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1. 	 Executive Summary 

Posaconazole (POS, SCH 56592) is a triazole antihngal agent and, like other azoles such 
as fluconazole, itraconazole, and voriconazole, blocks ergosterol biosynthesis of yeast 
and filamentous fungi by inhibiting the enzyme lanosterol 14a-demethylase (CYP5 1, 
Erg1 lp). The drug formulation in this NDA is an oral suspension (40 mg1mL) and the 
proposed indications are prophylaxis -. / 

- in patients, 13 years of age and older, who are at high risk of 
developing these infections, such as hematopoietic stem cell transplant (HSCT) recipients 
or those with prolonged neutropenia, and treatment of oropharyngeal candidias;~, 
including infections refractory to itraconazole and fluconazole. Priority review was 
granted for prophyla& of-. 

The sponsor cross-referenced 	 -
. for the clinical pharmacology information. All 

clinical pharmacology studies - have been previously reviewed by the FDA 
Clinical Pharmacology review team. Accordingly, most of the clinical pharmacology 
information to support the labeling of the current NDA 22-003 was based on the Clinical 
Pharmacology review of -, dated May 24,2005. In the Approvable letter, 
dated June 10,2005, the sponsor was asked to address three unresolved clinical 
pharmacology issues regarding effect of severe hepatic impairment on the 
pharmacokinetics of POS and drug-drug interactions as pre-approval recommendations. 
However, none of these issues were addressed in the current NDA. 

The efficacy and safety of posaconazole for the prophylaxis of IFIs were evaluated in two 
pivotal Phase 3 studies (Studies C983 16 and P01899). These two pivotal Phase 3 study 
reports were reviewed to evaluate potential exposure-response relationships with POS. 

The exposure-response analyses revealed a strong relationship between a higher 
incidence of Clinical Failure and lower plasma exposure to POS, suggesting that ensuring 
high plasma exposure to POS appears to be needed especially for patients whose steady 
state average concentration (C,,) is low (see Figure 1). Further analyses showed: 

(a) 	 The exposure-response relationship for POS effectiveness for the prophylaxis 
against IFIs was not significantly confounded with any patient demographic 
covariates 

(b) 	 POS concentration of 350 ng/mL determined at 3 to 5 hours post dose on Day 
2 after the beginning of POS treatment would result in a steady-state C,,, of 
700 ng/mL and subsequently result in the incidence of Clinical Failure of 
<25%. Plasma concentration monitoring of POS may be used as a tool to 
identify those patients who will have lower than desired plasma exposure. 



- - 

(c) 	 The increase of POS dose from 200 mg TID to 400 mg TID is most likely to 
result in an increase in plasma exposure to POS by at least 2 fold when POS is 
given either with food or under fasting conditions. 

(d) 	 There would be expected to be no additional safety findings with 400 mg TID 
for those patients whose C,,, was 5700 ng/mL (i.e., those who receive 200 mg 
TID initially). Based on the dose-proportional PK of POS, following 400 mg 
TID administration to patients whose Cavg was 5700 ng/mL (i.e., those who 
receive 200 mg TID initially), C,,, would not be expected to be greater than 
3650 ng/mL, which is the highest C,,, observed in patients treated with 200 
mg TID in Study C983 16. 

Collectively, it is recommended that POS dose be adiusted based on plasma &.
* 

concentrations of POS on Dav 2. 
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Figure 1. POS exposure-response relationship for patients in the All Treated population 
during the Primary Time Period (N=252) (Study C983 16). Logistic regression was 
performed using natural log of average concentrations per patient (log(Cav,)) as a -
continuous variable and the Clinical Failure as a binary variable (yes or no). The solid 
line represents the regression fit. The dashed lines represent 95% Confidence Interval. 
Subsequent to the logistic regression, the response rates in each of the 4 quartiles of C,,, 
(closed circles) are plotted to assess the goodness-of-fit. The response rate for patients 
treated with fluconazole (FLU, open square) is plotted as a reference. The blue lines 
showed that 7 10 ng/mL of C,,, is required to achieve 25% Clinical Failure rate. 

1.1. 	 Recommendation 

It is strongly recommended to determine POS dose according to its plasma 
concentrations. The summary of dose adjustment, based on the monitoring of POS 
plasma concentrations, is illustrated as a flow chart below. 



Initial dose: 200 mg TID for all patients 

Monitoring of plasma concentration(s) of POS on Day 2: 
Plasma samples should be collected at 3 to 5 hours after any dose on Day 2. 
(a) If plasma concentration(s) of POS is 5350 ng/mL, then give 400 mg TID 
(b) If plasma concentration(s) of POS is >350 ng/mL, then give 200 mg TID 

Monitoring of plasma concentration(s) of POS after Day 7 for patients who received 400 
mg TID: 

(a) If plasma concentration(s) of POS is >700 ng/mL, then give 400 mg TID 
(b) If plasma concentration(s) of POS is 5700 ng/mL, then switch to another 
anti-fungal drug 

Initial POS dose: 200 mg 

400 mg TID +I 
Switch to another anti- 

fungal drug 


Scheme of POS Dose recommendation based on plasma concentrations of POS 

1.2 Phase 4 Commitments 

Not applicable. 
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1.3. Summary of Important Clinical Pharmacology Findings 

Exposure-response relationship-Effectiveness 

The exposure-response analyses revealed a strong relationship between a higher 
incidence of Clinical Failure and lower plasma exposure to POS, suggesting that ensuring 
high plasma exposure to POS appears to be needed especially for patients whose steady 
state average concentration (C,,,) is low (See Figure 1 on page 3). Table S1 shows the 
Clinical Failure rate and ProvenJProbable IFIs in the All Treated population during the 
Primary Time Period for 4 quartiles of POS C,,,. 

Table S1. Incidence of Clinical Failure and ProvenJProbable lFls in the All Treated 
population during the Primary Time Period in 4 quartiles of POS C,,, (Study Cq8-3 16). 
Quartiles Q1 Q2 Q3 @4 
C,,, (nglmL) ;21.5-557 557-91 5 915-1563 1563-3650 
Clinical Failure 44:4% (28163) 20.6% (13163) 17.5% (11163) 17.5% (11163) 
Provenlprobable 4.76% (3163) 4.76 % (3163) 1.59% (1163) 3.I 7% (2163) 
IF1 

Dose recommendation based on the exposure-response relationship 

There are no patient demographic covariates (or combination of those covariates) that can 
successfully categorize the patients who will attain low plasma concentrations of POS. 
Therefore, measuring plasma concentrations of POS is considered by this reviewer to be 
the most reliable way to identify those patients who will attain low concentrations of 
POS. 

Based on the relationship between C,,, of POS and Clinical Failure (See Figure 1 on page 
3), a Clinical Failure rate of <25% is considered to be acceptable by the reviewing 
medical officer as a target clinical outcome that should be achieved with POS and C,,, 
should be greater than 700 ng/mL to achieve this target outc,ome. Thus, 700 ng/mL is the 
lower threshold value for C,,, to determine if the POS dosage needs to be increased for a 
given patient. Subsequently, the concentration on Day 2 which would result in a Cay of 
700 ngJml at steady state was calculated using an accumulation factor of 8 obtainei from 
a multiple dose-escalating PK study (Study 196089). Based on this, a concentration of 
350 ng/mL measured at 3 to 5 hours post dose on Day 2 is recommended as a cutoff 
plasma concentration of POS to determine if the POS dosage needs to be increased for a 
given patient. 

The threshold concentration of 700 ng/mL as C,,,, also appears appropriate in terms of the 
incidence of ProvedProbable IFIs, because the iicidence of ProvedProbable IFls also 
tended to be greater for patients whose C,,,, was 5700 ngJmL compared with patients 
whose C,,, was >700 ng/mL. Tables S2 and S3 shows the incidence of ProveJProbable 
IFIs between group of patients whose C,,, was 5700 ng/mL and group of patients whose 
C,,, was >700 ng/mL in Study C983 16 and PO1 899, respectively. 



Table S2. Incidence of ProvedProbable IFIs between those patients whose POS C,, was 
-<700 ng/mL and those patients whose POS C,,, was >700 ndmL (Study C983 16). 
C,V, (ng/mL) -<700 ng/mL (N=92) >700 ng/mL (N=160) 
Incidence of ProveIProbable IFIs 6.52% (6192) 1.88% (31160) 
Incidence of Aspergillosis 4.35% (4192) 0.63% (111 60) 

Table S3. Incidence of ProvedProbable IFIs between those patients whose C,,, was 
-<700 ng/mL and those patients whose Cav, was >700 ng/mL (Study PO1 899). 
Cav, (ng/mL) -<700 ng1mL (N=155) >700 ng/mL (N=60) 
Incidence of ProveIProbable IFIs 3.87% (61155) 0% (0160) 

Four clinical pharmacology studies (i.e., single and multiple dose escalating studies and 
food effect studies following 200 mg and 400 mg of POS) support that the incrgase of 
POS dose from 200 mg TID to 400 mg TID is most likely to result in an incre&e in 
plasma exposure to PQS by at least 2 fold when POS is given either with food or under 
fasting conditions. -

When dose is adjusted from 200 mg TID to 400 mg TIDY based on the threshold C,,, of 
700 ng/mL, the percent of patients whose C,,,, is 1700 ng1mL would be decreased from 
37% (921252) to 14% (351252). The Clinical Failure rate for patients whose Cav, was 
1700 ng/mL (i.e., with 200 mg TID) would be reduced from 37% (34192) to 25% (23192) 
(Table S4). 

Table S4. Percent of patients whose C,,,, is 1700 ng1mL and Clinical Failure rate as a 
function of POS dosing regimen 
Cav, 5700 ng/mL 200 mg TID 400 mg TID (projection) 
% of patients whose C,,, is 37% (921252) 14% (351252) 
1700 ng/mL 
Clinical Failure rate in patients 37% (34192) 25% (23192)- 

I whose C,,, was 5700 ndmL I I I 

For patients whose plasma concentrations of POS cannot be high enough to ensure 
desirable clinical outcomes with 400 mg TIDY other antifungal treatment for prophylaxis 
of IFIs may be needed. ~ h u s ,  it is recommended to use other antifungal treatment instead 
of POS for patients who receive 400 mg TID and if plasma concentrations of POS after 
Day 7 (presumed steady state) are 5700 ng1mL. 

Collectively, the following dose administration and plasma concentration monitoring 
scheme is recommended by this reviewer. 

Initial dose: 200 mg TID for all patients 

Monitoring of plasma concentration(s) of POS on Day 2: 
Plasma samples should be collected at 3 to 5 hours after any dose on Day 2. 
(a) If plasma concentration(s) of POS is 1350 ng/mL, then give 400 mg TID 
(b) If plasma concentration(s) of POS is >350 ngImL, then give 200 mg TID 



!. 


Monitoring of plasma concentration(~) of POS after Day 7 for patients who received 400 
mg TID: 

(a) If plasma concentration(s) of POS is >700 ng/mL, then give 400 mg TID 
(b) If plasma concentration(s) of POS is 5700 ng/mL, then switch to another 
anti-fungal drug 

I Initial POS dose: 200 mg I 

200 mg TID -* 

400 mg TID rL
After Day 7 

No 
400 mg TID 

fungal drug 

Scheme of POS Dose recommendation based on plasma concentrations of POS 

-Exposure-response relationship-Safety 
The most common treatment-related (Possible and Probable) treatment-emergent adverse 
events were nausea, vomiting, diarrhea, hypokalemia, rash and elevations in hepatic 
enzymes (SGOT and SGPT increase). For exposure-response relationship regarding 
safety, data from Study C983 16 and PO1 899 were pooled. Although the incidence of 
most treatment-related adverse events tended to be lower in the first quartile of C,,, 
compared with the fourth quartile of C,,,,, the incidence rates of adverse events were not 
significantly dependent on plasma drug concentration. 

There would be expected to be no additional safety findings with 400 mg TID for those 
patients whose C,,, was 1700 ng/mL (i.e., those who receive 200 mg TID initially). 
Based on the dose-proportional PK of POSY following 400 mg TID administration to 
patients whose C,,,, was 1700 ng/mL (i-e., those who receive 200 mg TID initially), C,,, 
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2. Question Based Review 

Exposure-response Analysis 

The relationship between plasma exposure to posaconazole (POS) and its effectiveness 
and safety was analyzed by the FDA Clinical Pharmacology reviewer using data from 
two pivotal Phase 3 studies (Study CJI98-3 16 and PO 1899) which were conducted using 
POS for the prevention of IFIs in high-risk patients. 

C98-316 was a double-blind, active-controlled trial, that compared POS (200 mg TID) 
with fluconazole (FLU, 400 mg QD) as prophylactic therapy to reduce the incidence of 
IFIs in high-risk allogeneic hematopoietic stem cell (HSCT) recipient with acute graft 
versus host disease (GVHD) or chronic GVHD. A total of 600 patients were enrolled 
(301 POS, 299 FLU). A Data Review Committee (DRC) of experts in antifknga therapy 
reviewed the blinded results of this study to make assessments of potential IFIS: The 
primary efficacy analsis was the DRC-adjudicated incidence of proven and probable IF1 
for All Randomized Subjects during the Primary Time Period (1 12-day fixed time period). 
The mean duration of therapy was comparable between the two treatment groups (80 
days, POS; 77 days, fluconazole). 

PO 1899 is a Phase 3, randomized, open-label, evaluator-blinded, active control, parallel 
group, multicenter study comparing POS (200 mg TID) versus standard azole (FLU 400 
mg QD or itraconazole (ITZ) 200 mg BID) for prophylaxis against IFls in subjects with 
profound, prolonged neutropenia due to remission-induction chemotherapy for AML or 
MDS. A total of 602 subjects were enrolled (304 POS, 298 standard azoles [240 FLU, 58 
ITZ]). A blinded panel of external expert evaluators (DRC) reviewed all identified 
suspected cases of IFIs to determine the final number of proven, probable, and possible 
IFIs and to confirm the diagnosis (including the onset date of the infection and primary 
pathogen) based on EORTCJMSG criteria. The primary efficacy analysis was the DRC- 
adjudicated incidence of ProvenIProbable IFIs in All Randomized Subjects during the 
Oral Treatment Phase (on-treatment period). The mean duration of therapy was 
comparable between the two treatment groups (29 days, POS; 25 days, fluconazole). 

The primary efficacy variable specified in the protocol was not considered to be 
appropriate by the reviewing medical officer to evaluate efficacy of POS for proph'ylaxis 
against IFIs because the incidence of Proven or Probable IFIs are too rare to be compared. 
Thus, the FDA review team used Clinical Outcome as a primary endpoint to evaluate a 
treatment effect of POS regarding clinical failures for All Treated population defined as 
subjects who were randomized and received at least one dose of study drug. Clinical 
Failure was defined in the protocol as the occurrence of a proven or probable IFI, receipt 
of more than 5 days of empiric treatment with a systemic antifungal drug other than the 
study drug during the Primary Time Period, deaths from all causes, discontinuation of 
study drugs from the Primary Time Period (i.e., subject not followed for the entire 
duration of the period), or lost to follow up. 



The exposure-relationship for safety was analyzed using the incidence of nausea, 
vomiting, diarrhea, elevations in hepatic enzymes (SGOT and SGPT increase or 
bilirubenemia), rash, and treatment discontinuation as the endpoints. 

The exposure-response analysis for effectiveness and safety were evaluated by logistic 
regression which was performed using concentrations as a continuous variable and the 
clinical response or incidence of toxicity as a binary variable (yes or no). The SAS 
system for Windows V8 was used for the data manipulation and exposure-response 
analysis. 

2.1.1. 	 Is posaconazole (POS) oral suspension, 200 mg TID, effective for thg 
prophylaxis of invasive fungal infections (IFIs) in patients 13 years$nd older 
who are at high risk such as hematopoietic stem cell transplant recipients or 
those with neutropenia? 

The efficacy of POS for prophylaxis against IFIs in patients who are at high risk such as 
hematopoietic stem cell transplant recipients (Study C983 16) or those with prolonged 
neutropenia (PO1 899) was compared with the control group of subjects treated with 
fluconazole (FLU) and/or itraconazole (1TZ). The results based on the primary efficacy 
endpoint (i.e., Clinical Outcome) are summarized in Tables 1 and 2 (from Clinical 
Review from an FDA Medical Officer, Dr. Tiemey Maureen). On the basis of Clinical 
Outcome, the results from Study C983 16 supported noninferiority but not significant for 
superiority to the control group of subjects treated with FLU. On the other hand, the 
results from Study PO1 899 supported the superiority of POS to the control group of 
subjects treated with FLU and ITZ. Thus, collectivelv, POS is considered to be effective 
for the prophylaxis against lFIs in patients who are at high risk such as hematopoietic 
stem cell transplant recipients or those with prolonged neutropenia. 

Table 1. Primary efficacy analysis for the prophylaxis against invasive fungal infections 
in high-risk allogeneic hematopoietic stem cell recipient with acute graft'versus host 
disease (GVHD) or chronic GVHD. (Studv C98316: All Treated Po~ulation). 

POS I Fluconazole 1 P value 1 Difference 1 93% CI 1 
N % N % 

Clinical Success 202 69 188 65 0.29 4% -3.5%, 
Clinical Failure 8 9 3 1 100 35 1 1.7% 
Total 29 1 288 



Table 2. Primary efficacy analysis for the prophylaxis against invasive fungal infections 
in subjects with profound, prolonged neutropenia. (Study PO 1899: All Treated 
Population). 

POS Fluconazole P value Difference 95% CI 
N % N % 

Clinical Failure 107 46 137 58 0.01 1 1.8% 2.9%, 
Clinical Success 127 54 10 1 42 20.8% 
Total 234 238 

POS Itraconazole P value Difference 95% CI 
N % N % 

Clinical Failure 37 5 9 3 7 69 0.27 9.8% -7.5%, 
Clinical Success 2 6 4 1 17 3 1 27% 

* 
Total -63 54 

2.1.2. 	 Is the effectiveness of POS for the prophylaxis against IFIs dependent upon 
the plasma exposure to posaconazole? 

This reviewer found that there is a strong relationship between a higher incidence of 
Clinical Failure and the lower plasma exposure to POS, suggesting that clinical response 
to POS is dependent upon its plasma concentrations. 

The plasma POS concentrations were measured in 265 patients of total 291 patients in 
POS-treated arm. However, plasma POS concentrations were collected only at more than 
24 hours after the last dose of POS in 13 patients of the 265 patients.. Thus, these 13 
patients were excluded from the PK dataset (N=252). The Clinical Failure rate in the PK 
dataset (63/252=25%) was comparable with that in the All Treated Population 
(89/291=31%), indicating that the PK dataset represents All Treated Population 
adequately. 

A total of 870 plasma samples were collected for the measurement of POS concentration 
from 252 patients at no later than 24 hours after the last dose of POS. An average of 3.5 
POS concentrations per patient were determined and the individual average concentration 
values (C,,,) were used to relate the plasma exposure to POS and response. See 2.r.10 to 
find the rationale for the use of C,,, as a PK parameter for the exposure-response 
analysis. 

Figure 2 shows the exposure-effectiveness relationship of POS for prophylaxis of lFIs in 
hematopoietic stem cell transplant recipients (Study C98316). Table 3 shows the Clinical 
Failure rate in the All Treated population during the Primary Time Period for 4 quartiles 
of POS C,,,,. Additionally, the reasons for Clinical Failure were analyzed for 4 quartiles 
of POS C,,, (Table 3). The incidence of ProvenIProbable IFIs tended to be greater in the 
lower two quartiles (i-e., Q1 and Q2) compared with the higher two quartiles (i.e., Q3 and 
Q4), but no statistical significance was observed between the incidence of ProveIProbable 
IFIs and POS C,,, (p=0.3). The results showed that the major reason for Clinical Failure 
was death. The statistical results of logistic regression analysis, using the Clinical Failure 



as the dependent binary variable (i.e., yes or no) and C,,,, as the independent continuous 
variable, are summarized in Table 4. 

Study C98316 
I\ 

Logistic regression: 
P<0.0001 

Cavg(ng/mL) 
Figure 2. POS exposure-response relationship for patients in the All Treated population 
during the Primary Time Period (N=252) (Study C98-3 16). Logistic regression was 
performed using natural log of average concentrations per patient (log(C,,,)) as a 
continuous variable and the Clinical Failure as a binary variable (yes or no). The solid 
line represents the regression fit. The dashed lines represent 95% Confidence Interval. 
Subsequent to the logistic regression, the response rates in each of the 4 quartiles of C,,, 
(closed circles) are plotted to assess the goodness-of-fit. The response rate for patients 
treated with fluconazole (FLU, open square) is plotted as a reference. 

Table 3. incidence of Clinical Failure in the All Treated population during the Primary 
Time Period in 4 quartiles of POS C,,, (Study C98-3 16). 

Quartiles Q1 Q2 Q3 d 4  

C,,, (ng/mL) 21.5-557 557-91 5 91 5-1 563 1563-3650 

Clinical Failure 44.4% (28163) 20.6% (13163) 17.5% (1 1/63) 17.5% (1 1/63) -
Provenlprobable 4.76% (3163) 4.76 % (3163) 1.59% (1163) 3. I 7% (2163) 
IF1 

Empirical use of 17.5% ( I  1/63) 3.1 7% (2163) 6.35% (4163) 4.76% (3163) 
Sys. Antifungal " 

Death 34.9% (22163) 20.6% (1 3/63) 17.5% (I 1/63) 1 1.1 % (7163) 

Discontinuation 23.8% (1 5/63) 14.3% (9163) 9.52% (6163) 9.52% (6163) 

There is some overlap in the rows. 

? Use of systemic antifungal agents in addition to study drug more than 5 days, from all causes 

b: Discontinuation due to any reason 



TabIe 4. Parameter estimates of the logistic regression model for the relationship 
between log(C,,,) and the Clinical Failure in the All Treated population during the 
Primary Time Period (Study C98-3 16). 

Parameter Estimate SE P-value 

Clinical Intercept 3.7466 1.0713 0.005 

Failure Slope -0.7369 0.1634 <O.OOOl 

There was a significant difference in Clinical Failure rate between patients who belong to 
Q1 (i.e., C,,, <557 ng1mL) and patients who belong to Q2- Q4 (i.e., C,,, > 557 ngImL), 
i.e., 44% (28163) vs. 1.9% (3511 89). Based on the results of this analysis, ensuring high 
plasma exposure to POS appears to be needed for patients whose C,,, is low. I@hould be 
noted that the Clinical Failure rate for patients who belonged to Q1 was even hYgher 
compared with patie* who received FLU (See Figure2). 

The same exposure-effectiveness analysis was performed using data from Study PO1 899. 
The similar results, i.e., a strong relationship between lower C,,, of POS and higher 
Clinical Failure rate was obtained in subjects with profound, prolonged neutropenia due 
to remission-induction chemotherapy for AML or MDS (Figure 3 and Tables 5 and 6). 

Study PO1899 

Logislic regression: 

, ! ." ..-. ,., .. P<0.0022 
\, .>!. ! ',:. !: ,:;L.\%dj 

Figure 3. POS exposure-response relationship for patients in the All Treated population 
during the Oral Treatment Phase (n=215) (Study PO1 899). Logistic regression was 
performed using natural log of average concentrations per patient (log(C,,,)) 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 concentration quartiles (closed circles) are plotted to assess the goodness- 
of-fit. The response rates in patients treated with fluconazole (FLU, open square) and 
itraconazole (ITZ, open diamond) are plotted as references. 



Table 5. Incidence of Clinical Failure and ProvedProbable IFIs in the All Treated 
population during the Oral Treatment Phase in 4 concentration quartiles of POS (Study 
PO 1899). 

Cavg (ng/mL) Clinical Failure Provedprobable IF1 

* 
Table 6. Parameter estimates of the logistic regression model for the relations$ip 

between log(Cavg) ankl in ica l  Failure in the All Treated population during the Oral 

Treatment Phase ( ~ t u d v  PO1 899). 


Parameter 	 Estimate SE P-value 

Clinical Intercept 3.9179 1.3969 0.005 

Failure Slope -0.6938 0.2267 0.0022 

As mentioned above, Study PO1 899 was designed as an open-label study. Additionally, 
the range of individual C,,, values was observed to be wider in Study C-98-3 16 as 
compared with Study PO1 899. Thus, further exposure-effectiveness analyses were 
performed using data obtained from Study C983 16. 

2.1.3. 	 Is the above exposure-effectiveness relationship confounded with any other 
patient demographic covariates? 

The exposure-response relationship for POS effectiveness for the prophylaxis against lFIs 
was not significantly confounded with any patient demographic covariates. -
The reviewer investigated if the exposure-effectiveness relationship was confounded with 
any patient characteristics. The analysis showed some trends such as (a) higher incidence 
of death in Q1, (b) shorter treatment duration in Q1, (c) less patients with Acute I11 
GVHD at baseline in Q4, (d) more patients with Acute I1 GVHD at baseline in Q1, (e) 
less female patients in Q1, (f) more frequent incidence of diarrhea in Q1, and (g) more 

. 	 African-American patients in Q1 (Table 7). However, none of these covariates could 
identify the patients to all 4 quartiles as significantly as C, 



Table 7. Comparison of patient demographic covariates in All Treated population as a 
function of ~ l a s m a  POS concentration (Studv C98-3 16: N=252). 
Quartile Q1 (n=63) Q2 (N=63) Q3 (N=63) Q4 (N=63) 
Cavg 296*170 74W102, 1232zk200, 2 146*492, 
(ng/mL)" 322 718 1231 2056 

[22-5491 [565-9131 [917-15621 [1.563-36501 
Death 22 13 12 7 
Tx Duration (Days) 

-
69.2*44.6 92.2*32.5 101zk26.4 91.0*37.3 

GVHDBS 
Acute 11 or Chronic 77.8% 68.2% 82.5% 85.7%I Extensive 
Acute 111 17.5% 23.8% 14.3% 7.94% 

I 

-

Acute IV 3.17% 3.17% 3.17% 3,1 7% 
Acute I1 60.3% 46.7% 47.6% %.6% 
Extensive -= 17.5% 22.6% 34.9% 57.1% 

Gender (female) - 20.6% 33.3% 36.5% 34.9% 
Age (years) 40*13 41*10 43*11 45*11 
Diarrhea 14.3% 6.35% 4.76% 3.17% 

1 Vomit 3.17% 6.15% 1.59% 4.76% 
(Race (Cauc.) 85.7% 81.0% 87.3% 84.1% 
1 Race (AA) 9.52% 6.35% 0% 0% 
': MeankSD, median [range] b: incidence on the day of plasma sample 

The major reason for the shorter duration of therapy in Q1 was the greater incidence of 
death in Q1 ..As mentioned in 2.1.2, death is the major reason for Clinical Failure. Thus, a 
short duration of therapy in Q1 was most likely to be an effect of low plasma exposure to 
POS but not a cause for low plasma exposure to POS. The Clinical Failure rate for 
African-American patients was 20% (211 O), indicating more African-American patients 
in Q1 was not confounded with exposure-effectiveness relationship of POS. Although the 
incidence of diarrhea appears to be related to low plasma exposure to POS, only 14% of 
patients who belong to Q1 had diarrhea. Thus, it is not likely to be a major reason for low 
plasma exposure to POS. 

After discussion of this analysis with the sponsor on May 26,2006, the sponsor identified 
three risk factors (i.e., Acute GVHD at baseline, male, and CMV positive) which were 
strongly correlated with Clinical Failure using a logistic regression analysis (backward 
selection). The sponsor defined a sub population of patients with the three identified risk 
factors named above (n=5 1) and showed that there were relatively more patients (46%) 
who belonged to Q1 in this "high risk" sub population. However, the further exposure- 
response analysis performed by the Clinical Pharmacology reviewer showed that the 
Clinical Failure rate is greater in patients who belonged to Q1 compared with Q2-Q4 
within the "high risk" sub population group. In addition, an almost identical exposure- 
effectiveness relationship was observed within a sub population which excluded the high 
risk sub population (N=240), indicating that the exposure-response relationship for POS 
effectiveness for the prophylaxis against IFIs was not confounded with any patient 
demographic covariates (See Appendix ). 



2.1.4. 	 Is there any way to identify the patients who attain low plasma 
concentrations of POS? 

Measuring POS plasma concentration is considered by this reviewer to be the most 
reliable way to identify patients who attain low plasma concentrations of POS. 

As discussed in 2.1.3, there are no patient demographic covariates (any combination of 
those covariates) that can successfully identify the patients who will attain low plasma 
concentrations of POS. Therefore, measuring plasma concentration is considered to be 
the most reliable way to identify patients who will attain low plasma concentrations of 
POS. Currently, the sponsor does not have a commercial assay method to monitor plasma 
concentrations of POS. Thus, it is recommended that the sponsor develop a commercial 
assay method to monitor plasma concentrations of POS. * 

> 
z-

2.1.5. 	 What will be the cutoff or threshold concentration of POS to determine if a 
P 

patient needs-an increase in the POS dosage? 

It is recommended to use a POS plasma concentration of 350 ng/mL measured at 3 to 5 
hours post dose on Day 2 as a cutoff plasma concentration of POS. 

This is based on the relationship between C,,, of POS and Clinical Failure (See Figure 2 
on page 13). A Clinical Failure rate of <25% is considered by the reviewing medical 
officer to be acceptable as a target clinical outcome. Figure 1 on page 13 shows that C,,, 
should be greater than 700 ng/mL to achieve this target outcome. Thus, 700 ng/mL is the 
lower threshold value for C,,,, at steady state to determine if the POS dosage needs to be 
increased for a given patient. 

POS PK can be described appropriately by a one compartment open model with a first 
order rate of absorption and a first order rate of elimination (See Section 5. Population 
PK analysis). Thus, the plasma concentrations of POS before it reaches a steady state 
(i.e., during the first week after the beginning of POS treatment) could be calculated from 
steady state plasma concentrations using an accumulation factor of 8 obtained from a 
multiple dose-escalating PK study (Study 196089). Table 8 shows that the calculated 
average plasma concentrations of POS before C,,, reaches 700 ng/mL at Day 7 -
(presumed steady state) following oral administration of POS 200 mg TID. 
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recommendation is based on the following results obtained from clinical pharmacology -studies conducted in healthy subjects 

A multiple dose escalating study (Study 196089) showed that 400 mg BID dose resulted 
in 2.3-fold increase in plasma exposure to POS (i.e., AUC and CnIax) compared with 200 
mg BID dose when it is given with a high-fat meal (Table 9). A single dose escalating 
study (Study 195098) also showed that a single dose of 400 mg POS resulted in about 2- 

- fold increase in both AUC and Cmax compared with a single dose of 200 mg POS dose 
when it given with a high-fat meal (Table 10). No dose escalating study was conducted 
under fasting conditions. However, two studies to evaluate the effect of food on the POS 

' 

PK (Studies 196099 and 195099) showed that the magnitude of the increase in &a1 POS 

bioavailability by a high-fat meal was similar (i.e., -4 fold) following oral administration 

of both 200 mg and 4@0 mg (Tables 11 and 12). Collectivelv, these data support that 400 

mg dose can increase plasma exposure to POS by at least 2-fold compared with 200 mg 

dose when POS is given under fasting conditions as well as when it is given with a high- 

fat meal. Thus, the increase of POS dose from 200 mg TID to 400 mg TID is most likely 

to result in an increase in plasma exposure to POS by at least 2 fold when POS is given 

either with food or under fasting conditions. 


Table 9. Pharmacokinetic parameters (Mean*SD [range]) of POS tablets on Day 14 after 

oral (Q12 hr) administration of POS tablets for 14 days (n=9/Dose) 

(Study 196-089) 


200 mg BID 400 mg BID Fold Difference 
Cmax 1753*466 4150*816 2.37 

Table 10. Pharmacokinetic parameters (Mean*SD [range]) of POS following single oral 
administration of POS tablets to healthy male volunteers (n=6 for each dose). (Study 195- 
098) -

200 mg 400 mg Fold Difference 
Cmax 332*70.8 61 1*190 1.84 
(ng/mL) [273-4701 [424-9641 
AUCinf 10896*3411 20264*678 1 1.86 
(ng.hr/mL) [5650-146341 [12716-293871 
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2.1.7. 	 Is it appropriate to use Clinical Failure, instead of the incidence of 
ProvenIProbable IFIs, for the determination of the cutoff concentration of 
POS to identify out the patients whose plasma concentrations of POS need to 
be increased? 

It appears appropriate to use ~1inical '~ai lure  as an end point to determine dose 
recommendation because the incidence of ProvenIProbable IFIs also tended to be greater 
for patients whose C,,, was 5700 ng/mL compared with patients whose C,,, was >700 
ng/mL. 

As mentioned above, the primary efficacy endpoint specified in the protocol was the 
incidence of Proven or Probable IFIs. However, since the study was designed to evaluate 
the efficacy of POS for the prophylaxis against IFIs, the FDA Medical Officers-and 
Statistical reviewers considered that the incidence of Provenlprobable IFIs per ze is not 
appropriate to evaluate the efficacy of POS for the prophylaxis against IFIs. In addition, 
the incidence of ~ r o v z d ~ r o b a b l e  IFIs was too rare to be compared with statistical 
significance. Thus, Clinical Failure which associated with several factors (See 2. on page 
10) was used as a primary end point to evaluate the efficacy of POS for prophylaxis 
against 1Fls. The analysis using Clinical Failure as a primary end point supported the 
non-inferiority of POS compared with the control group (fluconazole) with statistical 
significance as the analysis using the incidence of ProvenIProbable lFls as an end point 
did. Similarly, the use of Clinical Failure for the recommendation of POS dose and 
administration should be validated in terms of the incidence of ProvenIProbable 1Fls. 

As discussed in 2.1.2, the relationship between the incidence of ProvenIProbable 1Fls and 
C,,, of POS was not significantly significant (p=0.3; logistic regression), but the 
relationship between Clinical Failure and C,,, of POS was (P<0.0001). This may be due 
to the insufficient number of incidence of ProvedProbable lFIs to have statistical 
significance. Due to the same reason, there was no substantial difference in the incidence 
of ProvenIProbable lFls for 4 quartiles of POS C,,, (See Table 3 on page 13). Thus, 
alternatively, the incidence of ProvenIProbable lFls was compared between Q1-Q2 and 
Q3-Q4. Table 13 shows POS C,,, in patients who had ProvedProbable lFls and Table 14 
shows that the incidence of ProvenIProbable lFls and Aspergillus infection in Q1 -Q2 vs. 
Q3-Q4. The results support that a higher incidence of ProvenIProbable 1Fls is mos& like 
to be related with lower plasma exposure to POS. 

Table 13. POS C,,, in patients who has ProvenIProbable IFls (Study C983 16) 
Subject ID Cav, (ng/mL) Quartile Pathogen 
1004000048 99 Ql  Aspergillosis 
1004000049 158 Q1 Aspergillosis 
1004000050 3 19 Q1 Candidiasis 
1004000051 565 Q2 Aspergillosis 
1004000052 68 1 Q2 Aspergillosis 
1004000053 69 1 Q2 Other Fungi 
1004000054 1562 Q3 Aspergillosis 
1004000055 2080 0 4  Candidiasis 



1 I004000056 2 190 Q4 Other fungi 
Table 14. Incidence of ProvedProbable IFIs in Q1-Q2 vs. Q3-Q4 (Study C98316). 

Q1 -Q2 (N=126) Q3-Q4 (N=126) 
Cavg (ng/mL) 21.5-915 915-3650 
Incidence of ProveIProbable IFls 4.76% (611 26) 2.38% (31126) 

1 Incidence of Aspergillosis 3.17% (41126) 0.79% (11126) 

Further analysis, more importantly, showed that the incidence of ProvenIProbable IFIs 
and Aspergillus infection in patients whose POS C,,, is 5700 ng1mL were substantially 
higher compared with patients whose POS Cavg is >700 ng/mL (Table 15). The results 
support the use of Clinical Failure for the recommendation of POS dose and validate the 
threshold plasma concentration of 700 nglmL as Cave in terms of the incidence of 
ProvedProbable IFIs. .& 

Table 15. Incidence ofProvenlProbable IFIs between those patients whose POS C,,, is 
1700 ng1mL and those patients whose POS C,,, is >700 nglmL (Study C983 16). 
Cav, (ng/mL) 5700 ng1mL (N=92) >700 ng1mL (N=160) 
Incidence of ProveIProbable IFIs 6.52% (6192) 1.88% (31160) 
Incidence of Asuerg;illosis 4.35% (4192) 0.63% (11160) 

In this analysis, 4 patients who had ProvedProbable IFIs were excluded because their 
plasma concentrations were measured only at more than 2 days after the last dose of POS. 
PK samples were collected at three days after the last dose of POS in 2 patients and at 14 
days in 1 patient, and no information regarding PK sample day was provided in 1 patient. 
In the two patients whose PK samples were collected at three days after the last dose of 
POS, C,,, could be predicted using a mean (35 hours, range 20 to 66 hours). Based 
on the predicted C,,, values (approximately 54 ng1mL and 388 ngImL), these two 
patients obviously belong to Q1. Including these two patients for the analysis, the 
incidence rate of ProvedProbable IFIs would be 7.5% (5165) in Q l ,  6.34% (81126) in 
Q1-Q2, and 8.7% (8192) in patientswhose C,,, 5700 ngImL, supporting the significant 
relationship between a higher incidence of ProvenlProbable IFls and lower plasma 
concentrations of POS. 

The data obtained from Study PO1 899 also support the cutoff concentration of 700ng/mL 
as C,,, to identify the patients who need an increase in POS dosage to attain a higher 
plasma concentration of POS. Compared with Study C983 16, the plasma concentrations 
of POS were relatively lower in Study PO1899 (See Table 5 on page 15). Table 16 shows 
POS C,,, in patients who had ProvedProbable IFIs and Table 17 shows that the 
incidence of ProvedProbable IFIs between those patients whose POS Cave is 1700 ng1mL 
and those patients whose POS C,, is >700 nglmL. No incidence of ~rove j~robable  lFls 
in patients who belong to Q4 and all ProvedProbable IFIs occurred for patients whose 
C,,, was 5700 ng/mL. These results support again the use of Clinical Failure for the 
recommendation of POS dose and validate the threshold plasma concentration of 700 
ng1mL as C,,, in terms of the incidence of ProvedProbable IFIs. 



1 

Table 16. POS Cav, in patients who had ProvenIProbable IFIs (Study PO1 899) 

Subject ID cav,(ng/mL) Quartile Pathogen 

005400 1468 254 Q1 Aspergillosis 


~0010001371 294 Q1 Other Fungi 
0015001239 417 Q2 Aspergillosis 
0015001415 49 1 Q3 Candidiasis 
005700 1492 606 Q3 Candidiasis 
0002001271 629 0 3  Other Fungi 

Table 17. Incidence of ProvedProbable IFIs between those patients whose POS Cav, is -
5700 ng1mL and those patients whose POS C,,, is >700 ng1mL (Study PO1 899). 
C ~ V ,(ng/mL) -<700 ng1mL (N=155) >700 nglmL (N=60) 
Incidence of ProveIProbable IFIs 3.87% (611 55) 0% (MO) 

Collectively, it is not isappropriate to use Clinical Failure, instead of ProvenIProbable 
IFls, for the determination of the cutoff concentration of POS to identify the patients who 
needs an increase in the POS dosage. Additionally, the threshold concentration of 700 
ng1mLas C,,, appears appropriate in terms of the incidence of ProvedProbable IFIs as 
well as in terms of Clinical Failure. 

2.1.8. 	 What will be the therapeutic advantage when POS dose is adjusted based on 
plasma concentrations of POS? 

When dose is adjusted from 200 mg TID to 400 mg TID, based on the threshold Cav, of 
700 ngImL, the percent of patients whose C,,,, is 5700 ng1mL would be decreased from 
37% (921252) to 14% (351252). The Clinical Failure rate for patients whose Cav, was 
5700 ng1mL (i.e., with 200 mg TID) would be reduced from 37% (34192) to 25% (23192) 
(Table 18). 

According to the POS concentration-Clinical Failure relationship (See 2.1.2), in PK 
dataset from Study C983 16, 37% total patients (921252) has 5700 ng/mL of Cav, which 
resulted in a Clinical Failure rate of >25%. When these patients receive 400 mg TID 
instead of 200 mg TID, plasma concentrations of POS is expected to be increased by at 
least 2 fold either under fasting conditions or when it given with food or a nutritional 
supplement (See 2.1.6). Accordingly, when dose is adjusted from 200 mg TID to 400 mg 
TID based on the threshold C,,, of 700 nglmL, the percent of patients whose Cav, is 5700 
ng1mL can be decreased from 37% (921252) to 14% (351252) (Table 18). 

The therapeutic advantage can also be found in terms of the incidence of Clinical Failure. 
In PK dataset of Study C98316, the incidence of Clinical Failure was significantly 
different for patients whose C,, was >700 nglml ( I  8%; 291160) from patients whose Cave 
was 5 700 ng1mL (37%; 34/92). Based on these Clinical Failure rates, when dose 
adjusted from 200 mg TID to 400 mg TID, Clinical Failure rate for patients whose Cave 
was 5700 ng/mL (i.e., with 200 mg TID) can be reduced from 37% to 25% 
(23(=57xO. 18+35xO.37)/92). 



Table 18. Percent of patients whose C,,, is 1700 ng1mL and Clinical Failure rate as a 
function of POS dosing regimen 
C,,, 5700 nglmL 	 200 mg TID 40'0 mg TID (projection) 
% of patients whose C,, is 37% (921252) 14% (351252) 
5700 ng1mL 
Clinical Failure rate in patients 37% (34192) 25% (23192) 

/ whose C,,, is 1700 ng1mL I I I 

2.1.9. 	 What dosage(s) are recommended based on the exposure-effectiveness 

relationship? 


Based on the results of the above analyses, it is strongly recommended to determine POS 
dose according to its plasma concentration. The summary of dose recommendagon based 
on the monitoring of POS plasma concentration is as follows. -
Initial dose: 200 mg T-ID for all patients 

Monitoring of plasma concentration(s) of POS on Day 2: 

Plasma samples should be collected at 3 to 5 hours after any dose on Day 2. 

(a) 	 If plasma concentration(s) of POS is 1350 ng/mL, then give 400 mg TID 
(b) 	 If plasma concentration(s) of POS is >350 ngImL, then give 200 mg TID 

For patients whose plasma concentrations of POS cannot be high enough to ensure 
desirable clinical outcomes with 400 mg TIDY other antifungal treatment for prophylaxis 
of IFls may be needed. Thus, it is recommended to measure additional plasma 
concentrations of POS for patients who received 400 mg TID after Day 7 when plasma 
concentrations of POS reach steady sate, and to switch to another antifungal treatment if 
C,,, after Day 7 is 1700 ng1mL. Accordingly, the subsequent dose recommendation for 
patients who receive POS 400 mg TID is as follows. 

Monitoring of plasma concentration(s) of POS after Day 7 for patients who received 400 
mg TID: 

(a) 	 If plasma concentration(s) of POS is >700 ng/mL, then give 400 mg TID 
(b) If plasma concentration(s) of POS is 1700 ngImL, then switch to another 
antifungal drug 

Figure 4 represents the scheme of dose recommendation of POS based on plasma 

concentrations of Posaconazole. 
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I Initial POS dose: 200 mg I 
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/ Plasma POS conc. 1700 
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Figure 4. Dose recommendation of POS based on plasma concentrations of Posaconazole 

2.1.10. What PK parameter was used for exposure-response relationship? 

Individual subject's average concentration values (C,,,,) were used to evaluate the 
exposure against response. 

Since the elimination of POS is very slow (i.e., T1/2: -35 hours), the steady-state plasma 
concentration profile is relatively flat with minimal fluctuation over a dosing interval 

L ). Thus, individual average -
concentration values (C,,,) were used to evaluate the exposure against response. Figure 5 
shows POS concentrations measured in all patients and patients who belonged in Q1 in 
Study C983 16 as a function of time (days) after the beginning of POS treatment. The 
plasma concentrations of POS in patients who belong in Q1 were relatively low 
throughout the study period, indicating that C,,,, in individual patient can be a PK 
parameter representing plasma exposure to POS. 



L 
V) Closed circles: All PK samples Open circles: PK sample in Q1m 

h = 

I I I I I 

<7 7-14 14-21 21-28 28-35 35-56 56-84 >84 

Days after the beginning of POS trearnent 

Figure 5. Plasma concentrations of POS (PK sample numbe~870)  in all patients (n=252) 
as a function of time (days) after the beginning of POS treatment. (Study C983 16) 

2.2.1. 	 What are the characteristics of the exposure-response relationship for 
safety? 

The incidence rates of adverse events were not significantly dependent on plasma 
concentrations of POS. 

The most common treatment-related (Possible and Probable) treatment-emergent adverse 
events were nausea, vomiting, diarrhea, hypokalemia, rash and elevations in hepatic 
enzymes (SGOT and SGPT increase). The relationship between these safety variables 
versus average plasma concentrations of POS (C,,,,) were evaluated using a logistic 
regression analysis. In addition, the incidence rates of those adverse events were 
compared in 4 quartiles of C,,,. For these analyses, data from Study C983 16 and PO1 899 
were pooled. Plasma concentrations of POS were available from 450 patients of total 605 
patients who received POS. The results are summarized in Table 19. Although the 
incidence of most treatment-related adverse events tends to be lower in the first quartile 
of C,,, compared with the fourth quartile of C,,,, the incidence rates of adverse events 
were not significantly dependent on plasma drug concentration. 



Table 19. Incidence of treatment-emergent and drug-related (Possible and Probable) AEs 
(%) in the All Treated population in 4 quartiles of average plasma concentration POS 
(C,,,) (N=450; Studies C98-3 16 and PO1 988). Datasets from Study C98-3 16 and PO1 899 
were pooled for these analyses. 

":Mean*SD [range] 
b: Logistic regression for the relationship between the incidence of treatment-related 
adverse events and C,,, 

2.2.2. Is there any expected safety issues when POS 400 mg TID is given to the 
patients whose steady-state C,,,, is 5700 ng/mL? 

There would be expected to be no additional safety findings with 400 mg TID for those 
patients whose C,,, was 5700 ng/mL (i.e., those who receive 200 mg TID initially). 
Based on the dose-proportional PK of POS, following 400 mg TID administration to 
patients whose C,,, was 5700 ng/mL (i.e., those who receive 200 mg TID initially), C,,, 
would not be expected to be greater than 3650 ng/mL, which is the highest C,,, observed 
in patients treated with 200 mg TID in Study C983 16. 
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4.2. Population PK analysis 

Objective of the analysis 

To develop and validate a population pharmacokinetics model in the target population in 
order to find the influential covariates. 

Methods 

Design 
This was a randomized, open-label, evaluator blinded, active-controlled, paralld-group, 
multicenter study. The study was designed to evaluate the safety and efficacy o'f 
posaconazole oral suspension compared with fluconazole or itraconazole in the 
prevention of invasive fungal infections in subjects with prolonged neutropenia due to 
remission induction chemotherapy for acute myelogenous leukemia or myelodysplastic 
syndromes. 

Data: 

Pharmacokinetics 

In the Posaconazole group (POS), 21 5 patients had at least one POS plasma concentration 
measurement. A total of 702 plasma POS samples were used in this analysis 

Models 

Pharmacokinetics 

Structural Model 

All patients with available pharmacokinetic data in the POS group were included. Time 
post dose was calculated using the time and date information of the sampling time. 
Dosing times were assumed to be the nominal dosing times planned in the clinical study 
protocol. The number of doses taken by each patient was calculated using the TID dosing 
regimen and the number of days each patient was on POS therapy. Advan's 2, 5, and 7 in 
NonMem were investigated. Advan 2 (Oral one compartment model) with 
microconstants (Trans 2) was used. 

Covariate Model 

Several subject covariates were available: gender, age, race, baseline body 
weight, the presence of mucositis at baseline, serum glutamic pyruvid transaminase 
(SGPT), serum glutamic oxaloacetic transaminase (SGOT), total bilirubin (BIL), gamma- 



glutamyl transferase (GGT), presence of Neutropenia at baseline (NEU), occurrence of 
diarrhea (Dm), and the occurrence of vomiting (VOM). The effects of these covariates 
on the pharmacokinetic parameters of POS were investigated. In addition, the effect of 
intake of proton pump inhibitors (PPI) and H2 antagonists ( H ~ A )  on the PK of POS was 
investigated. Finally, the relationship between PK parameter estimates and the occurrence 
of IFIPP (Invasive Fungal Infection Proven or Probable) or IFIPPP (Invasive Fungal 
Infection Proved, Probable, or Possible) was investigated in a similar manner as 
categorical covariates. The bioavailability of POS has been shown to be significantly 
lower in fasting healthy volunteers relative to that in the fed state. However, no food 
intake data was available in this study and the effect of food on the plasma exposures of 
POS was not investigated. 

Categorical covariates were investigated using the power model. For example, f ie effect 
of Race on V/F (V in NonMem) was incorporated into the model using the following 
equation: = 

V, =TVV VV:Theta"wcE'exp(eta) 

where Vi is the individual predicted volume of distribution, TVV is the typical value of V 
(population mean value), and eta is a normally distributed value with a mean of zero 
(exponential or log-normal distribution of inter-subject variability in V). RACE is equal 
to 1 when individual is Caucasian and zero when the patient in non-Caucasian. As a 
result, the estimate of Theta represents the relationship between the mean estimates of Vi 
for Caucasians versus non-Caucasians. 

Continuous covariates were introduced using the power model after correcting them with 
the mean value of that covariate. For example, the effect of age on the estimate of Vi was 
investigated using the following equation: 

where Vi is the individual predicted volume of distribution, TVV is the typical valued of 
V (population mean value), and eta is the a normally distributed value with a mean of 
zero (exponential or log-normal distribution of inter-subject variability in V), Age is the 
age for that patient, and 48.5 is the mean value of Age for the POS group (with PK data). -
Covariates were investigated using a two-stage approach. First, a "Stepwise 
Forward Addition" was used and covariates with a change in the Objective hnction of 
23.84 were incorporated one at a time. A second stage involved adding all the 
"significant" covariates from the first Stage (i.e., Stepwise Forward Addition) in one 
model (called Full Model) and then performing "Stepwise Backward Elimination". 
Covariates that, when eliminated, caused a change greater than 10.88 in the Objective 
Function Value (OBJF) were kept in the model. The choice of the significant OBJF value 
was set a priori. 

Covariates were assumed to affect V/F (apparent volume of distribution estimate, 
expressed as V in NonMem). Due to the nature of the data available, the model couldn't 
distinguish between the effect on V (true volume of distribution) and the effect on F 



(bioavailability estimate). In other words, higher estimated VIF could mean higher 
volume of distribution estimate or a lower bioavailability estimate. Both will lead to 
lower exposures observed. 

Since most of the data available in this study was at steady state conditions with no 
terminal phase defined, the typical value (population mean value) of half life was fixed at 
35h [k 00.0198 h-'I. Inter-subject variability of the k value was allowed assuming 
exponential (log-normal) distribution around the mean. 
Inter-subject variability around the mean value of ka and V was also assumed 
to have log-normal distribution. The same value of eta was assumed for both V and ka 
since the value of V in NonMem is actually VIF and the value of ka is actually ka*F, the 
same eta was used for both V and VIF. 

& 

Intra-subject (inter-occasion) variability was allowed and investigated with additive, 
proportional, and expwential models. An exponential model was then chosen based on 
the diagnostic plots. Model evaluation was performed using the OBJF value and 
diagnostics plots of Predicted versus Observed, Individual Predicted (ipred) Versus 
Observed, Residual, Weighted Residuals, and PredictedIObserved versus time plots. 

The First Order Conditional Estimation method (FOCE, Method = 1 in NonMem) was 
used in the final model and covariate analysis. Initial parameter estimates for the FOCE 
method were used from successful NonMem runs with the First Order method (FO, 
Method = 0 in NonMem). Since plasma sampling in this study was sparse, T,,,, 
estimation from observed data was deemed inappropriate. Additionally, data from all 
patients was analyzed simultaneously using NonMem regardless whether patients had 
extensive plasma sampling. Finally, in this clinical study, the number of breakthrough IF1 
infections was very low as a result of successful prophylaxis. Therefore a proper 
evaluation of the relationship between exposure response and AUCIMIC could not be 
conducted. 

Software 
The software used for the data formatting was Splus and for performing the population 
PK analysis, NONMEM was used. -

Results and Discussion 

Data Integrity 
All patients are included in the NonMem data sets Only 3 concentration time points were 
excluded as listed below: 
a. Patient 001 125 at 195hr and 289hr time points only. 
b. Patient 00101 8 at 243 I .33hr time point only. 

The concentration-time profile for all subjects receiving posaconazole oral suspension 
200 mg TID is given below: 
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Model and Model Selection: 

Final Model 

Model description 

Seven covariates were included in the "Full Model" following the Stepwise Forward 
Addition stage: DIA (Diarrhea), PPI (Intake of Proton Pump Inhibitors), IFIPP (Reported 
Invasive Fungal Infection, Proved or Probable), BIL (billirubin higher than twice the 
upper limit of normal), Baseline Body Weight, GGT liver enzymes higher than tivice the 
upper limit of normal, and Race (Caucasian versus Non-Caucasian). 

The Stepwise Backward Elimination Stage identified Baseline Body Weight and IFIPP as 
insignificant variables. The final model included five covariates as significant: DM, PPI, -BIL, GGT, and RACE (Caucasian versus Non-Caucasian). 

The final estimated effects of the significant covariates on V/F estimate are included in 

Table 1. The model run numbers and comparisons of the OBJF values from each run of 

the Backward Elimination Stage are presented in Table 2. 
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Effect of Covariates on Average Concentrations 
Subjects with IFIPP and IFIPPP have Cav values that are not different from the entire 
sampled population. This is demonstrated below. 

all 

n= 215 


No association was found between C,, and gender (P=0.2654), baseline mucositis 
(P=0.1002), the presence of neutropenia (P=0.7588), occurrence of vomiting (P=0.6842), 
or H2-receptor antagonist intake (P=0.9129). 

Subjects with elevated GGT higher than twice the upper limit of normal (GGT 
->2 x ULN) had C,, values that were lower than those with GGT <2x ULN 



(P=0.0093). The difference between the mean C,, of these two groups is less than 30% 
and is not considered clinically relevant. A possible explanation for a lower C,, value in 
subjects with GGT 22 x ULlY could be that the subjects secreted comparatively less bile 
salts which are postulated to help solubilize POS in the GI tract. When all liver enzymes 
are taken into consideration, there was no difference in mean C,, values between subjects 
with any liver enzymes 22 x ULN and subjects with liver enzymes <2 x ULN 
(P=0.8 196): 

As expected for most orally administered drugs, C,, in subjects with recorded diarrhea 
was lower (P<0.0001) than those with no recorded diarrhea. The effect of diarrhea on C,, 
appeared to increase with its severity. 

All No Diarrhea MilQP,4&er&e Sexere-iT 
~ p =215 n= 152 n= 61 n= 2 

Caucasians had, on average, higher C,, values compared to non- Caucasians (P=0.0132). 

Finally, subjects who received PPIs in the POS group had C,, values that were lower than 
subjects who had not received PPIs (P<0.0001). The ratio of C,, values (PPIsJno PPIs) 
was 0.71 (90% CI, 0.62-0.81). 

In summary, C,, was found to bi affected by four factors: diarrhea, GGT 1 2  x 
ULN, race and PPI intake. The table of subjects with IFIPP shows that none of these 
factors had a prevailing occurrence in these subjects is given below. Out of the 7 subjects 
with IFIPP, only 2 received a PPI, no subject had GGT ?2 x ULN, and only 2 subjects 
had mild to moderate diarrhea. Five out of the 7 subjects with IFIPP were Caucasian. 
This leads to the conclusion that despite statistically significant differences in C,, values 
due to diarrhea, PPI intake, GGT 22 x ULN, and race, adequate plasma levels were 
attained in subjects for successhl prophylaxis against IFIs. 



no=O:yes= 1. 

F = female; GGT = gamma-glutatnyltranspepticlase; IF1= invasive fungal jnfection; LlV = hepatic laboratop; test; 
Id = male; FPlNHlB = proton pu~npinhibitor; Site No. = site number; Subj No. = subject number. 

S ~ t eNo. 

2 
10 

15 

15 

54 

57 

44 

Reviewer's Comments 

The method and interpretation of population PK analyses to see th. effect of 
covariates, e.g., patients demographic, on posaconazole PK seem appropriate 
from the perspzctive of Clinical Pharmacology and Biopharmaceutics. 

Subj. No. 

1271 

1371 

1239 

1415 

1468 

1492 

'1 329 

The sponsor has not performed the post hoc step in NONMEM to obtain 
estimates of the PK parameters such as AUC, CL, Vd etc. 

Recommendations 

Gender 

M 
F 

bA 

F 

F 

Pfi 

F 

Labeling 

I .  Please add a table to the clinical pharmacology section of the label to include the PK 
parameters such as steady state average concentrations, oral clearance, volume of 
distribution, AUC and elimination half-life of posaconazole. 

4.2.1. POS PK in pediatric patients 

Race 
Caucasran 

kstan 
Caucasian 
Caucasian 

Hispanic 
Caucasian 
~aucasian 

In Studies PO1899 and C983 16, C,,, were available in 10 adolescents (13-17 years of 
age). The descriptive statistics of C,,, in adolescents are.summarized in Table 1. Since 
these values were similar to patients 2 18 years of age. Thus, it appears appropriate to use 
the same dosing regimen for patients 13-17 years of age as adults (2 18 years of age). 

Table 1. Steady-state average POS concentration in patients 13-17 years of age and 
adults (2 18 years of age) (Studies C983 16 and PO1899) 

GGT 

o 
o 
0 

0 

0 

0 

o 

LN 

o 
Q 

1 

0 

0 

1 

o 

13-17 years of age 

Diarrhea 

0 

0 

1 

0 

1 

0 

o 

N 
10 

PPINHIB 

o 
o 
0 

0 

0 

'I 
I 

MeankSD 
760k404 

Median [Range] 
682 [254-13701 
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