


























































































































































































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 

38 



b- --
(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. 



*-

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 



P -
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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MICROBIOLOGY TEAM LEADER REVIEW 
FOOD AND DRUG ADMINISTRATION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE: June 12,2006 

SUBNIISSION: NDA # 22-003 

REVIEWER: Shukal Bala, Ph.D. 
Microbiology Team Leader 
Division of Special Pathogen and Immunologic Drug Products 
Office of Antimicrobial Products 

SUBJECT: Posaconazole 

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 
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Table 4: Host factors, microbiological and clinical criteria for probable and possible invasive fungal infections. 
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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 



-
aql pue '(p1 = u) snnwg -6.10 snlw2puzJ' .y 'sapads snlll2.radsy 01 anp alaM suop3ajuy ~e8ut-g 
aAyseAul jo ICly~oreur aqL .suop3ajuy [esut-g aAyseAuy a~qeqo~d sluaped lo ua~old pado[a~ap oq~ 
paleall Z~+J81 alaM alaqL .s8uypurj [e3y801oype.1 pue [e3yuy13 qly~ uoyl3un&103 uy uoylne3 qly~ 
pala~draluy aq plnoqs lsal ua8ylue snlll2,radsy aql jo sqnsal aql 'IC~snoy~a~d passn3syp sv .a~pysod 
seM leql a~dures urruas auo Lluo peq sl3arqns Mad .(p = u 'ZLI fz = u 'sod f6 = u 'z~d)sl3arqns 
51 uy lsal ua8ylue snlll8radsy aql 8uysn pasou8e!p alaM suoyl3aju! a~qeqo~d '668106 Gpnys u1 

.[urSri 8 seM ale[osy lungodsopa3s 
1 1suye8e 31~ sod a[yqM ~ur/Sri sz['o 5alaM sale~osy (1 = u) wplpuw3 pue (E = U) snlllo9rads-b. 
lsuye8e s31~sod aqL 'sale[osy q8nolqlyealq uo pawoj~ad seM 8uylsal Aly1rqylda3sns 
onlm u! palyurg -syxe[ICqdo~d sod 8uy1els lap sAep PW 6 uaaMlaq parjyluapy alaM 
suop3ajuy aAyseAuy aqL -(I = u) yaD"a!q uodrodsoy3~,r~ = u) suw31Jilond pue '(1 lunlnodsopa3~ 
'(I = u) gpXoq wl,ray3sallwopnasd '(1 = u) lasnq ;3 '(z = U) wlwnqw12 ;3 '(p = U) sapads 
snll.z2nadsy01 anp alaM suop3ajuy 1e8ut-g aAyseAuy aql 'we sod aql u1 'syxe1Aqdo~d a[omuo3np 
8uyvels lalje.s~ep £6 pue z uaalnlaq parjpuapy alaM sua8oqled asaql 01 anp suoyl3ajuy aAlseAuI 
'p~our parjpuapyun lo (1 = u) layalur sndozlyg '(1 = u) wlwnqwl2 ;3 '(,/I = U) sapads snlllD9radsy 
01 anp alaM suop3ajur [esurg aAyseAuy aql 'we 276 aql rq -1n330 01 UMO~ale sure13e1-d jo 
uoylellsyuyurpe lo sa3mos IC~ole~oqe~ uro~j uoyleuyureluo3 'pooj uro~j wuwurol3e[e8 'snlllD9rads~ 
ueql laqlo y8uq jo a3uasald 01 anp sllnsal a~pysod-as[q se s8uypurj 1e3y8010ype1 pue [e3yuy13 
qly~ uoy13unru03 uy uoy1ne3 ql~~ palaldraluy aq pInoqs sl[nsal aAylIsod '~161 jo Aly[rqeqo~d 
uo uorlewojur sapy~old lnq 3psou8eyp A~rul IOU sy sn aql uy sa~dures urruas qly~asn loj 
pa~orddelsal ua8ylue ~nll!2~radsyaql leql palou aq plnoqs 11 -sa[dmes qys lo wruas Suysn l1nsa.I 
lsal a18uys e uo paseq seM syso&eyp aql 'sluayled 6 aql jo E rq .lsal ua8pue snlll2nadsy 8uysn 
apeur seM syso&eyp aql 'uorl3ajut a~qeqold qly~ (p = u 'sod f~ = u '276) sluayled 6 u1 .(syaa~ 
91) popad aurg heurud aql 8uymp suop3ajuy ~e8ut-g aAyseAuy a~qeqo~d pado[a~ap lo ua~o~d 
O~Msluaped paleall sod 01 pum~uaped paleall z7d oz alaM alaql '9~~-861/3 Gpnys u~ 

.uopey3ads -1e8ut-g 10uoypajuy 1e8uq 
jo syso&eyp 103 pasn IOU st?^ pue sasodrnd IC~ole~o1dxa loj pauuoj2d A~uo seM 8upsal ~3d 
aqL .Lrolet?loqe~ 1e.11ua3 e ur 8uylsal ~36 8uysn s.1azyu0~03 [el0 pm spoqlaur papuaururo3a.1 1~73 
pue saleIosy q3no~qlyea~q jo 8uylsal IClyqyqylda3sns onqn ul papnpuy sluaurssasse 1e3y801oyqo.13yur 
[euo~yppv 'ploqsalql laq8yq e qly~ pa~oldury lsal aql jo IC3e~n33e aql leql paMoqs Aptus 
lua3a.1 e 'J~A~MOH'Aly3rjy3ads uo ~ajja urnuryuyur ql!~ Aly~pysuas a~o~dury - 01 palels uaaq seq 
jjo-1113 lam01 aqL .(s. 1 7 lsal a~ylysod loj jjo-ln3 ao) A1snoyha~d sarquno3 ueado~ng uy pasn leql 
ueql lam01 sy lyy pa~o~dde vad aql 8uysn (s-0 7JO xapuy a0 ut?) lsal a~pysod e ~oj jjo-ln3 aqL 
-sluaurssasse 1e3y8o[oype.1 pue [e3y8o[olsyq lo amqn3 [~~~~OIO~~OJ~IUI se q3ns sampa30.1d laqlo 
qly~uor13unuo3 uy pw saldures urruas qlt~ asn loj sn aql uy pa~o~dde sy q3yq~ lyy ua8ylue 
snll!4radsv , aql 8uysn pauuoj~ad seM 8upsal ua8ylue snlll2nadsb. aqL .sa~dures 
urruas z 7 10 'ds3 '7~8 suau113ads uy ua8pue snlll2nadsy ~oj JO qnsal a~ysod lo (alelydse 
snuys 'p~np 7~8 'a[durexa 103) pazyuo103 aq Aeur leql sap uro~j a.1m1n3 a~ylysod 'urnlnds 
-papnpuy eylalp3 1e3y8010yqo.13yur aql 'suop3ajuy alqeqold .IO~-sa~durt?sAsdoyq 10 suope~ydse 



NDA # 22--0Oj Page 23 
Posaconazole 
Schering Corporation 

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 

CONCURRENCES:. 

Deputy Dir 
Micro TL 
CC: 
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 



-~ 

a 
£00-ZZ 
a 

w 

~X38Z;tTRNNOI.V3I7ddV 



F ,.-

CLINICAL PHARMACOLOGY REVIEW 

Table of Contents -

NDA: 22-003 

Drug 

Trade Name 

Reviewer 

OCP Team Leader 

PM Team Leader 

OCP Division 

OND division 

Sponsor 
A 

Relevant IND(s) -

Submission Type; Code 

Formulation; 
Strength(s) 

Indication 

Dosage and 
Administration 

1. Executive Summary ............................................................................................2 
1.1. Recommendation.............................................................................................3 
1.2 Phase 4 Commitments ......................................................................................4 
1.3. Summary of Important Clinical Pharmacology Findings.............................6 

2. Question Based Review....................................................................................10 
2.1. Exposure-response relationship-Effectiveness.............................................11 
2.2. Exposure-response relationship-Safety ......................................................... 26 

3. Detailed Labeling Recommendation .....................................................................28 
4. Appendices............................................................................................................... 57 

4.1 Package insert (Proposed Labeling)............................................................. 57 
4.2. Population PK analysis.................................................................................58 

Submission Date(s): 12/22/2005 

Posaconazole 

Noxafil 

Seong H, Jang, Ph.D. (Primary and Pharmacometrics (PM)) 

Dakshina Chilukuri, Ph.D. (PM: Population PK) 

Philip M. Colangelo, Pharm.D., Ph.D. 

Jogarao Gobburu, Ph. D. 

DCP 4 

ODE IV DSPTP 

Schering-Plough Corp. 

51,662 

Original, I S  (NME) 

Oral suspension 40 mglmL (105 mL) 

Prophylaxis -
- - in patients, 13 years of age and older, who are 

at high risk of developing these infections, such as hematopoiet~c 
stem cell transplant (HSCT) rec~pientsor those with prolonged 
neutropenia 

Treatment of oropharyngeal candidiasis, lncludlng Infections 
refractory to itraconazole and fluconazole 
Prophylaxis< :: 200 mg TID 
Oropharyngeal Landidiasis: 

Loading dose of 200 mg QD, then 100 mg QD for 13 days 
Refractory Oropharyngeal Candidiasis: 

400 mg BID 
with a meal or with a nutritional supplement in patients who cannot 
tolerate a full meal 
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1. 	 Executive Summary 

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

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

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

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

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

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

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

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



- - 

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

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

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

concentrations of POS on Dav 2. 

z 


n s so- ,w 
a2 \ 

Logistic regression: 
P<0.0001 

'3 

.S%(IWHj - - ----_-cd 	 -----___ 
2 0 - 	 r 1 

0 7 1 0 1 ~ ~ ~2000 3000 4000 

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

1.1. 	 Recommendation 

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



Initial dose: 200 mg TID for all patients 

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

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

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

Initial POS dose: 200 mg 

400 mg TID +I 
Switch to another anti- 

fungal drug 


Scheme of POS Dose recommendation based on plasma concentrations of POS 

1.2 Phase 4 Commitments 

Not applicable. 
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1.3. Summary of Important Clinical Pharmacology Findings 

Exposure-response relationship-Effectiveness 

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

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

Dose recommendation based on the exposure-response relationship 

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

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

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



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

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

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

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

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

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

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

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

Initial dose: 200 mg TID for all patients 

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



!. 


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

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

I Initial POS dose: 200 mg I 

200 mg TID -* 

400 mg TID rL
After Day 7 

No 
400 mg TID 

fungal drug 

Scheme of POS Dose recommendation based on plasma concentrations of POS 

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

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





%c"--
2. Question Based Review 

Exposure-response Analysis 

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

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

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

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



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

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

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

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

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

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

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



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

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

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

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

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

* 
Total -63 54 

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

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

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

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

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



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

Study C98316 
I\ 

Logistic regression: 
P<0.0001 

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

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

Quartiles Q1 Q2 Q3 d 4  

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

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

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

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

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

There is some overlap in the rows. 

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

b: Discontinuation due to any reason 



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

Parameter Estimate SE P-value 

Clinical Intercept 3.7466 1.0713 0.005 

Failure Slope -0.7369 0.1634 <O.OOOl 

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

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

Study PO1899 

Logislic regression: 

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

Figure 3. POS exposure-response relationship for patients in the All Treated population 
during the Oral Treatment Phase (n=215) (Study PO1 899). Logistic regression was 
performed using natural log of average concentrations per patient (log(C,,,)) as a 
continuous variable and the Clinical Failure as a binary variable (yes or no). The solid 
line represents the regression fit. Subsequent to the logistic regression, the response rates 
in each of the 4 concentration quartiles (closed circles) are plotted to assess the goodness- 
of-fit. The response rates in patients treated with fluconazole (FLU, open square) and 
itraconazole (ITZ, open diamond) are plotted as references. 



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

Cavg (ng/mL) Clinical Failure Provedprobable IF1 

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

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

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


Parameter 	 Estimate SE P-value 

Clinical Intercept 3.9179 1.3969 0.005 

Failure Slope -0.6938 0.2267 0.0022 

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

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

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

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



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

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

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

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

I 

-

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

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

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

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

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



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

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

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

> 
z-

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

patient needs-an increase in the POS dosage? 

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

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

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

Appears This Way 

On Original 
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recommendation is based on the following results obtained from clinical pharmacology -studies conducted in healthy subjects 

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

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

' 

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

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

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

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

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

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

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

either with food or under fasting conditions. 


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

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

(Study 196-089) 


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

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

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

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

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

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

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



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

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

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

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

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

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

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



1 

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

Subject ID cav,(ng/mL) Quartile Pathogen 

005400 1468 254 Q1 Aspergillosis 


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

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

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

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

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

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

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



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

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

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

relationship? 


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

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

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

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

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

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

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

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

concentrations of Posaconazole. 
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Figure 4. Dose recommendation of POS based on plasma concentrations of Posaconazole 

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

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

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

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



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

h = 

I I I I I 

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

Days after the beginning of POS trearnent 

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

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

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

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



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

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

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

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

Objective of the analysis 

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

Methods 

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

Data: 

Pharmacokinetics 

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

Models 

Pharmacokinetics 

Structural Model 

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

Covariate Model 

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



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

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

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

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

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

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

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



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

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

& 

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

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

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

Results and Discussion 

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

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



*
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Model and Model Selection: 

Final Model 

Model description 

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

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

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

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

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

all 

n= 215 


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

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



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

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

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

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

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

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



no=O:yes= 1. 

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

S ~ t eNo. 

2 
10 

15 

15 

54 

57 

44 

Reviewer's Comments 

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

Subj. No. 

1271 

1371 

1239 

1415 

1468 

1492 

'1 329 

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

Recommendations 

Gender 

M 
F 

bA 

F 

F 

Pfi 

F 

Labeling 

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

4.2.1. POS PK in pediatric patients 

Race 
Caucasran 

kstan 
Caucasian 
Caucasian 

Hispanic 
Caucasian 
~aucasian 

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

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

GGT 

o 
o 
0 

0 

0 

0 

o 

LN 

o 
Q 

1 

0 

0 

1 

o 

13-17 years of age 

Diarrhea 

0 

0 

1 

0 

1 

0 

o 

N 
10 

PPINHIB 

o 
o 
0 

0 

0 

'I 
I 

MeankSD 
760k404 

Median [Range] 
682 [254-13701 
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