablets

"Treatment D: A single 400 mg dose of POS Tablets + esomeprazole 40 mg QAM x 5 days (Day -4 to 1)

¢ Back-transformed least-squares mean and CI from mixed effects model performed on natural log-transformed values.
9rMSE: Square root of conditional mean squared error (residual error) from the linear mixed effect model.
rMSE*100% approximates the within-subject % CV on the raw scale.

*GM: geometric mean

Table 23. Summary of POS pharmacokinetic parameters for comparison of a single 400 mg dose
of POS Tablets with a single 400 mg dose of POS Tablets + metoclopramide 15 mg Four Times
Daily During 2 Days (Day -1 and 1)

PK Treatment A® Treatment E Treatment (A/B) [rMSE®
parameter | N | GM® 95% ClI N | GM 95% ClI GMR| 90% CI

AUC.«" | 20 | 36892 | (30370, 44813) | 20 |34150| (28113, 41483) | 0.93 | (0.8, 1.07) | 0.271
Crax 20 | 982 (815, 1184) 20 | 847 (703, 1021) 0.86 |(0.73,1.02)| 0.314

*Treatment A: A single 400 mg of POS Tablets

®Treatment E: A single 400 mg dose of POS Tablets + metoclopramide 15 mg Four Times Daily During 2 Days (Day -1 and 1)
¢ Back-transformed least-squares mean and CI from mixed effects model performed on natural log-transformed values.
9rMSE: Square root of conditional mean squared error (residual error) from the linear mixed effect model.

rMSE*100% approximates the within-subject % CV on the raw scale.

*GM: geometric mean
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2.5. General Biopharmaceutics

2.5.1. Based on the biopharmaceutics classification system (BCS) principles, in what
class is this drug and formulation? What solubility, permeability, and dissolution
data support this classification?

POS is a Biopharmaceutics Classification System (BCS) Class 2 (low solubility-high
permeability). See Clinical Pharmacology Review of POS Oral Suspension (May, 2006) for
further information.

2.5.2. Whatis the relative bioavailability of the proposed to-be-marketed formulation to
the pivotal clinical trial formulation?

The to-be-marketed formulation (Tablet D) was used in the pivotal clinical trial (Study P05615).
As part of the early formulation development of POS tablets, three tablet formulations (Tablet A,
Tablet B, and Tablet C) were evaluated. An overview of the composition of the three tablet
formulations and the to-be-marketed formulation (Tablet D) is summarized in Table 24.

Table 24. Description of the composition of POS Tablet formulations.

Component Function | Tablet A | Tablet B | Tablet C*| Tablet D°
mg/tablet | mg/tablet| mg/tablet | mg/tablet

Solid Dispersion
Posaconazole Micronized |  Active | 1000 | 1000 [ 1000 | 100.0@

Hypromellose Acetate Succinate®, NF/Ph,
Eur

@

Wiy

Excipients

Hypromellose Acetate Succinate®, NF.Ph, e

Eur
Cellulose Microcrystalline, NF/Ph, Eur

®) @

Hydroxypropyl Cellulose
Silicon Dioxide, NF/Ph, Eur

(®) (4

Croscarmellose Sodium, NF/Ph, Eur
Magnesium Stearate, NF/Ph, Eur

®) @

Coating

Opadry® 11 ® @
() &

Film Coated Tablet Weight
®) @
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2.5.2.1. What data support or do not support a waiver of in vivo BE data?

Because the to-be-marketed formulation (Tablet D) was used in the pivotal clinical trial (Study
P05615), an in vivo BE study was not needed. However, three clinical pharmacology studies
were conducted in order to evaluate the relative and absolute bioavailability of POS administered
as different tablets and dosage forms and/or the effect of food on the pharmacokinetics of POS.

The biopharmaceutical studies included:

» P04975 — 4 different POS formulations were evaluated in this single-dose relative
bioavailability study: Tablet A, Tablet B, oral suspension, and capsule. A food effect was also
evaluated in this study.

* P07691 — 3 different POS formulations were evaluated in this single dose relative
bioavailability study: Tablet D, Tablet C, and oral suspension.

* P07783 — 2 different POS formulations were evaluated in this absolute bioavailability study:
Tablet D versus an investigational 1V solution.

Study P07691 showed that following a single dose administration of POS 100 mg in the fasted
state in healthy adults, the AUCs and Cpx of Tablet D were slightly lower compared to Tablet C
(12% and 14% lower respectively for AUCy.., and Cpax, Table 25)

Table 25. Relative bioavailability of POS following oral administration of Tablet D and Tablet C
(Study P07691).

AUCq .t (ng.hr/mL) | AUC,., (ng.hr/mL) Crmax (ng/mL)
Tablet C GM 9208 8775 309.8
(n=23) 90% ClI (8214, 10322) (7804, 9867) (271.2, 353.9)
Tablet D GM 8236 7723 265.3
(n=23) 90% CI (7253, 9352) (6733, 8860) (229.5, 306.7)
Ratio GMR 0.894 0.880 0.856
Tablet /Tablet C | 90% ClI (0.821, 0.975) (0.799, 0.970) (0.748, 0.980)

No single study was conducted to compare all 4 tablet formulations. A cross-study comparison
using an ANOVA between the prototype tablet formulations (i.e., Tablet A, Tablet B and Tablet
C) and the to-be-marketed tablet formulation (Tablet D) showed that the mean AUC.,, and Cpax
estimates following administration of Tablets A and B were approximately 43% and 25%
greater, respectively, compared with Tablet D when all were given in the fasted state (Table 26).
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Table 26. Effect of formulation on pharmacokinetic parameters following single dose oral
administration of POS

Formulation N? Comparison vs. Tablet D
Parameter GMR 90% CI p-VaIueb
AUC., Tablet A 16 1.430 1.196-1.710 0.0012
(ng-hr/ml) Tablet B 16 1.435 1.200-1.715 0.0011
Tablet C 41 1.067 0.935-1.218 0.4155
Tablet D 55
Cinax Tablet A 16 1.271 1.003-1.612 0.0961
(ng/ml) Tablet B 16 1.257 0.991-1.594 0.1127
Tablet C 42 1.128 0.996-1.277 0.1104
Tablet D 55

% Number of observations, some subjects from crossover studies had more than one observation
b p-Value is for the hypothesis testing whether the true GMR is 1 for the corresponding
comparisons

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

Not applicable.

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

Not applicable.

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

In this NDA, there is a lack of sufficient data to support the proposed dosing and administration
recommendation CIS)

Per the FDA’s request, the sponsor conducted an additional PK study in order to
evaluate the food effect on POS Tablets after submitting this NDA. The final clinical study
report for this study has not yet been submitted. With the currently available data submitted with
the POS Tablets NDA, the Clinical Pharmacology review team will recommend that POS
Tablets should be given with food because it is expected that food intake would increase the
systemic bioavailability of POS from the tablet formulation, as was observed with the oral
suspension.

The effect of food on the BA of POS was evaluated with Tablet A and Tablet B (Study P04975).
There was no substantial food effect on the bioavailability of Tablet A and Tablet B (Table 27).
Only Chax values after administration of POS Tablet A were slightly lower in fed as compared to
fasted conditions. However, a PK study to evaluate the effect of food on the systemic
bioavailability of Tablet D (i.e., to-be marketed formulation) was not conducted. It is not

29

Reference ID: 3391442



reasonable to extrapolate the results of Study P04975 to Tablet D because the composition of
Tablet D is not comparable to that of Tablet A and Tablet B, which resulted in a substantial
difference in the systemic bioavailability between Tablets A and B vs. Tablet D (see Table 26 in
2.5.2.1).

Table 27. Statistical summary of pharmacokinetic parameters after single dose administration of
POS (100 mg) Tablet A and Tablet B under fed and fasted conditions (Study P04975).

Pharmacokinetic Fasted Fed Ratio (Fed/Fasted)
Parameters N [c™m® (95 % ClI N|GM* [95%Cl |GMR’ |90 % CI
Tablet A

AUCq st 16 | 11001.30 | (9588.70, |15 |11251.2| (9799.25, |1.02 (0.92,1.13)
(ng.hr/mL) 12622.01) 12918.29)

AUC, 16 | 11295.02 | (9857.29, |15 |11504.9| (10048.97, |1.02 (0.92, 1.13)
(ng.hr/mL) 12942.46) 13171.92)

Cinax 16| 372.34 (323.30, |15 |316.11 (273.48, |0.85 (0.75, 0.96)
(hg/mL) 428.83) 365.38)

Tablet B

AUC st 16 | 10780.92 | (9583.00, |15 |11651.9| (10113.72, |1.08 (0.98, 1.19)
(ng.hr/mL) 12128.60) 13424.11)

AUCy., 16 | 11046.72 | (9838.34, |15 |11967.7| (10380.51, |1.08 (0.98, 1.19)
(ng.hr/mL) 12403.51) 13797.75)

Cinax 16 | 349.76 (311.11, |15 |329.86 (279.56, |0.94 (0.83, 1.07)
(ng/mL) 393.21) 389.21)

& Geometric mean computed from least squares estimate from a linear mixed effect model performed on the natural-
log transformed values.;
b GMR: geometric mean ratio

In Study P05615 (a pivotal clinical trial), food intake data were not collected for the subjects.
Thus, the Clinical Pharmacology review team cannot verify that POS Tablets were in fact given
without regard to food intake in Study P0O5615 merely because the study protocol indicated that
the drug was to be taken without regard to food.

The results of Study P07691 which showed comparable estimates for posaconazole AUC and
Chmax between Tablet D (100 mg) in the fasted state and POS Oral Suspension (100 mg) after a
high fat meal (Table 28) are not relevant to support the proposed dosing regimen and
administration recommendation ® @,
The recommended daily dose of POS Tablets is 300 mg (i.e., 300 mg QD), whereas the
recommended daily dose of the oral suspension is 600 mg (i.e., 200 mg TID). Thus, the results of
Study PO7691 may be interpreted to indicate that the AUC and Cp,x Of posaconazole following
the administration of POS Tablets 300 mg QD in the fasted state might be 50% lower compared
with that following the administration of POS Oral Suspension 200 mg TID with a high fat meal.
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Table 28. Summary of the mean (%CV) results of the comparative bioavailability studies of
POS (100 mg) Tablet D (fasted) and oral suspension (fed) (Study 07691).

Dosage Form N Crax Tmax AUCjast AUC T
(ng/mL) (hr)? (ng-hr/mL) | (ng-hr/mL) (hr)
Tablet D (fasted) 22 | 288(40) | 5(3-12) | 8327 (34) 8786 (33) | 27.0 (27)
Oral suspension (fed) | 23 249 (25) 5(4-12) 8018 (32) 8482 (31) | 26.2 (26)
& Median (range)

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

Not Applicable.

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

One strength formulation (100 mg Tablet) was developed.

2.5.6. If the NDA is for a modified release formulation of an approved immediate
product without supportive safety and efficacy studies, what dosing regimen

changes are necessary, if any, in the presence or absence of a PK-PD relationship?

See Table 25in 2.5.3.

2.5.7. If unapproved products or altered approved products were used as active controls,
how is BE to the approved product demonstrated? What is the basis for using
either in vitro or in vivo data to evaluate BE?

Not applicable.

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

Not applicable.
2.6. Analytical Section

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

POS was the active moiety measured in human plasma in clinical pharmacology studies,
biopharmaceutical studies, and clinical studies.
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2.6.2.  Which metabolites have been selected for analysis and why?

There is no evidence that any POS metabolites are pharmacologically/microbiologically active,
and therefore no metabolites were analyzed.

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

Because posaconazole plasma protein binding is not concentration-dependent, total drug
concentration (bound plus free) of posaconazole was measured in human plasma.

2.6.4. What bioanalytical methods are used to assess concentrations?

Two analytical methods were used for quantification of POS in human plasma; these methods
were validated for specificity, sensitivity, and reproducibility. Each of the bioanalytical methods
utilized was based on a solid phase extraction of the analytes from the biological matrix followed
by liquid chromatography (LC) coupled with tandem mass spectrometric detection (MS/MS).
The LC-MS/MS method in plasma was developed and utilized at Merck Research Laboratories
(formerly Schering Plough Research Laboratories, Summit, NJ) (DM 27496) and subsequently
transferred ®@ A summary of these methods is listed in Table
29.

Table 29. Validation summary for assays used to determine POS concentrations in human

plasma
Study No.|Matrix |Analytical Analytical |Internal [Regression,|Range Accuracy®{Precision®| Clinical
Method |Laboratory?|Standard|weighting® |(ng/mL) (% bias)| (%CV) Studies
[LLOQ] Supported
by Method
N,- : P04975
DM LC- Merck 13~ o2 quadratic, |5.00 to 5000 !
plasma C-SCH 2 2.3t08.7 |-4.6t0 0.7 |[P05615,
27496 MS/MS  |(SPRI) se5g0 [H/cONC [5.00] PO5637
15\ P05615,
DM 2 | |lquadratic, [5.00 to 5000 P07691,
27904 PR | ve S leon?  fis00) MO0 5T 491024 po776s,
P0O7783
& ®®@ SPRI = Schering-Plough Research Institute, Summit, New Jersey.
b conc = concentration.
“: Precision or accuracy data for QC samples at 4 concentrations including one at the LLOQ.
d

: % bias = ([mean of measured values-nominal]+-nominal)x100.

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

The LLOQ of the LC-MS/MS assay was established at approximately 5.00 ng/mL of plasma

(linear concentration ranges 5.00 to 5,000 ng/mL). A calibration curve was generated using a
quadratic regression with 1/concentration” weighting.

2.6.4.2. What are the lower and upper limits of quantification (LLOQ/ULOQ)?
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The LLOQ and ULOQ for LC/MS/MS in the plasma assay were 5 ng/mL and 5000 ng/mL,
respectively. The same assay range was validated for both methods.

2.6.4.3. What are the accuracy, precision, and selectivity at these limits?

Accuracy (%bias) and precision (CV) of the methods were assessed in three analytical runs using
quality control (QC) samples at four concentrations (n=5 or 6 per concentration) spanning the
calibration range, including one at the lower limit of quantitation (LLOQ). For an acceptable run,
e at least two-thirds of all QC samples in each run and 50% of the QC samples at each
concentration level had individual %bias within £15% (£20% at the LLOQ).
¢ the within-run and between-run CV was +15% of the nominal concentration at each QC
level (£20% at the LLOQ).

Each validation run contained a calibration curve of nine or ten nonzero standards that were
processed and analyzed at least in duplicate. In an acceptable run,
e at least two-thirds of the individual calibration standards had %bias within £15% of their
nominal values (+20% at the LLOQ).
e at least one of the two calibration standards at both the LLOQ and the upper limit of
quantitation must meet this criterion.
e the calibration curve had an r value >0.99 or r* value >0.98.

All analytical methods met the requirements for specificity, sensitivity, accuracy, and precision
(Table 26).

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

Analyte stability (in matrix and extract) at room temperature and stability in the matrix after
storage at -20°C, after at least five freeze/thaw cycles, and after dilution was demonstrated for
POS (Table 30).

Table 30. Stability of POS in analyzed matrix and extract

Matrix Storage Extract Matrix
Storage
Analyte RT? -20°C RT F/T Dilution
Integrity
Plasma
POS | 24hr | 349days | 237hr | 5 | 10-fold

& RT = room temperature.
b F/T = number of freeze/thaw cycles.
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3. Labeling Recommendation
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