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Introduction and Background: 
The subject of this NDA is posaconazole (SCH 56592) a triazole with activity against 
Car~didaalbicans and Aspergillus ji~migatus. The preclinical studies supporting the 
activity of posaconazole were reviewed earlier __________ 

\. The clinical microbiologic 
studies for the prophylaxis of invasive fungal infections in high risk patients with 
prolonged neutropenia or who have undergone hematopoietic stem cell transplantation 
were reviewed by Dr Suvarna (for details see microbiology review dated May 15, 2006). 
This microbiology team leader review discusses essential microbiologic findings 
abstracted from Dr Suvarna, Dr Goodwin and Ms. Moore's reviews relevant to the 
labeling. 

Comments: 
1. Efficacy of posaconazole as a prophylactic agent was compared to fluconazole in 

studies Cl198-316 and PO1899 and itraconazole in study PO1899. Please note that 
fluconazole is approved for the 

o treatment of oropharyngeal, esophageal and vaginal candidiasis, and 
o prophylaxis to decrease the incidence of Candidiasis in jjatients 

undergoing bone marrow transplantation; whereas 
itraconazole is approved for the 

o treatment of Aspergillosis (pulmonary and extrapulmonary) in 
immunocompromised and nonimmunocompromised patients, and 

o empiric therapy in febrile neutropenic patients with suspected fungal 
infections 

The results of the clinical studies show lower number of breakthrough infections in 
patients treated with posaconazole compared to fluconazole (Tables 1 and 2) in 
studies ClI98-316 and PO1899 and same as itraconazole (Table 2) in study PO1899 
during the primary treatment phase in evaluable population. Please note treatment 
duration varied from 1 to 1120 days (mean: 80 days - posaconazole and 77 days -



fluconazole). However, similar observations were made in all treated subjects in both 
the studies while patients were on therapy (Tables 3 and 4). A majority of the 
breakthroughs were due to Aspergillus or Candida species in patients treated with 
posaconazole or comparators (for details see Microbiology review by Dr Suvarna 
dated 511 5/06 and Medical officer review by Dr Maureen Tierney). There were fewer 
breakthroughs due to Aspergillus in patients administered posaconazole compared to 
fluconazole and same as subjects administered itraconazole. Overall, the numbers of 
breakthrough infections were small in all the groups. 

Table 1	: Pathogen group associated with proven (proven + probable) invasive fungal infections during the 
primary treatment phase (i.e.. 16weeks) in the evaluable population in randomized double-blind study 
C/198-3 16.- -~ -

Species 	 Posaconazole Flvconazole-
Aspergillus,fitniig~~us 0 (0) 2 ( 5 )  

Aspet-gillt~sflanls 0 (0) 2 (2) 

Aspergillt~s lert-eus 0 (0) 0 (1) 

Aspel-gillta niger- 0 (0) 1(1) 

Aspergilltls species 0 (4) 1 (8) 


Aspergillus species 0 (4) 6 (17) 
Total 

Candidu albicans 0 (0) 0 (0) 
Candida glabrata 2 (2) 1 (1) 
Candida klzisei 1 (1) 0 (0) 
Ca17didu parapsilosis 0 (0) 0 (0) 
Candida species 0 (0) 0 (0) 

Candida species 3 (3) 1 ( 1 )  
Total 

Rliizomt~cor-rniehei 0 (0) 1(1) 
Psez~doallescheria boydii 1 (1) ' 0 (0) 
Scedospor-inn1 PI-ol~jicans 1 (1) - 0 (0) 
Trichospor-on biegelii 1 (1) 0 (0) 
Other inold 0 (0) 1(1) 

Other fungal species 3 (3) 2 (2) 
Total I 

Total I 	 6 (10) 1 9 (20)-
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Table 2: Pathogen group associated with proven (proven + probable) invasive fungal infections during 

treatment (maximum period 12 weeks) in the evaluable populations in a randomized open label 
evaluator blinded study POI 899 

Species Posaconazole Fluconazole ltraconazole 
Aspegillzis fumigurzis 0 (0) 0 ( 1 )  0 (1) 

AspegillusJavw 0 (0) 0 (2) 0 (0) 

Aspegillus species 0 (2) 1 (11) 0 (4) 


Aspergillus species 0 (2) 1 (14) 0 (5) 
Total 

Candidu glabrata 2 (2) 1 (1) 0 (0) 

Candida krusei + 0 (0) 1 (1) 0 (0) 

Candida purapsilosis 

Candida ~r~opicalis + 0 (0) 0 (0) 

mold 

Candida species + inold 0 (1) 0 (0) 0 (0) 


Candida species 3 (4) 2 (2) - 0 (0) 
Total 

-
Rhizomzicor arrhizus 0 (0) 1 ( 1 )  0 (0) 

Psezidoallescher-ia boydii 0 (0) 1 (1) 0 (0) 

Pneurnocyslis car-inii 0 (0) 0 (1) 


Other fungal species 1(1 )  2 (2) 0 (1) 
Total 

I I I 

Total I 4 (7) 1 5 (18) 1 0 (6) 

Table 3: Pathogen group associated with proven (proven + probable) invasive fungal infections while on 
treatment in the all treated population in a randomized double-blind study C/J98-316. 

Species Posaconazole Fluconazole 

Aspergillus,fur~~iga~zis 0 (0) 3 ( 6 )  

AspergillusJTavza 0 (0) 2 (2) 

Aspergillus lerrezis 0 (0) 0 (1) 

Asper-gillus niger- 0 (0) .0 (0) 

Asyer~gillzis species 0 (3) 2 (8) 


Aspergillus species 0 (3) 7 (17 
Total 

Candida albicans I ( ] )  I . (])  
Cundida glabrata 0 (0) 1 (1) 
Candida krzisei 0 (0) If 1) 
Candida parapsilosis 0 (0) 0 (0) 
Candidu species 0 (0) 0 (0) 

Candida species 
Total- .--. 

Rhizomzicor ~niehei 0 (0) I ( ] )  
Pseudoallescl~eria bop-dii 1 (1) 0 (0) 
Scedosporizim pr-olrjkans 0 (0) 0 (0) 
Tvichospor-on biegelii 1 (1) 0 (0) 
Other mold 1 (1) 

Other fungal species 3 (3) 2 (2) 
Total I 
Total I 4 (7) 1 12 (22) 
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1. EXECUTIVE SUMMARY 

The sponsor is seeking approval of posaconazole (POS) oral suspension for the prophylaxis of 
invasive fungal infections (IFIs) in high-risk patients (2 13 years of age) with prolonged 
neutropenia or who have undergone hematopoietic stem cell transplantation. The sponsor has 
proposed a dose of 600 mglday POS orally for the prophylaxis of IFIs. The duration of therapy 
will be based on recovery from neutropenia or immunosuppression. 

Mechanism of action: 
- POS is a triazole anti-fungal compound that is chemically similar to the currently marketed 

triazole compounds fluconazole (FLZ), itraconazole (ITZ), and voriconazole (VRZ). The 
mechanism of action of POS against zygomycetes was examined in a study included in this 
submission and against Candida and Aspergillus species in the previous submissim reviewed by 
Dr. Goodwin and Ms. Lygn Steele-Moore. The mechanism of action of POS is similar to other 
azoles in that it inhibits the lanosterol 14 a-demethylase enzyme (CYP5 1) involved in ergosterol 
biosynthesis. 

Activity in vitro: 
The in vitro activity of POS was measured against various fungal species according to the 
Clinical and Laboratory Standards Institute (CLSI) recommended methods (M27A2 and M38A). 
The in vitro activity of POS against yeasts and mold included in this submission were similar to 
that observed in studies reviewed previously 

-

Activity in vivo: 

Drug resistance: 

Candida albicans: 
In drug resistance studies reviewed earlier by Dr. Goodwin and Ms Lynn Steele-Moore, 
prolonged exposure of C. albicans strain C43 to posaconazole did not alter the MICs following 
serial passages in vitro. Conversely, exposure of C. albicans to fluconazole resulted in changes 
to the fluconazole susceptibility indicated by the 16-60 fold rise in MICs in 5 of the 6 cultures. 
Please note that the clinical significance of these observations is not known. 

In this submission, the mechanism of resistance to POS was characterized in two Candida 
albicans isolates with reduced susceptibility to azoles including POS. The mechanism of azole 
resistance in these isolates was due to mutations in the ERG3 gene resulting in the inactivation of 
sterol ~~ .~ -desa tu ra se  enzyme. 

In the clinical trial ClI98-316 conducted to evaluate the safety and efficacy of POS in the 
prophylaxis of invasive fungal infections, oral swish cultures were perfomled to study fungal 
colonization. C. albicans and C. glabrata isolates with reduced in vitl-o susceptibility (24 fold 
increase in MIC) to POS and other azoles were obtained after azole prophylaxis. 
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Aspergillusfumigatus: 
The sponsor has stated that spontaneous A. fumigatus laboratory mutants exhibiting a decrease in 
susceptibility to posaconazole arose at frequencies of 1 in 10'. The raw data supporting 
fluctuation in mutation frequency were not included for review. The laboratory mutants (POS 
MIC 1 to >8 pg/ml) were cross-resistant to itraconazole (MIC >16 pg/ml) and contained single 
amino acid substitution in the CYPSIA gene. The clinical relevance of this finding is not known. 

For a summary of in vitro studies evaluating cross-resistance between posaconazole and other --
azoles, -
-- -- --

Drug combination: 
A combination of posaconazole and amphotericin B or caspofungin was found to exhibit variable 
activity (antagonism, indi-fferent, additive or synergistic) against A. fumigatus, A. flavus and C. 
albicans in vitro and in vivo. In the absence of clinical relevance, the usefulness of including 
information on variable actvity of drug combinations against Aspergillus and Candida in the 
label is not known. 

Clinical nzicrobiology: 
Two studies (ClI98-316 and PO1899) were included in this submission to support the prophylaxis 
indication. The IF1 status in these studies was characterized using the EORTC - MSG 
standardized definitions. For proven infections, the microbiology criteria included positive 
culture from blood or a sterile site or histopathological evidence of hyphae from needle 
aspirations or biopsy samples. For probable infections, the microbiological criteria included 
positive culture from sites that may be colonized [for example, sputum, bronchoalveolar lavage 
(BAL), sinus aspirate] or positive result for Aspergillus antigen in specimens of BAL, CSF, or 2 
2 serum samples. Please note that the Aspergillus antigen testing was performed using ----Aspergillus antigen kit which is FDA approved for use in conjunction with other 
procedures such as microbiological culture or histological and radiological assessments using 
serum samples only. The cut-off for a positive test (an OD index of 2 0.5) using the FDA 
approved kit is lower that that used in European countries previously (OD cut-off for positive 
test ? 1.5). The lower cut-off has been stated to improve sensitivity with minimum effect on 
specificity. However, a recent study showed that the accuracy of the test improved with a higher 
threshold. It should be noted that the approved Aspergillus antigen test is not truly diagnostic but 
provides information on probability of IFIs. Positive results should be interpreted in conjunction 
with clinical and radiological findings as false-positive results due to presence of fungi other than 
Aspel-gillus, galactomannan from food, contamination from laboratory sources or administration 
of p-lactams are known to occur. Repeat testing of positive samples and testing of sequential 
serum samples for Aspe~~gillusantigen is recommended by the manufacturer of the antigen 
detection kit. Ln addition to fungal culture and Aspergillus antigen detection, PCR testing using 
blood samples and in vitro susceptibility testing of breakthrough isolates and oral colonizers 
using CLSI recommended methods were performed in a central laboratory. The PCR testing was 
only performed for exploratory purposes and not used for diagnosis of fungal infection or fungal 
speciation. No correlation was observed between the PCR results and presence of galactomannan 
antigen or development of IFls in the clinical studies. 
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In study ClI98-3 16, there were 20 FLZ treated patients and 10 POS treated patients who 
developed proven or probable IFIs during the primary treatment period (i.e., 16 weeks) in the 
evaluable population. In 9 patients (FLZ, n = 5; POS, n = 4) with probable infection, the 
diagnosis was made using Aspergillus antigen test. In 3 of the 9 patients, the diagnosis was based 
on a single test result using serum or BAL. As discussed previously, positive results should be 
interpreted in conjunction with clinical and radiological findings. Invasive fungal infections due 
to Aspergillus species (n = 17), C. glabrata (n = l), Rhizopus miehei (n = 1) or unidentified mold 
were identified between 2 to 93 days after starting fluconazole prophylaxis. Similarly, invasive 
fungal infections due to Aspergillus species (n = 4), C. glabrata (n = 2), C. krusei (n = l), 

-
Pseudoallescheria boydii (n = l), Scedosporium prollficans (n = I), Trichosporon biegelii (n = 

1) were identified between 9 and 105 days after starting posaconazole prophylaxis. Limited in 
vitro susceptibility testing was performed on breakthrough isolates using-CLSI recommended 
methods. The POS MICs against Aspergillus (n = 3) and Candida (n = 1) isolateSwere i0.1 25 
pglml while against 1 Sce'dosporium isolate, the POS MIC was 8 pglml. 

In study PO1 899, 18 FLZ treated patients developed proven or probable IFIs during the oral 
treatment phase in the evaluable population. The majority of invasive fungal infections were due 
to Aspel-gillus species, A. fumigatus or A. Jlavus (n = 14). The remaining infections were due to 
Candida species other than C. albicans (n = 2) ,  Rhizopus arrhizus (n = I) or Pseudoallescheria 
boydii (n = I ) .  The IFIs were identified within 5 to 81 days of FLZ prophylaxis. There were 7 
POS treated patients who developed proven or probable invasive fungal infections. The invasive 
fungal infections were due to Aspergillus species (n = 2), C. glabrata (n = 2), or mixed infections 
due to Candida species and mold (n = 2). One patient had infection due to Pneumocystis carinii. 
The invasive infections were identified on either the first day of treatment or 53 days after 
starting POS prophylaxis. None of the patients receiving ITZ prophylaxis developed a proven 
fungal infection during treatment. Six patients were identified as having probable fungal 
infections. Of the 6 patients, 4 had infections due to Aspevgillus species, 1 due to A. fumigatus 
and 1 due to Pneumocystis carinii. Probable infections were diagnosed using the Aspel-gillus 
antigen test in 15 subjects (FLZ, n = 9; POS, n = 2; ITZ, n = 4). Few subjects had only one serum 
sample that was positive. As discussed previously, the results of the Aspevgillus antigen test 
should be interpreted in conjunction with clinical and radiological findings. The baseline in vitvo 
susceptibility testing was performed for 6 isolates (4 Aspel-gillus isolates and 2 Candida isolates). 
The POS MICs for all 6 isolates were i0.125 pglml. -
Overall, the numbers of proven and probable breakthrough fungal infection were higher in FLZ 
and ITZ arms compared to the POS arm. Based on data from these two studies, posaconazole has 
the potential to prevent invasive fungal infections. 
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2. INTRODUCTlON AND BACKGROUND 

The subject of this NDA is posaconazole (POS), an azole antifungal agent for the prophylaxis of 
invasive fungal infections (IFIs) in high-risk patients (2 13 years of age) with prolonged 
neutropenia or who have undergone hematopoietic stem cell transplantation. The sponsor has 
proposed a dose of  600 mglday POS orally (as divided doses with meals) for the prophylaxis of 
IFIs. The duration of therapy will be based on recovery from neutropenia or immunosuppression. 

POS is a triazole anti-fungal compound. It belongs to the azole class of drugs which includes the 
- currently marketed compounds fluconazole (FLZ), itraconazole (ITZ), and voriconazole (VRZ). 

In humans, the mean half-life of POS is 34.7 hours after administration of 400 mg oral 
suspension twice a day. POS is highly protein bound (97 to 99 %). A 2.6 to 4-fold increase in the 
relative bioavailability of POS is observed when a single dose of 400 mg POS-is given with 
nonfat or high fat meat-compared to fasting condition. In patients with refractory fungal 
infections, the mean area under the plasma concentration versus time curve (mean AUC) for 
POS is a third (8.6 pg.hrlm1) of that observed in healthy volunteers (29.5 pg.hrlm1). The mean 
maximum plasma drug concentration (mean C,,,,) for POS in healthy volunteers and patients is 
2.9 and 0.9 pglml, respectively. 

3. PRECLlNlCAL MlCROBlOLOGY 

For the preclinical microbiology information (mechanism of action, activity in vitvo and in vivo, 
drug resistance, cross-resistance, and drug combinations) reviewed previously, -'------

In this submission, the sponsor included some additional information in support of the 
mechanism of action, activity in vitro, and mechanism of resistance. 

Mechanism of action: 
The effect of posaconazole on sterol biosynthesis was examined in zygomycetes (study report 
D48627). The strains of Absidia, Rhizopus and Rhizomucor were labeled with [I4c]-acetate in 
the presence or absence of drug. The sterols were extracted and resolved by high performance 
liquid chromatography. The sterol peaks in the test samples were identified using gas 
chromatography and mass spectroscopy. Squalene, lanosterol, and ergosterol were used as 
standards. The relative amount of ergosterol in the sterol fraction was calculated by measuring 
the area of the peak corresponding to [I4c]-labeled ergosterol and expressing the value as a 
percentage of the total area in the radio-chromatogram. The amount of drug required to reduce 
the ergosterol peak by 50% (lCso) was calculated. Exposure of Absidia, Rhizopus and 
Rhizomucor cells to posaconazole results in decrease of the ergosterol peak and increase in other 
peaks labeled as methylated sterols (Figure I).  The inhibition of ergosterol synthesis was 
dependent on POS concentration. Please note that the chromatogram showing peak elution times 
for the standards were not shown for comparison. The findings in this study and those reaorted 
earlier ,_______4_a_. -. 

show that POS inhibits the synthesis of ergosterol in Candida species, 
Aspel*gillusspecies, and Zygomycetes. 
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Figure 1 :Effect of posaconazole on sterol biosynthesis. 

Mucor varnosissil~ios 

Activity in vitro: 
. - .  .

In studies reviewed previously I
* 

, in vitro activity of POS was measured against 
various fingal species kcording to the Clinical and Laboratory Standards Institute (CLSI) 
recommended methods -- #.In vitro activity was tested against 2,870 isolates of 
different Aspergillus spp., including A. fumigattrs, A. Jlavus, A. niger and A. terreus (MIC9o 5 1.0 . 

pglml), 208 isolates of Fusarium spp. (MIC9o 2 - 128 pglml), 50 isolates of Coccidioides spp 
(MIC9o 1 pglml), 257 Zygomycetes (MIC9o 0.25 - 16 pglml), 7370 isolates of Candida albicans 
(MIC9o 0.063 pglml), 81 to 2106 isolates of Candida spp. other than C. albicans (MIC9o 0.25 - 2 
pglml), and 1219 C~yptococcusspp (MIC9o 0.25 pglml) isolates. The in vitro activity of 
posaconazole against yeasts and mold included in this submission was similar to that observed in 
studies reviewed previously. Please note that the correlation between MIC and treatment 
outcome has not been established. 

Drug Resistance: 
The mechanism of resistance in two C. albicans clinical isolates (C410 and C655) with an MIC 
of > 8 yglml to various azoles was examined (study report D46055). Mutations in the ERG1 I 
(lanosterol 14a-demethylase) and ERG3 sterol desaturase) genes were determined by 
sequencing. Additionally, the sterols produced by these isolates were analyzed. An azole 
susceptible C. albicans isolate (C43) was used as control. The minimum inhibitory 
concentrations (MICs) of different azoles against the 3 isolates measured using the CLSI method 
M27-A is shown in Table 1. For isolate C410, no missense mutations were obseped in the 
ERGI I gene. For isolate C655, mutation in ERGI I gene resulting in substitution of aspartic acid 
(D) at position 116 to glutamic acid (E) was observed. This mutation is also seen in azole 
susceptible isolate C43. Mutations resulting in introduction of a stop codon were observed in the 
ERG3 gene of both C410 and C655 isolates but not in C43 isolate. The inactivation of sterol A ~ . ~ -
desaturase enzyme encoded by ERG3 gene can prevent accumulation of methylated sterols and 
cause azole resistance. The major sterol identified in these isolates was stated to be ergosta-7,22-
dien-3-01, an ergosterol precursor. However, data from the sterol analysis were not shown. 

Table I : The minimum inhibitory concentrations (MICs) of different azoles against C. 
I 

MIC ($&mld 

albicans isolates 
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4. CLINICAL MICROBIOLOGY 

Two clinical studies (ClI98-316 and P01899) were included in this submission to support the 
prophylaxis indication. These studies are discussed in the following sections. 

4.1. Study ClI98-316 
This was a Phase 3, randomized, multi-center, double-blind, active control, parallel group, 
comparative study of POS versus FLZ in the prophylaxis of IFIs in high-risk subjects with graft 
versus host disease (GVHD) following allogeneic stem cell transplantation. Approximately 600 

-
subjects from United States, Argentina, Australia, Austria, Brazil, Canada, The Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Italy, Mexico, The Netherlands, Peru, 
Poland, Portugal, Singapore, Saudi Arabia, South Africa, Spain, Sweden, and Ultited Kingdom 
were enrolled. Protocol-eligible subjects were randomized to receive either 600 ~ ~ P O S(200 mg 
TID), or 400 mg FLZ e D  for 16 weeks or until an IF1 occurred. Subjects with a history of 
proven or probable mold infection requiring secondary prophylaxis were excluded from study. 

The primary efficacy endpoint of the study was the incidence of proven or probable IFIs within 
16 weeks (1 12 days) of the first dose of treatment or 112 days from randomization if study drug 
was never taken (primary time period). For the purpose of this review, only treated patients were 
analyzed. Please note that the treatment duration varied from 1 to 120 days (mean duration in 
days = 80 for POS; 77 for FLZ). A clinical failure was defined as either the presence of a proven 
or probable IFI, or more than 5 days of empinc treatment with a systemic antifungal other than 
assigned study drug. Subjects not followed for the entire 16-week treatment phase were also 
considered as failures. 

All subjects were followed one and two months after the 16-week treatment phase, including 
those subjects who developed an IF1 during treatment. Subjects had periodic evaluations for the 
presence of fungal infection. These evaluations included signs and symptoms of infection, a 
physical examination, chest x-ray, chest CT scan, fungal cultures using blood, bronchoalveolar 
lavage (BAL), sputum, pleural fluid, or biopsy samples, if clinically indicated. Serial Aspergillus 
antigen testing and fungal PCR were also performed at a central laboratory. 

Aspergillus antigen testing was performed by Dr. Paul Venveii (Netherlands) using s&um, CSF, 
and BAL fluid. Circulating Asper-gillus galactomannan was detected using Aspergillus 
enzyme immunoassay -- . Literature 
reports suggest that the threshold for a positive test using this kit was an optical density (OD) 
index of L 1.5 while that of the FDA approved kit manufactured by - was 2 0.5. Upon -
query regarding the differences in the two kits, the sponsor stated that . acquired- -- in 1999 and the two kits were the same. The kit is currently marketed as : 
Aspergillus antigen kit. Please note that the test kit manufactured by - is approved in the 
US for detection of antigen in serum samples only. The OD index cut-off for a positive test is 2 
0.5. The European Organization for Research and Treatment of Cancer (EUORTC), Invasive 
Fungal Infections Cooperative Group, and the National Institute of Allergy and Infectious 
Diseases Mycoses Study Group (MSG), have proposed galactomannan antigen positivity as a 
diagnostic criterion for invasive aspergillosis. Although galactomannan antigen detection test is 
FDA approved for -the diamosis of invasive aspergillosis, false positive reactions have been 
reported due to translocation of galactomannan antigen in food (Gangneux et al., Lancet 2002, 
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359:1251) and in patients receiving piperacillin~tazobactom (Adam et al., Clin. Infect. Dis., 
2004, 38: 917-920). Additionally, cross-reactivity due to presence of other fungi such as 
Penicillium species, Rhodotorula and Paecilomyces has been observed (Swanink et al., Clin. 
Microbiol., 1997, s:257-260). The usefulness of the assay for measuring drug efficacy is not 
known. The aspergillus antigen test results from the clinical studies were considered positive if 
the OD index was 2 0.5 despite the fact that these were multi-center trials and there were 
differences in European and US cut-off values for positive tests. 

Fungal PCR was performed by Dr. Holger (Germany) using blood samples. Fungal PCR is an 
-

experimental method. It has not been integrated into the consensus EORTCIMSG criteria for 
diagnosis of probablelpossible IFIs. The PCR data collected in these studies was not used for 
speciation of fungal isolates or adjudication of IFIs. Fungal DNA was extracted .from patient's 
blood samples. The conserved region of the 18s rRNA gene of fungi was amplified by PCR. The 
PCR product was hybridized with the biotin labelled Aspergillus fumigatus or Candida spp. 
oligonucleotides and detected using an ELISA assay. The DSM-Strains (German Collection of 
microorganisms) of the medically important hngal species of Aspergillus (A. fimigatus, A. 
jlavus, A. niger, A. terrPeus, A. vel-sicolol;) and Candida (C. albicans, C. tropicalis, C. glabrata, 
C. krusei, C. parapsilosis) were used as positive controls. The negative controls were not 
specified. A published report from Dr. Holger's laboratory reported a sensitivity of 100% (95% 
confidence interval [CI], 48 - 100%) and a specificity of 65% (95% CI, 53 - 75%) for the PCR 
assay in stem cell transplant patients. 

Fungal susceptibility testing was done in four laboratories according to the region. However, all 
samples were retested in Dr. Rinaldi Laboratory (University of Texas, San Antonio). 
Susceptibility testing was performed according to the Clinical Laboratory Standards Institute 
(CLSI, previously known as National Committee for Clinical Laboratory Standards) methods. 
For the purpose of this review, susceptibility data collected in the central. laboratory were used 
for analysis. 

As mentioned above FDA analysis was performed on all treated patients. The modified intent- 
to-treat (MITT) and the evaluable subsets were also analyzed. The MITT subset was defined as 
subjects receiving at Ieast one dose of study drug (capsules or suspension) and who met protocol 
specified criteria for acutelchronic GVHD at baseline or have sufficient levels of-iatrogenic 
immunosuppression to consider them high-risk for IFI. The evaluable subset was defined as 
subjects from the MITT subset who met the entry criteria, received at least 80% of the assigned 
treatment based on the actual treatment duration, and did not receive concomitant medications or 
therapies that would confound the analysis of efficacy during the treatment phase. Figure 2 
depicts the various study periods. Analysis was performed on the primary time period (i.e., 16 
weeks) and post-treatment phase. 

+7days 

Figure 2: Study Period Diagram 
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The number of patients randomized to the study and numbers in the different populations are 
shown in Table 2. 

Table 2: The number of patients in each analysis population. 
Populations (n) Fluconazole Arm (n) Posaconazole Arm (n) 
All randomized (599) 298 301 
All treated (579) 288 291 
MITT (445) 234 21 1 
Evaluable (384) 204 180 
N = number of subjects 

All subjects who were considered treatment failures (according to the investigator or the protocol 
definition of >5 days of systemic antihngal use) or who were classified by the investigator as 
having possible, probable, or proven IF1 were referred to the Data Review Commiftee (DRC) for 
adjudication. The panekeviewed patient profiles (consisting of clinical, microbiological, and 
radiological data in the database) and narrative summaries (summarizing the chronology of the 
events, risk factors for IFI, diagnostic tests, and treatments captured in various modules of the 
clinical database) in order to characterize the IF1 status using the EORTC - MSG standardized 
definitions (Tables 3 and 4). Best Possible Copy 

Table 3: EORTC -MSG standardized definitions for invasive fungal infections 
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Table 4: Host factors, microbiological and clinical criteria for probable and possible invasive fungal infections. 


CRITERIA FOR PROBABCEAND POSSIBLE INVASIVE FUMGAC INFECTIONS 

Host Factors 

I. I(aLxpeva: w!~.r~e:!n:m'=r more ma, - ~ d z x i .  


2 Ff~%:e% ;.cr nrir ~rsc!~?, t,-ijq sr+c?dm x,liDndeal V~amcet
IEYE?~~~~ c p c ~ r l i ! ?  

3 B:.Y( r6rc~eniLzoe m s  .?1*; .:r 4C:C AN3 3ny a i i w  miorrlr.; -:ejs;csir$ 0onaRloas. 

i3 PlD!;qg*i %m,;?pSXl IZ!EI?Ie plr'i:CUS 661r. 

h. '.P.-&JIc; rarnn: LK #t!gfirzz?: IT'FB.WSL~~R~S~~~in :.E prz\%us 38 J3ys.q e r f  


L iK<;'r.: WryJI c*eC>cli l  1 Fr+VIPUE IpI503E. 


a. C S - B X I I ~ ~ L ESA13S 

L. s$ir an6 r)npluns ;nac:s:ng .>VH: 

I. PW13:geJ .jfC O N C O ~ ~ T J % ~ ~L-2 (-5 Y,e\51. 

Microhiological Criteria 

T-
1 5Ya5rE cbrwe of ;froela (Irclaalrg aaeq::;,c SF;.. fisi:,v,q i ps  :;$,,rr;r~:~~ :cc~rr~r;...r-spcL 

c xw:cm;.;i r!m spC$Jn. EAL 

: Xsb!<tC V ~ L Rar c!<z,":g)l~l:rd nlC?D5COp for m~;inr :RE slsdr arp!rz:r. 

2 Wstive cyt~lojli..-i:sc: lo: s KYJI~ Fsm EPLIST. 3 C LnI=r;s:;yi. 3: CP.IO:C.:L<::~J 

L P:ZGX* ar:IFr. l r  e.kL. CSFa s ~ ~ r g w s  0122 EICG~is rnp l l i  


2d51"E c~;plu:<.:.)~i! z':ge? 11 20-A 


CRITERIA FOR PROBABLE At40 POSSIBLE INVASNE FUIIGAC INFECTIONS 

Clinical Criteria 

910U-: ee ~ i l 2 C:c be sfic d n l r r u t ~ n ~ . c q l ~ I  crltefia213 ~eny-::a!? reaw aPUTEX E~IEOX 

MAJOR UM@R 

LOWM Resplra1O1y Syst4rn lnlectlon 
A,? D l  !kE ?PUL%Irg .W# IEflhr3:E 58 CT f , F!:T.7516 i: LR-I iX:J@. C5ES CIT 6CmOpi)E16. 
r+~agmg: or csiq q!.ip:~;ri$>Is s in .  *r-cmacwt slg, 
:\!3b7 JC 2R>Dl S~~€O~MZ.IIUC. 2 ~i7,5;xi' I?.~IT~La' p e . 2  WP 

j m y  -5s .r,a=a!e ns: ';I?i:l?g mqo- cirsror 

sinonasa: l n r e i l l n  
Suggoit'r? n o d s ~ l c a l  e~ l r 'en~e t .  U:I;LT zpprnns  l?J661 3&4?dIg€&JRI~EE0 1 i n v ~ ~ I ~ e  :E~E~-S&TJ 
in'ec.mn nh e  EIT:=S ~1&us :('E. e r a ? ~ r  i:: 
'~311sor exten€lo? sIrtECtlol ::r?Ip?DW31g 2 ~ 1 5 ~L D E ~ : I ~ ~-I e~c?drQ n;u; nzmw or ps;s:acs
iVL\c>ix.e x l r r z ! ~ ~  base grs tw lo r ;  3 Fecmlliri5<,ni:?gIIVII 

L I,UXZ'J~J tqssmess 
5. 69:L E~CIOIIC fir pnor3:cn' ~ s l ~ ? i  clai larE-p8:Jte 

Centrsl I~~NMISJ p t 6 m  InlbC!bn 
Zuggrrt:.rr mSc!qlul evlwnea 01 C+i"(.'s F nqiers !::cmEr p;nqrfis 0 )c;'r~-e.?c<zrccr? a-a 
-l!eC:*V.E. 7?nl~ylUss~ioa.?g?,jn a n3l';ca!:el~' 
p e r i a a ~ 3 . 3 ~ r c ~ l a rr, ,.e:?bn. ~.m:tssei: 1. 5 e l i m 1 D 3 ~ ~  5pT::c.7s acdr:grJ ,jr.3inlrq +:.;3
.n?aeerara~ 3D~cesrts d-:rl.i-;tf 1 ;eli~r;~. *rnlp%-?6ll X.C C T E I B ' P ~ ~ P ~ ~ ~ S :  

2. 1.1sl~sl ~?ar;er 
3 I.!s,!r jfa Ir-:a:on ..i;la,gs 
a EV;<-JlltiEj 15CSF tl:csle.mnq i rz  c l .  :am1 

~lessminalru Flrngsl lnrectlon 
I -3,*13:- .  or n;-:alzr stir: I s e n s  '.\lt,v.?3 ~ y  

olni: czplanarcr. 
Z ill'3O:Lar'$ldf?gS 6>y3862\€ C? 

nmabage?otis CJJcpa! ~OTOCLI:?:; U' 
erdop:?all-oaB 3:iZrE cf?2'o:yC1:<~:r : lcrceqq !or U r a l  e;ener;s oner h z l  C:~~.p:%:rccl;s FlEn'e Boa? trvl3s. 1: 

: :so  ~ S l ~ l V E  c~IIurr;.d )~.;sts XZaerr :'u.hap cal?zcr 
cnsanlc il!%semlssfEa candio1ot;e 

c!:ne In :I+ 

snai t  penpForr. Digz:drs 3cs:ssses :emi'E 
3 :a72:0i :isis :c J ~ P B1:15 JL~tiice3: vln&-$ ci:rr:+: EP:, In liver =irln:a: spe*~;@ ~ , ~ i r i V z € J"; 

CT. 4<% a7CZG. 
d. %:Zi$'E @%l2.2 2Ci 2-E 21 C5.7G'$a Epp. 


to. F.u;nQPa?, 3r:ornSity zlC P.?~I:IvE :.ic~+tlh GJI?J~PS :,.3,?f pi-5llt.S b a x e ~ a  ?on iliyeclm,? sgr:s or I ? , ? P : ~ ~ L  
3ri.13b.e Candlaernla 


!4o ~ U ~ ~ ~ C P I  C: IPZWE?'2 
I;::! :?I:<C:~GI~CILJI~~;  ~SDDJ. p~k&:5 ;& I~p;:ila~EBWs :rt ;over i z ~ i ~ r z : i - ~  e.%L. KC. ~OIIPFB 31:Cd (.JIIL!!C :,* CPliZOi 

The number of subjects with proven, probable, and possible invasive fungal infections in the 
different populations during the primary time period (i.e., end of 16 weeks) is shown in Table 5. 
As the primary endpoint of the study was incidence of proven or probable fungal infections at 16 
weeks, only these infections are discussed in the following sections. In the evaluable populations, 
20 FLZ treated patients developed proven or probable IFIs compared to 10 in the POS arm 
(Table 5). The results of Aspergillzls antigen and PCR testing are shown in Tible 6. As 
mentioned previously an OD index of 2 0.5 was considered as positive for aspergillus antigen. 
The antigen testing was done using serum samples for all patients except one patient where BAL 
fluid was tested. Five patients in the FLZ arm and 4 patients in the POS arm were considered to 
have probable infection based on Aspergillus antigen tests and clinical/1adiologica1 findings. It 
should be noted that 1 of 5 FLZ treated patients and 1 of 4 POS treated patients with probable 
infections had only one serum sample positive for aspergillus antigen (shaded rows, Table 6). In 
one POS treated patient, the aspergillus antigen test was positive using a single BAL sample 
(shown as bold, Table 6). According to the protocol, the microbiology criterion for probable lFIs 
is fulfilled if the aspergillus antigen test is positive using 2 2 serum samples or a single 
BALICSF sample. However, false-positive results have been known to occur due to inadequate 
sample storage, contaminating galactomannan from food or laboratory, administration of P-
lactams, and other cross-reactive epitopes. Additionally, there are controversies regarding the 
correct threshold for a positive test as the accuracy of the test improves with a higher threshold 
(Rex, 2006, CID 42: 1428-1 430; Pfeiffer et al., 2006, CID 42: 14 17-1 427). Therefore, the results 
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of the antigen tests should be interpreted with caution and only in conjunction with other 
diagnostic procedures such as microbiological culture or evidence from histological and 
radiological examinations. The PCR test was not used for diagnosis of hngal infections but for 
exploratory purposes. The results in Table 6 show that there was no correlation between a 
positive PCR result and occurrence of invasive fungal infections or positive culture. 

In the fluconazole arm, the proven or probable invasive fungal infections were due to Aspergillus 
species (n = 17), C. glabrata (n = l), Rhizopus miehei (n = 1) or unidentified mold (Tables 6 and 
7). Invasive infections due to these pathogens were identified within 2 to 93 days after starting 
fluconazole prophylaxis (Table 6). In the posaconazole arm, the invasive hngal infections were 
due to Aspergillus species (n = 4), C. glabrata (n = 2), C. krusei (n = l), Pseudoallescheria 
boydii (n = l), Scedosporium prolrficans (n = l), and Trichosporon biegelii (n = 1). The invasive 
infections were identified between 9 and 105 days after starting posaconazore prophylaxis 
(Tables 6 and 7). --
Limited in vitro susceptibility testing was performed on breakthrough isolates. For the purposes 
of this review, minimum inhibitory concentrations (MICs) reported by the central laboratory 
were used for analysis. The POS MICs against 3 Aspergillus isolates and 1 Candida isolate were 
5 0.125 pglml. The POS MIC against 1 Scedosporium isolate was 8 pglml. 

Table 5: The number of  patients who developed proven, probable, or possible invasive fungal infections during primary time 
period (i.e. 16 weeks) in the different populations 

Evnluable 
IFIs Fluconazole (n = 204) Posaconazole (n = 180) 
Proven 9 6 

Probable I 1  4 

Possible 18 7 


IFIs = invasive fungal infections. 
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Oral swish cultures were collected during the study to evaluate fungal colonization. In subjects who 
received >14 days of antifungal therapy, the MICs of oral isolates of the same species obtained at 
baseline (defined as an isolate cultured before start of treatment or within 7 days of treatment start) 
and at end of treatment (EOT; defined as an isolate cultured less than 30 days before EOT or within 
7 days post-EOT) were compared. The number of subjects for whom both pre- and post-treatment 
pathogen data were available for the FLZ and POS treatment arms were 24 and 21, respectively. In 
both groups, the principal pathogens were C. albicans and C. glabr*ata(Table 9). C. krusei was only 
detected in 4 subjects treated with FLZ. A 2 4 fold increase in POS MIC alone was observed in 4 C. 
glabrata isolates and 2 C. albicans isolates from POS treated patients compared to increases in FLZ 
MIC in 3 C. glabrata isolates and 4 C. albicans isolates from FLZ treated patients (Tables 9 and 10). 
Cross-resistance between POS and other azoles were observed in isolates from 4 subjects treated 
with FLZ and one subject treated with POS. The isolates exhibited a >4 :fold decrease in 
susceptibility to all three=azoles tested (POS, FLZ and ITZ) at EOT. Of the five EOT isolates, four 
were C. glabrata and onFwas C. albicans. The study suggests a potential for development of drug 
resistance in patients receiving POS prophylaxis and cross-resistance between azole drugs. 

Table 9: Listine of susce~tibilities for isolates that were the same at baseline and end of treatment (FLU = FLZ). 
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4.2. Study PO1899 
This was a Phase 3, randomized, evaluator-blinded, active control, parallel group, multi-center 
study. It was designed to assess the safety, tolerance, and efficacy of POS as a prophylactic agent 
against IF1 in high-risk subjects with prolonged neutropenia. Subjects from United Sates, 
Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, Colombia, Czech Republic, 
Denmark, Dominican Republic, Ecuador, El Salvador, France, Germany, Greece, Guatemala, 
Italy, Mexico, Netherlands, Panama, Peru, Poland, Portugal, Puerto Rico, Singapore, South 
Africa, Spain, Sweden, and United Kingdom were enrolled. Protocol-eligible subjects were 

-	 randomized (1: 1) to receive either 600 mg of POS (200 mg TID) or standard azole therapy (FLZ 
[400 mg QD] or ITZ [200 mg BID]). Treatment was continued until recovery from neutropenia 
or occurrence of an IF1 for a maximal period of 12 weeks (84 calendai days) from 
randomization. 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 or 100 days after 
randomization. All subjzts had baseline and periodic evaluations for the presence of fingal 
infection as described in the previous study. As in the previous study, Dr. Rinaldi's Laboratory 
served as the central laboratory for fingal speciation and in vitro susceptibility testing while Dr. 
Holger's Laboratory performed the PCR testing. The Aspergillus galactomannan antigen testing 
was done by - (Belgium) using the FDA approved -

W 

Aspergillus antigen 
kit. A treatment failure was defined as the presence of a proven or probable IFI, > 4 days of 
empiric parenteral (IV) antifingal treatment for a suspected IFI, >3 consecutive days or 2 10 
cumulative days of IV alternative study medication during the treatment phase, or 
discontinuation due to an adverse event considered possibly or probably related 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 considered as treatment failures. 

The number of subjects with proven, probable, and possible invasive fingal infections in the 
different populations during the oral treatment phase is shown in Table 11. The oral treatment 
duration varied from 1 to 15 1 days (mean treatment duration = 25 for POS; 2 1 for FLZ). The 
following discussion focuses on the primary endpoint of proven and probable infections during 
treatment. Proven breakthrough fingal infections were seen in 5 patients treated with FLZ and 4 
patients treated with POS. No proven breakthrough fingal infections were observed in the ITZ 
arm. The number of probable breakthrough infections were higher in the FLZ treatedgatients (n 
= 14) compared to ITZ (n = 6) or POS (n = 3). 

In the evaluable populations, 18 FLZ treated patients developed proven or probable invasive 
fingal infections during treatment (Table 1 1). In 10 patients, the diagnosis of probable infection 
was based on Aspel-gillus antigen or serology test results (the serology test was not specified and 
antibody titers were not shown) using serum samples. For 3 patients, the diagnosis was based on 
a single positive Aspergillus antigen test using serum samples. Repeat testing of the positive 
serum sample and testing of additional serum samples is recommended by the manufacturer of 
the kit. As discussed in the previous study, the results of the aspergillus antigen test should be 
interpreted with caution and in conjunction with other clinical and radiological findings. The 
PCR test was performed for exploratory reasons and not used in diagnosis of IFI. The results of 
the PCR test did not correlate with occurrence of invasive fingal infections or presence of 
galactomannan antigen (Table 12). As shown in Tables 12 and 13, the majority of proven or 

- probable invasive fingal infections were due to Aspergillus species, A. firrnigatus or A. flavus (n 
= 14), and the remaining infections were due to Candida species other than C. albicans (n = 2), 
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Rhizopus arrhizus (n = 1) or Pseudoallescheria boydii (n = 1). Invasive infections due to these 
pathogens were identified within 5 to 8 1 days of initiating FLZ prophylaxis. 

Table 11: The number of patients who developed proven, probable, or possible invasive fungal infections during 
treatment in the different populations. 

All randomized 
l Fls I Fluconazole (n = 240) 1 Posaconazole (n =304) 1 ltraconazole (n = 58) 
Proven 5 4 0

1 Probable 14 3 6~ ~

1 Possible 46 5 9  8 
All treated and MITT 

IFIs I Fluconazole (n = 238) 1 Posaconazole (n = 297) 1 Itraconazole (n = 54) 
Proven 5 4 0. 
Probable - 14 3 6' 
Possible 45 5 9  8 

Evaluable 
IFIs I Fluconazole (n = 212) 1 Posaconazole (n = 265) 1 Itraconazole (n = 51) 
Proven 5 4 0 
Probable 13 3 6 
Possible 4 1 5 5 8 

I I 

IFIs = invasive fungal infections 

Seven POS treated patients developed proven or probable invasive fungal infections during 
treatment. The invasive infections were identified on either the first day of treatment or 53 days 
after initiation of POS prophylaxis (Table 12). The Aspergillus antigen test results were used for 
diagnosis of probable infections in 2 out of 3 patients. In one patient, the result was based on 
testing of a single serum sample. As shown in Tables 12 and 13, the invasive fungal infections 
were due to Aspergillus species (n = 2), C. glabrata (n = 2), or mixed infections due to Candida 
species and mold (n = 2). One patient had infection due to Pneumocystis carinii. 

None of the patients receiving ITZ prophylaxis developed a proven fungal infection during 
treatment. Six patients were identified as having probable fungal infections (Tables 1 I and 12). 
The Asper.,oillus antigen test results were used for diagnosis of 4 out of 6 probable infections. In 
one patients, the results was based on one positive serum sample. Of the 6 patients, 4 had 
infections due to Aspergillus species, 1 due to A. fumigatus and 1 due to Pneumocptis carinii 
(Table 13). 

During the post-treatment phase, 2 FLZ treated patients developed proven or probable IF1 due to 
A. Jlavus or Aspergillus species. In the POS arm, 2 patients developed proven or probable IFIs 
due to Kluyveromyces maxianus or Aspergillus species. In the ITZ arm, 1 patient developed a 
proven infection due to Aspergillzrs species. Thus, there was no difference in the incidence of 
proven and probable IFIs between the treatment groups in the post-treatment phase. 

The in vitro susceptibility testing was performed for 6 breakthrough isolates (4 Aspergillus 
isolates and 2 Caridida isolates). The POS MICs for all 6 isolates were < 0.125 pglml. 

Overall, the activity of POS appears to be similar to FLZ for proven breakthrough infections. 
However, probable breakthrough infections in the POS arm were lower than that in the FLZ and 
1TZ arms. 
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Tab n. 

"For probable IFls, the species were isolated from BAL samples. 

4.3. Interpretive criteria: 

No interpretive criteria for in vitro susceptibility testing of fungi to POS have been proposed by 
the sponsor nor does the information provided by the sponsor support establishment of 
interpretive criteria. 

5. CONCLUSIONS 

The sponsor is seeking approval of POS for the prophylaxis of IFIs in high-risk patients (2 13 
years of age) with prolonged neutropenia or who have undergone hematopoietic stem cell 
transplantation. The proposed dose is 600 mglday POS orally (as divided doses with meals) until 
recovery from neutropenia or immunosuppression. 

POS exhibits antifungal activity by inhibition of lanosterol 14a-demethylase, an enzyme 
involved in ergosterol biosynthesis. This results in accumulation of methylated sterols. These 
studies were done using Candida species, Aspergillus species and Zygomycetes. The in vitro 
activity of POS against yeasts and mold was similar to that observed in studies reviewed 

~ - _
previously 

. .  

A- 1. 

There are several mechanisms by which fungi develop resistance to azoles. These include target 
enzyme alterations, expression of efflux proteins, and development of compensatory pathways. 
Two Candida isolates with reduced susceptibility to azoles including posaconazole were shown 
to have mutations in the ERG3 gene. The inactivation of sterol ~'.~-desaturase enzyme encoded 
by ERG3 gene prevents accumulation of methylated sterols and cause azole resistance. 

Two studies (ClI98-316 and PO1 899) were included in this submission to support the prophylaxis 
indication. The IF1 status in these studies was characterized using the EORTC - MSG 
standardized definitions. For proven infections, the microbiology criteria included positive 
culture from blood or a sterile site or histopathological evidence of hyphae from needle 
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remaining infections were due to Candida species other than C. albicans (n = 2), Rhizopus 
a~erhizus(n = 1) or Pseudoallescheria boydii (n = I) .  Invasive infections due to these pathogens 
were identified between 5 to 81 days after starting FLZ prophylaxis. There were 7 POS treated 
patients who developed proven or probable invasive fungal infections. The invasive fungal 
infections were due to Aspergillus species (n = 2), C. glabrata (n = 2), or mixed infections due to 
Candida species and mold (n = 2). One patient had infection due to Pneumocystis carinii. The 
invasive infections were identified on either the first day of treatment or 53 days after starting 
POS prophylaxis. None of the patients receiving ITZ prophylaxis developed a proven fungal 

- infection during the treatment period. Six patients were identified as having probable fungal 
infections. Of the 6 patients, 4 had infections due to Aspergillus species, one due to A. fumigatus 
and another due to Pneumocystis carinii. 

c 

The in vitro susceptibiliy testing was performed for 6 breakthrough isolates (4 Aspergillus 
isolates and 2 Candida isolates). The POS MICs for all 6 isolates were 5 0.125 pglml. 

Although, a higher number of probable fungal infections were observed in FLZ and ITZ arms 
compared to POS arm, the numbers of proven breakthrough fungal infections were similar in the 
FLZ and POS arms. Overall, the activity of POS was similar to FLZ for proven IFIs in the two 
studies. 

6. LABEL 
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7. RECOMMENDATIONS 

This NDA submission should be approved with respect to Microbiology. 

Kalavati Suvarna 
Microbiologist, HFD-590 
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Original IND 
Division File 
Review Micro 
CSOINlillerK 

?? 

-- Signature 
Signature 

Date 
Date 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 

Kalavati Suvarna 
6 / 2 0 / 2 0 0 6  0 3 : 1 7 : 0 4  
MICROBIOLOGIST 

PM 

Shukal Bala 
6 / 2 0 / 2 0 0 6  0 3 : 5 5 : 5 4  
MICROBIOLOGIST 

PM 




