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This is an addendum to the statistical review of NDA 22-003 for Posaconazole oral 

suspension for the indication of prophylaxis of invasive fungal infections dated June 22, 

2006. This addendum will report the results of the primary analysis for one of the two 

pivotal studies excluding one investigator whom the Division of Scientific Investigation 

(DSI) deems unreliable. The addendum will also include labeling recommendations for the 

clinical studies section of the label. 


Two comparative Phase I11 studies were conducted using posaconazole as prophylaxis for 

the prevention of invasive fungal infections in high risk patients. CII98-316 was a 

randomized double-blind active controlled trial of posaconazole versus fluconazole as 

control in HSCT recipients receiving high-dose immunosuppressive therapy for graft- 

versus-host disease (GVHD). Study PO1899 was a randomized, open label, active 

controlled trial of posaconazole versus fluconazole or itraconazole as contro[(by center) in 

acute myelogenou~, leukemia or myelodysplastic syndrome (AMLIMDS) patients with 

severe, prolonged r-kutropenia due to remission-induction chemotherapy. 


Based on the inspection results, DSI considers that the data from site --, 
I are not reliable. This investigator enrolled 23 subjects into study ClI98-316. 

Section 2 reports the results of the primary analysis excluding this site. 

Section 3 reports suggestions for the drug label and section 4 contains a corrected table 

from the original statistical review dated June 22, 2006. 


For details of the study design, analysis, and results, please see complete statistical review 

dated June 22, 2006. For details of the DSI inspection, please see DSI review. 


2. Primary Analysis without Site -

The Division of Special Pathogen and Transplant Products based on the results of an 

inspection by the Division of Scientific Investigation requested that the primary analysis of 

study ClI98-316, a pivotal study in NDA 22-003, exclude all subjects enrolled from -


- - - .  . -
The rate of clinical success of site along with the rate of clinical success of study C-

ClI98-316 excluding this site are reported in the following table. Clinical failure was 

defined in the protocol as the occurrence of a proven or probable invasive fungal infection 

(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, or discontinuation from the 

Primary Time Period (i.e., subject not followed for the entire duration of the period). These 

results are for all randomized patients during the primary time period. The primary time 

period is from randomization to day 1 12 (i.e., 16 weeks). 




- - - 

T ~ u d y ~ I 1 9 S - 3 1 6  	 -Primary Results Excluding Site 
Sponsor's Endpoint of Clinical Success (FDA primary) 

Posaconazole Fluconazole 

Complete Study Results 2021301 (67%) 1891299 (63%) 
95.01% Confidence Interval* 	 (-2.7, 12.2) 

Study results excluding- 1941289 (67%) 1821288 (63%) 
95.01% Confidence Interval* 	 (-3.4, 1 1.8) 

* 95.01% confidence interval of the difference of posaconazoIe minus fluconazole using a normal 
approximation adjusted by baseline stratification factor GVHD (acute or chronic). See original review 
for details of statistical methods. Note that 3 subjects with missing stratification information were 
considered as ACUTE in these analyses. 

Study results removing site --broken down by reason for failure are givenhere in Table 
2. The results excluding site 	-- are not qualitatively different than those rehlts with site 

included. ~he~bve ra l l  statistical conclusions remain unchanged from those in the 
original statistical review. 

Table 2: Analysis of Clinical Failure during the primary time period (All randomized Patients) 
Clinical Response 


Posaconazole Fluconazole 

(N=289) (N=288) 


n (%) n (%) 
Clinical Success 194 (67%) 182 (63%) 
Clinical Failure 95 (33%) 106 (37%) 

to 

Death* 56 5 7 
Use of Systemic Therapy 10 10 
Not followed 23 3 0 

1 success rates 
95.01% CI for the difference in I (-3.4, I I .8) 

*: 10 posaconazole patients and 16 fluconazole patients were counted in both IF1 and death. All other outcomes are 
ranked by order in the table. 
'95.01 % confidence interval of the difference of posaconazole minus fluconazole using a normal approximation 
adjusted by baseline stratificatioi~ factor as described in the original statistical review. Note that 3 patients with 
missing stratification information were considered ACUTE for these analyses. 

-
- -


3. Labeling Recommendations 

In this section is the suggested text for the clinical studies section of the posaconazole 
labeling. Note that these suggestions follow the 2006 Guidance titled "Clinical Studies 
Section of Labeling for Human Prescription Drug and Biological Products -Content and 
Format." 

Note that the definition of the primary endpoint for study 2 (PO1 899) reported in the table 
below is based on the clinical team's analysis reported in the medical officer's review. 
Currently only the primary time points for each study are included, through 16 weeks for 



-

s t u r n o n  &erapy plus 7 days for study 2. However, if the clinical team feels that it 
is most appropriate to have both an "on therapy" time point along with a fixed time point 
for both studies, we recommend that they be included without confidence intervals. 

CLINICAL STUDIES 

Prophylaxis of Aspergillus and Candida Infections 

Two randomized, controlled studies were conducted using posaconazole as prophylaxis 
for the prevention of invasive fungal infections (IFIs) among patients at high risk due to 
severely compromised immune systems. 

The first study (Study 1) was a randomized, double-blind trial that compared 
posaconazole oral suspension (200 mg three times a day) with fluconazole capsules (400 
mg once daily) as prophylaxis against invasive fungal infections =:in allogeneic 
hematopoietic s t q  cell transplant (HSCT) recipients with Graft versus Host Disease 
(GVHD). Efficacy of prophylaxis was evaluated using a composite endpoint of 
provenlprobable IFIs, death, or treatment with systemic anti-fungal therapy. (Patients 
may have met more than one of these criteria.) Study 1 assessed all patients while on 
study therapy plus 7 days and at 16 weeks post-randomization. The mean duration of 
therapy was comparable between the two treatment groups (80 days, posaconazole; 77 
days, fluconazole). TABLE 5 contains the results from Study 1. 

TABLE 5. Results from Blinded Clinical Study 1 in Prophylaxis of IF1 in All Randomized Patients with 
hematopoietic stem cell transplant (HSCT) and graft-vs-host disease (GVHD) 

Posaconazole Fluconazole 
n =289 n = 288 

Tllrough 16 weeks 
Clinical ~ailure"." 95 (33%) 106 (37%) 

Failure due to: 
ProvenProbable IF1 16 (5%) 25 (9%) . 

(Aspergillzrs) 7 (2%) 19 (7%) 
(Candida) 4 (1%) 4 (1%) 
(Other) 5 (2%) 2 (1%) 

All Deaths 56 ( I  9%) 57 (20%) 

Proven I probable 
fungal infection 
prior to death 

SAF~.' 10  (9%) 1 0 0 0 % )  
Event free lost to follow- 

23 (8%) 30 (10%) 
upe 

a: Patients may have met more than one criteria defining failure. 
b: SAF - systemic antifungal therapy 
c: Use of SAF criterion is based on protocol definitions (empiricllF1 usage >4 consecutive 
days), subjects counted who did not have an IF1 or death. 
d: 95% confidence interval (posaconazole-fluconazole) = (-1 1.8%. +3.4%) 
e: Patients who are lost to follow-up (not observed for I I2 days), and who did not meet another 
clinical failure endpoint. These patients were considered failures. 
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4. Errata 

During the re-analysis of study ClI98-316 a slight error in a table 11 of the original 
review was found. The breakdown for reason for failure was one patient off in two 
categories. The original review reported 24 patients "Not followed" in the posaconazole 
arm instead o f -  and 9 patients in the "Use of Systemic Therapy" row in the fluconazole 
arm instead of - The overall numbers of clinical success and failure were reported 
correctly in the original review so this change does alter any qualitative conclusions or 
any confidence intervals reported originally. 

Table 11: Analysis of Clinical Failure during the primary time period (All randomized Patients) 
Clinical Response 

Posaconazole Fluconazole 
(N=30 1) (N=299) r 

n (%) n (%) 
Clinical Success -F - 202 (67%) 189 (63%) 
Clinical Failure 99 (33%) 1 10 (37%) 
Due  to 

IF1 16 27 
Death* 58 59-U s e  of  Systemic Therapy 10-
Not  followed 30 

95.01 % CI for the difference in (-2.7, 12.2) 
success rates 

*-posaconazole patients and I6 fluconazole patients were counted in both IF1 and death. All other outcomes are 
ranked by order in the table. 
'95.01% confidence interval of the difference of posaconazole minus fluconazole using a normal approximation 
adjusted by baseline stratification factor as described in the original statistical review. Note that 3 patients with 
missing stratification information were considered ACUTE for these analyses. 
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1. EXECUTIVE SUMMARY 

1.1 Conclusions and Recommendations 

The data from the two randomized, active-controlled clinical trials submitted in this 
application, collectively provide sufficient evidence of comparable of performance of 
posaconazole to that of other azoles (namely fluconazole and itraconazole) in terms of 
clinical success (primarily defined as invasive fungal infection free survival) by means 
of non-inferiority design. There is some indication that posaconazole may be effective 
in preventing aspergillosis infection due to the numerical difference in probable 
breakthrough fungal infections. However, we leave this determination Jo the clinical 
and microbiological reviewers. -

-s 


1.2 Brief Overview of clinical Studies 

Posaconazole is a triazole antifungal that has been developed for the treatment and 
prophylaxis of fungal infections. This current submission, NDA 22-003, is for the 

* . indication: 

NOXAFIL (posaconazole) is indicated for prophylaxis of invasive fungal infections, - 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. 

Two comparative Phase 111 studies were conducted using posaconazole as prophylaxis 
for the prevention of invasive fungal infections in high risk patients. C/198-316 was a 
randomized double-blind active controlled trial of posaconazole versus fluconazole as 
control in HSCT recipients receiving high-dose immunosuppressive therapy for graft- 
versus-host disease (GVHD). Study PO1899 was a randomized, open label, active 
controlled trial of posaconazole versus fluconazole or itraconazole as control (by 
center) in acute myelogenous leukemia or myelodysplastic syndrome (AMLJMDS) 
patients with severe, prolonged neutropenia due to remission-induction chemotherapy. 
The sponsor's primary outcome in these two studies was incidence of Froven and 
probable lFls during a 1 12 day period (for C/I98-3 16) or during the on-treatment period 
(for PO1 899). Note that the division considers patients who die or receive therapy for 
empiric treatment of an IF1 or have missing data as failures as well. 

1.3 Statistical Issues and Findings 

There were a number of statistical issues discovered in the review of the two 
prophylaxis studies (C/I98-3 18 and PO 1 899). They include 

1> Conduct of the primary analysis 



+.-

2> 	Analysis of prophylaxis for aspergillosis alone 

3> Non-inferiority design with comparators not approved for the indication sought by 
the applicant (namely all invasive fungal infections) 

4> 	 Justification for the non-inferiority margin 

5> 	Limitations of statistical methods to resolve issues of concentration-response 
relationship found by the clinical pharmacology reviewer 

These issues are discussed in detail in Section 5.1.1. Furthermore, on June 20,2006, 
the clinical team decided to redefine the clinical success endpoint that would be 
included in the drug label. Use of this redefined endpoint (not reported in this review) 
does not change the qualitative conclusions of the studies from the resultsthat are -
reported here. 

-
s 


The following table provides a summary of clinical success rates for the two studies 
(ClI98-316 and P01899). For study ClI98-316, 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, or discontinuation from the Primary Time Period (i.e., subject not 
followed for the entire duration of the period). For study PO 1899, clinical failure was 
defined by the review team as follows: occurrence of a proven or probable IFI, receipt 
of 4 or more days of empiric treatment with another antifungal for suspected IFI, use of 
IV alternative antifungal medication for >3 consecutive days or >= 10 cumulative days, 
discontinuation due to an AE regardless of determination of causality, discontinuation 
due to treatment failure, withdrawn from the study for any reason, lost to follow-up 
during the oral treatment phase (oral treatment plus 7 days) or death during the oral 
treatment phase. Note that the review team redefined the sponsor's defined clinical 
failure for study PO1899 since in the sponsor's analysis some patients who died were 
not considered clinical failures and since the sponsor only included discontinuations 
due to drug-related adverse events in the definition of failure. 



Table I: Summary of study results for ClI98-316 and PO1899 (All Randomized Subjects) 
C1198-316* PO 1 899* 


I Posaconazole I Fluconazole ( Posaconazole I Flulltra 

(N =30 1 ) (N=299) (N =304) (N=298) 

Clinical Success 
n (%) 

202 (67%) 
n (%) 

189 (63%) 
n (%) 

166 (55%) 
n (%) 

126 (42%) 

*: Primary time point is at 16 weeks for study CII98-3 16 and at end of oral therapy plus 7 days fo~study P01899. 

**: For study ClI98-316, I0 posaconazole patients and 16 fluconazole patients were counted asboth IF1 and death. 

For study P01899, 1 posaconazole patient and 2 control patients were counted as both IF1 and death. A11 other 

outcomes are r ankeay  order in the table. 

***: 95.01% CI for study CA98-316 and 95.13% CI for study PO1899 


2. INTRODUCTION 

2.1 Overview 

Posaconazole is a triazole antifungal that has been developed for the treatment and 
prophylaxis of fungal infections. This current submission, NDA 22-003, is for the 
following --

NOXAFIL (posaconazole) is indicated for prophylaxis of invasive fungal infections, - in patients, 13 years of age and oldei-, who are at 
high risk of developing these infections, such as hematopoietic stem cell transplant 
(HSCT) recipients or those with prolonged neutropenia. 

On December 21, 2005 the sponsor submitted this current NDA (22-003) for the 
indication prophylaxis of fungal infections and NDA 22-027 for the indication of 
treatment of oropharyngeal candidiasis. At that time the sponsor requested priority 
review of posaconazole based on the "randomized clinical trials in the prophylaxis of 



life-threatening invasive fungal infections (IFI) including both yeasts and moulds." 
The medical division granted NDA 22-003 a priority review for the indication of 
prophylaxis of invasive fungal infections. 

Two comparative Phase 111 studies were conducted using posaconazole as prophylaxis 
for the prevention of invasive fungal infections in high risk patients. CJI98-3 16 was a 
randomized double-blind active controlled trial of posaconazole versus fluconazole as 
control in HSCT recipients receiving high-dose immunosuppressive therapy for graft- 
versus-host disease (GVHD). Study PO1899 was a randomized, open label, active 
controlled trial of posaconazole versus fluconazole or itraconazole as control (by 
center) in acute myelogenous leukemia or myelodysplastic syndrome (AMLJMDS) 
patients with severe, prolonged neutropenia due to remission-induction chemotherapy. 
The sponsor's primary outcome in these two studies was incidence ?f proven and 
probable lFIs during a 1 12 day period (for CJI98-3 16) or during the on-treatment period 
(for P01899). Note that the division considers patients who die or receive therapy for 
empiric treatment of an IF1 as failures as well. 

These studies will be discussed in detail in this review. 

2.2 Data Sources 

The sponsor submitted the results of two Phase 111 studies to support the use of 
posaconazole for prophylaxis of invasive fungal infections. Data sets for both studies 
were submitted electronically and were used in the review of these studies. The 
locations of these data sets are as follows: 

and 

Note that for study C/198-316, the notation "C" designates the US protocol and "I" 
designates the international protocol; however-, they contain exactly the same content. 

All submitted data sets were found to be adequately documented. 



3. STATISTICAL EVALUATION 

This submission contains two controlled studied (PO1899 and Cl98-316) submitted to 
support efficacy of posaconazole for the prophylaxis of invasive fungal infections. 

3.1 Evaluation of Efficacy 

3.1.1. Study Cl198-316 

3.1.1.1 Study Design and Endpoints 

This was a phase 3, randomized, multi-center, double-blind (double-dummy), active 
control, paralgl group, non-inferiority study of posaconazole (200 mg TID) versus 
fluconazole (400 mg QD) for the prophylaxis of invasive fungal infections (IFI) in 
high-risk subjects with graft-versus-host disease (GVHD) following allogeneic stem 
cell transplantation. 

The primary objective of the study was to assess the efficacy of posaconazole versus 
fluconazole in preventing proven or probable IF1 within the time period from 
randomization to 16 weeks after start of study drug. 

Approximately 600 subjects were to be enrolled at approximately 85 study sites in 
North America, South America, Europe, South Africa, Singapore, Saudi Arabia, and 
Australia. ~andomizationwas stratified by site and by type of GVHD (acute or 
chronic). The treatment duration was 16 weeks or until discontinuation. All subjects 
including those who discontinued the treatment were to be followed for the full 16-
weeks treatment phase and the 2-month follow-up. 

If, during treatment, subjects were unable to take oral study medication, study drug 
(suspension and capsules) may have been withheld until such time that oral 
medication (suspension and capsules) could be resumed. Non-azole systemic 
antifungal prophylaxis could be substituted during such an interruption of Zudy drug 
(empiric therapy), but could not be administered for more than 5 days. 

If at any time during the study a patient developed a fever or any other sign of 
invasive fungal infection a complete evaluation to determine the cause was to be 
performed. This included signs and symptoms, physical exam, blood count, culture, 
andlor histopathology of suspicious site of infection, urinalysis, and other 
clinical/laboratory evaluation. All subjects were then characterized as having either 
no IFI, possible IFI, probable IFI, or proven IFI. The investigator then determined 
how the patient should be managed clinically including whether patients required 
systemic antifungal therapy. 



All subjects who were considered failures (determined by investigator or >5 days of 
systemic antifungal use) or were classified by the investigator as possible, probable, 
or proven IF1 were to be referred to a panel of external, independent, experts in the 
area of opportunistic infections in transplant recipients in the USA, the Data Review 
Committee (DRC), for adjudication. The members of the DRC were blinded to the 
subject's treatment assignment. DRC adjudicated the subject's IF1 status prior to 
database lock based on the evidence collected in case report forms. 

A clinical failure was defined as either the DRC adjudicated presence of a proven or 
probable IF1 or more than 5 days of empiric treatment with a systemic antifungal 
other than assigned study drug within 16 weeks of start of treatment with study drug. 
Subjects not followed for the entire 16-week treatment phase were also considered 
failures in the secondary efficacy analyses. 

c 

It appearsfi.0~7this definition and the results of the study that treatment 
discontinuations would continue to befollowed for outcome and not automatically 
considered as clinical failures. 

Key terms relating to times of observations or measurements were as follows: 

Baseline Date: Date of first dose for treated subjects and date of randomization 
for subjects randomized but not treated. 
Start Date: Date of first dose of study treatment. 
Stop Date: Date of last dose of study treatment. 
Baseline: Last measurement on or prior to Baseline Date. 
End of Treatment: Last non-missing post-baseline measurement on or before 
Stop Date + 7. 
Primary Time Period: Interval of time which begins on the Randomization Date 
and ends on the Baseline Date + 111 days. 
While on Treatment: Interval of time which begins on the first day of treatment 
and ends on the last day of treatment + 7 days. 
Post While on Treatment: Interval of time which begins on the last day of 
treatment + 8 days and ends on the last contact date. 
Treatment Phase: Interval of time which begins on the Baseline Date and ends 
on the Baseline Date + 111 days. 
Follow-up to Primary Time Period: Interval of time which begins on Baseline 
Date + 112 days and ends on the last contact date. 

The following figure, Figure 1, depicting these terms is extracted from the applicant's 
study report (figure 2, page 47). 



Figure 1: Study Period Diagram Study Cn98-316 
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The primary analysis population for the efficacy evaluation was the population of all 
randomized patients. The protocol-specified time period to be used for the primary 
efficacy analysis was the "Primary Time Period". The protocol specified primary 
efficacy variable was defined as the DRC-adjudicated incidence of proven or 
probable invasive fungal infections. 

The review team had major concerns that the applicant's primary efficacy variable 
did not include patients who died or were empir-icallytreated with other systemic 
antifungal agents in addition to the study medication asfailures. Dzle to $his concern 
the reviewer's analysis will focus on the endpoint clinicalfailure, which considers 
thesepatients asfailures along with those with IFI. Please see section 5.I for a 
discussion of this issue. 

The protocol specified primary efficacy analysis was based on a non-inferiority 
design based on the odds ratio adjusted for the stratification factor of acute versus 
chronic GVHD. If the upper limit of the 95.01% confidence interval (adjusted for 
two interim analyses) does not exceed a maximum value of 15% for a percent 
difference in incidence rates with respect to the incidence seen with fluconazole. See 
appendix for sponsor's discussion of the computation of the maximum value. 

The sponsor stated that an active control, non-inferiority study design versus 
fluconazole was chosen because a placebo control trial was not considered ethical and 
fluconazole was shown to be effective in preventing IFIs in subjects undergoing 
hematopoietic stem cell transplantation in the literature (~lavin 'and ~ o o d m a n ~ ) .  



Fluconazole is approved in the US and Europe for prophylaxis of candidiasis in 
subjects undergoing bone marrow transplantation. 

At the protocol stage (IND 51 662 N248) the medical division informed the applicant 
that since the comparator, fluconazole, is not approvedfor the broad indication 
proposed by the applicant (including aspergillzls infections), a non-inferiority 
analysis would not be able to support the eSficacy ofposaconazolefor the broad 
indication and that a superiority analysis would be needed to provide evidence that 
posaconazole is effective for* invasive fungal infections (see Section 5.1). 

During the review of this NDA it was determined that the sponsor did not provide an 
adequate discussion of the non-inferiority margin used in this study. On 4/24/06 a fax 
was sent to the sponsor asking for this justification. The sponsor respo~ded to this 
request on 5/23/06. The sponsor acknowledged the difficulty in determining an 
adequate noninferiority margin for this indication and patient population. They 
referenced an h i c l e  by ~ l av in '  published in 1995. 

It is not clear if this reference study is similar enough to the curPrent study to provide 
adequate justification for a 15% non-inferiority margin for a percent diference. This 
issue is discussedfurther in Section 5.1 Statistical Issues. 

The study design allowed for two interim analyses conducted in order to detect 
superiority of posaconazole at an early time point with significance levels adjusted in 
accordance with the O'Brien- Fleming procedure. The study was not stopped at either 
of these time points and the final analysis was carried out at a 0.0499 significance 
level. 

Note that the sponsor defined additional populations for analysis including an 
efficacy evaluable and a modified intent to treat (defined after final protocol 
amendment). However, this reviewer considered only the all randomized population 
which was stated as primary in the protocol. 

3.1.1.2 Study Populations -
As stated before, a total of 600 subjects were enrolled and randomized in a I :1 ratio 
(301 to posaconazole and 299 to fluconazole) at 90 sites of whom 21 did not receive 
study medication (1 0 in posaconazole arm and 1 1 in fluconazole arm). The study 
began on March 1, 1999 and ended on February 27, 2003. The following table gives 
a summary of the patient disposition in the all randomized subject population. 



1 followed for the Primary Time period I 
( Discontinued Treatment, AND not 1 94 (31%) 1 105 (35%) 

Table 2: Disposition of Patients (All Randomized Sub,jects) 

followed for the entire Primary Time 
Perind 

Disposition 
Completed Treatment 

1 Discontinued Tt-eatment, but 

The following table gives a summary of reasons for treatment discontinuations. 

Posaconazole (n=301) 
165 (55%) 
42 (14%) 

The following table gives a summary of treatment duration and shows that the 
distribution of this factor was similar for the two treatment groups. 

Fluconazole (n=299) 
144 (48%) 
48 (13%) 

Table 3: Reason's for treatment discontinuations (all Randomized Patients) 
Fluconazole (n=299) 

155 (52%)- 1 
98 
24 
7 
10 
15 

Reason for Treatment Discontinuation 
Discontinued 

Administrative 
Adverse Event 
Treatment Failure 
In-Eligible 
Non-Compliance 
Did not wish to continue 

'able 4: Distribution of Treatment Duration (all Randomized Patients) 

3.1.1.3 Demographic and Other Baseline Characteristics 

Posaconazole (n=301) 
136 (45%) 

0 
100 
8 
3 
8 
17 

Number treated 
Treatment Duration (days): 

Mean (s.d.) 
Median 

Number of patients with treatment 
duration*: 

< 50 days (%) 
50-100 days (%) 
100 or more days (%) 

All tables in this section have been derived from the sponsor's study report. The 
following table shows the distribution of subjects by demographic factors. The 
distribution of demographic characteristics is similar for the two treatment groups. 

Posaconazole (n=301) 
291 

80 (42.88) 
111 

*: Percentage calculated out of number treated. -
90 (31.Ox) 
57 (19.5%) 
144 (49.5%). 

Fluconazole (n=299) 
288 

77 (42.71) 
108 

90 (31%) 
69 (24%) 
129 (45%) 



'able 5: Demographic Characteristics of Sub :cts(All randomized Patient 
Demographic Characteristic Posaconazole (n=30 1 ) Fluconazole (n=299) 

Age (years) 
< 18 years 
18-64 years 
> 64 years 
Mean (SD) 
Median 
Range 

Sex 
Female 
Male 

Race 
Caucasian 
Black 
Asian 
Hispanic 
other --- 2 (1 %) 

Weight (kg) 
Missing 
Mean (SD) 
Median 
Range 39.0-1 50.4 

Height (cm) 
Missing 
Mean (SD) 
Median 
Range 147.3-1 93.0 

Region 
United States 1 17 (39%) 
Non-United States 1 84 (61 %) 

The fol lowing table shows the distribution o f  subjects by disease characteristics. The 
distribution o f  disease characteristics is similar for the two treatment groups. 
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Table 6: Distribution of subjects by baseline disease characteristics (All randomized patients) 
Posaconazole Fluconazole 

(N=301) (N=299) 

Primary Underlying ~ i a g n o s i s ~  n (%) n (O/O) 

Acute MyelogenouslNon-lymphocytic Leukemia 81 (27) 66 (22) 

I Acute Lymphoblastic Leukemia 

Chronic Myelogenotis Leukemia 98 (33) 

25 i81 

1 104 (35) 

36 (12) 

Mvelodvs~lasticDisorder 19 (6) 13(4) 

1 Non-Hodgkin's Lymphoma 1 40(13) 1 35(12) 

Hodgkin's Lymphoma 2 (1) 7 (2) 
hlultiple Myeloma 10 (3) 12 (4) 
Aplastic Anemia 8 (3) 7 (2) 

) Other Leukemia 

Chronic Lymphoblastic Leukemia 

Other 

3 (1) 
10 (3) 

9 (3) 

1 
1 

a 0  
11 (4) 

- 9 (3) 
None --- 0 1(<11 

1 GVHD Class at ~asel ine 1 I 
Acute Grade 1 

Acute Grade 2 I 135 (45) 
3 (1) 

1 136 (45) 
1 (<I )  

1 Acute Grade 3 1 52(17) 1 54(18) 

Acute Grade 4 12 (4) 6 (2) 
1 Chronic Limited 2 (1) 1 ( < I )  

Chronic Extensive 96 (32) 99 (33) 

Missina 1 ( < I )  2 (1) 

9:Subjects with multiple primary diagnoses are counted in each primary diagno'sis category. 
I 

Source: Sponsor's study report table 17. 

The following table shows distribution of subjects by other subject characteristics. 
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Table 8: Distribution of Subjects by Other Characteristics 

Posaconazole Fluconazole 

(N=301) (N=299) 


n (%) n (%) 

Prior History of lnvasive Yeast or Mould 8 (3) 15 (5) 
Oral Swish Positive for Yeast at Baseline 95 (32) 85 (28) 
Oral Swish Positive for Yeast During Treatment 

Persistently 27 (9) 29 (10) 
Intermittently 84 (28) 77 (26) 
Negative 190 (63) 193 (65) 

T-cell Depleted Stem Cells Transplanted at Latest Transplant 37 (12) 32 (11) 
Prior to Study Entry 
Body Irradiation on or before Transplant Date 135 (45) 146 (49) 
Aspergillus Antigen at Baseline 

Positive (20.5 at Baselme) 21 (7) 30 (1 0) 
None 259 (86) 1 243 (81) 
Missing 21 (7) 26 (9) 

Duration of Prior Anfifungal Therapy on or Before First Dose 
17 days 109 (36) 116 (39) 
7 to 13 days 30 (10) 17 (6) 
214 days 162 (54) 166 (56) 
Mean (STD) 26.4 (38.76) 35.3 (82.23) 
Med~an 16 19 
Range 0 - 254 0 - 1002 
Source Sponsor's study report table 17 

Tables 7 and 8 show some imbalances (difference of 4% 01- more) between the two arms 
with respect to risk factors CMV infection and oral swish positive for yeast at baseline 
(against posaconazole) and no aspe~*gillus antigen at baseline and use of more than 1 
immunosuppressive agent at baseline (in favor of posaconazole). In addition, there 
was observed imbalance in favor of posaconazole in terms of number of patients who 
did not have immurrosuppression priorp to or within 2 weeks after I-andomization 
(85(28%) posaconazole and 59 (20%) jluconazole, as reported in sponsor's study 
report). The factol* of baseline immunosuppression in this patient population clearly 
has potential to affect the underlying risk of invasive fungal infection. Therefore even 
small obselved imbalances with respect to this factor can introduce bias in the setting 
of this prevention study and leads to caution when interpreting the stu& results. 
Regarding the other factors which have not been as well characterized in terms of their. 
relevance to the risk of invasive,fun,oal infection, the presence of even small imbalances 
(commonly o c c u ~ ~ ~ ~ i n g  despite i-andomization) with respect to these factors can make the 
results of a prevention stzrdy difjicult to inte~pret. 

3.1.1.4 Efficacy Analysis Results 

The primary efficacy variable, as specified in the protocol, is the DRC adjudicated 
incidence of proven or probable IF1 for All Randomized Subjects during the Primary 
Time Period (from randomization to 111 days after the first dose of study drug for 
subjects who were treated, or 112 days post randomization for subjects who were 



randomized but not treated). All proven and probable DRC-adjudicated IFIs during the 
Primary Time Period are summarized according to the infecting pathogen in the 
following table. Note that the differences seen in the number of pathogens is mainly 
driven by probable aspergillosis. 

Table 9: Distribution of ProvenIProbable IF1 by Pathogen Group during Primary Time Period 
( 

Source: Sponsor's study report, table 20 

The following table shows the applicant's primary efficacy analysis that meets the non- 
inferiority criterion prospectively set by the applicant in the protocol. The non-
inferiority margin of a 15% relative difference corresponds to a margin of 1.1625 (see 
Appendix and Section 5.1.1). 

Table 10: Sponsor's Primary Efficacy Analysis 
~ Subjects With Proven: Probable IF1 

During the Primary Time Period" 1 
FLU 

N=301 N=299 Max 
n (%) n (%) Odds Ratio P-value 95.01% CI valueb 

16 (5) 27 (9) 0.5614 (3.0740 0.2959 - 1.0651 1.1625 

a: 	 Interval of time which begins on the Randomization Date and ends on the Baseline Date + 111 days. Per 
protocol, the primav] efficacy analysis v.las performed on All Randomized Subjects during this time period. 

b: 	 Calculated value corresponding to 155'0 relative difference in incidence of provenlprobable IF1 wit; respect 
to the incidence of fluconazole and the total number of provenlprobable IF1 observed. 

Cl = Confidence Interval; IF1 = invasive fungal infection. 

Source: Sponsor's study report, table 21 

The sponsor conducted additional analyses of the primary endpoint using different 
analysis populations, including all treated, modified intent to treat and efficacy 
evaluable (per protocol). The all treated and modified intent to treat showed similar 
results to the all randomized population. However, the results for the efficacy 
evaluable population did not meet the sponsor's limit for non-inferiority. 

The applicant also conducted an analysis of time to death during the treatment phase for 
all randomized subjects showing no statistically significant difference between the two 
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treatment groups (log-rank ~-value= 0.8474). There did not appear to be any difference 
in the investigators-determined causes of death between the two arms. The following 
figure, Figure 2, is the sponsor's Kaplan-Meier graph from the study report (figure F- 
2.1, page 384). 

Figure 2: Kaplan-Meier Analysis of Time from Randomization to Death by Treatment Group for All 
Randomized Subjects, Study Cn98-316 

The sponsor conducted an analysis of clinical failure as a secondary endpoint. Recall 
that 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, or 
discontinuation from the Primary Time Period (i.e., subject not followed for the entire 
duration of the period). FDA's clinical review team defined clinical failure slightly 
differently as follows: occurrence of a proven or probable IF1 or Death, receipt of more 
than 4 days of empiric treatment with a systemic antifungal drug other than the study 
drug, or discontinuation due to non-compliance, loss to follow-up, adverse event or for 
other reason. For both Sponsor's as well as FDA-defined clinical failure analysis 
adjusting for the interim analysis and for the stratification factor of classification (acute 
vs. chronic) of GVHD at baseline, showed no statistically significant difference 
between the two groups. This analysis is considered more valid than the analysis of IF1 
alone since many subjects received other antifungal medication for 4 or more 
consecutive days or more than 10 total days for empiric treatment. Note that there was 
no pre-specified non-inferiority margin for this endpoint. So the determination of non- 
inferiority is difficult in this setting. The following table reports these results. 



Table 11:  Analysis of Clinical Failure during the primary time period (All randomized Patients) 

Sponsor's definition FDA definition 

I Posaconazole I Fluconazole I Posaconazole 1 Fluconazole 


(hl=301) (N=299) ( N  =30 1 ) (N=299) 

Clinical Success 
n (%) 

202 (67%) 
n (%) 

189 (63%) 
n (%) 

165 (55%) 
n (%) 

150 (50%) 
Clinical Failure 99 (33%) 1 10 (37%) 136 (45%) 149 (50%) 
Due to 

IF1 16 27 16 27 
Death* 58 59 58 59 
Use of Systemic Therapy 10 9 11 10 
Not followed/discontinued' 24 30 61 69 

1 in success rates 
95.01% CI for the difference (-2.7, 12.2) (-3.0, 12.8) 

*: I0 posaconazole patients and 16 fluconazole patients were counted in both IF1 and death. Allpther outcomes are 

ranked by order in the table. 

+: "Not followed" apTjies to the sponsor's definition and "discontinued" applies to the FDA definition. 

'95.01% confidence interval of the difference of posaconazole minus fluconazole using a normal approximation 

adjusted by baseline stratification factor as described by ~ l e i s s ~ .  
Note that 3 patients with missing stratification 
information were considered ACUTE for these analyses. 

Note that from a statistical perspective these reviewers did not have concerns 
regarding the sponsor's defined clinical success endpoint. Since it was p~*ospectively 
defined, we will use this endpoint as our 'prirna~y" endpoint. Howevel*, the FDA- 
defined endpoint was preferred by the clinical team and nzor-e closely matched the 
FDA-defined endpoint used in study PO1899 as described in section 3.1.2. We consider 
this a sensitivity analysis and supportive of the sponsor's analysis of clinical success as 
the qualitative conclusions do not change. 

The following table (Source: Sponsor table 31 from study report) reports what 
medication patients received while on treatment. Notice that similar number of patients 
received antihngal therapy. Only patients who were on other antihngal medication for 
more than 4 or 5 days and who did not have a death or IF1 were counted in the above 
table as failures. 

Table 12: Other Antifungal Medications patients received while on treatment (All Treated Patients) -=CS FLU 
N=29: 1.~=2~3 

Caspofungn .%:ev~te 1:ct; 411'1 
F lu~~!m~r%~ C 1 '<?: 

t.l'hlk a? -red~lm; = dav o' L~~db-mt!ntw.d cf :;?IF rshtdl keocrxscn :bf i ~ '  a*c 

er6son Se sst cay zfd:rez~ie-: + T d q s  


IJole C. sqec: m l d h ~ ~ e  ~:P-E i h a  3-e~.y3?e.nr: ndica~~m
reo?':% sntiurq~l 

Note that the superiority of posaconazole was not achieved by the sponsor's primaly 
analysis nor by the sponsor's analysis of clinical failure, considered Inore appropriate 



by this reviewer. The sponsor does conduct an additional analysis of breakthvough 
invasive aspergillosis infections only and claims a superior, result. Note that this is not 
considered a valid analysis as discussed in section 5.1. 

The sponsor conducted many secondary analyses. These included analyses with the all 
randomized subject, all treated population, modified intent to treat population, efficacy 
evaluable population using time frames of the primary time period, treatment phase, 
while on treatment time period, post while on treatment time period and post treatment 
phase (for a total of 20 analyses). The sponsor found some results of these analyses 
with p-values < 0.05. In particular, the sponsor states that an analysis of all treated 
patients analyzed using a while on treatment time period (excluding the time prior to 
the start of therapy and time after end of therapy to 16 weeks) is a clinically meaningful 
timeframe. The sponsor found the results of this analysis to be significgnt. Note that 
the sponsor states in their study report regarding multiple comparisons aad multiplicity 
that "(w)hile p-wlues and confidence intervals are provided for several other analyses, 
these are provided as supportive information and should be considered as such." 

3.1.2 Study PO1899 

3.1.2.1 Study Design and Endpoints 

This was a phase 3, randomized, multi-center, open-label, evaluator-blinded, active 
control, parallel group, non-inferiority study of posaconazole (200 mg TID) versus 
fluconazole (FLU 400 mg QD) or itraconazole (ITZ 200mg BID) for the prophylaxis of 
invasive fungal infections in high-risk subjects with prolonged neutropenia due to 
standard intensive induction chemotherapy given for a new diagnosis of acute 
myelogenous leukemia (AML), AML in first relapse, myelodysplastic syndromes 
(MDS), or other secondary myelogenous leukemias. 

Prior to randomization of the first subject, each site was to designate the standard azole 
therapy (FLU or ITZ) that would be used for all subjects assigned to the reference arm 
at that site. Note that the choice of either FLU or ITZ as the comparator used at a site 
was guided by the incidence of mold infections at a particular hospital orcliiiic and the 
perceived risk of IFI. Subjects entering the study were to be stratified by site and 
primary diagnosis or condition: New diagnosis of AMLI AML in first relapse1 MDS or 
other diagnoses of secondary AML (therapy-related, antecedent hematological 
disorders). 

Protocol-eligible subjects were then to be randomized in a 1:l ratio to receive either 
600 mg of POS (200 mg TID) or standard azole therapy (400 mg of FLU [400 mg QD] 
or 400 mg of ITZ [200 mg BID]). Treatment was to continue until recovery from 
neutropenia, complete remission, occurrence of an IFI, or other protocol-specified 
endpoints was reached, up to a maximal time period of 12 weeks or 84 calendar days 
from randomization, regardless of the number of days of dosing. Follow-up visits for all 



subjects (including those who discontinued treatment early for any reason) were to 
occur 30 days after the last dose of study drug and 100 days after randomization. In the 
event of early discontinuation, all procedures and evaluations scheduled for the End-of-
Treatment Visit were to be performed. 

Subjects who developed a proven, probable, or possible IF1 were to be discontinued 
from the study, and the outcome of the IF1 was to be recorded at follow-up visits 100 
days post randomization and 30 days post last dose. Subjects who received' empiric 
antifungal therapy for fever of unclear origin may have received subsequent cycles of 
prophylaxis with study drug as long as there were no signs of active infection meeting 
the EORTC-NISG criteria for possible, probable, or proven IF1 and all 
inclusion/exclusion criteria were satisfied. 

Subjects who were temporarily unable to tolerate oral study drug may'have received 
alternative intravenous (IV) antifungal therapy or an interruption in study drug 
administration f;;r up to 3 days per cycle (or 10 days out of the total maximal treatment 
period of 84 days). Subjects who required more than 3 days of IV antifungal 
prophylaxis were to be considered non-evaluable per protocol, and were included in the 
"intent-to-treat" population for the primary efficacy analysis. 

Acceptable IV alternatives were as follows: 

Subjects randomized to POS 200 mg oral suspension TID may have been 
treated with IV Amphotericin B (AMB deoxycholate, 0.3 to 0.5 mglkglday). 

Subjects randomized to standard azole therapy with FLU 400 mg oral 
suspension QD may have been switched to FLU 400 mg IV QD. 

Subjects randomized to standard azole therapy with ITZ 200 mg oral solution 
BID may have been switched to ITZ 200 mg IV BID. 

Study drug was also to be temporarily discontinued in subjects undergoing a second 
course of anthracycline-based chemotherapy, until 24 hours after completion of the 
anthracycline component. -
The review team informed the applicant that alternative IV therapy should be the same 
between arms. Specifically, IV Ainphotericin use should not be limited to the test arm 
only. Howevel-, the overall results of the study were not greatly aSfected by the use of 
diffe~~entI V therapy. 

Subjects who required additional prophylaxis beyond the 12-week maximal treatment 
duration allowed per protocol may have been granted an extension for up to an 
additional 4 weeks if no drug-related AE or IF1 was present. 

Assessments of clinical response were to be based upon IF1 incidence and clinical 
outcome of oral prophylaxis (treatment success or failure). The IF1 status of each 
subject (no IFI; possible 1F1; probable 1F1; or proven IFI) was to be detern~inedusing 
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the criteria of the EORTC-MSG. For clinical management, the Investigator was to 
determine the subject's IF1 status and characterize the subject's clinical course. For the 
purpose of statistical analyses, a panel of external evaluators (Data Review Committee 
[DRC]) was to determine the subject's IF1 status. Members of the panel were physicians 
with expertise in the area of opportunistic infections in neutropenic subjects, and were 
blinded to the subject's treatment assignment. The panel was to review subject profiles 
consisting of clinical, microbiologic, laboratory, and radiologic data in the database to 
characterize the IF1 status using EORTC-MSG standardized definitions. 

A treatment failure was to be defined as the presence of a proven or probable IFI, >= 4 
days of empiric parenteral (IV) antihngal treatment for a suspected IFI, >3 consecutive 
days or > =10 cumulative days of IV alternative study medication during-the Treatment 
Phase, or discontinuation due to an AE considered possibly or probably rflated to study 
drug. Subjects who withdrew from the study for any reason and were subsequently lost 
to follow-up during the Treatment Phase were also to be considered treatment failures. 

There are concerns with the sponsor's deJinition of clinical failure. The sponsor has 
not considered all cause n?ol*tality in their- definition. Furthermore, the sponsor limited 
treatment,failui*e due to discontinuations to include only those due to an AE considered 
possibly or probably related to stu& drug. The detei-mination of causality of AE is 
potentially biased and most often biased against the control aiPms since its adverse 
events profile is more widely known. See section 3.1.2.5 for reviewers' analysis of 
clinical failul-e. 

A total of 602 subjects were enrolled and randomized in 1 :1 ratio (304 to posaconazole, 
240 to fluconazole, 58 to itraconazole) at 89 sites of whom 13 did not receive study 
medication (7 in posaconazole arm and 6 in azole arm). Patients were enrolled in the 
study from North America, South America, Central America, Europe, South Africa, 
Dominican Republic, Puerto Rico, Singapore, and Australia from 8/8/02 to 4/5/05. 
Twenty-two (25%) sites were designated to use itraconazole as control. At these sites 
65 patients were randomized to posaconazole and 58 to itraconazole. The remaining 67 
(75%) sites used fluconazole as control and randomized 239 patients to posaconazole 
and 240 patients to fluconazole. 

The following figure is extracted from the applicant's study report. 

Appears This Way 
On Original 



Figure 3: Study Period Diagram, Study PO1899 

Posaconamle Folbbv-Up 

Meet Inclusion~Exclusion---,~ ~ ~ d ~ ~ i ~ d 
Critelia Followup 

Therapy 

Treatment is continuedwith each cycle of chemotherapyuntil clinical 
remissionor other protocol-specifiedendpointsare reached. up to a 
lmxirnum of 12 weeks or &Icalendar days fmm randomzation. 

Treatnlent Phase 

For each chemtherapv cycle; the first visit (Usit 2) is to be performed 
before the first dose of study drug. -

FollowUp (30 and 100 Days) 

- Follow-Up: 30 days after last dose date: 
100 days after randomizationdate. 

The primary analysis population for the efficacy evaluation was the population of all 
randomized patients. The protocol-specified time period to be used for the primary 
efficacy analysis was the "Oral Treatment Phase" defined as the period from 
randomization to last dose of oral study medication plus 7 days or the discontinuation 
date for subjects randomized but never treated. The protocol specified primary efficacy 
variable was defined as the DRC-adjudicated incidence of proven or probable invasive 
fungal infections. 

During the review of the data analysis plan (IND 51662 N400) the review team 
informed the sponsor that patients who use systemic anti-fungal agents are not taken 
into considera~ionin the analysis of the primary endpoint and that they should be 
considel-ed failures in the analysis of invasive fungal infections. Furthermore, 
comments stated that deaths due to all cause mortality should also be considered 
failures, as shozildpatients who are lost to.follow-up. The review also pointed out that 
it was not clear how missing data due to study drug discontinuation would be handled. 
The sponsor did not change the analysis of their primaly endpoint based on these 
conments. Due to this concern the reviewer's analysis will focus on the endpoint 
clinicalfailui-e defined as incidence of IF], or use of other systelnic antifungd agents in 
addition to the study medication, or discontinuations due to AE or deaths or loss to 
follow-up. Please see section 3.1.2.5for this analysis and section 5.1 for a discussion 
of this isszie. 

The protocol specified primary efficacy analysis was based on a non-inferiority design 
based on the difference between the treatment arms in terms of proven or probable IF1 
and a 4% non-inferiority margin on the difference in rates. The rationale stated by the 
applicant in the study report for the 4% margin in this study was based on one study in 
the literature. 

The review team informed the applicant that since the comparators, Jluconazole and 
itraconazole, are not approved.for the broad indication proposed by the applicant, a 
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nun-inferiority analysis would not be able to support the efficacy of posaconazole and 
that a superiority analysis would be needed to provide evidence that posaconazole is 
effective. However, since as shown below, the resz~lts for this study support a 
superiority analysis the deter-mination of a nun-inferiority marpgin is not of great 
concern. 

The study design allowed for one interim analysis conducted when approximately 300 
subjects completed the Treatment Phase in order to detect superiority of posaconazole 
at an early time point with significance levels adjusted in accordance with the O'Brien- 
Fleming procedure. The study was not stopped this time point and the final analysis 
was carried out at 0.0487 significance level and 95.13% confidence intervals were 
calculated. 

Note that the sponsor defined additional populations for analysis includi6 an efficacj 
evaluable and a.-modified intent to treat (an all treatedpopulation). However, this 
r*eviewer considered only the all rpandomized population which was stated as primary 

. in the protocol. 

3.1.2.2 Study Population 

As stated before, a total of 602 subjects were enrolled and randomized in a 1: 1 ratio 
(304 to posaconazole and 298 to fluconazole/itraconazole) at 110 sites of whom 13 did 
not receive study medication (7 in posaconazole arm and 6 in fluconazole/itraconazole 
arm). The following table gives a summary of the patient disposition in the all 
randomized subject population. 

Table 13: Disposition of Patients (All Randomized Subjects) 
Disposition Posaconazole (n=304) FLUIITZ (n-298) 
Completed Treatment Phase 159 (52%) 125 (42%) 
Discontinued Treatment Phase 145 (48%) 173 (58%) 
Entered Follow-Up 281 (92%) 275 (92%) 
Completed Follow-up 237 (77%) 220 (74%) 

The following table gives a summary of reasons for treatment phase disconti<uations. 

Table 14: Reason's for treatment phase discontinuations (all Randomized Patients) 
Reason for Treatment Discontinuation Posaconazole (n=304) FLUIITZ (n=298) 
Discontinued Treatment Phase 145 (48%) 173 (58%) 

Administrative 1 0 
Adverse Event 40 37 
Treatment Failure 80 117 
In-Eligible 3 3 
Non-Compliance 6 4 
Did not wish to continue 14 12 
Lost to foHow-up 1 0 



As per the applicant's study report, three patients randomized to the posaconazole arm 
received treatment with fluconazole after their first cycle of chemotherapy and for one 
patient itraconazole was added to the posaconazole study treatment after the second 
cycle of chemotherapy. None of these patients developed IFI. These protocol 
deviations were not considered by the applicant to have had an impact on the study 
results. 

The duration of therapy was similar between the two randomized arms. Thirteen 
subjects did not receive any randomized therapy (7 posaconazole subjects and 6 
fluconazole/itraconazole subjects). Of those who received therapy the mean (SD) 
number of days of exposure of therapy was 28.9 (2 1.1) days for posaconazole and 24.9 
(17.2) days for fluconazole/itraconazole. Eighty-eight percent of subjects in both arms 
received 7 or more days of treatment. 

3.1.2.3 ~ e r n o ~ r @ h i cand Other Subject Characteristics 

All tables in this section have been derived from the sponsor's study report. The 
following table shows the distribution of subjects by demographic factors. The 
distribution of demographic characteristics is similar for the two treatment groups. 

Appears This Way 
On Original 



b-- --

Table 15: Demographic Characteristics of Subjects (All randomized Patients) 

Demographic Characteristic 

Age (years) 

Mean (SD) 

Median 

Range 

Age: Number (%) of Subjects 

< I  8 years 

18 to 165 years 

265 years 

< Median agea 

> Median ages 

Race: Number (%) of Subjects 

Caucasian f 

Non-Caucasian 

Black 

Asian 

Hispanic 

otherb 

Sex: Number (%) of Subjects 

Male 

Female 

Weight (kg) 

Mean (SD) 

Median 

Range 

Missing 

Weight: Number (%) of Subjects 

165 kg 

265 to 185 kg 

8 5  to <I00 kg 

2100 kg 

5 Median weighti' 

> Median weight" 136 (45) 155 (52) 

Region: Number (%) of Subjects 

US 

Europe 

Canada 

Far ~ a s t '  

Latin America 66 (22) 58 (19) 

FLU = fluconazole; ITZ = itraconazole; POS = posaconazole; SD = standard deviation. 

a: Pooled across all treatment groups. 

b: Includes Indian, Native American, and mixed race 

c: Includes Australia and Singapore. 

Source: Sponsor's study report table 13 



The following table shows distribution of subjects by disease characteristics. The 
distribution of baseline disease characteristics is similar for the two treatment groups. 

Table 16: Distribution of subjects by baseline disease characteristics (All randomized patients) 

1 

POS 1 FLUllTZ 1 

Baseline Characteristic (n=304) (n=298) 

Primary diagnosis at study entry 

AML (new diagnosis) 

AML (first relapse) 

Neutropenic 

Severe neiitropenia (ANC 5100 cells/mm3) 

1 
Non-Severe neutropenia (ANC ,100 cellslrnm?~ 1500 cells/mrn3) 

1 

I 

Non-neutropenic (ANC 2500 cells/mm3) 	

::: 1Missing or unknown I 
status on or before f~rst date of study druga 

230 (76) 231 (78) 

0.5 - 1.5 GMI 7(2) 
~ 1 . 5  6 ( I )Ghrll 

Missing or unknown 62 (20) 54 (18) 

Colonization status at Baseline 

Negative 

Positive 

Missing or unknown 

Use of systemic antifungals as prophylaxis prior to randomization 

N 0 

Yes 

1 to 3 days 

4 to 7 days 

>7 days 

Mean (SD) 

Median 

Range 

Mucositis score on or before first date of study drug" 

No niucositis 

I CTC Grade 1-2 

CTC Grade 3-4 
I 

Missing or unknown 	 40 (1 3) 44 (15) 

ANC = absolute neutrophil count; CTC = Common Toxicity Criteria: FLU = fluconazole; GMI = galactomannan 
index; IT2 = itraconazole; POS = posaconazole; SD = standard deviation. 

a: 	 For subjects ~,gho were randomized but not treated, result obtained on or before date of randomization is 
reported. 

Source: Sponsor's study report table 14 



The following three tables show distribution of subjects by important post-baseline 
subject characteristics and the use of systemic antifungal drugs during the study. These 
tables show that overall, important post-baseline characteristics were comparable 
between the treatment arms. 

le 17: Distribution of Subjects by Post-baseline Characteristics (All randomized Patients) 

Post-Baseline Characteristic 

Total Chemotherapy Cycles Before or During the Treatment Phase 

Worst Neutropenia Duri~-g the Treatment Phase 

Neutropenic 

Severe Neutropenia (ANC 5100 cellstmm") 

Non-Severe Neutropenia (ANC ,100 cellstmm~o5500 cellstmm3) 

Non-Neutropenic (ANC >500 cells/mm3) 


Missing or Unknown 


Maximum Consecutive Days of Neutropenia During Treatment Phase 

0 to 7 days 

>7 to 14 days 

214 to 21 days 

>21 to 28 days 

>28 days 

N 


Mean (SD) 


Median 


Minimum-Maximum 


Number (%) of Subjects 


POS FLUtllZ 

(n=304) ( ~ 2 9 8 )  


298 (98) 290 (97) 


264 (87) 261 (88) 


34(11) 29(10) 


1 (<I )  6 (2) 


5 (2) 2 (1) 


25 (8) 26 (9) 

78 (26) 73 (24) 


98 (32) 1 15 (39) 


50 (16) 49 (16) 


53 (17) 35 (12) 


304 298 


20 (13.2) 18 (9.3) 


18 17 


0 - 95 0 - 57 


ANC = absolute neutrophil count; FLU = fluconazole; IF1 = invasive fungal infection: ITZ = itraconazole; 
Source: Sponsor's study report table 23 
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Table 18: Distribution of Subjects by use of SAF as empiric therapy for a suspected/proven IF1 ( All 
Randomized Patients) 

Table 19: Distribution of Subjects by use of SAF for any reason (All Randomized Patients) 

SAF Used for the Treatment of a SuspectedlProven IF1 

No 

Yes 

1 to 3 days 

4 to 7 days 

>7 days 

Mean (SD) 

Median 

Minimum-Maximum 

Post-Baseline Characteristic 

SAF Used for Any Reason, Taken After First Day and Before Last Day of Study Drug 

No 

Yes 

1 to 3 days 

4 to 7 days 

>7 days 

Mean (SD) 

Median 

Minimum-Maximum 

Number (% 

POS 
(n=304) 

278 (91) 

26 (9) 

12 (4) 

8 (3) 

6 (2) 
6 (7.1) 

4 

1 - 2 8  

FLU = fluconazole; IF1= invasive fungal infection; ITZ = itraconazole; POS = posaconazore; SAF = systemic 
antifungal therapy (other than study medication); SD = standard deviation. 

Source: Sponsor's study report table 23 

Number (%) of Subjects 

of Subjects 

FLUllTZ 
(n=298) 

276 (93) 

22 (7) 

14 (5) 

4 (1) 

4 (1) 
5 (8.5) 

2 

1 - 39 

POS 
(n=304) 

223 (73) 

81 (27) 

12 (4) 
32 (11) 

37 (12) 

7 (3.0) 

7 

1 - 2 4  

Use of IV Study Medication 

No 

Yes 

1 to 3 days 

4 to 7 days 

>7'days 

Mean (SD) 

Median 

Minimum-Maximum 

FLUllTZ 
(n=298) 

I 86  (62) 

112 (38) 

9 (3) 
60 (20) 

43 (14) 

7 (2.1) 

7 

1 - 17 

FLU = fluconazole; IF1= invasive fungal infection; ITZ = itraconazole: POS = posaconazole; SAF = systemic 
antifungal therapy (other than study medication); SD = standard deviation. 

Source: Sponsor's study report table 23 



3.1.2.4 Applicant's EfJicacy Analyses Results 

The primary efficacy variable, as specified in the protocol and the data analysis plan, 
was the DRC-adjudicated incidence of proven or probable IF1 for All Randomized 
Subjects from randomization to the end of the Oral Treatment Phase. The following 
table shows the applicant's primary efficacy analysis that meets the non-inferiority as 
well as statistical superiority criterion prospectively set by the applicant in the protocol. 

Table 20: Proven and Probable Fungal Infections during the oral treatment phase (All Randomized 
Patients) 

I Number (%) of Subjects I 1 

Source: Table 15 of the sponsor's study report. 

IF1 

The sponsor conducted additional analyses using different analysis populations, 
including modified intent to treat and efficacy evaluable (per protocol). These showed 
similar results to the all randomized population. Results are also similar for the time 
frames 30 days post end of therapy and 100 days post randomization. 

All proven and probable DRC-adjudicated IFls during the primary time period are 

FLU = fluconazole; IF1 =5jvasive fungal infection; ITZ = itraconazole; POS = posaconazole. 

POS 
( ~ 3 0 4 )  

7 (2) 

summarized according to the infecting pathogen in the following table. Once again as 
in Study Cl198-316, the differences seen in the primary analysis is mainly driven by 
probable aspergillosis. 

FLUIITZ 
( ~ 2 9 8 )  

25 (8) 

Difference 

-6.09% 

Table 21: Distribution of ProvenIProbable IF1 by Pathogen during the Oral Treatment Phase 

Proven 

The sponsor does conduct an additional analysis of breakthrough invasive aspergillosis 
infections only and they claim a super-ior result for this analysis as well. Note that this 
is not considered a valid analysis as discussed in section 5.I .  

95.13% Confidence 
Interval for the 

Difference 

-9.68% to -2.50% 

1.  
2 
1 

Aspergillus 
Candida 
Pseudallescheria 
Zygomycetes 
Other 

Probable 
Aspergillus 
Candida 
Other 

The protocol stated that mortality will be recorded for the treatment phase and follow-
up periods (30 days post-treatment and 100 days after randomization). The sponsor did 

31 

P-Value 

0.0009 

Number of Subjects 

0 
3 
0 

Posaconazole 

0 
1 
3 
2 
0 
1 

FLUIITZ 

1 _
0 

20 
19 
0 
1 

4 5 



not report the analysis of time to death for the treatment phase, but reports that there 
was no statistically significant difference between treatment groups for the period 30 
days post-treatment. The applicant's analysis of time to death during the period from 
randomization to 100 days post randomization for all randomized subjects showed a 
statistically significant difference between the two treatment groups (log-rank p-value= 
0.0354). In this analysis, all subjects who were alive at 100 days post-randomization 
were censored at Day 100 or at the last follow-up observation in the case of premature 
discontinuation. The following figure, Figure 4, is the applicant's Kaplan-Meier graph 
from the study report (figure 5 in sponsor's study report, page 118). 

Figure 4: Kaplan-Meier Analysis of Time from Randomization to Death by Treatment Group for 
All Randomized Subjects, Study PO1899 
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The sponsor conducted an analysis of clinical failure as a secondary endpoint. Recall 
that clinical failure was defined in the protocol as the presence of a proven or probable 
IFI, >= 4 days of empiric parenteral (IV) antifungal treatment for a suspected IFI, >3 
consecutive days or > =10 cumulative days of IV alternative study medication during 
the Treatment Phase, or discontinuation due to an AE considered possibly or probably 
related to study drug or withdrawal from the study for any reason with subsequent loss 
to follow-up during the oral treatment phase. The following table reports these results. 
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Table 22: Distribution of clinical outcome (All Randomized Patients) 

Number (%) of Subjects 

POS FLUllTZ 95.1 3% Confidence 
(n=304) (n=298) Interval for the 

Clinical Outcome Difference Difference P-Value 

Failurea 109 (36) 10.45% 2.59% to 18.32% I I ISuccess 195 (641 O.Oogl 

FLU = fluconazole; ITZ = itraconazole; POS = posaconazole. 

a: Thirteen subjects (7 POS, 6 FLUIITZ) who were randomized but never treated were regarded as treatment 
failures for the statistical analysis of clinical outcome. 


Source: Table 20 of  sponsor's study report. 


Although the review team considered the above analysis more valid than fhe analysis of 
IF1 alone it raised concerns regarding some deaths being considered as-successes and 
the dficulties in establishing causality of death or* adver-se event. For ~~eviewer's 
analysis of clinical failure, see section 3.1.2.5. For more detailed discussion of this 
point, the reader is referred to Section 5.1. 

3.1.2.5 Reviewers' Efficacy Analyses Results 

The review team considered clinical failure defined here as the most robust and 
appropriate endpoint in this prevention study: A patient is a clinical failure if a proven 
or probable IF1 is present, received 4 or more days of empiric treatment with another 
antifingal for suspected IFI, use of IV alternative antifungal medication for >3 
consecutive days or >= 10 cumulative days, discontinuation due to an AE regardless of 
determination of causality, discontinuation due to treatment failure, withdrawn from the 
study for any reason, lost to follow-up during the oral treatment phase (oral treatment 
plus 7 days) or death during the oral treatment phase. Subjects randomized but never 
treated were treated as failures as was done by the applicant. The following table 
reports the results of this analysis. 
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Table 23: Distribution of Clinical Failure as defined by the FDA Review Team (All Randomized 
Patients) 

.ClinicalSuccess 
Clinical Failure 

outcomes a;e ranked by brder in the table. 
**: Difference. p-value and 95.13% confidence interval of the difference (POS - F L U / I T Z ) ~ U S ~ ~ ~a normal 
approximation adjL%ted by the control-site and baseline stratification factor as described by Fleiss6. 

Clinical Outcome of oral 
phase plus 7 days 

Due to 
IF1 
Death* 
Use of Systemic Therapy 
Not followedldiscontinued 

The reviewers conducted additional sensitivity analyses of clinical outcome defining all 
treatment discontinuations as failures and defining no treatment discontinuations as 
failures and similar results were obtained. 

Difference 
(POS-

FLUIITZ)" 
.. .-

166 (55%) 
138 (45%) 

Given that this study used two different controls, based on site, it is of importance to 
check the consistency of results by control used in order to assess if pooling the 
information is valid. The following table reports the reviewers7 analysis of clinical 
failure by each type of comparator used. Though the sites that used itraconazole had 
lower success rates, the treatment effect (difference between posaconazole and control) 
is similar. Test for homogeneity of odds ratio did not reject the null hypothesis of 
homogeneity. 

Number (%)ofsubjects 

*: For studv P01899. 1 ~osaconazoleoatient and 2 control vatients were counted as both IF1 and death. All other 

7 
1'8 
63 ' 

51 

POS 
(N =304) 

n l%\ 

95.13% 
confidence 
interval" 

.. .-

126 (42%) 
172 (58%) 

25 
26 
88 
35 

FLUIITZ 
(N=298) 

n 

P-
value" 

I I 

12.2% 1 (4.3, 20.1) 1 0.002 

Table 24: Clinical failure by comparator used 
Clinical Outcome 

Failure 
Success 

3.2 Evaluation of Safety 

Difference in success rates, 
CI' and p-value 

The reader is referred to safety review by the medical officer Dr. Maureen Tiemey. The 
following is a brief summary of that review. 

Fluconazole S i t e s  
POS FLU 
N=239 N=240--
99 (41) 132 (55) 
140 (59) 108 (45) 

13.6 0.003 0.3004 
(4.7 22.4) 1 ::;.9, 25.8) 

Posaconazole is a relatively well tolerated azole with some of the same safety concerns 
as other members of the azole class and some possibly unique safety issues. 

ltraconazole s i t e s  
POS ITZ 
N=65 N=58 
39 (60) 40 (69) 
26 (40) 18 (31) 

#95% confidence intervals (POS - Control) and p-value based on a normal approximation adjusted by the 
baseline stratification factor as described by ~ l e i s s ~ .  



Increase in hepatic adverse events including elevation in liver function tests and 
rare cases of severe liver injury in patients with severe underlying comorbidity. 

Drug interaction with cyclosporine (and tacrolimus) which can lead to severe, 
even fatal, cyclosporine toxicity. 

Inhibitor of CYP3A4 

Similar rates of increase of >60msec of QTc from baseline and QTC over 500 
msec in POS prophylaxis patients as those who received fluconazole. No similar 
events recorded in healthy subjects. One case of torsades de Pointes in 
posaconazole prophylaxis pool of patients with severe electrolyte abnormalities. 

Mild increase in incidence of significant hypokalemia (13%) in :comparison to 
fluconazole- (10%)-

Increase in number of patients with pulmonary embolus in the post stem cell 
transplant patients with GVHD who received posaconazole in comparison to 
fluconazole (6 versus 0). 

Mild increase in TTP ( and overall thrombocytopenia) and HUS in the post stem 
cell transplant patients with GVHD who received posaconazole in comparison 
to fluconazole. 

4. FINDINGS IN SPECIALISUBGROUP POPULATIONS 

4.1 Gender, Race and Age 

4.1.1 Study Ct198-316 

The following table contains the results of the sponsor's clinical success endpoint and 
the sponsor's primary endpoint, proven or probable IF1 breakthrough infections, for the 
subgroups of gender, race and age. For male subjects there appears to be little 
difference between the two treatments in either analysis. All the difference seen 
between the arms are with female subjects. A logistic model was run with gender and 
treatment and the interaction was not found to be significant. There was no strong 
trend seen in the breakdown by race, given that races other than Caucasian had fairly 
small sample sizes. There was also no strong trend with age when broken down by < 
18, 18 - 65, and >= 65. Age or an interaction of treatment and age were also not 
significant when age was treated as a continuous variable in a logistic model. 



Caucasian 1721259 (66) I541246 (63) 151259 (6) 211246 (9) 
Hispanic 13/19 (68) 15/24 (63) 0119 (0) 3/24 (13) 
Black 10112 (83) 11/18(61) 0112 (0) 2/18 (11) 
Asian 519 (56) 8110 (80) 119 (11) Ill0 (10) 
American Indian 212 (100) 111 (100) 012 (0) 011 (0) 

*-
Table 25: Gender, Race and Age based subgroup analysis for Study ClI98-316 (All randomized 

Patients) 

-
Age 

< 18 214 (50) 718 (88) 114 (25) 018 (0) 
18to < 65 I981292 (68) 1801286 (63) 141292(5) 251286 (9) 
>= 65 215 (40) 215 (40) 115 (20) 215 (40) 

* Sponsor's defined clinical success. Subject is considered a failure if a proven or probable IF1 is present, received 
more than 5 days of empiric treatment with another antifungal during the primary time period, not followed for the 
entire 16 weeks of scheduled follow-up. or died. 
** Subject is considered a failure if proven or probable IF1 is present. Results taken from table 17 in section 2.7.3 of 
sponsor's report. 

4.1.2 Study PO1899 

Gender 
Males 
Females 

The following table contains the results of the reviewers' primary endpoint, clinical 
success, and the sponsor's primary endpoint, proven or probable IF1 breakthrough 
infections, for the subgroups of gender, race and age. There was no strong trend seen in 
the breakdown by gender or age. All the difference seen between arms for the 
reviewer's clinical success is coming from Caucasians. However, note 'that all other 

Sponsor's Primary 
Endpoint Proven 
or probable IFI** 
Posaconazole 

111203(5) 
5198 (5) 

races had fairly small sample sizes. 

Sponsor's 
Endpoint of 
Clinical Success* 
Posaconazole 

I331203 (66) 
69/98 (70) 

Fluconazole 

111187 (6) 
161112 (14) 

Fluconazole 

1241187 (66) 
651112 (58) 



Table 26: Gender, Race and Age based subgroup analysis for Study PO1899 (All randomized 

* Reviewer's defined clinical success where patients is a failure if a proven or probable IF1 is present, received 4 or 
more days of empiric treatment with another antifungal for suspected IF], use of IV alternative antifungal medication 
for >3 consecutive days or >= 10 cumulative days. discontinuation due to an AE regardless of determination of 
causality, discontinuation due to treatment failure, withdrawn from the study for any reason, lost to follow-up during 
the treatment phase (treatment plus 7 days) or death during the treatment phase. 
** Subject is considered a failure if proven or probable IF1 is present. Results taken from table 17 in section 2.7.3 
*** Includes Native American, Indian and mixed race. 

4.2 Other Special/Subgroup Populations 

The sponsor felt that it was important for the studies to be balanced across treatment by Acute or 
Chronic GVHD for study ClI98-3 16 and by Acute Leukemia (new or primary relapse) or 
Myelodysplastic syndrome for study PO1 899 and therefore, conducted their randomization 
stratified by these factors. The following table, Table 27, reports the clinical success by these 
stratification factors used at randomization. Though the clinical success rate does vary slightly 
across strata, the treatment effect (difference between posaconazole and control) remains fairly 
constant. 
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Table 27: Clinical success by stratification factors for Studies C/198-316 and PO1899 (All randomized 
patients) 

Clinical Success* 
Posaconazole Control 

Study Cl198-316** 
Acute GVHD 1231202 (60.9) 1 1711 97 (59.3) 
Chronic GVHD 78/98 (79.6) 721100 (72.0) 

Study PO1 899 
Acute Leukemia (new) 1 16/21 3 (55.5) 941222 (42.3) 
Acute Leukemia (primary relapse) 22/42 (52.3) 14/38 (36.8) 
Myelodysplastic syndrome 28/49 (57.1 ) 18/38 (47.3) 

* Sponsor's defined clinical success for study C/198-316. Reviewer's defined clinical success for study 
where patients is a failure if a proven or IF1 is present, received 4 or more days of empiric treatment with 
another antifungal for suspected IFI, use of IV alternative antifungal medication for >3 consecutive't-lays or >= 10 
cumulative days, discontinuation due to an AE regardless of determination of causality, discontinua%on due to 
treatment failure, withdrawn ffilm the study for any reason, lost to follow-up during the treatment phase (treatment 
plus 7 days) or death during the treatment phase. 
** 3 subjects did not have GVHD status reported. 

5. SUMMARY AND CONCLUSIONS 

5.1 Statistical Issues and Collective Evidence 

5.1.1 Statistical lssues 

There were a number of statistical issues discovered in the review of the two 
prophylaxis studies (ClI98-316 and PO1 899). They include 

1> Definition of the primary analysis 

2> Analysis of prophylaxis for aspergillosis alone 

3> Non-inferiority design with comparators not approved for the indication sought by 
the applicant (namely, all invasive fungal infections) -

4> 	Justification for the non-inferiority margin 

5> 	Limitations of statistical methods to resolve issues of concentration-response 
relationship found by the clinical pharmacology reviewer 

These issues as well as a labeling comment will be discussed here. 

1. Definition of the primarv analysis: 

As mentioned in section 3.1, the review team had major concerns regarding the 
sponsor's primary efficacy endpoint. The applicant defined the primary efficacy 
endpoint as occurrence of IF1 in all randomized patients during the pre-specified 
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(primary) time period. Though this endpoint is considered clinically meaningful, the 
concern arises regarding the details of the analysis and how subjects with essentially 
missing data are handled. For instance, subjects who die during the primary time 
period can no longer have a breakthrough IF1 infection and this constitutes informative 
censoring. Considering these patients as "successes" may lead to biased estimates of the 
treatment effect. Therefore the review team decided it was more appropriate to perform 
the primary analysis on IF1 by treating all-cause mortality and other events that lead to 
either informative censoring or missing data as failures. The review team's position is 
supported by the literature on combined endpoints. This reviewer refers to the paper by 
Lubsen3. These authors discuss why analyzing specific non-fatal events in isolation 
may lead to spurious conclusions about efficacy unless the events considered are 
combined with all-cause mortality with examples of trials conducted in real time. 

The review team discussed the inclusion of all-cause mortality versbs IF1 related 
(caused) mortality. It has been shown in the literature that it is quze difficult to 
determine if a death was possibly due to an invasive fungal infection. In ~ i r c h ~  the 
authors discuss the frequency of misdiagnosis despite increased diagnostic technology 
with infections being one of the most common errors. sharma5 conducted a 
retrospective analysis of antimortem and postmortem pulmonary findings in patients 
receiving blood and bone marrow transplant recipients. They found that 5 of the 11 
patients with pulmonary aspergillosis (45%) at autopsy were not receiving treatment for 
these conditions at the time of death. Also 10 of 16 patients (63%) being treated for 
suspected pulmonary aspergillosis at the time of death had no evidence of pulmonary 
aspergillosis at autopsy. 

During a discussion of other events that can lead to informative censoring, it was made 
clear that as part of the clinical management, subjects who are thought to potentially 
have a fungal infection are often empirically treated with an anti-fungal drug in addition 
to the study medication. While many of these patients in the two studies (ClI98-316 
and P01899) were determined to have not had a proven or probable fungal infection, 
the empiric treatment with the anti-fungal drugs other than study medication could have 
suppressed an early fungal infection, or these drugs could have contributed to the 
prevention of a fungal infection. Therefore, the review team felt that the events such as 
use of anti-fungal dugs other than the study medication during the study period along 
with loss to follow-up should also be considered as part of the composite primary 
endpoint. 

2. Analysis of prophylaxis for Aspergillus alone 

The sponsor conducted an analysis of the event of breakthrough aspergillosis infections 
and determined that a significant difference was found. This analysis in essence treated 
all deaths without an aspergillosis infection and all breakthrough hngal infections due 
to other pathogens as successes. This is a concern given that treatment of these other 
infections could have also treated an aspergillosis infection or could have helped to 
prevent one. We point again to the article by Lubsen3 who discuss why analyzing 
specific non-fatal events in isolation may lead to spurious conclusions about efficacy. 
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3. Non-inferiority design with comparators not approved for the indication sought by 
the applicant (namely, ----7---=-- infections) 

Regarding the use of fluconazole as the comparator in study CII98-316, the review 
team repeatedly had informed the applicant that since the comparator, fluconazole, is 
not approved for the broad indication proposed by the applicant, a non-inferiority 
analysis would not be able to support the efficacy of posaconazole for --i infections and that a superiority analysis would be needed to provide evidence 
that posaconazole is effective for pathogens other than Candida. The results of this 
study show that there is not statistically sufficient evidence that posaconazole is 
superior to fluconazole in terms of clinical success. However the data do provide 
sufficient evidence of comparable performance of posaconazole to that of fluconazole 
in terms of clinical success established by means of non-inferiority with the sponsor's 
defined 15% margin (see the next discussion point). There is some cndication that 
posaconazole may be effective in preventing aspergillosis due to the numerical 
difference in breakthrough hngal infections. However, we leave this determination to 
the clinical and microbiological reviewers. 

Regarding the use of fluconazole and itraconazole as the comparators in study PO1 899, 
the sponsor was told that since these drugs were not approved for prophylaxis of hngal 
infections in this patient population, the sponsor would need to show a superior result. 
Given that the results do show statistically significant superiority of posaconazole, this 
issue is resolved in study PO1 899. 

4. ~ustification for the non-inferiority margin 

The sponsor proposed a 15% non-inferiority margin for the percent difference for study 
C/I98-316. The review team requested justification of the proposed 15% non-
inferiority margin from the sponsor on 4/24/06. Ln the sponsor's response on 5/23/06, 
the sponsor agreed that the exact rate of IF1 is difficult to estimate particularly in this 
patient population, and published rates have ranged from 5% - 40%. The sponsor 
referred to the study by slavinl which the sponsor states demonstrated the safety and 
efficacy of fluconazole for preventing opportunistic infections in subjects undergoing 
hematopoietic stem cell transplant. However, the population and the prophylaxis 
strategy in the Slavin article were not identical to study.CII98-316. This article found 
the IF1 rates were 17.6% for placebo and 6.6% for fluconazole (odds ratio of 3.3 for 
placebo versus fluconazole with 95% CI of [ I  .4, 6.51). The sponsor then determined 
that a non-inferiority margin that would retain 50% of this effect would be 1.18. They 
argued that the selected margin based on 15% relative difference in IF1 incidence with 
regard to fluconazole wouId correspond to a margin of 1 .I625 for the odds ratio based 
on the observed number of 43 IFIs in the primary time period and this margin would 
retain more than 50% of the fluconazole effect. 

The applicant's justification for the choice of non-inferiority margin is based on just 
one study that used different endpoints, different prophylaxis strategy and enrolled a 
different population of patients. The determination of an appropriate non-inferiority 
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margin is difficult in the setting of a treatment study. However, it is far more difficult 
in the setting of a prophylaxis indication. The literature shows superiority of 
fluconazole in a least one study referenced by the sponsor. The statistical team relied 
on the clinical team to determine if the subjects in this study are of similar risk for 
developing fungal infections as those in the reference study. Note that the review team 
has no evidence that the sponsor conducted a thorough search of all appropriate articles 
to determine the adequacy of their proposed non-inferiority margin. This is important 
because one should not ignore, and must take into account, literature (if it exists) that 
does not show superior efficacy of fluconazole over placebo as well. 

5. Issues of concentration/response found by clinical pharmacology reviewer 

The clinical pharmacology reviewer determined that there was a significant 
concentration response association between posaconazole levels ob.ta+ned in study 
ClI98-316 and clinical response. The following table, reproduced fromrSeong Jang's 
analysis, showsrihat subjects with the lowest q.uartile of posaconazole concentrations 
had a higher failure rate than those in the upper quartiles leading one to believe that 
patients who are not able to obtain high enough concentrations of posaconazole may 
obtain poorer outcomes because of it. The clinical pharmacology review commented 
on the high variability of concentrations seen with posaconazole and that absorption of 
posaconazole is highly affected by fat. 

Table 28: Incidence of Clinical Failure in the All Treated population during the Primary Time 
Period in 4 quartiles of POS C,,., (Study C98-316). 

Quartiles Q1 Q2 Q3 Q4 
C,, (nglmL) 21.5-557 557-91 5 91 5-1 563 1563-3650 
Clinical 44.4% 20.6% 17.5% 17.5% 
Failure (28163) (1 3163) (1 1/63) (1 1/63) 

However, one problem with looking at the success rates of the lowest concentration 
group of posaconazole is that we do not know how fluconazole would have done in 
patients similar to those found in this lowest concentration group. There was some 
discussion that the posaconazole patients with the lowest exposure could have been a 
more ill  group of patients. -
We attempted to model posaconazole plasma concentrations versus baseline risk factors 
to see if a model that predicted much of the low concentration seen with posaconazole 
could be found. This model could then be used to predict for control patients 
hypothetical posaconazole concentrations. Control patients could then be grouped into 
similar quartiles for comparison. However, we were unable to come up with an 
adequate model (using either actual concentrations or binary endpoint based on the 
quartiles). 

Absent convincing evidence that baseline risk factors alone can explain the low 
posaconazole levels, we continue to be concerned that the low posaconazole levels may 
be causing, at least in part, the low success rates in these subjects. 



We would recommend the information on this exposure-response finding be included in 
the label and studied further in a phase IV commitment. 

Labeling 

On June 20,2006, the clinical team decided to redefine the clinical success endpoint 
that would be included in the drug label. Use of this redefined endpoint (not reported in 
this review) does not change the qualitative conclusions of the studies from the results 
that are reported here. 

5.1.2 Collective Evidence 

Two comparative Phase 111 studies were conducted using posaconazole 5s prophylaxis 
for the prevention of invasive fungal infections in high risk patients. ClI98-316 was a 
randomized double-blind active controlled trial of posaconazole versus fluconazole as 
control in HSCT recipients receiving high-dose immunosuppressive therapy for graft-
versus-host disease (GVHD). Study PO1899 was a randomized, open label, active 
controlled trial of posaconazole versus fluconazole or itraconazole as control (by 
center) in acute myelogenous leukemia or myelodysplastic syndrome (AMLIMDS) 
patients with severe, prolonged neutropenia due to remission-induction chemotherapy. 

The following table provides a summary of clinical success rates for the two studies 
((21198-316 and P01899). For study ClI98-3 16, 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, or discontinuation from the Primary Time Period (i.e., subject not 
followed for the entire duration of the period). For study PO1899, clinical failure was 
defined by the review team as follows: occurrence of a proven or probable IFI, receipt 
of 4 or more days of empiric treatment with another antifungal for suspected IFI, use of 
IV alternative antifungal medication for >3 consecutive days or >= 10 cumulative days, 
discontinuation due to an AE regardless of determination of causality, discontinuation 
due to treatment failure, withdrawn from the study for any reason, lost to follow-up 
during the oral treatment phase (oral treatment plus 7 days) or death durisg the oral 
treatment phase. Note that the review team redefined the sponsor's defined clinical 
failure for study PO1899 since in the sponsor's analysis some patients who died were 
not considered failures and since the sponsor only included discontinuations due to 
dr.ug-related adverse events in the definition of failure. 
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Table 29: Summary of study results for ClI98-316 and PO1899 (All Randomized Subjects) 
Cl198-3 1 6* PO 1 899' 

Posaconazole Fluconazole Posaconazole Flulltra 
(N =30 1 ) (N=299) (N =304) (N=298) 

n (%) n (%) n (%) n (%) 
Clinical Success 202 (67%) 189 (63%) 166 (55%) 126 (42%) 
Clinical Failure* 99 (33%) 1 10 (37%) 138 (45%) 172 (58%) 
Due to 

IF1 16 27 7 25 
Death** 58 59 18 26 
Use of Systemic Therapy 10 9 63 88 
Not followedldiscontinued 24 30 5 1 35 

CI for the difference*** (-2.7, 12.2) (4.3, 20.1) 
*: Primary time point is at 16 weeks for study C1198-316 and at end of oral therapy plus 7 days for study PO1 899. 
**: For study C1198-316. 10 posaconazole patients and 16 fluconazole patients were counted as both IF1 and death. 

F o r  study P01899, 1 posaconazole patient and 2 control patients were counted as both IF1 and death. All other 
outcomes are ranked by order in the table. -
***: 95.01% CI for study C1198-316 and 95.13% CI for study PO1899 

Note that some of the concerns of the interpretations of the results of these studies 
include difficulty in determining an appropriate non-inferiority margin for study ClI98- 
316 and the open-label nature of study PO1899, along with the many issue inherent with 
the design and analysis of prophylaxis studies. However, we believe that collectively 
these two studies are supportive of the efficacy of posaconazole for prophylaxis of 
fungal infections in these patient populations. 

5.2 Conclusions and Recommendations 

The data from the two randomized, active-controlled clinical trials submitted in this 
application, collectively provide sufficient evidence of comparable performance of 
posaconazole to that of other azoles (namely fluconazole and itraconazole) in terms of 
clinical success (primarily defined as invasive fungal infection free survival) by means 
of non-inferiority design. There is some indication that posaconazole may be effective 
in preventing aspergillosis infection due to the numerical difference. in probable 
breakthrough fungal infections. However, we leave this determination to - the clinical 
and n~icrobiological reviewers. -
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APPENDIX 

The following is the sponsor's discussion of the computation of the maximum value to 
determine non-inferiority from the final protocol for study ClI98-316. 

Assessment of Noninferiosity 

Posacctr~azotewill be considered to be at least noninferior to fluconazole, with 

respect to the pnmar$ efficacy endpulnt based on ail treated patients, ~fthe upper 

limit of the 95.07% confidence interval for the adjusted odds ratio. for the effect of 

treatment upon the i~icidenceof proven or probable IFI. does not exceed a maximum 

value correspond~ngtcr, a percentage difference in incidence [with respect to the 

incidence of flhrconazole) of '1 5%. The maxirncrrnvalue ivill be cornputedas follows 

Let 

-
XPOS= Posaconazole incidence ti2 be ruled orrt: 

-
~ F L Z= Fluconazole incidence to be ruled out; 

,? x =  Est~rnatedoverall incidence (Total numl>er of eventsl'Total 
number of patients), 

lVpos= Nulnber of patients in the Posoconazofe treatment group, 

= Number crf patients in the fluconazule treatment group 

Then solve the following two equatior-rsfor FC,,, and ifFIz 

-- --
~ P U S-XFLZ = 0.25 

7-

XTIZ 

Then calculate the rnaxtmum value for the upper confidence tinait of the odds 

ratio as. 

- , 
XPQS[<I-ZFZZ1

fllaxir1-aurnValue = -
X F I Z(1-'PO5 1 
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