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Supporting Documents: IND —————
Executive Summary:

Pfizer is seeking approval of voriconazole for the treatment of esophageal candidiasis,
presumptive fungal infections in febrile neutropenic patients, invasive Aspergillus
infections and the treatment of rare pathogens in subjects who are refractory to or intolerant
to other antifungal therapies. This review will focus on the pre-clinical data describing the
microbiologic activity of voriconazole against Candida, Aspergillus, Fusarium and
Scedosporium species as well as the clinical microbiology data from the esophageal
candidiasis and invasive aspergillosis clinical trials.

A number of pre-clinical in vitro studies were reviewed and the data from those studies
demonstrated that voriconazole has varying activity against Candida species. Preclinical
in vitro susceptibility testing, employing the National Committee for Clinical Laboratory
Standards (NCCLS) M27-A method, demonstrated that in general voriconazole minimum
inhibitory concentration (MICs) were comparable to itraconazole MICs when tested
against the same Candida isolates. In vitro time kill studies demonstrated that neither
“ voriconazole nor itraconazole were cidal against the various Candida species evaluated.
No pre-clinical in vitro studies were conducted to determine the frequency at which drug
resistance development occurred in Candida, Aspergillus, Fusarium or Scedosporium
species. :
Preclinical in vitro susceptibility results showed good correlation between fluconazole
susceptible (MIC < 12.5 pg/ml) and resistant (MIC >100 pg/ml) isolates of C. albicans
and voriconazole MIC values of < 0.09 pg/ml and > 0.39 ug/ml, respectively.
Itraconazole and voriconazole MICs were higher for non-albicans species including C.
glabrata, C. parapsilosis, C. keyfr, C. lusitaniae, C. guilliermondii and C. tropicalis.
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Several investigators assessed the pre-clinical in vitro activity of voriconazole. While
individual MIC values may have varied from one study to another the MIC results
demonstrated that for 4spergillus species voriconazole MIC values were similar to those
of itraconazole, indicating comparable activity against these moulds. However, it should
be noted that the majority of the preclinical studies evaluated voriconazole against A.
" fumigatus and A. flavus only.

Employing the NCCLS M38-P method voriconazole MICs ranged from !

for the Aspergillus fumigatus and A. flavus isolates tested. Growth inhibition time kill
studies demonstrated that the cidal activity of voriconazole was not as great as that seen
with amphotericin B but was greater than that seen with equal concentrations of
itraconazole when tested against the conidial form of A. fumigarus. However, cidal
activity defined as 99.9% killing, was not obtained by voriconazole in these studies.
When the cidal activity of voriconazole and itraconazole were tested against the
filamentous stage of growth of various Aspergillus species, 8-16 fold higher
concentrations of both drugs were required to kill the hyphal phase of growth of the
Aspergillus isolates. From the limited pre-clinical microbiology data regarding
Aspergillus species, it is unclear if drug resistance development occurs or if cross-
resistance is an issue.

The sponsor conducted a limited number of experiments assessing the antifungal activity
of voriconazole when used in combination with other antifungal agents. From a single
experiment it appears that voriconazole does not interact with either amphotericin B or 5-
fluoro-cytosine (SFC) when tested against C. albicans. However, when tested against a
single isolate of A. fumigatus it appeared that voriconazole activity was reduced when
used in combination with SFC and possibly with amphotericin B. These results should be
viewed as preliminary as additional studies should be performed to accurately assess the
activity of voriconazole when used in combination with other antifungal agents.

Voriconazole demonstrated in vivo activity against acute systemic 4. fumigatus and C.
albicans infections in immunocompetent and immunocompromised guinea pigs. In newly
infected immunocompetent guinea pigs high doses of voriconazole were comparable to
itraconazole in prolonging survival and reducing the fungal burden of 4. fumigatus in
kidney and lung tissue. Voriconazole also demonstrated activity in immunocompromised
guinea pigs infected with an 4. fumigatus strain demonstrating reduced activity to
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itraconazole (itraconazole MIC of 3.1 pg/ml). Voriconazole was active against
pulmonary infections in immunocompromised guinea pigs due to Aspergillus fumigatus.
The in vivo activity of voriconazole was not studied against other Aspergillus species.

Voriconazole exhibited activity in newly infected normal and immunocompromised
guinea pigs infected with fluconazoie susceptible and resistant strains of C. albicans.
Voriconazole also demonstrated varying effects with respect to the reduction of the
mycological burden in the kidney of immunocompromised guinea pigs with acute
systemic infections produced by C. krusei and C. glabrata isolates. The in vivo activity
of voriconazole was not measured against other Candida species.

In the esophageal candidiasis clinical trial 305, the NCCLS M27-A susceptibility testing
method was employed to determine fluconazole, itraconazole and voriconazole MICs.
For the microbiologic assessment only per protocol subjects with an efficacy assessment
at the end of treatment and who had microbiologic data at baseline were evaluated. There
were 76/115 (66%) subjects in the voriconazole arm and arm 96/141 (68%) subjects in
the fluconazole arm that met these criteria. A satisfactory response at the end of therapy
was obtained in 60/76 (79%) voriconazole subjects and 67/96 (70%) fluconazole treated
subjects. Greater than 94% of the subjects in both treatment arms with a satisfactory
response were due to C. albicans with voriconazole MICs <0.19 pg/ml. All of these
isolates were also susceptible to fluconazole and itraconazole.

At the end of therapy there were 7/76 (9%) and 14/96 (15%) per protocol subjects that
had an unsatisfactory response in the voriconazole and fluconazole arms, respectively.
The majority of these subjects continued to be infected with C. albicans where the
isolates had no significant change in the fluconazole or voriconazole MIC values as
compared to the pre treatment samples. Two subjects in the voriconazole arm and 4
subjects in the fluconazole arm developed a new fungal infection due to a different
Candida species at the end of therapy. At the end of therapy drug resistance development
occurred in one subject with C. albicans in the voriconazole arm and 2 subjects in the
fluconazole arm (1 C. albicans, 1 C. glabrata). Drug resistance development was evident
in these isolates, as there was a 16-64 fold increase in fluconazole, itraconazole and
voriconazole MIC values between the pre treatment isolate and the end-of-therapy
isolate.

Relapses, 30 days post therapy, occurred in 12% and 15% of the subjects in the
voriconazole and fluconazole arms, respectively. All of the relapses in the voriconazole
arm were due to C. albicans with voriconazole MICs <0.78 pg/ml. In the fluconazole arm
60% of the relapses were due to C. albicans, 13% due to C. glabrata and 27% due to
mixed cultures containing C. albicans and other Candida species. Varying voriconazole,
itraconazole and fluconazole MIC values were observed for the other yeast recovered

during this study which included C. glabrata, C. krusei, Saccharomyces species, and C.
Jamata.

There were insufficient numbers of infections due to C, glabrata or C. krusei isolates to
draw decisive conclusions. The observed in vitro results suggest that voriconazole has
reduced activity against C. glabrata isolates. It was also observed that Candida albicans
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isolates that were resistant to both itraconazole and fluconazole also had significantly
higher voriconazole MICs, suggesting cross-resistance.

In the invasive aspergillosis clinical trial 307/602, 50/77 (65%) and 41/68 (60%) MITT
subjects in the voriconazole and amphotericin B arms, respectively, had a single species
of Aspergillus recovered from a clinically relevant site. In the voriconazole arm 43/50
(86%) of these documented fungal infections were due to A. fumigatus of which 21/43
(49%) had a satisfactory response at week 12 of the study. Only 27/41 (66%) MITT
subjects in the amphotericin B arm had documented fungal infections due to A.
Jumigatus. A total of 5/27 (19%) subjects had a satisfactory global response at week 12.

A significant number of subjects in the voriconazole arm 27/77 (35%) and amphotericin
B arm 27/68 (40%) had multiple fungi (yeasts and moulds) recovered from clinically
relevant sites. More subjects in the voriconazole arm had A. fumigatus and C. albicans or
A. fumigatus and C. glabrata isolated from clinically relevant sites, of which, a
satisfactory response of 50% and 0% was observed, respectively. Subjects in the
voriconazole and amphotericin B arms with A. firnigatus and other moulds isolated from
clinically relevant sites had satisfactory response rates of 0 and 43%, respectively.

The ability to accurately assess the efficacy of voriconazole in the MITT subjects with
culture confirmed infections due to non-fumigatus species of Aspergillus was difficult
due to the low incidence of infections due to each species. However, the overall trend
with respect to a satisfactory global response suggested reduced voriconazole activity
against infections caused by non-fumigatus Aspergillus species, including A. flavus, A.
terreus and A. nidulans.

Voriconazole, itraconazole and amphotericin B susceptibility testing was performed on
Aspergillus isolates sent to the reference laboratory. Greater than 90% of the A. fumigatus
isolates had voriconazole MICs between 0.125-0.25 pg/ml employing the NCCLS M38-P
method. Itraconazole MICs for these isolates ranged from . The
majority of the non-fumigatus species of Aspergillus isolated during these clinical trials
had voriconazole and itraconazole MICs between

respectively; a 2-4-fold increase over those determined for the 4. fumigatus isolates.

Cross-resistance between voriconazole and other oral antifungal azoles was not observed
with the Aspergillus isolates recovered during this clinical trial. It was also observed that
for the Aspergillus isolates studied a significant rise in voriconazole MICs did not
occurred while subjects were on antifungal therapy.

Because there are no approved antifungal susceptibility testing methods for the
filamentous fungi and voriconazole breakpoints have not been established for these fungi
it is impossible to correlate voriconazole MIC resuits and clinical outcome.

In the historical controlled clinical trial 304, A. fumigatus was the most common
Aspergillus species recovered from the MITT subjects with culture confirmed disease.
Fifty three percent of the subjects with 4. fumigatus as the sole pathogen isolated from a
clinically relevant site had a satisfactory response. Satisfactory response rates were
reduced to 29% in subjects who had A. fumigatus and another fungal organism isolated
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. from clinically relevant sites. Too few cases of confirmed invasive Aspergillosis due to
non-fumigatus Aspergillus species were observed to adequately characterize the activity
of voriconazole against these species. However, the general trend with respect to global
response showed reduced activity against non-fumigatus species of Aspergillus to that
observed against infections due to A. fimigatus alone.

There are sufficient preclinical and clinical data showing that voriconazole is active
against azole susceptible strains of C. albicans and A. fumigatus. However, there was
insufficient preclinical information and clinical microbiology results to adequately
characterize the activity of voriconazole against non-albicans Candida and non-fumigatus
Aspergillus species.

For Scedosporium apiospermum, Fusarium solani and Fusarium oxysporum isolates in vitro
data demonstrated reduced voriconazole activity, suggesting that some isolates of each
species may be less susceptible to voriconazole than Aspergillus or Candida isolates. In
addition, consistently higher MICs were noted for Scedosporium prolificans isolates
indicating that this pathogen may be even more difficult to treat with voriconazole. When
cidal levels were. determined it was found that significantly higher levels of voriconazole,
>16 pg/ml, were required to kill Scedosporium and Fusarium species, further indicating that
it may be more difficuit to eliminate these organisms than Aspergillus fumigatus. Pfizer
conducted one in vivo experiment where voriconazole at 5 and 10 mg/kg reduced the
fungal burden in brain, lung, liver, kidney and spleen of immune competent guinea pigs
infected with Scedosporium apiospermum. In vivo studies further characterizing the
activity profile of voriconazole against the other rare moulds have not been performed to
date. Due to the small numbers of these rare moulds studied both in vitro and in the clinical
trials it 1s difficult to accurately correlate voriconazole MIC values and clinical outcome of
subjects with infections due to these organisms. It is strongly recommended that the sponsor
continue to collect clinical and microbiologic data on subjects with culture confirmed
disease due to these rare pathogens and are treated with voriconazole.

In an effort to better understand the spectrum of activity of voriconazole the sponsor
should collect clinical and microbiologic information on subjects infected with non-
albicans Candida, non-fumigatus Aspergillus species, Fusarium species and
Scedosporium species. The sponsor should also continue to characterize the cross-
resistance and drug resistance patterns of voriconazole, as this information is critical in
_determining the appropriate treatment of patients with Candida and Aspergillus
infections. As part of a phase IV commitment the sponsor should annually submit this
information to the FDA.

Background:

Voriconazole, like fluconazole and itraconazole, is an antifungal azole. It inhibits the
cytochrome P-450 dependent 14a-lanosterol demetliylase enzyme that is responsible for
the synthesis of ergosterol, a major component necessary for the integrity of the fungal
cell wall. As such, the spectrum of activity of voriconazole is expected to be similar to
the other antifungal azoles.
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To fully characterize the microbiologic activity of voriconazole, three constituents were
assessed in detail in the review of the pre-clinical and clinical microbiologic data. The
first constituent was the activity profile of voriconazole against fungal species known to
have reduced activity against either fluconazole or itraconazole, such as C. glabrata, C.
krusei and A. terreus.

The second microbiologic constituent studied was cross-resistance between voriconazole,
fluconazole or itraconazole. Cross-resistance between fluconazole and itraconazole has
been reported for Candida species. However, the extent of the cross-resistance observed
can either be partial or total, as various mechanisms of resistance have been observed
with itraconazole and fluconazole. While voriconazole breakpoints have not been
established significant changes in voriconazole minimum inhibitory concentrations
(MICs) were closely studied and were used to indicate drug resistance development.
When possible changes in MIC patterns for the three azoles were compared.

The third microbiologic constituent examined in this NDA review was drug resistance
development. Drug resistance development has been well documented with subjects who
have received long-term fluconazole therapy. It was critical to determine if this same
phenomenon occurred with voriconazole. The majority of the data pertaining to cross
resistance and drug resistance development will be discussed in the Clinical Review
Section under the Medical Officer’s Review of the NDA. Please refer to those sections
for review of the clinical microbiology data.

Preclinical Microbiology Summary:
Mechanism of Action:

Voriconazole is a triazole antifungal agent. The mechanism of action is the same as for
the other approved antifungal azoles, i.e. fluconazole and itraconazole. Voriconazole has
been shown to inhibit the cytochrome P-450 dependent 14a-lanosterol demethylase
enzyme that is responsible for the removal of the methyl group on the C14 site of
lanosterol. Inhibition of this enzyme results in the depletion of ergosterol, a major
component necessary for the integrity of the fungal cell wall, and the accumulation of the
sterol precursor compounds. In vitro studies demonstrated that voriconazole is more

-selective for fungal cytochrome P-450 enzymes than for various mammalian cytochrome
P-450 enzyme systems evaluated.

While the mechanism of action of voriconazole is the same as the other approved
antifungal azoles, it is still necessary to characterize the activity of voriconazole against
the different fungal pathogens. This is essential because the composition and content of
the different sterols in the cell walls of fungal organisms can vary, thus potentially
altering the activity profile and cross resistance pattern of voriconazole from genus to
genus and even species to species.
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Mechanisms of resistance:

There is no single mechanism of resistance for the antifungal azoles. The principal
mechanisms, at the molecular level, contributing to antifungal azole resistance include
modifications to the ergosterol biosynthesis pathway, molecular changes to the ERG gene
and over expression of efflux pumps through either CDR genes of ABC transporters or
the MDR1 gene.

In Vitro Activity:

Voriconazole has demonstrated in vitro activity against Aspergillus and Candida species.
In 1998 Johnson et al. published data comparing the in vitro activity of voriconazole to
that of itraconazole and amphotericin B against filamentous moulds (JAC, 1998, 42:741-
745). A. fumigatus, A. flavus, Fusarium solani and S. apiospermum isolates were tested in
addition to other moulds. MICs were determined employing a modified NCCLS M27-A
microdilution method. After 48 hours of incubation, when the MICs were read, the
microtiter wells demonstrating no growth were plated out and incubated for an additional
48 hours to determine the minimum lethal concentrations (MLC). The MLC was defined
as the lowest drug concentration where 95% of the inoculum was killed. The A.
Jumigatus, A. flavus and S. apiospermum isolates tested had voriconazole MICgos of
0.5ug/ml. MLCs were 0.5, 1.0 and >16 pg/ml, respectively (See Table 1). The MICy and
MLC for Fusarium solani were 4 and 16 pg/ml, respectively. These data show that
significantly higher concentrations of voriconazole are required to kill S. apiospermum
and Fusarium solani isolates as opposed to Aspergillus flavus or A. fumigatus isolates.
The data also show that for the Aspergillus isolates tested, itraconazole and voriconazole
MLCs were comparable to their MICs.

APPEARS THIS WAY
ON ORIGINAL
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Table 1
In-vilre suscaplibitity of moulds
Table, Inviuompmimiesolnouohm(lehdexhw‘ listed) to voriconazole, itraconazole and
amphotericin B
" MIC (mg/L) A ” Mié(mui)'
Species Antifungal agent range MiCx MiCw rant: MLC; MLC,,
Absidia corymbifera variconazole —_ s >16 >
itraconazole 025 0s - 2 >i6
] smphotericin 0.25 0.25 ' - 0.25 s
Aspergilhus flavus voriconazole ke -— 08 05 — 0s \
itraconaz 0.23 025 028 0s
. , amphotericin - ! i i
Aspergilius fismigans voriconazole 023 0> et 025 035
itneomu.;lf — ‘0S5 03 - 2 2
] - amphotericin 05 03 U | 4
Clodophislophora bantiann  voriconazoke <0.03 ¢12 e 05 1}
Hraconazole C— 0.06 0.1 025 1
_ N amphotericin 025 03 S—— 1 :
Exophiala dermatitidis voriconazole 0.12 02 025 D3
itraconazole *— 0.25 ns — 025 05
) amphotericin 0s } - 05 1
Fonsecaea pedrosoi yoﬁconuole 0.06 .06 L 0.06 0.06 -
itraconszole —— 0.42 025 ’ 0.1 025
] amphutericin 1 ) ) 2
Fusarinm soleni voriconazole _ 2 3 —— B 18
itraconazole -~ >16 >1ih >l6 >16
amphotericin t 2 e 1 2
Phialophera paresitica voriconazole ——r 035 025 1 2
itraconazole 1 2 akad >16 >16
. amphotericin . 1 2 t 2
Rhizopus arrhizus voriconazole e 8 16 e 16 >16
itraconazole 1 2 1 >16
o amphotericin _ 025 025 o 025 |
Scedosparium apiospermum  voriconazole ' 025 03 e >16 >16
i"‘;:ﬂn‘_"';' ) 4 >16 >16
amphotericin S 2 8 P J
 Sporuehrix schenckii voriconazole 1 >16 . >1: :::
itraconazole . 2 + T 16 >
amphotericin - 2 4 T 9 4

The inhibitory and cidal activities of three antifungal agents were determined using
NCCLS susceptibility testing methods and time kill curves, respectively (Manavathu et
al, 1998, AAC 42:3018-21). Table 2 shows amphotericin B, itraconazole and
voriconazole MICs for various Aspergillus and Candida isolates tested. For the
Aspergillus isolates evaluated voriconazole and itraconazole MICs ranged from

— respectively. The voriconazole MICs were comparable to the

itraconazole MICs for the various Aspergillus isolates tested.

Voriconazole and itraconazole MICs against the Candida isolates ranged from ™~
- respectively. However, the MICs for both drugs were 8-32
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fold higher for the non-albicans species versus C. albicans. The MIC data suggest that the
inhibitory effect of voriconazole is comparable to that of itraconazole. In addition, the
activity of both azoles is greater against C. albicans than non-albicans Candida and

Aspergillus species.

TABLE 2. Susceptibifities of mictoorganisms tested®
Microcsgaalon Scmree® —-—‘-‘-!E_.___..._l
AMS nz vcz
A fvnigans WTIISS DMC 0S5 03 0S
A. famigang F55064 DMC 05 025 )
A fvnizons 152930 DMC 1 025 oS
A fmigann 752654 DMC 05 03 oS
A fomigann T39O DMC ) oS 1
Aspergihas niger $11338 DMC 4 4 )]
A niger F3179 DMC 1 4 1
A niger N3 DMC 1 4 1
A niger W78 DMC 2 02 o
A niger TSTIIS DMC 2 05 2
A flovus 145630 DMC 05 015
A Povs WESSHY DMC 3 oxs  as
a bMC 025 gg
Javus 341513 DMC 4 as o
Pt Nl v DMC 4 0 o3
prac b 53388 DMC o5 o035 g3
. BSOT? DMC ) 05 o3
C alieans Joma ! acz 4 o8
Condida giliemondsi ATCC 002 om1  ogis
Condide bsheries 30435 T ATC 025 05 azs
Candlda porgpniloss DMC os 025 03
Contida regy Lm0t 0% DMC 05 o;s gy
Condida sallrcicea OW: oue 05 o1s ans
Condiida popicats 450" DMC 0125 01 agn
Candida gladrate 33334 ArX 05 ax o
:x..‘&:n'w mm Mva:-‘wﬁ-
SDaC, m‘ﬂ? =1 ddution. repeated o
“AMB, wnpboiericie B; 172, imcsarsie m""’“mﬂwmnw..

Growth inhibition studies were conducted to determine the cidal activity of voriconazole.
Figure 1 shows the time killing curves of ampbotericin B, itraconazole and voriconazole
against the conidial form of an A. fimigatus isolate. At 24 hours a 5ug/ml concentration
of itraconazole and voriconazole killed 87-96% and 95-99% of the cells, respectively.
Amphotericin B produced the greatest cidal activity. Neither azole obtained a killing
activity of 99.9%; the quantity of killing traditionally designated to define cidal activity.
It is also of interest to note that the killing activity was determined at 24 hours not 48
hours. The cidal response should have been determined at 48 hours, as some of the fungal

elements may not have had adequate time to sporulate.

10
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Cidal activity was also determined for various Candida species. Table 3 clearly
demonstrates that neither voriconazole nor itraconazole are cidal against any of the

Candida species tested.

r——
TABLE™S Fungicidal or fungistatic activiies of amphotesicia B, itraconazole, and voriconazole against Aspergilhes aad Candide species”

10° CFUinl ot T, (%% change)®

Micocrganian WOoUMIRT, yeey — -3

Jarnigatus (= * 0871 = 0.091 (~99. 0195 £ 0297 {~9.7) 0.096 = 0.055 (~989)
ﬁner(a -(;) 9 gig oxm:mm%— v 0341 = 0349 (~82.1) 0.224 = 0.340(~94.7)
Apana(n=5) 906 = AT8 0.173 = 0288 (-98.1) 0317 = 0223 (~9.5) 0.376 = 0.43 (~959)
Aspergillus 5p. (n = 3) 557508 0.081 £ 0.123 (~985) 0207 x 0.284 (~96.3) 0.052 £ 0023 {~%9.1)
C e © 7352068 0.00005 (~100) 653 £ S2(+T88.4) 50 % 7.2(+560.2)
C 123242 000005 (- 100) 163 £ 7.7 (+325) 192 = 15.6 (+56.3)
CW as=212 0028 £ 2012(-9.7) 20.1 = 5.9(+1355) 131 = 9 (+1440.)
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C 20224 | 0092 £ 0.025(-99.6) 605 £ 203 (+142) 66 = 19(+168)
o ciica R’S=42 0.90005 (~100) 8402 214 (+572) 108 = &3 (+764)
C. aopicalis 117225 0.0057 {~999) 137 = 65 (+1.0709) 150 £ 37 (+1,062.0)
C. slabrata 7920 2.60005 {~100) 152 £ 30 {(+2.0M.4) 465 + B3 (+5643)

i

* Resuits sbows are from 2 typieal mperiment. Bach valos seprcaents the meam of two independeat deseymiastions. 7o and T dencss the times immediurly price *
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In a separate study investigators (Lass-Florl et al., 2001, AAC 45:124-128) assessed the
cidal activity of voriconazole against the filamentous stage of growth for various species
of Aspergillus. Utilizing a FUN-1 stain, which turns red when taken up by actively
metabolizing fungal cells, investigators were able to differentiate live and dead hyphal
elements. Table 4 shows the MFC values for voriconazole and itraconazole against the
hyphal phase of growth. The MFCs against the hyphal phase of growth are comparable
for voriconazole and itraconazole. These MFC values against the hyphal phase are 8-16
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fold higher than the MFCs obtained when Aspergillus conidia were used to calculate the
MFC. While the MFCs for voriconazole and itraconazole are similar for the majority of
the isolates tested, it should be noted that some Aspergillus isolates had higher MFC for
one drug or the other suggesting different mechanisms of resistance may be specific to-
voriconazole or itraconazole. However, additional data are needed to confirm this

observation.

TABLE ) Sweceptibiity of Apegiius hypkae 10 voriconazsle 2ad irsconssole

an® Voricosasde MIFC Voricossaeio waccowols
Apergiihe 9 (n0. o lsuiates tested) mun:" m:;“' wﬁr’ h‘::-(?h
A fons (5) 8->16 VIR 4~
-3 D -2 gz
24 s D 2-2 D
8->16 v L D
24 D -3 D
A verreus (5) 2-4 D 44 -D
24 R -4 D
16 v 2-2 D
24 D B->16 vD
2-2 D 44 D
A. riger (5) 816 D 8->16
44 D 44 l‘;n
2-2 D 8->16 R
22 D 2-2 D
22 D 22 D
A flavigatio (S) 2-2 D 22 D
16 vin o B
. 4-4
44 D 2-2 le
2-2 D -4 D
Itraconaenie-resistant A. fimigass (1) 22 D >16 ' vViD
:?amuwmn;g ‘
, Visbis Syphos reprsscatod greea Bocyencent Syphas with red vacaolsr strocrares: 3, ferpes ] Suovescent )
b g o Whyp:;wbymm hnhcnﬂll‘:

In an in vitro study conducted by Ruhnke et. al.(1997, AAC 41:575-7) voriconazole
susceptibility testing was performed against fluconazole susceptible and resistant isolates
of C. albicans obtained from HIV positive patients with oropharyngeal candidiasis. The
NCCLS M27-T method was used where the final concentrations of voriconazole and
fluconazole ranged from 0.048 to >100 pug/ml. Susceptibility results were read after 48
hours incubation. The investigators in this study used different dilution factors than those
proposed by the NCCLS and chose a breakpoint of >25 pg/ml to define resistance. This
FDA reviewer chose to evaluate the data using breakpoints closer to those proposed by
the NCCLS (MIC of >64 ng/ml). For the purpose of this review fluconazole MICs of <
12.5 pg/ml and >100 pg/ml were employed to signify fluconazole susceptible and
resistant C. albicans isolates, respectively.

Using these criteria 24/27 (90%) isolates with a fluconazole MIC > 100 pg/ml had a

voriconazole MIC > 0.39 pug/ml. In this study there were 56 C. albicans isolates with
fluconazole MICs < 12.5 pg/ml. The NCCLS defines fluconazole susceptible Candida
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when the MIC is < 8.0 pg/ml. Ofthe 56 fluconazole susceptible isolates 44 (79%) and 53
(95%) had voriconazole MICs of < 0.09 pg/ml and < 0.19 pg/ml, respectively. The MIC
results as shown in Figure 2 indicate that there is good correlation between fluconazole
susceptible and resistant C. albicans isolates and voriconazole MICs of < 0.09 pg/mi and
> 0.39 pg/ml, respectively. However, it is unclear what voriconazole concentrations
would be used to define the dose dependant susceptible (DDS) range.

Figure 2

254
12.5- aa
8.25 - sasss
3.124 a

.58

0.78-
0.39
0.19-
0.09-
0.048-

aAaad>

Fluconazole MICs
(ug/mi)

<0048 00% 019 039 078 156 3.12
Voriconazole MICs [jig/mi]
FIG. 2 Scatter phots of in vitro suscepridilities to voriconazole versus fluconazole for

i

LTS e
3

105 CE' sibicans isolates tcsied by M27-T-micto (9) (A) and HR-micro (15)(B),
ach datum poime represents one eXperiment. (A) #.n = 40; A.m = 18: V. 5 = )7
121491 1:0On>F R a = LM e a=6Rann2v  a 15
*A=2yO =150 a2 mn =], T )

The in vitro activity of voriconazole against Aspergillus species was studied by Murphy et.
al. (Antimicrob. Agents Chemother. 1997, 41:696-698). Using a modified NCCLS M27-A
method voriconazole, itraconazole and amphotericin B MICs were determined for A.
Sfumigatus, A. flavus and A. niger isolates. The susceptibility results show that the MICy for
voriconazole were within a 2-fold dilution of those found for itraconazole for all 3
Aspergillus species tested (See table 5). Voriconazole and itraconazole MICy for the three
Aspergillus species were 0.25 to 0.5 pg/ml, indicating comparable in vitro activity.

13
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Table 5

In Vitro Susceptibility Results of Three Aspergiilus Species

Results of tests of in vitro susceptibilities of Aspergillus
spp. to voriconazole, itraconazole, and amphotericin B

" MIC (pgiml)’
' A. fumigetes A fiy A niger
i B 33 1) n= 1) n = 10)
“Range .. — - ' -

Voriconszole  <0.03-0.5 025003 025-05 05 05 025-10 05 025
Wacopmole  <0.03-1.005 0.06 0.125-0.25 0.25 025 05-20 10 10

Amphotericin B 05-2020 1.0

1040 40 20 05-10 1.0 05

*90% and 50%, MICs at which 50 and 50% of ischics, respectively, are

-Radford and colleagues studied the in vitro activity of voriconazole against less common
moulds (Antimicrob. Agents Chemother. 1997, 41: 841-843). The information in table 6
was taken from a more complex table published in the article. MICs were determined for the
conidial form of the moulds grown on High-Resolution (HR) medium. It should be noted
that this is a different susceptibility testing method than the NCCLS M38-P and MIC values
can not be compared to those obtained using the NCCLS M38-P method as comparability

tests were not performed.

Table 6

In vitro Activities of Voriconazole and Itraconazole

Organism Voriconazole Itraconazole
(# of isolates) MIC range (ug/ml) | MIC range (pg/ml)
Fusarium oxysporum (3) 0.5-2.0 0.25->64
Fusarium solani(4) 1.04.0 >64
fgfdowriwn apiospermum 0.12-0.5 0.12->64
Scedosporium prolificans (5) 4.0

>64
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Clancy studied the inhibitory and cidal activity of voriconazole against Aspergillus and
Fusarium species (J. Clin. Microbiol. Infect. Dis. 1998 17:573-575). The NCCLS
macrodilution method was employed to determine voriconazole and amphotericin B
MICs and MLCs against 20 A. fumigatus, 9 A. flavus, 11 F. solani, 6 F. proliferatum, 5 F.
oxysporum and 3 F. moniliforme. Tables 7 and 8 show the MIC and MLC patterns for the
various species tested. The voriconazole MICs for the Aspergillus species were lower
than those for the Fusarium species. In addition, the MLCs for the Fusarium species were
>16 pg/ml suggesting that infections produced by these moulds are more difficult to treat
than those produced by Aspergillus flavus or A. fumigatus where the MLCs ranged form
0.25- 8 pg/ml.

Table 7
Distribution of Voriconazole and Amphotericin B MICs
against Aspergillus and Fusarium isolates
Organism (no.) Voriconazole MIC (ug/ml) Amphotericin B MIC (pg/al)
61 025 03 1 2 02 05 1 2
Al Aspergilias spp. (29) 7 5 13 3 1 2 8 13 0
A. Wsp(p."b) ! 7 4 7 2 (V] 2 n ? 0
A. flavus (9) o 1 6 ) 10 3 6 0
AR Fusarium spp. (25) 0 2 1 it u o 5 4 6
F. solané (}1) 0 i 0 s 5 0 3 7 1
F. proliferomm (6) O o 0 3 3 o 0 2y
F. o 5 0 1 0 2 PN 2 2 1
F. moniliforme (3) 0 0 1 1 t 0 o 3 o
.

Table 8

Minimum Lethal Concentrations of Voriconazole and Amphotericin B
against Aspergillus and Fusarium Isolates

Organism {no.) Voriconazole MLC (ug/ml) "~ Ampbotericin MLC tpg/ml)

028 ¢S 1 2 4 8 =216 025 05 1 2 4 8
Aspergillas spp. (29) 1 2 1 7 3 5 0 2 1”7 3 2 060 0
Fusarium spp. (28) 0 o o1 2 2 20 0 2 13 8 1 1

In bouse studies were conducted by Pfizer to determine the in vitro activity of
voriconazole when used in combination with amphotericin B or 5-fluoro-cytosine (5FC).
. were set up in a checkerboard pattern where varying concentrations of
vonconazole or fluconazole were combined with amphotericin B or 5FC. The various
drug combinations were evaluated against a single isolate of C. albicans and A.
Jumigatus. The test results showed that the addition of either amphotericin B or 5FC had

15



N-21266.0 and 21267.0
Voriconazole
Pfizer

no effect (i.e. additive, synergistic or antagonistic) on the activity voriconazole or
fluconazole against C. albicans when used in combination (data not shown). When tested
against A. fumigatus the in vitro activity of fluconazole was not altered by the addition of
amphotericin B or SFC. However, one could not discern if amphotericin B or SFC were
antagonistic when used in combination with fluconazole as the Aspergillus isolate
evaluated was inherently resistant to fluconazole with an MIC of >100 pig/mi and higher
concentrations of fluconazole were not studied. It was observed that when tested against
A. fumigatus voriconazole MICs rose by two fold in the presence of increasing
concentrations of amphotericin B and 4 fold when used in combination with increasing
concentrations of SFC. While these increases are not great, they do suggest that the
activity of voriconazole against A. fumigatus is reduced when used in combination with
amphotericin B or 5FC. This drug combination information is interesting; however, it
should be noted that the data were obtained from only one isolate of each fungal species.
Additional in vitro and in vivo combination drug studies must be performed to adequately
characterize the voriconazole when used in combination with other antifungal agents.

In Vivo Studies:

The in vivo activity of oral voriconazole was studied by the sponsor utilizing normal and
immuno-compromised guinea pigs infected with A. fumigatus and C. albicans isolates.
In one study normal guinea pigs with established systemic A. fumigatus infection
(treatment initiated 48 hours post infection) were treated with various antifungal agents.
Oral voriconazole and itraconazole at 5 and 10 mg/kg b.i.d. produced the greatest
reduction in the. fungal burden in kidney tissue. At the 1 mg/kg dose voriconazole and
itraconazole reduced the fungal burden by 1.3 and 1.8 log;o, respectively (See table 9).

APPEARS THis WAY
N QRIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Table 9

Compound Doae (ko) Survivors Cures Aepergig Coment ol

iidney (CFU/g
UK-100.408 10 1S 131S o.u;‘....u
H s 1218 0.10"

[ ——rmy 70 e :‘1: ; ::t:i\ A7
: WS .ms 0.29°

ard 1.39+1.29

| Flvognazols 50 1218 113 2.60 2 1.05

| Amphotericin B 4 ¥ oS 2.953075

Gomesy 2 3 o3 32 303

**P «0.00t

Animals wers 6osad orafly b.Ld. for § days for 2 '
‘ p il sxcept ﬂv;:ﬁdnlwﬂﬂbmnanm.ndw.onhsm.mwm
Kidneys were harvasted 18h alter the last gose

Valves ars meams, = 8.D., of the ;
-‘s w”mmamm axpetimants with groups of 8 animais, excspt where cures were

CFlig = logyp colony-forming units por g of kidney homogenate

Significancs of difference {rom vahicls group
(Siudents indepencent t-tas?)

In neutropenic guinea pigs antifungal therapy was started 1-hour post infection,
mimicking a new non-established systemic infection model. After 4 days of therapy oral
voriconazole at 5 mg/kg b.i.d. reduced the fungal burden in the liver of animals 2 logio
greater than the same dose of itraconazole (See table 10).

APPEARS THIS WAY

0Y or!

GINAL

APPEARS THIS WAY
ON ORIGINAL
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Table 10

Compound Dose (mo/p) Survivors Cures Asparpiius content of
Iiver {CFU/ tissua)
UK-109,4968 10 a2 28/28 0.0
H 2828 14/28 032~
25 10 oMo 170+ b.10~
3 L I 28 3262044
Rraconazols 10 b4/ 44 an - 0.68 2 0.58"
s 21720 yas 2392085
3 ans 3.302 038
| Fuconarole 20 v onz 3212032
L Amphotericin B 4 9 2262084
| Vahicle [} 723 o2s 3.19 2 0.40

MMWWMpAMQLWGMWNNWWM\ng.p.
do3as of cyclophosphamide 4 days and 1 day prior 1o indeciion

* Animals ware dosed orally b.Ld. jor 4 days except for amphotaricin B which was administered ip. 0.d. for 4 days, commencing 4h post:
nmmmu.mommmmmm

Livers ware harvested 16 after last dose

vwnmmnm,‘s.o..dmmmmammmﬁimdcnam.mmmmmzm
obsarved, when an average value cniy Is piven

CFURg = logyp colony-forming units per g of fiver

Significance of difference from vehicle group -~ P<0.01
{Sudent's indepandent 1-test) = P <0.00%

When an A. fumigatus isolate demonstrating reduced activity to itraconazole
(itraconazole MIC 3.1 pg/ml) was used to produce a systemic infection in
immunocompromised guinea pigs, voriconazole at 5 mg/kg and 10 mg/kg significantly
reduced the fungal burden in liver tissue. These data suggest that voriconazole retained its
activity against an Aspergillus strain that exhibited a particular mechanism of resistance
to itraconazole (See table 11).

Table 11

WﬂmmﬁWMMMWﬂQ
— and UK109496/DU21/97 {iab book 4332 pags 128), azole-resistant sirain HO8.53

CTrestment | mghp | Survivors ]  Curee n | Mean 109:CFllg | Logw advantage
- {rero count) 25D ovey vohicle
Voricorazole| 10 oz 11h2 | 12 <008 g
2 Wh2 12 <0.05°
e ? 1m32" o2 | 32 | 1682058 1.21
treconarcie 0 an2 o2 12 221 2047 088
bid x4 10 112 o2 12 | 22112043 0.68
5 2kl o1 17 242050 0.49
1 & o8 [ 6 | 245z01a 0.44
Vahicle ) 12112 o2 12 2712022 -
“p<0.001, ~p<0.01, N5 = not sigraicant
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In vivo studies were also conducted against pulmonary A. fumigatus infections in
immunocompromised guinea pigs. Animals were intratracheally infected with 5 x10°
spores. Daily treatment started 24 hours post infection and went through day 7. Lung
tissue was harvested 16 hours post therapy and cultured for fungi. In this acute
pulmonary infection model, where few untreated infected control animals died, oral
voriconazole administered at 8, 4 and 2 mg/kg b.i.d. produced the greatest drop in fungal
burden in lung tissue. Itraconazole at 8 and 4 mg/kg b.i.d produced a 0.8 logo drop (See
Table 12). :

Table 12

Compourd Doss (mgkg) Survivors Cures Aspergilus content of

UK-109,408 8 22222 "2 0.21°° os¢

; ::zii /20 0.46°" *o¢

4 14 0892091

Rreconazole : 18/18 218 1242 !:05

17/18 N8 1.1520.95

 Fluconazoie 50 LL/17] 7 : 1.0220.98
Vehicle ] 18419 one 2012121 ‘

Animats wers iImmunocompromissd with six 100mg/kg 8.¢. doses of cortisone intaction,
of infection, and 3 and $ days postinfacion o scetate 7. 4 and 2 days prior 1o inlection, on the day

Animais were dosed orally b.l.d. lor 7 days, commencing 24n post-infection. The vehicle was 0.5mi polysthytene glycol 200
-Lungs were harvested 16h shor lnst dose

Valses sre means, 2 $.D., of results from 3 separale experimants with ' .
obsarved, when an averags vaius only s given groups of B to 8 animals, except where cures were

CFUp = logyp cotony-forming units per g of king.

Significancs of diflerencs trom vehicle group soe
(Student's Independent t-tast) P <0.001
Significancs of difizrence from iraconazole group 59 p 0.00%
(Student’s independent -tast)

Pfizer conducted one in house experiment assessing the activity of voriconazole in
immune competent guinea pigs with systemic Scedosporium apiospermum infections. For
this isolate voriconazole and itraconazole MICs were 0.39 pg/ml. Animals were infected
intravenously with 4 x 10° conidia. Animals were treated for 5 (part A) or 10 (part B)
days starting 1 hour post-infection. Sixteen hours post therapy animals were sacrificed
and kidney, lung, liver, spleen and brain tissues removed and cultured for fungi. At day 5
of treatment voriconazole had produced a significant drop in fungal burden in brain
tissue. An interim assessment of itraconazole’s activity was not determined on day 5.
After 10 days of therapy voriconazole at 5 and 10 mg/kg BID dosing produced 100%
survival with a significant drop in fungal burden in all tissues. Itraconazole at 10 mg/kg
BID dosing produced a significant drop in fungal burden in only brain and spleen tissue
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(See table 13). From this single animal infection study it appears that voriconazole at
high doses has activity against Scedosporium apiospermum infections in normal guinea
pigs. However, additional in vivo studies need to be performed to fully characterize the
activity of voriconazole against this fungal pathogen.

Table 13
Compiliation of experiments UN/10040/DI/10/08 and URN0S498/DI00NDY. | Part B ~ 10-day Trestment)
Trestment mpiRg n a) Mean logCFU/g 2 SD
Brain Lung Liver Kidney Splesn
Voriconazole 10 1 1 <0.08° |0.852027°" | 1.44 20,10 | 0.33 2 0.28" | 2.82 2 0.20°~|
bid 0 AT W | 008~ (09230437 | 1582034 | 050 500~ | 268 a Cai
28 L1 1" <007 | t.712 2682058" | 1.52 20.40~ 1368 2 082
traconazole 10 110 10 | 1022078 | 1.832052" | 26320 1.782038" [4.22 2 048
bld
Vetide 0 ikl T | 2002051 | 2234078 | 2982024 | 2112028 | 5014044
[ Tresimem | mohp b) Logn advantaga ovar {cursa) —
e ————
- ————
Voriconazole 10 >281(1W11) | 1.58(0M1) | 1.52(011) | 1.78 (A1) | 2.40 (@11)
bld 5 >281 (1071} | 1.31 (011) | 138 qont 181 @11) | 213 (1)
23 >2:62 (A1) | 047 (@1) | 028(GA1) | 079 (@) | 137 o)
Traconazole 10 1.67(0110) | 0B0@MN0) | 0.13(F10) | 033 (W10) | 0.79 (OND)
bld ———
SKiRosnce of GIsrences Wom veria remmant P08 P01 S pD.001 NS not gruicant

——————

An azole susceptible isolate of C. albicans was used to produce a non-established
systemic infection in normal guinea pigs. Oral voriconazole, fluconazole and itraconazole
were administered b.1.d. for 5 days starting 1-hour post infection. Sixteen hours after the
last dose animals were sacrificed and kidneys were removed for fungal culture. In kidney
tissue a 4 log;o drop in fungal burden was observed in animals administered 1 mg/kg
b.i.d. fluconazole, 5 mg/kg itraconazole and 5 mg/kg voriconazole (See table 14).

APPEARS THIS WAY
ON ORIGINAL
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Table 14

Compound Dose (my/kg) Survivors Candida content of
lissve.
UK-100.498 8 17147 023 =021
1 1414 2322051
0.1 30014 3 107
Rraconazole L] 977 0.11 & 0.46
1 1an4 2672075
0.3 Nz 4192099
Fluconazole s mne 0.03 2 0.56™
1 A Y/214 0280+ 081
0.1 1214 3.4020.98
ncin B 2 71 2912080
0 1318 4412074

Animals wors dosed orally D.L.o. for 5 days sxcept for amphotaricin B which was administeredip. 0.4 Jor §
days, commancing th postiniecton. The veticie was 0.5mi polysthylans giycal 200

-memmﬁ&aﬁuhhndm
Values are means, 2 5.D., of the resuRs cbiained from 3 separate expariments with groups of § to € snimalts
CFu/g « logyo colony-forming units per g of kidney

Significance ol difference from vehicie group * P<005
(Shwdant's independant *-est) ™ P <0.00"

In a second study conducted by Pfizer immunocompromised guinea pigs were

intravenously infected with a fluconazole susceptible C. albicans isolate. Oral b.i.d.
- dosing was initiated 1 hour post infection and continued for 4 days. The 5 mg/kg b.i.d.
dose of itraconazole and the 1 and 5 mg/kg b.i.d. doses of fluconazole produced at least a
5 logyo drop in fungal burden in the kidney tissue of infected animals. Voriconazole at 5
mg/kg reduced the fungal burden by 4.5 log)o (See table 15). Survival and reduction in
fungal burden in kidney in all treatment arms at all doses were not as great as those seen
in the same study conducted in normal guinea pigs. These data confirm that the immune
status of the host has a direct impact on the clinical outcome of animals with fungal
. infections.

APPEARS THIS WAY
ON ORIGINAL
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Table 15

UK-100. 488 S 1824 1442054
1 624 4172 0.67°
0.1 _onr 5812084
fraconazole 5 1024 0792 110"
1 124 3282 102°
0.3 ons : $.333040
Fluconazole S 19S21 0.68 £ 0.78"*
1 17/23 1092067
o _ony 5.6120.80
witin B k3 2 S.07 2 1.26
l vﬁ o ons 60942042

Animals wers Immunocompromised with 2mg/kg p.o. dexamsthasone dadly, stariing 8 days priar 10 infection
ohus Tras 100mgHa Lp. doses of cyciophosphamide on days 8, 3 and 1 prics 1 infection.

Animals ware dosed orally bLd. for 5 days, commencing Th post infaction sxcapt for amphotericin B which was
sdminiotered L.p. mmodlyolimdmandondnyczmuum The vahice wes 0.5m%
mmmuynuzoo

Kidneys were harvasied 16h alter last dose
v-mmm:sn.dmmmmagmwmmusmmn
CRIg = 10ghg colony-forming units per g of }idney.

of differance from vabicle grovp * P«0.05
(Students indapandent Hest) = P <0.000

—

Voriconazole activity was assessed in immunocompromised guinea pigs intravenously
mfected with a fluconazole resistant strain of C. albicans. Animals were infected with 5 x
10 * CFU/ml. Treatment commenced 1 hour post infection and continued for 4 days.
Kidneys were harvested 16 hours after the last dose of drug and cultured for fungi. Oral
b.i.d. doses of voriconazole at 10 mg/kg and 20 mg/kg were effective in reducing the
fungal burden in the kidneys by approximately 3 logo (See table 16). Itraconazole and
fluconazole at 20 mg/kg were not effective in this animal infection model. These data
suggest that the antifungal activity of voriconazole is not affected by this particular azole
mechanism of resistance exhibited by this particular C. albicans strain. However, it

should be noted that the exact mechanism of resistance was not identified or specified in
the article.

APPEARS THIS WAY
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Table 16

UK-109,496 1: 1418 058 20.42° 8.0
3 ::‘:: 2542112
3912078
firsconazole 10 1318 4002073
. f 1118 ‘ 3.9320.061
p- kY] 3.7320.80
Fhuconatols s 3.9920.73
Yehicle [} 2082077

mmmwmawp.uummm' i
w«mmm1wgmmam4dmwdf'&?xgmb

Animals wers dusad crally b.Ld. jor 4 days, 1)
pho commencing 1h post-infaction. The vehicie was 0.5m

iGianeys wers harvested 16h after last dose

Vduulumnm.:&D.dmmmmasmnomdmmummd5mo

CRM = logw colony-forming unis per g of idney.

wmuammmmmmwmm *** P <0.001
Wmadummmmw‘m Hesy) ® P <0004
Mummwmﬁwnmm Hiest) b P <0.001

Immunocompromised guinea pigs were intravenously infected with C. krusei and C.
glabrata, respectively. All animals were treated for 7 days starting 1-hour post infection.
Animals were sacrificed 16 hours post therapy and kidneys removed for fungal culture. In

. these models oral voriconazole at 10 mg/kg and 20 mg/kg reduced the fungal burden in .
the kidney by approximately 2 loge. In the C. frusei model itraconazole and fluconazole
at 20 mg/kg reduced the fungal burden in tissue by 0.4 to 0.6 logj. In the C. glabrata
model, itraconazole at 20 mg/kg was not effective, however, fluconazole at 20 mg/kg
produced a 2-log;o drop in kidney tissue (See tables 17 & 18). The activity of
voriconazole was not determined in other tissues such as hung or liver.

APPEARS THIS WAY
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Table 17

Surdivors

UK-109,406 10 3 18320480 ¢

s an 3282083

L) &8 4182
fraconazole 10 a3 3722 0.80

S -2 3582060

3 o | arssvee |
Fluconazols 20 e 2082 1.30°
| Amphotericin B 3 o 2112141
[ Vehicle 9 ¥ 4042051

Animals ware immunccompromised with 2mg/ig p.o. dexamethasono daily, starting 4 days
prior 10 infection pius two 100mo/kg Lp. doees of cyckophosphamids 4 days and 1 day prior o
infecion

Anials were dosed orally b.Ld, Kr 7 duys sxzapt for 2mphotericia 8 which was
administared L. 0.4, on altemate days, commancing th past-iniection. The vehicie was
0.5 polyethylene giycol 200

1Gdneys wers harvesled 15h after he tast doca

Valios are menns, 2 5.0., of the resuits cbiained from ons expetiment with groups of
8 or 9 animais

,CF\.W = [0gyg colony-forming units per g of kidney

Significance of differencs from vehicls group * P<0.05
(Student’s indspandent 1-1a31) " P <0001
Significance of diftarencs irom Rraconazcle group ¢ P<0OS
{Swdent's indspendant -iash)
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Compound Dose (moykg) Survivors Candlia content of
Sasup
UK-109,496 10 as 0.10 2 0.057"2>
S & 0.68 2 0.21°2b
1 .7 ] 200 20.82
fracorazole 10 " 1082 1.83
13 o8 2112101
1 _an 2012113
 Fluconsole 20 .8 19091 )
| Amphoteeicin B 3 L] iDg08_ |
Vehicle '] o 193090

! mmwm!Mpgmdﬂy staring 4 days

wnwmmtmmmmdwm4mm!aymb

Animais ware dosed orally b.1.d. for 7 days, except for amphotericin 8 which was
mmummmhnmmmmmmn

vehicle was 0.5 polyetryiene giyoal 200

Kidneys were harvested 18 b allar the last doae

Velues aro mesns, z 3.0., of the results obtained from one experiment with groups of

8 or 9 animals
CFUg =

logg colony-forming units per g of kidney

Significance of dilference from vehicle group ** P<).00%
{Students independant Mtesl)

Significance of dfierence from Iraconazole group A T, . I
independant i-iash)

(Students

Significancs of difference from Suconazole group ® P <0.001
(Studants independent 1-taaz)

Ghannoum et. al., (J. Chemother.1999, 11:1-34-39) studied the activity of voriconazole,
amphotericin B and fluconazole in neutropenic guinea pigs newly infected with C. krusei.
One-hour post infection neutropenic guinea pigs were administered drug for 7 days.
Twenty-four hours post therapy animals were sacrificed and brain, liver and kidney
tissues were harvested and cultured for fungi. The culture results found in table show that
voriconazole at 5 and 10 mg/kg produced a greater reduction in fungal burden in all three
tissues versus fluconazole or amphotericin B (See table 19).

APPEARS THIS WAY

ON ORIGINAL
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Table 19

- Activity of voriconazole {VOR), fluconazoie (FLU) and amphotericin B (AmB) against C. krusei infection

in neufropenic guinea pigs.

Group Brain Liver Kidney
Control (n=14) 3.320.3 . 20214 1.8:0.8
AmB (n=9) 3.3:0.1 1.620.9 1.420.2
FLU (n=8) 29204 1.7:0.4 1.420.2
VDR (n=8) (5 mg/kg bid) 1.2:1.7° 0.72:0.5° 0.2720.1°
VOR (n=8) (10 mg/kg/bid) . 1.120.7° 0.5:0.1° 0.7:0.4°

Data presented as mean Log,, CFU+SD of C. kmsm/goinssuc
_ 'P<001comparedwlﬂmonhol .

Animal infection studies were not performed evaluating the activity of voriconazole in
combination with other antifungal agents. At this time it is unknown how the in vivo
activity of voriconazole would be affected when used in combination with other
antifungal agents.

Clinical Microbiology:

Treatment of Invasive Aspergillosis

A. Clinical Microbiology Review of Controlled Aspergillus studies 150-307 and 150-
602:

Clinical trial design

Please refer to the Medical Officer’s review for a detailed description of the clinical trial
design.

Clinical Microbiology Results:

Clinical trials 150-307 and 150-602 were designed such that subjects with definite or
probable acute invasive aspergillosis, based on disease criteria defined by the Mycoses
Study Group (MSG), were eligible to receive either amphotericin B or voriconazole. The
immunosuppressive state of the subjects had to be due to one of the following: allogenic
or autologous bone marrow or peripheral stem cell transplant, haematologic
malignancies, aplastic anemia and myelodysplastic syndrome, solid organ transplant,
HIV, solid organ malignancy or after high dose prolonged corticosteroid or other
immunosuppressive therapy. Because the design of the two clinical trials was essentially
identical (307 conducted in Europe and 602 conducted in N. and S. America) the data
from both studies were pooled and analyzed as one data set. As a consequence, the
microbiologic discussion will pertain to the pooled database unless otherwise specified.
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As per the design of the clinical trials, clinical and microbiologic efficacy were assessed
at weeks 6, 12, the end of randomized therapy (EORT) and at week 16. However, the
primary efficacy analysis was performed at week 12. For the purpose of this review the
global response for each subject as determined by the data review committee (DRC) at
week 12 was used to define the modified-intent-to-treat (MITT) population. Subjects
were categorized as having a satisfactory or unsatisfactory response. Patients with
satisfactory responses included those subjects that had a complete or partial response at
. week 12. Subjects categorized as unsatisfactory had at week 12 a clinical response of
either, stable, indeterminate or failure.

To characterize the microbiologic activity of voriconazole against Aspergillus isolates, only
subjects from the MITT population with fungal cultures positive for Aspergillus were
looked at in greater detail. To be considered a potential pathogen, an Aspergillus isolate had
to be isolated from a sterile site or from sputum with other clinical signs and symptoms
suggestive of an Aspergillus infection. In the combined data set there were 77/144 (53%)
subjects.in the voriconazole arm and 68/133 (51%) subjects in the amphotericin B arm that
met these criteria. Table 20 shows the number of subjects in each treatment arm that were in
the various evaluable patient populations.

Table 20

Patient Populations Evaluated in Aspergillus Studies 307 and 602

Evaluation Groups Voriconazole Arm Amphotericin B
Patients entered and treated 196 185

MITT population 144 133

MITT with Aspergillus : 77 68

Positive cultures '

MITT= modified intent-to-treat population

Culture proven cases of Aspergillosis were classified according to whether a single
fungal species or multiple fungal species were recovered from clinically relevant sites
(i.e. respiratory and/or sterile sites). To be included in this assessment MITT subjects had
to have had ‘at least one Aspergillus species that was recovered from a clinically relevant
site. Table 21 shows the number of patients in each treatment arm that had single or
multiple fungal species isolated from clinically relevant body sites. In the voriconazole
arm 50/77 (65%) and 41/68 (60%) of the MITT patients had documented fungal
infections due to a single Aspergillus isolate. Multiple moulds were recovered from
relevant clinical sites in 3/77 (4%) and 7/68 (6%) of the patients in the voriconazole and
amphotericin B arms, respectively. There was a greater incidence of MITT patients with
Aspergillus and yeast recovered from clinically relevant sites in both treatment arms,
22/77 (29%) in the voriconazole arm and 18/68 (26%) in the amphotericin B arm. Two
subjects in each treatment arm had multiple yeasts and or moulds recovered from
clinically relévant sites.
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Table 21

Distribution of Fungal Species Recovered from Patients in the MITT Population

From Aspergillus studies 307/602

Fungal Strains Recovered Voriconazole Amphotericin B
Single Aspergillus species 50 41

2 Aspergillus species 1 5
_Aspergillus +Non-Asp. Mould 1* 0

Aspergillus +>2 moulds 1 2(1%)
Aspergillus +1 yeast 20 13
Aspergillus +>2 yeast 2 5

Aspergillus + yeasts and 2* 2

[ manids

Total 77 68

*= patients with a Zygomycete mould; Asp.= Aspergillus

To further compare the efficacy of voriconazole to amphotericin B in the treatment of
Aspergillus infections, the data were analyzed to determine the satisfactory and
unsatisfactory response rates observed in the two treatment arms against the various
Aspergillus species. The ability to compare the efficacy of voriconazole to amphotericin
B against the various Aspergillus species was confounded by two factors; 1) the number .
of subjects that had documented infections due to A. fumigatus versus non-fumigatus
Aspergillus species and 2) the number of subjects that had multiple fungi recovered from
clinically relevant sites.

Infections due to A. fumigatus versus non-fumigatus species-of Aspergillus were first
studied in detail. In the voriconazole arm there were 50/77(65%) subjects who had
infections due to a single species of Aspergillus of which 43/50 (86%) were A. fumigatus
(See table 22). Of the 43 voriconazole patients with culture proven infections due to
Aspergillus fumigatus alone 22(51%) had a satisfactory response at the end of study week
12. Only 1 patient deteriorated between weeks 12 and week 16. The remaining 7 subjects
(14%) in the voriconazole arm were infected with a single species of a non-fumigatus
Aspergillus which included 3 A. flavus, 1 A. terreus, 2 A. niger and 1 Aspergillus species,
not identified. Five of the 7 subjects with non-fumigatus Aspergillus infection had an
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unsatisfactory response. A. niger, a common environmental mould, was recovered from -
the two subjects who had a satisfactory response to voriconazole.

In the amphotericin B arm there were 42/68 (62%) subjects who had culture proven
infections due to a single Aspergillus species. A total of 27/42 (64%) infections were due
A. fumigatus. A total of 5/27 (19%) subjects where A. fumigatus alone was recovered
responded to initial amphotericin B therapy followed by EORT. In the amphotericin B
arm there were 15/42 (36%) subjects with infections due to a single isolate of a non-
fomigatus Aspergillus which included 6 4. flavus, 2 A. terreus, 3 A. niger and 4
Aspergillus species (not identified). A satisfactory response was seen in the following
patients infected with a single non-fumigatus species of Aspergillus: 3/6 with A. flavus,
1/3 with A. niger, and 1/4 with Aspergillus species (not identified).

Table 22
Clinical Response in MITT Subjects and Aspergillus species
Isolated Study 307-602

Responsé to Voriconazole Response to Amphotericin B
Fungal Species Satis- Unsatis- | Total | Satis- Unsatis- | Total

factory | factory factory | factory
Aspergillus fumigatus | 21,10 21 43 5 21 27
Aspergillus flavas 32Y 5 21Yl | 317 7
Aspergillus niger 1,1 1 3 1 2,1Y 4
Aspergillus terreus 1 1 1,17 2
Asl;wrgillus nidulans 1Yl : 1 0
Aspergillus glacus ) & - 1 0 |
Aspergillus species 11 2 1 3 | 4
(Not identified)

Y=patient who had the defining mould and yeast isolated from clinically relevant sites.

M=patients who had the defining mould and a non-aspergillus mould isolated from clinically relevant sites.
Z=patients who had the defining mould and a Zygomrycete isolated from clinically relevant sites.

{= MITT subjects who initially had a satisfactory response at week 12 but had an unsatisfactory response by wk 16.
T= MITT subjects who initially had an unsatisfactory response at week 12 but had a satisfactory response by wk 16.

The most common Aspergillus species isolated in both treatment arms was A. fumigatus
followed by A. flavus, Aspergillus species not identified, A. niger, A. terreus, A. glacus
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and 4. nidulans. These response rates in subjects with documented fungal infections due
_ to a single Aspergillus isolate clearly demonstrate that at week 12 voriconazole is more
effective in the treatment of 4. fumigatus infections than amphotericin B.

The number of observed culture confirmed infections due to a single non-fumigatus
species of Aspergillus were small in both treatment arms. None of the five subjects in the
voriconazole arm with a single non-fumigatus Aspergillus isolate recovered from a .
clinically relevant site had a satisfactory response while 3/7 (43%) of those treated with
amphotericin B had a satisfactory response.

In addition, there were 6 subjects in the voriconazole arm and 2 in the amphotericin B
arm that had another fungus in addition to a non-fumigatus species of Aspergillus isolated
from a clinically relevant site. In the voriconazole arm these included infections due to 2
A. flavus, 1 A. niger, 1 Aspergillus species (not identified), 1 A. glacus and 1 A. nidulans.
In the amphotericin B arm there was 1 subject with 4. flavus and 1 subject with 4. niger.

It is well documented that infections due to non-fumigatus Aspergillus are increasing. As
such it is important to identify appropriate therapies for the treatment of infections due to
these non-fumigatus Aspergillus species. However, due to the low number of infections
due to the non-fumigatus species of Aspergillus observed in studies 307/602 it is
impossible to adequately determine the efficacy of voriconazole against the individual
non-fumigatus species of Aspergillus. As a consequence, it is imperative that the sponsor
continue to collect data from clinical cases to evaluate the therapeutic effect of
voriconazole against these non-fumigatus species of Aspergillus.

The second confounding factor complicating the interpretation of the microbiologic
efficacy data from studies 307/602 was the incidence of multiple fungal species
recovered from clinically relevant sites. A total of 27/77 (35%) subjects in the
voriconazole arm and 27/68 (40%) subjects in the amphotericin B arm had muitiple fungi
(yeasts and moulds) from clinically relevant sites (See table 23).

The response rates in subjects with multiple fungi from clinically relevant sites were
assessed. The majority of the subjects had an A. firmigatus and another yeast or mould
recovered from a clinically relevant site. In the amphotericin B and voriconazole arms
there were 21 and 20 MITT subjects, respectively, who had more than one fungus
recovered. A satisfactory response was obtained in 6/15 (40%) subjects in both treatment
arms who had yeast recovered from clinically relevant sites in conjunction with A.
Jumigatus. In the voriconazole arm a satisfactory response was seen in 4/8 (50%) subjects
with C. albicans and 0/4 subjects with C. glabrata. In the amphotericin B arm there were
only 4 subjects with C. albicans and none with C. glabrata. One of the 4 subjects with
mixed infections due to C. albicans responded in the amphotericin B arm. The remaining
subjects had various other Candida species isolated from clinical sites, including C.
krusei, C. tropicalis, C. kyfer, C. inconspicum, Saccharomyces cerrevisia and
Geotrichum.
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Table 23
Clinical Response in MITT Subjects with
Mixed Aspergillus species Isolated in Study 307-602
Response to Voriconazole Response to Amphotericin B
Fungal Species Satis- Unsatis- | Total | Satis- Unsatis- | Total
factory | factory factory | factory
A. fumigatus and ™ 1 2 2
A. flavus
A. fumigatus and A. niger | 1¥,1 2 3 3
A. fumigatus and 1 1 1 1
A. terreus :
A. flavus and other mould 0 1 1 2
and yeast
A. fumigatus and 6 9 15 511 81T 15
>]1 yeast
A. fumigatus and >1 non- 3z 3 17 1
fumigatus mould
Total mixed cultures 9 13 22 10 14 24

Y=patient who had the defining mould and yeast isolated from clinically relevant sites.
M-=patients who had the defining mould and a non-aspergillus mould isolated from clinically relevant sites..
Z=patients who had the defining mould and a Zygomyycete isolated from clinically relevant sites.

There were 5 and 7 subjects in the voriconazole and amphotericin B arms, respectively,
that had A. fumigatus and other moulds isolated from clinically relevant sites. Three of
the 5 subjects in the voriconazole arm had a Zygomycete isolated. All 5 subjects in the
voriconazole arm had an unsatisfactory response. The seven mixed mould cultures in the
amphotericin B arm were due to A. fumigatus and 1 A. terreus, 2 A. flavus and 3 A. niger.
One subject had A. fumigatus and 3 other moulds recovered from clinically relevant sites.
Three of the seven amphotericin B subjects bad a satisfactory response by week 12.

In both treatment arms there were a large number of subjects who had multiple fungal
species recovered from clinically relevant sites. These numbers were larger than
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expected. The various combinations of yeast and moulds found in the MITT patients
impedes ones ability to directly compare the efficacy of voriconazole to amphotericin B
in the treatment of these subjects. This is because many of the non-aspergillus fungal
isolates (i.e. C. glabrata, Zygomycetes, C. tropicalis) recovered from clinically relevant
sites are also know to case infections and are typically not susceptible to azole or polyene
antifungal agents. However, these data do suggest that voriconazole is not effective
against infections due to the Zygomycetes. It is also of interest to note that all of the C.
glabrata co-infections did not respond to voriconazole either and that there were twice as
many C. albicans co-infections in the voriconazole arm versus the amphotericin B arm (8
versus 4).

Susceptibility Testing:

The clinical samples obtained from subjects enrolled in studies 307 and 602 were
cultured at the local laboratory. Fungi that grew were identified at the local laboratory
and then shipped to the reference laboratory. For study 307, which was mostly conducted
in Europe, the reference laboratory was located in the United Kingdom. For study 602,
which was conducted in South, Central and North America, fungal isolates were shipped
to a reference laboratory located in Richmond, Virginia in the USA.

At the reference laboratories all fungal identifications were re-confirmed and
susceptibility testing was conducted. The reference laboratories conducted susceptibility
testing employing the National Committee for Clinical Laboratory Standards (NCCLS)
M-38P method. In these studies, amphotericin B, itraconazole and voriconazole
minimum inhibitory concentrations (MIC) were determined. This portion of the review
will focus on the relationship between the voriconazole and itraconazole MICs. This is
because both of these antifungal agents are antifungal azoles and it is imperative to
determine if cross-resistance occurs between these two agents.

Of the 145 MITT subjects with culture confirmed Aspergillus infections in vitro
antifungal susceptibility testing was conducted on only 113 Aspergillus isolates. Thirty-
two isolates were identified at the local laboratory and were not sent to the central
laboratory for susceptibility testing. Voriconazole MICs ranged from —
for all the Aspergillus isolates tested (See table 24). Greater than 90% of the A. fumigatus
isolates had a voriconazole MIC of 0.125 to 0.25 ng/ml. Approximately 40% of the 4.
JSumigatus isolates had identical MIC values for itraconazole and voriconazole. ,
Itraconazole MICs were one 2-fold dilution lower than voriconazole for one half of the 4.
Jumigatus isolates. Only 1 in 10 Aspergillus fumigatus isolates had a higher itraconazole
MIC than voriconazole. These preliminary MIC results suggest that for A. fumigatus
isolates, voriconazole MICs are equal to or one 2-fold dilution higher than for
itraconazole.

For the non-fumigatus species of Aspergillus the voriconazole MICs ranged from -~

-~ However, the vast majority of the isolates had a voriconazole MIC of 0.25-1.0
pg/ml a 2- 4-fold increase over that found for A. fumigarus. When the itraconazole MICs
were compared for these same isolates it was found that the voriconazole MICs were

generally 2 to 4 fold higher than for itraconazole. Lastly, it is of interest to note that the 4
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Zygomycetes recovered from patients enrolled in clinical trials 307 and 602 had
voriconazole MIC > 8.0 pg/ml and itraconazole MICs of >1.0 pg/ml.

Table 24
Susceptibility patterns for Aspergillus species
Recovered from MITT Subjects Enrolled in Study 307/602
Aspergillus Amphotericin B Itraconazole Voriconazole
Species (MICyo pg/mi) (MICys pg/ml) (MICyy pg/ml)
A. fumigatus n=93 0.5-2.0 0.06-0.125 0.125-0.25
A. flavus n=17 1.04.0 0.125-0.25 0.25-0.5
A. terreus n=4 0.5-4.0 0.06-0.25 0.25-05
A. niger n=12 0.25-1.0 0.25-0.5 0.25-0.5

The ability to accurately interpret voriconazole susceptibility data obtained from clinical
studies 307/602 is complicated by two issues. The first issue is that there is no approved
antifungal susceptibility testing methods to evaluate antifungal agents against the
filamentous fungi. The second issue is that breakpoints for the approved azoles and
polyenes have not been established for the filamentous fungi. Employing the NCCLS
M38-P (a proposed) method, voriconazole MICs for the various Aspergillus species were
2 to 4-fold higher than those found for itraconazole. Higher voriconazole and
itraconazole MICs were seen for the non-fumigatus species versus A. fumigatus isolates.
The slightly higher azole MICs seen for the non-fumigatus species versus the 4.
Jumigatus isolates may explain why there were more unsatisfactory response rates seen in
those subjects versus those with culture confirmed infections due to A. fimigatus. The 8
to 16-fold higher voriconazole and itraconazole MICs obtained with the Zygomycetes
versus A. fumigatus also correlates with the lack of efficacy seen in the treatment of
infections due to these fungi. As a phase IV commitment the sponsor should continue to
collect susceptibility data from subjects with infections due to A. fumigatus and non-
fumigatus species of Aspergillus to determine the overall eﬂicacy of voriconazole against
these filamentous fungi. -

B. Clinical Microbiology Review of Historical Controlled Aspergillus study 150-304:
Clinical Trial Design:

Please refer to the Medical Officer’s review for a detailed description of the clinical trial
design.
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Clinical Microbiology Results:

Study 304 was a multi-center uncontrolled study of voriconazole for the treatment of
invasive aspergillosis This study was conducted in Europe where patients received
voriconazole as primary or salvage therapy. One hundred thirty seven patients were
enrolled into the study. Clinical samples were sent to the laboratory for histopathologic
slides and/or fungal culture to confirm the presence of Aspergillus. Efficacy was
measured as a satisfactory or unsatisfactory global response. Of the 137 subjects enrolled
75 (54%) had culture confirmed disease due to a specific Aspergillus species (See Table
25).

Culture confirmed cases were studied in detail to determine the efficacy of voriconazole

against the various Aspergillus species. As seen in studies 307/602, the majority of the
infections were due to A. fumigatus. Twenty-one of the 40 (53%) subjects with invasive
disease due to A. fumigatus alone had a satisfactory response. A satisfactory response rate
was seen in only 4/16 (25%) subjects who had A. finnigatus and either a yeast or mould
isolated from a clinically relevant site. This reduced response rate in subjects with a
mixed fungal infection was also seen in study 307/602. These data again indicate that
with voriconazole it is more difficult to successfully treat subjects with multiple fungal
isolates.

Table 25

Microbiology Results from Subjects Enrolled in Historical Control Study 304
Organisms Recovered from | Satisfactory { Unsatisfactory | Unevaluable | Total
clinically Relevant Siles Response Response
No Microbiology Results 11 8 3 22
Yeast only 3 1 1 5
Mould not Aspergillus 1 0 3 4
Histopath {(+) for Aspergillus 8 6 1 15
Non-fumigatus Aspergillus 6 13 0 19
alone
Aspergillus Species (no ID) 9 5 2 16
A. fumigatus alone 21 19 0 40
A. fumigatus + mould 1 6 0 7
A. fumigatus + yeast {(no ID) 3 6 0 9
Total 63 60 12 137

Clinical responses were determined for. subjects with culture confirmed infections due to
pon-fumigatus species of Aspergillus. In study 304 there were 19 evaluable subjects who
had infections due to non-fumigatus Aspergillus species. A. flavus was recovered from 9
subjects, 4. niger from 4 subjects, A. nidulans from 4 subjects and 4. terreus from 2 subjects
(See table 26). These same Aspergillus species were also recovered from subjects enrolled
in the controlled Aspergillus studies 307/602 with A. flavus being the second most common
Aspergillus species recovered.
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Table 26

Global Response Rates for Subjects with Culture Confirmed
Disease due to Non-fumigatus Aspergillus species

Satisfactory | Unsatisfactory | Total
Fungal Species | Response Response
A. terreus 0 2 2
A. flavus 2 7 9
A. niger 3 | 4
A. nidulans 1 3 4
Total 6 13 19

A satisfactory response for the non-fumigatus species of Aspergillus was lower than that
seen for A. fumigatus, 6/19 (32%) versus 21/40(53%), respectively. Satisfactory responses
for the individual Aspergillus species were observed as follows; 2/9 (22%) for 4. flavus, 3 of
4 (75%) for A. niger, 1/4 (25) for A. nidulans and 0/2 for A. terreus. These responses
compare to those found in the controlled clinical trial 307/602 suggesting that voriconazole
is not as effective in producing a satisfactory clinical response against invasive Aspergillosis
due to non-fumigatus species versus A. fumigatus.

The exact cause for this reduced activity against the non-fumigatus species of Aspergillus
can not be fully explored, as susceptibility testing was not performed on the fungal isolates
recovered from subjects enrolled in the study. Without susceptibility results it is impossible
to determine whether drug resistance development occurred in subjects who has an
unsatisfactory response or if cross-resistance was observed. However, these data support the
following findings from studies 307/602: 1) voriconazole produces a satisfactory clinical
outcome in 50% of the subjects who had microbiologically proven 4. fumigatus infections,
and 2) voriconazole bad reduced clinical efficacy in the treatment of invasive fungal
infections due to A. flavus, A. nidulans and A. terreus.
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Background and Summary:

The subject of this IND is voriconazole, an azole that is
currently being assessed for its antifungal activity against
-numerous fungal pathogens. The information contained in this
submission pertains to the sponsor’s proposed changes to two
clinical trials. Protocol 150-604 is an open label, non-
comparative, multicenter, phase III trial that will assess the
efficacy, safety and tolerability of voriconazole in the
primary or secondary treatment of invasive fungal infections.
Protocol 150-602 is an open label, randomized, comparative,
multicenter study that will assess the efficacy, safety and
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tolerability of voriconazole versus amphotericin B followed by
other licensed antlfungal therapy in the treatment of acute
invasive Aspergillosis in immunocompromised patients.

Conclusions:

This submission contains the sponsor’s proposed changes to
clinical protocols 150-602 and 150-604. These changes mostly
pertain to clinical parameters. However, there were two changes
regarding microbiology. The first change states that fungal
isolates will be sent to a reference laboratory, headed by Dr.
. where fungal isolates