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BACKGROUND:

Subject of this NDA is arf echiriocandin, Cancidas™, for the treatment of invasive aspergillosis in-patients who
are refractory to or intolerant of other therapies. The sponsor has proposed to administer intravenously a single
loading dose of 70 mg followed by a dose of 50 mg/day. Patients not responding to the 50 mg/day dose would
be administered a higher dose (70 mg/day).

Caspofungin (MK-0991) the active drug ingredient of Cancidas™ is a water-soluble lipopeptide with activity
against Candida and Aspergillus but not against Cryptococcus. It inhibits the synthesis of B (1,3)-D-glucan,
which is important for maintaining the integrity of fungal cell walls but not mammalian cells.

The half-life () of the drug in humans is 10 to 12 hours. However, it is a protein-binding compound and can
persist in the body. The y half-life is 40 to 50 hours. After a 70 mg single dose, the area under the curve
concentration (AUC) of caspofungin was 118.45 ug.hr/ml, and trough concentrations at 1 and 24 hours were
12.04 ug/ml and 1.42 ug/ml, respectively. After daily 70 mg multiple doses for 14 days, the AUC of
caspofungin was 145.90 ug.hr/ml and trough concentrations at 1 and 24 hours were 15.58 ug/ml and 2.66
ug/ml, respectively.

The half-life of MK-0991 in mice, rats, rhesus monkeys, and chimpanzees was 5.2 to 7.6 hours (Hajdu et al., -
1997, Antimicrob Agents Chemother 41: 2339, reference # 51). The phamacokinetics of MK-0991 was :
studied in mice following intraperitoneal administration. The drug was cleared more slowly from all tissues
than from plasma thereby predicting accurnulation of the drug in tissues. The AUC segregated the organs into
3 exposure categories relative to plasma:

(1) The tissues with greater exposure than plasma: liver (16X), kidney (3X), and large intestine (2X).

(2) The organs with exposure equivalent to plasma: small intestine, lung and spleen.

(3) Organs with lower level of exposure than plasma: heart (0.3X), thigh (0.2X) and brain (0.06X).

SUMMARY:

The methods for testing of antifungal drugs are evolving. Attempts are being made to standardize the iz vitro:
susceptibility methods and these efforts are being coordinated by the National Committee for Clinical
Laboratory Standards (NCCLS). At the present time the NCCLS published guideline (M27A) describes
methodology for the in vitro susceptibility testing of yeasts against azoles and amphotericin B (ampB) only.
The NCCLS proposed guideline (M38P) describes the methodology for testing conidia forming filamentous
fungi. The usefulness of these methods in predicting the ir vivo activity for new classes of antifungal agents
is not known.

It should be noted that for the purpose of this review, the term minimum inhibitory concentration (MIC) refers
to no visible growth in vitro, and MIC-80/MIC-2 (> 80%/250% inhibition, respectively) represent a substantial
inhibition of growth. The terms MIC,4, and MICs, indicate the concentration of the drug required for inhibiting
90% or 50% of the isolates tested respectively. The concentration required to alter the morphology of hyphae
is referred to as minimum effective concentration (MEC).
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Mechanism of action

MK-0991 inhibits the activity of the enzyme glucan synthase derived from Candida albicans and Aspergillus
Jumigatus with 50% inhibitory concentration (ICs) values of 0.6 nM and 9.6 nM respectively (Merck reports,
1995, reference # 4 and 5). The IC;, value against Cryptococcus neoformans enzyme was high (2.5 uM). This
enzyme is important in the synthesis of $-(1,3)-D-glucan from glucose. Glucan is an important component
of the cell wall of many fungi and the cyst stage of Pneumocystis but not of mammalian cells. C. neoformans
may possess 1,6-B-glucan or other glucans (i.e., 1,3-a- or 1,6-a-glucans) in its cell wall, thus explaining
decreased susceptibility to echinocandins. Studies have also shown that MK-0991’s activity on the cell
membrane enzyme is modulated by FKS1 gene.

It is possible that echinocandins may effect other components of the fungal cell besides the synthesis of glucan.
For example, cilofungin (an analogue of echinocandin) was shown to alter sterol content. Incubation of
cilofungin (0.3 and 0.6 ug/ml) with C. albicans for 18 hours was shown to decrease ergosterol content by 55%
- 60% and glucan content by > 70% (Tables 1 and 2; Pfaller ez al., 1989, Eur J Clin Microbiol Infect Dis 8:
1067). There was minimal (4-13% reduction) effect on lanosterol. Chitin and mannan contents were,
however, increased. It is unclear whether the changes in chitin, mannan and ergosterol are a direct effect of
cilofungin or a consequence of an alteration in glucan content leading to dysregulation of carbohydrate
synthesis with changes in the integrity of the cell membrane and nonspecific effect on sterol composition. A
decrease in sterol component may increase the chitin content. The possibility of the effect of cilofungin on .
- a combination of carbohydrate and lipid/sterol synthesis on cell membrane and cell wall cannot be ruled out.
The effect of MK-0991 on sterol component of the cell membrane is not known.

Table 1 Table 2
. Effects of clofungin on and 3y 'erullmathohydnlumandﬂcdb#
coms. Results 1re meso t standard esrar of 3 least three are based
Muntbolyﬁ:&pnndqwthmmwmuhl umou.oceoumpummpum ~ Effect of cilelungin o steral composition in Candi-
dry weight d by P ion of sotope into the relevant cel) wall fm._ de aidicons. Results are mean & standard error of 1 least three
sepanite determinationt. Calcutations are based oa ug serol
Pevcent of cootrol values (mean + SEM) per 50ug nonsaponifiabie lipid.
C "
of cilotangin Gerowth Ohitie Givanr Mannsn c“"“ nration Peroent of control values {(mean 1 SEM)
Gupfomi) Dy weight)  ~ Bio  Radc B Radic B Kadi holvir Ergosiccol Lizowreral
chemical metric hemical metric ical metnic
93 45:7 96110
0.3 182 470+91 ND Mel ND 151:t4 NO 0 404} 172 4
0.6 T4 625246 11924 2823 41 16629 1191

ND = not determined.

The effect of MK-0991 on human and mouse red blood cells was measured by hemolysis assay (Bartizal et
al., 1997, Antimicrob Agents Chemother 41: 2326, reference # 1). The minimum lytic concentrations (MLC)
were measured after 2 hours of incubation at room temperature. The results in Table 3 show MK-0991 to be
lytic at much higher (2 100 ug/ml) concentrations compared to ampB. MK-0991.was shown to persist in vive
for extended period. Therefore, the effect on lysis after exposure to the drug for extended period cannot be
ruled out.

Table 3
MLC (ug/ml)
Red blood cells MK-0991 AmpB Water
Mouse J00-200 3 >400

( ]
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Activity of MK-0991

The sponsor has tested tie acti®ity of MK-0991 against various fungal species in vitro and/or in vivo. In an
nitial in vitro experiment, 26 isolates of various fungal species (see Table 4) from the Merck culture collection
were tested by broth micro-dilution method using medium according to NCCLS reference method
M27A (Merck report, 1995, reference # 35). The results indicate that the MK-0991 MICs for various Candida
species varied from <0.008 to 0.5 ug/ml when measured at 24 hours and 0.06 to >128 ug/ml at 48 hours. MK-
0991, like other echinocandins, does not exhibit complete inhibition of growth of Aspergillus species and the
MICs were very high (8 to > 128 ug/ml). AmpB, on the other hand, inhibits the growth of Aspergillus with
MICs ranging from 1 to 8 ug/ml. Against Cryptococcus, MK-0991 MICs varied from 4 to 16 ug/ml at both
24 and 48 hours. A comparison of the in vitro activity of MK-0991 with ampB showed that MK-0991 was
more active than ampB against Candida but less active against Aspergillus and Cryptococcus (Table 4).
Table 4

Relative Activity of L-743,872 to Amphotericin B Against Fungal Test
Strams in Susceptibilitv Evaluadon

Strain Raﬂo MIC24TRatic MIC48 Ratic MFC

MY 1028: C. abicans 5.901 - 0.014 813

MY 1055: C. aticans 8.10 Lo [

MY1750: C. alvoans - 188 d T SuPpledboxuudmfymwhueb7OBTlumlhan2Xl&potmtﬂmAM‘B
MY 1019 C. gurilermor 4.0 0.06 0. *id - indeterminant ~
MY1010: C. paraosiosis 3. 3.52 3.

MY2099: C. pseudotropicas 28.18 1411 25. Relative activity is exp d 23 a ratio, calculated by dividing the mean MIC or MFC
MY1012: C. id| ] 535.61 AMB values by mean MIC or MRC L-743,372 valucs such thet numbers > 1 indicate
MY 1381: C. glabrats 5.35 5.17 . greater posency of L-743 872,

MY 1124: C. tropicalis 11.44] 571 1.3

MY2168: C. krusei id o

[CLY538: C._aicans WF d 629

ICLY494: C. glatwata id d 2.

ICLY435: C. glabrata 0.36] id] 027}

CA2: C. abicans 0.52 ial 0.61

ICA2 Parent: C. aibk [ | it

MY 1051: C. neolormans Q.25 .33} 0.47}

IMY1146: C. 0.26 23 .21

IMY2081: C. neoformans 0.08 .07 .08

MY 2062: C. neoformans . 101 .10( 0.09)

MY1976: S. cerevisiae .90 4.80] 4.57]

MY2140° S. cerevisine .51 0.58 1.07}

IMY2141: S. cerevisize 4.09 472 6.

IMF0383: A. flavus id -]

MF4838: A fumigaass - ial bl [

MF5668: A. fumigalus idf id

MF 5669 A, lumigatss idf id|

Since then efforts have been made to determine the activity of MK-0991 against filamentous fungi by alternate
methods such as measurement of alteration in morphology, viability, and substantial growth inhibition using
NCCLS proposed methodology (M-38P). It is of note that these are experimental methods and their usefulness
in predicting clinical outcome has not been established.

In the following sections of this review the in vitro activity of MK-0991 against:4spergillus (in vitro and in
vivo) species is first discussed followed by its activity against Candida and other fungal species (in vitro and
in vivo). The purpose of including the testing of Candida and other fungal species in this review is for
understanding the spectrum of antifungal activity of the drug. Since these methods are not validated and the
clinical efficacy against Candidiasis is still under investigation, any refercnce to nonclinical Candida studies
in the label should not be considered.
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In vitro activity of MK-0991 against Aspergillus

The in vitro activity of MK-0991, against various 4spergillus species that include laboratory and clinical
isolates, was tested in 5 different laboratories. Studies by Arikan et al., 1999 (ICAAC poster, 1999, reference
# 43) measured the activity of MK-0991 against 82 Aspergillus isolates using the NCCLS proposed (M38-P)

microdilution method. The activity was measured using different media ! supplemented with 2%

glucose nd antibiotic medium # 3 supplemented with 2% glucose after 24, 48, and 72

hours of Incubation. The MIC-80s at 48 and 72 hours were 1 to 5 folds higher than at 24 hours (Ta 5 and

6). Also, the MIC and MEC values were slightly higher in d slightly lower intlfjthan
No approved antifungal drug was used as a comparator.

-

Table 5: MIC and MEC values obtained ir;] after Table 6
24, 48, and 72 hours of incubation

Imubstion MIC  (rpmol) MZC  (peml) Result (pgml} RFME RPFMI2
Specias io) Parind (-] Range "] Range Specias ‘%T rICJMtC MICMEC
7 Ao (T 11 R 7 R ¥E I (%} ey % (.1 3 A jlavey 317033
ay + asen w 02508 A. fumigans (16) a.1n.29 14%0.31
A mger on AN« 054,92
T >é e .24 01503 £, werreus (9) [*5.9.. § s s
oy ——"T:.1 TE Db SV PO ¥ R ¥ Y & midhilans (1) 2639.3 asms -
SN 7 asew 03 a0 F. solani (18} 26173 1442253
1. 145 02501 0zt 03503 F. anyrporum (8) 16 151e.m
A nper (Y 1Y ¥ O s2 o) (Y]] [F1
% [T 02s-2 04} [BIN] MIC=MIC-80
n» 28 e . 02308 MIC/MEC at 24 hours
ry——1. P11 —&3 as a3 (X1 * 48 hour MIC-80
as 03 as 05 0s
ny Red 0.5%>16 os [ %]
& suiviass () e
a 0 ass s Y]
£ s as 03 as
AT "16 1 ] pa ) Te>ie 73 i
“$e 30.7% 16218 7.4 18
nL »14 e al 1>t
7 axpperm (§) g1 [ % 4] &8
i“h >é >ie 4 206
Th >t1é »ig EITY 1319

In a study by Espinel-Ingroff, 1998 (J Clin Microbiol 36: 2950; reference # 11) the activity of MK-0991 was
measured against 26 Aspergillus isolates [A. flavus (11), A. fumigatus (13), and A. terreus (2)] by the NCCLS
proposed (M38-P) microdilution method. These isolates were obtained from patients ‘with severe fungal infections.
The cultures were incubated from 24 to 72 hours to ensure that the growth was heavy/sufficient to determine MIC-
2 values. The effect on morphology was not determined. The geometric mean MIC-2 values against A. fumigatus
and A. flavus, were 2.15 (range 0.5 - >16) and 0.5 (all 11 isolates with MIC-2 of 0.5) ug/ml, respectively (Table
7). Only 2 A. terreus isolates were tested in this study with MIC-2 of 0.5 ug/ml. Two of the A. fumigatus isolates
were stated to be itraconazole (ITZ) resistant (MIC of > 8 ug/ml; see Table 7, footnote). Whether these isolates
were from patients refractory to treatment with ITZ was not specified. The minimum fungicidal concentrations
(MFC) were determined by subculturing a small volume from the initial cultures. The MK-0991 MICs for these
2 isolates were not provided. MFCs were much higher than MIC-2 values. It is also of note that no approved
antifungal agent such as ampB or ITZ was used as a comparator.

243031
0210.2
$.23/0.23

19411862
1816
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Table 7: Suscentibilities of 83 opvortunistic filamentous and dimorphic funei to SCH56592. MK-0991 and LY303366°

Fungus Antifungal MIC range Geometric mean MFC range
(00, 1eseed) - - _agent (ng/mt) MIC (ug/rl)
Opportunistic filamentous fungi
Acremonium swictum (1) SCHS6592 ND*
MK-0991 ND
LY303366 ND
Aspergillus flavus (11) SCH56592 0.10
MK-0991 05
LY303366 0.08
Aspergillus fumiganss (37 SCH56592 0.13
MX-0991 215
LY303366 0.06
Aspergillus terreus (2) SCHS9592 ND
MK-09%91 ND -
LY303366 ND
Bipolaris spp.* (6) SCH56592 014
MK-0991 17
LY303366 27
Cladophialophora bantiana (5) - SCH56592 0.05
MK-0991 36
LY303366 2
Fusarium axysporum (6) SCHS6592 4.16
MK-0991 >16
LY303366 >16
Fusarium solani (6) SCHS6592 >16
MK-0991 >16
LY303366 >16
Phialophora spp! (5) SCH56592 04
MK-0991 23
LY303366 9
Pseudallescheria boydii (6) SCH56592 10
MK-0991 13
LY303366 s
Rhizopus arrhizus (S) SCHS6592 2
MK-0991 >16
LY303366 >16
Scedesporium prolificans (2) SCHS6592 ND
. MK-0991 ND
LY303366 ND
Dimorohic fung;
Blastomtyces dermatitidis (S5) SCHS6592 0.05
. MK-0991 2
LY303366 ‘4
Histoplasma capsudatum (5) SCHS6592 ’ 0.04
MK-0991 13
LY303366 . 36
Spovothrix schenckii () SCH56592 0.7
MK-0991 54
LY303366 . 39 ,
Total (83)
< Visual MiCs-2 pond 10 inent growth imhibition ( Jmascly X50% of thar of the growth centrol).

3 For the grometric sean MIC coleran, ND indicates not obtained.

* Fou the MPC rangs colerm, ND Indicates ot done.

¥ The set incheded two isolases resi 0 tn le (MICs, >8 pgjel).
* Bipoleris heweiionsis and Bipolasis spicifere.

£ Phisiophors perasitice, Phislophom repens, snd Phislophore vermcots.,

In another study by Espinel-Ingroff (Merck report, 2000, study 2, Appendix A: reference # 62), the activity of MK-
0991 was measured against 56 isolates of 4. fumigatus, and 210 isolates each of other Aspergillus species (A
niger, A. flavus, A. nidulans, and A. terreus). The in vitro susceptibility was measured by the NCCLS proposed
method (M38-P) usinDnedium In additionDcdium and 2 inoculum concentrations of the conidial
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suspension (10° and 10*/ml) were used to measure the activity at 24 and 48 hours of incubation. C. krusei (ATCC
6258) NCCLS QC isolate was used for comparison. Also, 1 isolate each of 4. flavus (ATCC 204304), and 2
isolates of A. fumigatus (ATCC 204305 and 13070) were included for testing as reference isolates (data not
shown), although the M38-P document states that the ATCC numerical designations are pending. AmpB and ITZ
were used as comparators. The results in Tables 8 and 9 show the MK-0991, ampB, and ITZ MIC-2 (range,
geometric mean, and median) values for various isolates. The in vitro activity of MK-0991 varied with the

medium, the concentration of the conidial suspension and the incubation time.
Table 8: Caspofungin MEC and MIC-2 data with 2 medium formulations

A. Low inoculum B. High inoculum
A Ravue R MEDRAS A foves R MEDRUM
24 rowr 48 howr - 24 howr 48 honx
MEC ABC-3 wC-2 NC-o MIC-2 MEC wCo wc-2 wco wC-2
QeOTEN Qs 288 a1 6.40 o3 QuomeEmn .~ B2 . >0 020 >80 [ 574
edian [ 8.1 >0 aws >80 o0 medan o020 . >80 a2 >80 a0
240 22 >80 0.50 90 pevceraile 0 50 >89 a2 0 ase
avsaiacobmn T,
-3 METUM -3 MEDIUM
24 nos 48 o 24 henw 48 hear
MEC C-o wme-2 MC-O MIC-2 MEC MCo wC-2 Mca aC-2
peomasn 0.08 >80 a8 7.9 o geornemn on >80 on >a0 an
machen 0.05 8.0 .08 >80 0.12 . madian a8 >43 G608 >80 @20
30 percarsile 0.12 238 211 20 012 0.20 >33 (-] a0 344 l
| S i
A farwigatus LR ) A fuenigetue R MeECIUM
24 honr a8 nowr 24 Do How T~ -
MEC “Cco MC-3 wC-a MC-2 MEC MCo mc2 MIC-Q we2
Quommen 822 747 [ ¥.] »>ag 3938 peornean 12 *a9 028 >4 am
ecken -] >4.0 [ V] »3Q a5 rosdian 020 39 020 280 [F ]
- T Y] e Y] a0 239 — W
-3 MEDIUM -3 MEDIUN
24 honxr A8 hour 4 how 48 howt
VEC e Wac2 MIC-S el MEC MC-o mc-2 NICQ ez
QOIT—— 0.00 £~ ac? 7.38 d1a guoTE— a13 741 an 79 0.1€
aveden 08 »0 aoe >40 12 e [.&. >40 (9] >0 020
T Y ST ﬂ.’___} 122‘__“_1‘ 28 el 282 Aa.j
A nidutans R MEDIUM A nidabbas R NEDRAS
U has 48 howr 24 how 43 hous
EC ueo MC3 [ wec2 MEC MCo.  MC2 MIC-G C-2
" o3t >80 Y- 22 o ey 0.42 >80 C.34 >4.0 as
aso >80 0.%0 >80 aso —odin 0.50 >80 Q.50 >0 2%
>80 %a >80 .99
163 MEDASS T 4.3 MU
24 howr 48 hoxw . 24 naw 0 heaw
MEC [ ] \wc2 MmCco \c-2 MEC acl -2 [ 2] wce
b ] [ 3. ] a7 an >80 0.0 Peome a2 am [ ¥3) >80 218
avachary a2 >80 0.12 >80 [t o o020 3 0 *4.0 e12
S0 pescardile ¥ ] >80 [§ (%] . 0.20 >8.0 620 >4.0
A, niges R MEDRA A niger R MEDLR
24 o 48 hor 24 hous 48 howr
MEC »co NC-2 MCo c2 MEC MCoO  MC2 MICO w2
guomean o4 ate armr a0s 018 JeOmsen (-5} 498 [37] »a0 o
madan (X7 e [T ] »4.0 a20 meden ohe >89 a8 >80 ax
>0
B3 MEDRAS »-3 MEDRSS
24 hone Mo 26 howr 48 tonr
wEC nco we2 wee wc2 N wec wco  Mmcq wC-o wc2
gecwmems em ass oss 33 004 geomasn a4 ans ws 95 ace
meden ooa 4o 0.0 >80 os
wacian as [.X- 2 ol as 0.08 py
W 204, [T AN ‘ e ——— m’;Lj
A torreus R e A torven A o aror
24 honsr A8 nowr e
MEC [ o] »C-2 MCco wC-2
geomsa 012 >0 afn ~N.0 aw
ecemasn o >0 020 e oz oeten an >a0 on >80 020
ey o” »>80. [ ¥} >0 2 y g
500 pwoerste 0.2 230 FE T JV) - ﬁ&—&—&—uﬁ
-3 MEDIUW
) MEDRUN 24 hoar 48 how
2 has 48 row MEC Mca ac-2 MCO mc2
MEC wCo wmC-2 »C-o MC-2 Qeomeen 008 » a. [ 244
‘peCTE am »>10 ooz >80 0.1 medes Q.08 ] 003 L) 020
ok an
908y

>10 ox >0 aoe Q.1 v L 4
* 1 I )
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Table 9: In vitro susceptibility of Aspergillus isolates to ITZ and ampB

A ITZ (MIC 2 data) B: ampB (MIC data)
geomean “median  o0th pauenule # isolates usec genmeon medan 90t M
A favus 013 0.12 0.20 13 1.00 200
A fumigatus a.14 0.12 a20 58 o 94 1.00 2.00
A nidulans 0.10 0.12 a20 13 a2 0.50 2.00
A. niger a3 0.3% 0.50 10 o7e 1.00 1.00
A tesTeus .04 a.08 0.11 12 178 200 4.00

In a study by Del Poeta et al., 1997 (Antimicrobial Agents Chemother 41: 1835, reference # 36), the activity
of MK-0991 was measured against 16 isolates of Aspergillus species (4. fumigatus and A. flavus). The
cultures were prepared according to the NCCLS proposed broth macrodilution method (M38-P) using
medium with incubations for 72 hours. The MIC-80 values in Table 10 indicate MK-0991 to be effective
against Aspergillus isolates (MIC-80 < 0.09 — 3.12 ug/ml).

Table 10: /n vitro activity of MK-0991 against 55 clinically important moulds

MIC (xg/mi) !

no. of solates Geometnic

¢ tested) SR Rangs (CFU/ml) -
Alernaria sp. (1) <009 12x 107
Asperpibis flavus (8) 020 0.6 x 10°-2.0 x 10*
Arperpibus furnsganes (8) 009 1.1 x 1028 x 10*
Curwdana lunata (4) 038 0.3 X 10°-L3 x 10°
Erophiala jeanschmei (2) L0 2% 10°
Foryecan pedrosor (4) 013 a3 x10%-21 x 10°
Fusanwn axysporum (S) .78 05 x 10°-22 x 10°
Fusarium svlani (5) 59.46 06 x 10%-1.1 x 10°
Paccriomyces lilacus (5) 4998 11 % 10%-26 x 10
Paccilomyces varioai (2) £0.09 1S x 10°-23 x 10°
Rhétopus arrhizus (5) >100" 0.6 x 10?13 % 10*
Scedosporum apiotpermum (4) 038 0.2 x 10°-08 x 10*
Scedosporium profificans (1) 83 0.8 x 107-1.1 x 10*

* Unless otherwiss noted. mcubation was for 72 b at W0°C.
* fncubation was for 144 h at 30°C.
“ Incubation was for 120 b u 30°C.
4 Incubation was for 24 h at 30°C.

In a study by Rinaldi (Merck report, April, 2000, reference # 72) a series of Aspergillus isolates were tested
for susceptibility to MK-0991, ampB, and ITZ by NCCLS proposed method (M38-P). The results show that
the MIC;3 values were not significantly altered by the time of incubation for most of the isolates tested (Table
11). The MK-0991 MIC-80 values for all the 25 isolates of 4. flavus were < 0.125 ug/ml at 24 and 48 hours.
For A. fumigatus, 41 isolates were tested and the MK-0991 MIC-80 ranged from g/ml at 24
and 48 hours. For A. terreus, MK-0991 MIC-80 values were <0.125 ug/ml against a majonty of the 25
isolates tested at 24 and 48 hours. At 48 hours, only one isolate showed a MIC-80 value of >64 ug/ml.

For A. glaucus (n=2), A. nidulans (n=5), and A. niger (n=10) a small number of isolates were tested with 24
hour MK-0991 MIC-80 of <0.125 ug/ml. At 48 hours, MK-0991 MIC-80 values for a majority of the isolates
were < 0.125 ug/ml except for 1 isolate of A. nidulans (0.5 ug/ml) and 2 isolates of 4. niger (0.25 and >64
ug/mi). The minimum lethal concentrations were much higher than the MIC-80 values for all the isolates.
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Over 90 clinical isolates of Aspergillus species obtained from 36 patients enrolled in the phase III study
(protocol 019) were tested by the NCCLS proposed reference method (M38-P) for in vitro susceptibility to
MK-0991 and other drugs (Merck report, 2000, reference # 76). The activity was measured using 2 different
media MIC values were determined after 24 (MK-0991) and 48 (ITZ) hours of incubation
and expressed as no visible growth (for ampB) and the first well showing reduction in growth (approximately
80% for MK-0991 and ITZ). The results in Tables 12 and 13 show the MK-0991 values against 4 different
species of Aspergillus. Based on MIC-80 as an end-point, the MK-0991 MICs, values against 4. fumigatus

in medium were 0.5 ug/ml and < 0.03 ug/ml, respectively. The*MICy, values for the 11 A.

flavus 1solates from 8 patients were high (>64 ug/ml). The number of isolat . niger and A. terreus was

small (n <4) with MICs, of < 0.03 ug/ml and 0.25 ug/ml, respectively 1 medium (MICs, um
utéonre”

medium were < 0.03 ug/ml). There was no correlation between in vitro susceptibility and clinical o
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The effect of MK-0991 on the viability of hyphae was measured by staining with fluorescein dyes which enter
the cell based on its physiological state (Merck report, 2000, reference # 62; also presented by Douglas et al.,
2000, ICAAC, 2000, poster no. 1683). CFDA (5,6 carboxy fluorescein) is a vital stain, whereas DiBAC,(3)
i.e. bis(1,3-dibutylbarbturic acid) trimethane oxonol is a non-vital stain. 4. fumigatus conidia were incubated
in ﬁcontaining 0.15% a polyacrylate, which reduces clumping and enables 4. fumigatus mycelia
to grow as dispersed germlings) at 37°C for 14 hours. MK-0991 or other drugs were then added and cultures
incubated for an additional 6 hours. The results in Figures 1 and 2 show that MK-0991 (0.3 pg/ml) was lethal
at the selective areas with active cell growth i.e., the apical tips of hyphae and areas of hyphal branching. In
regions of less active growth the hyphae were viable. In contrast, ampB at a concentration of 0.15 pg/mil
resulted in an almost complete loss of viability of the organism. This difference is attributed to ampB’s

disruption of membrane activity.
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In vivo activity of MK-0991 against Aspergillus

The in vivo activity of MK-099T against Aspergillus species was measured in immunocompromised animals.
A majority of the studies measured the activity of MK-0991 against 4. fumigatus. Only one experiment was
conducted in mice to measure the activity of MK-0991 against 4. flavus.

Activity against A. fumigatus in C'S deficient mice

C'S deficient DBA/2N mice were infected with 4.8 x 10° to 1.8 x 10° conidia of A. fumigatus (strain MF 5668
- ATCC 13073) by the intravenous route (Merck report, 1995, reference # 50; Abruzzo et al., 1997,
Antimicrob Agents Chemother 41: 2333, reference # 2). Treatment, initiated within 15 - 30 minutes or after
24 hours of infection, was b.i.d., for 5 days by intraperitoneal, intravenous, or oral routes. Animals were
followed for survival over a period of 28 days after initiation of infection. AmpB was used as a comparator.
The results in Figure 3 and Table 14 indicate that MK-0991, like ampB, improved the survival of mice infected
with 4. fumigatus. The EDso/EDq, values were much higher when MK-0991 was administered by the oral route
compared to intravenous or intraperitoneal routes (Table 15). Microbial burden was not measured in this
study.
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In a preliminary study using DBA/2J (C’5 deficient) mice, the effect of MK-0991 on mycological burden was
measured in the kidneys (Merck report, e-mail received on December 18, 2000). Mice were infected with A.
fumigatus (strain and thé concentration of the conidial suspension used for infection was not specified).
Administration of MK-0991 (1 mg/kg) or ampB (0.5 mg/kg) was initiated at the time of infection by the
intraperitoneal route, for 4 days. Mice were followed for 35 days post-infection for survival and mycological
burden using TagMan® quantitative PCR and standard culture methods.

TaqMan® assay is based on the detection of 18S ribosomal RNA (rRNA) of 4. Sumigatus. It was stated that
there are about 100 copies of the 18S rRNA gene in the Aspergillus genome and that the lower limit of
detection by TagMan® assay was <10 conidial genome equivalents. Titration of mass equivalents of A.
fumigatus that were spiked into a naive mouse kidney showed 1 ug of mycelial weight to be equivalent to 10°
conidial genome equivalents. These data were not submitted for an independent review. The limit of detection
for the TagMan® and cfu methods per gm of kidney was calculated to be to be ~2000 conidial equivalents and
~300 cfu, respectively.

The results in Figure 4a show that all the infected untreated mice died by day 7 of infection. An increase in

cfu was marginal from day 1 to 7. However, a significant increase in TRNA was observed from day 1 to 4 of
infection. In mice treated with MK-0991 or ampB, the cfu and rRNA contents were reduced (Figures 4b and "
4c). It is of note that the reduction in cfu is marginal (s 1 log) whereas IRNA was significantly reduced.
Whether similar effects will be observed in immunocompromised and/or severely infected animals is not :
known.
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Activity against A. fumigatus in agranulocytopenic mice and rabbits

(a) Pulmonary Aspergillosis:™ -

Agranulocytopenic CD-1 mice were infected with A. fumigartus (MF 5668 - 2.5 x 107 spores) by the intranasal
route (Merck report, 1995, reference # 46). Neutropenia was induced 24 hours prior to infection, by injection
of a monoclonal antibody to granulocyte receptor every other day. Such treatment was shown to sustain
neutropenia. The neutrophil count in the peripheral blood of neutropenic mice was shown to be < 0.2% (as
determined by FACS analysis) compared to controls. Treatment, initiated intraperitoneally immediately after
infection, was b.i.d., for 5 days and animals were followed for survival for 21 days post-infection. The results
shown in Figure 5 indicate that both MK-0991 and ampB were not effective improtecting the infected mice.
The difference between the results of this study compared to those described above could be attributed to the
higher concentration of inoculum used for infection, the route of infection, the dose administered, and/or the

immune status of the host.
Figure 5
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From a study submitted to the IND annual report (N-303, dated October 2, 2000) it appeared that the activity
of MK-0991 was tested in neutropenic rabbits and the sponsor was requested to submit the results of the study
for review. These studies were conducted in Dr Walsh’s laboratory. Some of the results were submitted on
December 12, 2000 (¢-mail) and January 3, 2001°(fax) and a teleconference was held with the sponsor and Dr.
Walsh on January 3, 2001. The information received so far is as follows:

The activity of MK-0991 against 4. fumigatus (NIH isolate # 4215, with in vitro MK-0091 and ampB MICs
of 0.06 and 1 ug/ml, respectively) was measured jn_n:ut:gpenic rabbits. Persistent neutropenia was induced
by the administration of 9 doses of (days -1, 1 to 4, 8, 9, 13, and 14). In addition,
macrophage and other immune cell Tunctions were inhibited by administration of 2 doses of methyl
prednisolone to enable establishment of infection. Rabbits were infected with 10® conidia, intratracheally on
day 1 (24 hours after induction of neutropenia), and intravenous treatment with MK-0991 or ampB was
initiated 24 hours post-challenge, for 12 days. The animals were followed for survival and residual
mycological burden in the lungs. Only 1 of 12 of the untreated rabbits survived to day 12. The authors have
stated that 8 of the 36 (22%) rabbits treated with MK-0991 survived to day 12. It is unclear which dosage
group included the 8 surviving rabbits since 12 animals were used per dosage group and 3 doses (1, 3,0r 6
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mg/kg/day) tested. A slight improvement in mean survival days was observed in rabbits treated with MK-0991
compared to untreated control (Table 16). It is of note that all of the rabbits treated with ampB (1 mg/kg/day)
died by day 12 with meafi survival of 8.8 days (Table 16). The sponsor was requested to submit the survival
curves in rabbits treated with ampB or various doses of MK-0991.

The reports in the literature by the same group of investigators (Francis et al., 1994, J Inf Dis 169: 356) have
shown about 25% to 30% survival in ampB treated rabbits and 100% survival in AmBisome treated rabbits
It is of note that the rabbits in the MK-0991 study were administered extra doses of ‘ ?
compared to those used in the AmBisome study. During a teleconference with the sponsor, held on Jan 3,
2001, Dr. Waish stated that variability in survival of ampB treated rabbits was cbserved among various studies
and is probably due to nephrotoxicity (which was influenced by water intake) and thrombocytopenia.

The effects of MK-0991 on mycological burden in the lung, pulmonary infarct score (measured by
histopathological examination of the number of lobes per lung showing tissue injury), and mean lung weight
were measured on the day rabbits succumbed to infection or on day 12. The results in Table 17 show that MK-
0991 at a low dose (1 mg/kg/day) was effective in reducing the lung weight and infarct score but not in
reducing the mycological burden, although the appearance of the colonies was different (microcolonies).
Higher doses (3 and 6 mg/kg/day) were not effective. AmpB was the most effective in significantly reducing
mycological burden, infarct score, and the lung weight. Dr Walsh also stated that CT scans were done on days
1,2,3,5,7,9, 10, and 12 of treatment with MK-0991, however, the data has not been submitted to FDA for .

Teview.
Table 16: Mean survival in neutropenic rabbits infected with A fumigatus

Rabbit Group Mean Survival p Vatue
_(days)
" Untrested Control(n=12) 692+ 0.69
MK 1 mg/kg {n=i2) 10.42 = 0.54 <0.01
3 mgfig (n=12) 10.17 2 0.61 <00
§ mgkg (n=12) 950=070 |- <001
Am8 (n=5) 353048 <005

Table 17: Efficacy in Invasive Pulmonary Aspergillosis Rabbit Model

Compound (N) Lung Pulmenary Mean Lung
Dose Log [CFU/gm] Infarct Score Weight
Untreated Controls (12) 1.35+0.25 5.1740.53 49.48+4.27
Caspofungint (12) 1.90+0.23° 2.50£0.44°  352143.30°
1 mg/kg/day

Caspofungint (12) 1.4240.17¢ 4.00+0.69¢ 37.67+3.01¢
3 mg/kg/day

Caspofungint (12) 1.99+0.25% 3.58+0.77¢ 32.45+4.261
6 mg/kg/day

Amphotericin B (6) : 0.13£0.08° 1.1740.48* 17.40+2.61*
1 mg/kg/day

*control versus treated (a) p< 0.001, (b) p<0.01, (c) p< .05, and (d) not significant
1 toxicity related to increasing dosages of caspofungin was not observed.
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In another experiment by Dr. Walsh’s group, in neutropenic rabbits, the activity of MK-0991 as a prophylactic
agent was determined. The experimental design was similar to that described above except that the treatment
with MK-0991 (1 mg/kg/day) qr ampB was initiated 4 days prior to challenge and continued for 12 days post-
infection. Also, a lower concentration (5 x 107 conidia/rabbit) of the inoculum was used for infection.
However, the data were not submitted for review.

(b) Disseminated Aspergillosis:

The activity of MK-0991 was measured in neutropenic C3H/HeN mice with disseminated 4. fumigatus (strain
MF5668, ATCC 13073 with MK-0991 and ampB MICs of 0.123 and 0.5 ug/ml, respectively) infection (Merck
report, 1999, study 6, reference # 16). Three doses of monoclonal antibody (RB6-8C5), administered
intraperitoneally at 2-day intervals were used to induce neutropenia. The results in Table 18 show that
neutrophil counts were increased on and after day 10 (a day after the last injection of monoclonal antibody).
Mice were challenged with 1 to 8 x 10* cfu of spore suspension intravenously 24 hours after initiation of
neutropenia. The treatment with MK-0991 or ampB was initiated intraperitoneally, immediately after
challenge, for 5 days. All the infected, untreated neutropenic mice died within 17 days of challenge whereas
the uninfected neutropenic mice survived the duration of experiment. The results in Figure 6 show that MK-
0991 at a dose of 1.25 mg/kg was effective in improving survival in 50% of the animals whereas ampB at 1.25
mg/kg dose improved survival by about 60%. The EDso values for MK-0991 and ampB on days 7, 14 and 21

were comparable (Table 19). Mycological burdens were not measured. :

Table 18

Fluorescent Activated Cell Sarting (FACS) and Differeatial Coil Comnt of
RB6-8CS (anti-GR-1) Antibody and PBS Treated CIH/HCN Mico®

Number of pestrophils Percens neutrophils detected Percent newtrophils
detected by differential by differential ) £ SD detected by FACS ) £ SD
(x1 +SD :
RB6-8CS PBS RB&-3CS P8BS RB6-3C5 | PBS treated
antibody treated antibedy treated antibody
treated trealed treaied
oo 20017

0.02 +0.01 1182045% | L.154037 | 17.63£232 § 0.06+005 | 11.55+$3.25
0132000 | 1612053 § 636+210 | 16482323 | 0.1610.14 | 10951264
0542020" | 296+£3.5¢ | 11.68£4.23 | 2094 £1224] 0361027 | 1022+4.67
938+11.66 | 2091063 |5148+1215] 20024291 |6217+1956) 11294302
335+ 22 | 2204032 | 339821408 | 20.12+1.62 | 31.81+11.84] 1790+ 3.01
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Figure 6 Table 19
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Activity in immunosuppressed rats and mice against A. fumigatus .
(a) Pulmonary Aspergillosis:

The activity of MK-0991 against 4. fumigatus (strain H11-20) was measured in immunosuppressed (cortisone
treated) Sprague-Dawley rats (Bemard et al., 1996, ICAAC, Abstract F39, Merck reference # 49). The dosing
regimen and the route of administration for cortisone were not described. It was stated that “the untreated rats
developed a progressive, rapidly-fatal, bronchopneumonia.” Rats were infected with 10° conidia of 4.
fumigatus. In one experiment, a single dose of MK-0991 was administered 2 hours prior to infection and the
survival measured on day 7. In another experiment, MK-0991 was administered at the time of infection and
continued for 7 days. The results in Table 20 show that MK-0991 and ampB administered intraperitoneally
as a single dose (2 2mg/kg) or in multiple doses (> 0.5 mg/kg/day for 7 days) improved survival.

Table 20

Drug Time treatment N Dose (mg/kg) Survival (%)

Initiated (hours)
Experiment 1:
Vehicle -2 10 0 40
MK-0991 -2 10 0.5 60
MK-0991 -2 10 2 ‘90
MK-0991 -2 10 8 100
AmpB -2 10 4 100
Experiment 2:
Vehicle 0 10 0 x 7 days 30
MK-0991 0 10 0.5 x 7 days 80
MK-0991 0 10 2 x 7 days 100
MK-0991 0 10 8 x 7 days 100
AmpB 0 10 4 x 7 days 100



NDA #21-227 Page 21
Caspofungin/MK-0991/L-743,872

Merck Research Laboratories

(b) Disseminated Aspergillosis:

ICR mice were immunosuppressed by administering cyclophosphamide intraperitoneally every 3 days up to
10 days post-infection (Merck report, 1997, reference # 47). Immunosuppression was initiated 3 days prior
to infection with 4. fumigatus, strain MF5668 (1.6 x 10* conidia) by the intravenous route. The sponsor has
stated that pancytopenia was confirmed but the data were not provided. Treatment with MK-0991 by the
intraperitoneal route was initiated 24 hours post-infection for 14 days. AmpB and ABELCET, administered
intraperitoneally, were used as comparators. Survival was measured for up to 28 days post-infection. The
results in Figure 7 show that MK-0991 at a dose of > 0.5 mg/kg was effective in improving survival. The EDso
values for MK-0991 were comparable to ampB and lower than ABELCET (Table 21). The effect on
mycological burden was not measured in this study.

Figure 7 Table 21
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The effect on mycological burden was measured in another study using the pancytopenic murine model (Merck
report, 1999: study 1, reference # 18). The experimental design was similar to that described above except

that immunosuppression with cyclophosphamide was maintained until the end of the study (day 28). Mice.
were infected with the conidia suspension (1 to 2.4 x 10* cfu/mouse) intravenously and treatment with MK-

0991 or ampB initiated intraperitoneally, 24 hours post-infection. The mice were followed for mycological

burden. For measurement of mycological burden, <5 mice were sacrificed and kidneys processed for

measurement of cfu and histelogical d,qronstration of infection (presence of hyphae typical of Aspergillus

using on days 4, 8, 15 and 28. The results in Tables 22 and 23 show that

the treatment with MK-0991 reduced the cfu as observed on days 4 or 8 compared to untreated mice. It is of
note that the mean log cfu in untreated mice on days 4 or 8 was about 3 to 3.5 log. Although the tissues from

a majority of the treated mice were shown to be free of infection, the sensitivity of sterilization is limited by

~ the lower limit of detection. Based on the lower limit of detection the reduction in cfu was very marginal (<

1 log). Histological findings showed abundant hyphae in the untreated mice (score 3+ to 4+) on day 4, whereas

mice treated with MK-0991 or ampB showed < 1+ score. The results of mycological burden on day 8 are less

clear since one of the untreated mice was negative for cfu but had histological evidence of infection in 2 of
the 4 sections screened.  For days 15 and 28 there was no data available from the untreated mice (since all

the mice were dead). All the MK-0991 and ampB treated mice showed histological scores of < 1. There was

no correlation between histological scores and the number of cfu. For example, on days 15 and 28 the

histological score in all animals was < 1+ whereas cfu/ml varied from 20 to 90 on day 15 and were completely

absent on day 28. Overall, the activity of MK-0991 was comparable to ampB.
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The activity of MK-0991 was also measured in immunosuppressed ICR mice (pancytopenic model) infected
with A. fumigatus, strain MF5668 (Merck report, 1999, study 8, reference # 16). Immunosuppression was
induced by intraperitoneal administration of cyclophosphamide 3 days prior to challenge with 1.0 to 2.4 x 10
of a conidial spore suspension by the intravenous route. Immunosuppression was maintained with 9 additional
doses administered at 3-day intervals. Treatment with MK-0991 or ampB was initiated 24 hours post
challenge, and continued for 7 days (10 mice per group) and animals were followed for survival for up to 28
days post-challenge. The leukocyte count was shown to be low during the course of the experiment (Figure
8) and it was stated that the mortality rate was 2.5% during the 28-day period in noninfected
immunosuppressed mice. The results in Table 24 show that both MK-0991 and ampB at a 1 mg/kg dose
demonstrated comparable activity. Mycological burdens were not measured.
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Activity in C'S deficient mice against A. flavus

Complement (C'S) deficient DBA/2N mice were infected with A. flavus (strain MF2589 - 1.28 x 10° conidia)
by the intravenous route (Merck report, reference # 48). Treatment with MK-0991 was initiated immediately
after infection by the intraperitoneal route, b.i.d. for 5 days. The results in Figure 9 indicate that MK-0991 at
a dose of 0.31 mg/kg was marginally more effective compared to higher and lower doses of the drug. AmpB
was, however, not protective (Figure 9). It is unclear whether the strain of 4. flavus used for infection was
more susceptible to MK-0991 as compared to ampB. The activity of MK-0991 in immunosuppressed animals
was not measured.

Figure 9 H
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No studies were conducted to measure the activity of MK-0991 in vivo against other species of Aspergillus
(A. niger, A.nidulans, and A. terreus).
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In vitro activity of MK-0991 against Candida species

As stated above (page 2), the methods for in vitro testing of antifungal agents are not standardized. In an effort
to standardize the in vitro methods for testing of MK-0991 and other antifungal agents, 3 reference isolates
of Candida species recommended by NCCLS (C. parapsilosis, ATCC 22019; C. krusei, ATCC 6258; and C.
albicans, ATCC 90028) were assayed in 8 different laboratories (Merck report, 1999; reference # 74). Itis
of note that 5 of these 8 laboratories have participated in the writing of NCCLS documents M27-A and M38-P.
The assays were conducted using 3 different sources of ¢ medium. The remaining constituents of
the roth were identical. The assays were conducted according to the NCCLS guidelines (M27-A) and
incubated at 35°C for up to 48 hours. The MIC values were determined at 24 and 48 hours. The MIC for
ampB was defined as the lowest concentration with no visible growth and that for 5-fluorocytosine (5-FC) or
azoles as > 80% inhibition, respectively. The criteria used for defining MK-0991 MIC was not described. The
assays were repeated on 10 different test days. The authors described the criteria used for the definition of
MIC of ampB, 5-FC, and azoles but the results for these drugs were not included in the report. These results
were, however, available from a literature report (Barry et a/., J Clin Microbiol, 2000, 38: 3457). The control
limits recommended by NCCLS are shown in Tables 25 and 26. It is of note that there is a discrepancy
between the 2 reports in the range of MK-0991 MIC values at 48 hours against C. parapsilosis. The Merck
report describes it to be 0.5 to 2.0 ug/ml (Table 26) whereas the publication by Barry et al., 2000 states it to
be 0.5 to 4 ug/ml (Table 25). It was stated that the MIC values for most drugs against C. albicans strain
(ATCC 90028) were too variable to be of value for quality control purposes and other strains are currently
being tested. ;

Table 25
(Barry et al., J Clin Microbiol, 2000, 38: 3457)

> Proposad MIC ramgrs of verious antifwagnl agemts for o0 quality comtrol sraine of Candide spp.
when tmted by the NOCLS microdiiution procedure

MIC {ngul) ruages b microdbution s witk

Asstangal sgme C puvpatits ATCC 2019 w2 C Mrwasl ATCC o738 o
e T3 us )
Amghoterica B 425-20 0540 as-20 L0-48
Fucyuces ans-a2s a-as 40-16 -2
Placensacie 0345 1040 8.0-64 15-128
Varicmegols nean am-4.25 o1-18
Ketooommebe a2 0.06-05 Q12198 025-1.0
j Tv— wus-as 01243 012-10 a25-10
Caspotuagie (MED91} R axs-1e 0540 a12-1.8 02510
Ravecomasole (BMS 07147) 06012 203-025 4.25-18
Possmmecle (SCH 56992) 006028 0.06-05 013-L8
LY 066 [rar 029 om-015 0.06-05
Table 26

(Merck report, 1999; reference # 74)

Axtitougal Agaot sod 24 Hour MIC (1ig/m} 48 How MIC (ug/mb

— S fochoded . Bapge  Elockuked
Caspofungia (MK-0991}

C. parapsilosis

ATCC 22019 96.7% L%
C brusei

ATCC 6258 98.9% ¥13%
C. edicam i

ATCC %00C3 NOT RECOMMEN!
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Studies by Bartizal et al., 1997 (Antimicrob Agents Chemother, 41: 2326, reference # 1; Merck report, 1995,
reference # 6) measured the in vitro susceptibility of about 200 isolates of various fungal species (from the
Merck culture collection) by the NCCLS recommended broth microdilution method. The MIC against the
laboratory isolates showed MK-0991 MICy, < 1 ug/ml against various Candida species except C.
guilliermondii with MICy of 2 ug/ml (Table 27). MK-0991 was not effective against C. neoformans (MICsq
for 19 isolates tested was 32 ug/ml). MFCs were determined by subculturing 1.5 ul volume from the initial
cultures. It is also of note that the MICs were comparable to the MFCs for all the Candida species.

A study by Espinel-Ingroff, 1998 (J Clin Microbiol 36: 2950; reference # 11) measured the activity of MK-
0991 against various pathogenic yeasts by the NCCLS (M27-A) microdilution method. These were clinical
isolates obtained from patients with severe fungal infections. The cultures were incubated from 24 to 72 hours
to ensure that the growth was heavy/sufficient to determine the MIC values. It was stated that the MICs in
general were higher at the 2° time point tested. MK-0991 MICs, values against C. guilliermondii and C.
krusei were 2.0 ug/ml whereas those against other Candida species were < 1.0 ug/mi (Table 28). MFC were
comparable to MIC values against all species.

Table 27: MIC ranges, geometric MICs, MICs,s, MICoes of MK-0991 and AmB for clinically relevant fungi

MIC (ug/mi)* MFC (ug/miy -
[o] s Antift { agent N
rganisn (a) ifungal age Range 0% g%  Ceometric Range 0% 9% Ge::;;rx
Candida afbicans (40) MK-0991 050 050 037 025 050 09
AmB 025 025 025 0125 02 018
Candida wopicalis (20) MX-0991 050 10 0.54 050 10 057
AmB 025 050 029 025 050 034
Candida parapsilosis (20) MK-0991 bso 050 052 050 050 0.4
AmB 10 10 0.76 10 - 18 038
Candida lusitaniae (20) MK-0991 lozs  os0 030 025 050 038
AmB 19 20 L1l 10 2 123
Candida guilliermondii (20) MK-099t 10 20 119 20 20 1.31
AmB loxs o2 0.16 025 00 022
Candida krusei (20) MK-0991 10 20 1.4 1.0 10 097
AmB 25 050 030 025 050 o8
Candida pseudowopicafis (20) MK-0991 25 050 027 025 050 036
AmB 25 050 028 025 030 09
Candida glabrasa (20) MK-0991 0 10 0.66 10 10 083
AmB 25 050 0.28 025 050 036
Cryprococcus neoformans (19) MK-0991 320 719 160 320 179
AmB 25 050 0.27 } ba2s 0.50 0.2
———-

“ a, number of isolates 1ested.

* Broth microdilution method, RPMI 1640 medlum, mocula of 0.3 x 10° 10 2.5 x 10° CFU/mi, and incabation foe 2¢ b at 35 to 37°C.

¢ Microtiter piates were shakem aad 1.5-ml samples were ransferved to 10-mé Sabouraud dextrosc agas platcs, aod the plates were incubated for 24 10 38 b at 35 10
rc. B
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Table 28: Susceptibilities of 104 sciected pathogenic yeasts to SCH56592, MK-0991, and LY303366 as
determined by a spectrophotometric procedure

Fungus -Amiéuqal - MIC sangs MIC,e MiCy MFC range MFCoy
{mo. tested) agent ) (ng/mi) {ng/rad) (ng/od) (nymi)
C. abicans (10)* SCH56592 oS 10 } ND*
MK-0991 05 1.0 2
LY303366 0.06 025 1.0
C. albicans (10y* SCHS6592 <0.03 <043 ND
MK-0991 0s 1.0 1.0
LY303366 0.06 006 - 05
C. glabrma (12) SCHS6592 L0 4 =16
MK-0991 05 10 2
LY303366 al2 025 05
C. guilliermondii (8) SCHS6392 025 ND* ND
MK-0991 2 ND ND
LY303366 2 ND ND
C. krusei (13) SCHS6592 1.0 Lo 1.0
MK-0991 1.0 2 2
. LY30366 0s 10 1.0
C. lusitanise (12) SCHS6592 0.06 006 02s
MK-0991 1.0 2 1.0
LY303366 1.0 2 2
C. pampsilosis (12) SCHS9592 025 05 3
MK-0991 1.0 2 2
LY303366 2 2 4
C. wopicalis (12) SCHs6592 025 025 ND -
MK-0991 10 10 Lo
LY303366 025 0s 10
C. neoformans (10) SCHS6592 0.28 028 os
MK-O91 >16 >16 ND
LY303366 >16 >6 ND
T. beigeti (5) SCHS6592 - 1.0 ND ND
MK-0991 >16 ND ND
LY33366 >16 ND ND
Total (104) !

:ﬂmgdg MIC, >16 pg/ml; itraconazule MIC, 0.06 to >8 pgiml
Values in parentheses are MIC-0 (5CHS6592) and MIC-Z (other agents) endpoimty.
* For MFC columns, RD indicates oot done.
“ Flaconazole MIC, 510 pg/mi; iraconazole MIC, <0.03 10 0.06 ug/mi
* For the MICyy column, ND indicates not obtained.

In studies by Vazquez et al., 1997 (Antimicrob Agents Chemother 41: 1612, reference # 8), the activity of
MK-0991 was measured against Candida species obtained from clinical specimens from patients with
candidemia, localized mucosal disease, or asyniptomatic colonization, by a NCCLS microdilution method
(M27-P). For determination of MFC, a 10 ul volume from the wells showing no growth was subcultured on
Sabouraud dextrose agar and incubated for 72 hours at 30°C. The results in Table 29 list the MIC values to
be < 0.8 ug/ml for C. albicans, C. glabrata, and C. tropicalis (Table 29a). Although the MK-0991 MICs
against C. krusei and C. lusitanige are in the range stated above (s 0.8 ug/ml), the MFCs (1.6 ug/ml) were
high (Tables 29a and 29b). Against all the 5 isolates of C. guilliermondii, the MK-0991 MICs (1.6 ug/ml)
were higher (Table 29b). The MFC against C. guilliermondii was very high (6.25 ug/ml). The activity of MK-
0991 against fluconazole (FCZ) resistant and sensitive isolates was similar (Table 29¢).

In another study by Vazquez et al., 1996 (ICAAC, Abstract F-35, p106; reference # 41), it was stated that
against C. albicans, C. lusitaniae, C. krusei, C. tropicalis and C (T). glabrata, the MK-0991 MICs were <0.25
ug/ml while those against C. guilliermondii and C. rugosa were > 10 ug/ml, thereby indicating variability in
susceptibility of different Candida species to MK-0991. However, the complete details of the experimental
design and results were not provided for an independent review.
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Table 29: In vitro susceptibility to L-743,872 and other antifungal agents

a. C. albicans, C. glabrata, and C. tropicalis b. C. kefyr, C. krusei, C. lustinae, C. parapsilosis, and
- - C. guilliermondii
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{em af lsalsecy) agprre Rasg o  we (rpw) {r of adaace) agees -;r:-—ﬂ)i- (rar)
C aidcans (30 L23aTn Y 020 040 oue
) . W0 e G Afe () L3 3 o
Plvcyioane [LR7 S 771 Fhucytcsine aos
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Iraconaacle e a4 tracononis g
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Studies by Pfaller er al., 1999 (J Clin Microbiol 37: 870; reference # 9) measured the activity of MK-0991
against Candida dubliniensis, an opportunistic yeast pathogen recognized to be a minor component of normal
human oral microbial flora. In this study, 71 isolates from 68 patients in Ireland were tested for in vitro
susceptibility to several antifungal agents by a microdilution method recommended by NCCLS, using|
medium, and incubated for 48 hours. The MK-0991 MIC values were < 1 ug/ml against all isolates including
5 FCZ resistant (FCZ MIC>32 ug/ml) isolates (Table 30).
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‘ Table 30: [n vitro susceptibilities of C. dubliniensis
a: In vitro susceptibilities of 71 C. dubliniensis b: Antifungal susceptibilities of C. dubliniensis
isolates tested against 8 gntifungal agents type strain (CD36) and of strain with decreased

susceptibilities to fluconazole tested against triazole and
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The in vitro susceptibility of MK-0991 against clinical yeast isolates from patients with oropharyngeal/
esophageal candidiasis (phase IIa and phase IIb studies, protocol 003, 004, and 007 respectively, Merck
reports, 2000: reference # 69, 70 and 78) was tested by NCCLS recommended method (M27-A). The clinical
isolates were obtained from esophageal brushings, routine oropharyngeal swabs, and/or biopsy specimens from
infected sites. All the isolates from different centers were shipped to the Central Merck Research Laboratory
where the identifications of the isolates were confirmed (usin Candida, morphological testing
angd/or conventional biochemical methods) before processing for in vitro susceptibility testing. Besides RPMI,
ﬁedium was used and the turbidity of the cultures adjusted spectrophotometrically at 550 nm. AmpB
CZ were used as comparators. The MICs were read after 24 or 48 hours using d edium,
respectively. Also, the MICs for MK-0991 and ampB were based on no visible growth whercas that of FCZ
on inhibition of growth by 80%. The results in Tables 31 to 33 show lower MK-0991 and ampB MICs in
mpared to the edium whereas FCZ MICs were lower in edium. The sponsor
stated that most 1solates exhibited a sharp end point as specified above. Trailing was observed for the
following species when tested in RPMI medium: C. guilliermondii (phase [Ia and IIb studies: 12/12 and 14/14
isolates, respectively), C. parapsilosis (phase IIb study: 3/3 isolates), C. tropicalis (phase la and ITb: studies:
'1/6 and 1/3 isolates, respectively), C. glabrata (phase Ila study: 1/1 isolate) and C. albicans (phase IIb study:
1/173 isolate). The MK-0991 MICy, values against C. albicans and C. glabrata isolates were 1 and 2 ug /ml,
respectively whereas that against C. guilliermondii was >64 ug/ml. The MICy, values against other Candida
species (C. kefyr, C. krusei, C. lipolytica, C. parapsilosis, and C. tropicalis) could not be determined since the
number of isolates was low (< 10).
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Table 31: phase IIa study (protocol 003)

Swceptibility (MIT in pginl) of Climeal Yeast Isolates From Esophageal Candidiasis to
Caspofungin, Amphoterictn B, 0d Fluconszale for Clinical lgolates in RPMI' asd AM3®

30

Orgast Geometn Suscepability (MIC in ugrnl) of Clinicsl Yeast fsolates From Esophageal
( Antibiotic Ran ) M e oy fom Casdficiasis 15
(No. Iaolates) 8 g MCn | MICa | Mem Caspafngin, Amrpbocsricia B. and Flaconazvle for Clfzical Liatases i RPMT' d AN
Candida aibicans Caspotngin 0.3 1 059 Cremna - =
(0.06) (0.1254  (0.08) (No. Lsolass) Antibiotic Range MICy |MICq| Mem ¢ l
(233) Ampbotericin B 125 a5 0.34 - g .
S Candida parpsilans Cuspodinga 174
©83) | ©03)| (0.0) 05 o |
Flucomle Q.28 1 >0.39 [ Anphotericia B .25 023
h ) (>44) >2.39) - 2.015) o0
Flocoaarole 230
Candida guilliermondiit | Caspofitaen >8 62 >1131 - = 200
) Q.125) | &0 (>0.26) Candida vop Capotungm ¥ 083
(12 Ansphoterxcin B as 03 0.37 1.06) Q.08)
0.0 0.0 ) © Amspbotericis B .25 025
©o13) | (90153 | (0.0) 0.008) .00
Fluconazole 3 s 843 {5 © g,
8) (16) (4.69)
Sacehcrowpcas carevisioe | Chapotungmn ] H
3 Epmp ©13 azxt)
Candida kefyr Casposungin @ Apboresicia B 0125 218
. 0.03 0.03)
) Amphotericin 8 Fiscouazole ¢ 2 ! (z_n’
L) 436
Fluconazole :
Curdida gistrata Caspothogm 1 = )
s (0.125) 0.09
= (¥4} Ampbotericin 0.3 .41
~mfida krases Cxspofingia i 1.30 (0.06) 206}
(025) (0395) Fluconazole 4 238
i Arphotesicin B 0.5 03 ‘ =) e
(0.06) (0.06) ‘
Flucemszole 64 >58.69
(32) (>19.13)
Candida lipolydica Caspofungin 2
0.71)
) Ampbotericin B a2s
.06}
Fluconazole 283
J 233)
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Table 32: phase [a study (protocol 007)
Susceptibility (MIC in pe/mL) of Clinical Yeast Isolates From Esophageal Candidiasis to
Caspofungin, Amphotricin B, and Fluconazole for Clinical Isolares in RPMT' and AM3%
Organism Geometric
(No. lsalates) Antibiotic Renge MICy, MIC,y Mean
Cundida albicary Caspofungin 03 } 0.638
(0 06) (0.06) {0.0%)
(20 Amgphotericn B 03 041
(0.03) (0.06) (0.03)
Fluconazole 16 22 >623
J 32) {>64) (>17.75)
Cundida glabruta Caypofungia
(n
Amphotenan [
Fluconazole
_d
&ulhmrru:‘lhbul sthod (NCCLS DX MY RPAL 1640 asadin; Mind iohibi dom (MIC)
and amnphotoricin B was dafined = lovwent m.of:mhnpluinhmgvmbhnwth o MIC &
ﬂumumle ‘s dofimed as Jowest conomntration imbbiting 30%, of e visible growth. ‘
:&uﬁlmnudthuw ‘*‘(\CCLST‘ amt 3{27A): Mnm&kﬁuﬂtwt.\ﬂCmm MIC far
iin B was definod a3 lowest | imbilnting visible growd: the MIC Jor
ﬂueumh ans d-ined. &3 lowest comooatraticn inkibitme $0% of the nﬂlo Wﬂl
TR Source: Ntbooks - [icks: Clinical Trials L 43872 - Boaks L1LX
Stady Period: Jul-1997 1o Sub- 1999
Table 33: Phase IIb study (protocol 004)
Susceptibility (MIC in ugimL) of Qlisical Yeast Isolates From
Candidiasis to Caspofingin, Ampbotericin B, 2od
Fhacosazoke for Clinical Isolates in RPMI' and AMY'
Orgratism Geometras
(No. lsolates) Astibiotic Rage |MICw | MiCw | Mo a— Ao [ naca | raca | S
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(0 08) | (0128 (007 Acghonrisia Y
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om | eom| e i o w
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The sponsor has also consolidated the results of the in vitro susceptibility testing of isolates from all the
patients enrolled in all clinical trials (protocol 003, 004, 007, 014, and 020: Merck report, 2000; reference #
62). It appears from Table 34 thrat overall 900 isolates were tested. All the isolates were processed as described
above. Table 34 shows the MICs inf ) medium after 48 and 24 hour of incubation respectively.
The MK-0991 MICy, in‘ "nedium against C. albicans was 1 ug/ml compared to that against C. glabrata,
C. lorusei, and C. tropicalis were 2 ug/ml. The MICyagainst C. guilliermondii and C. parapsilosis were high
(>8 ug/ml). No correlation was observed between 24 hour MICs and clinical outcorne (Merck report, 2000,
reference # 71)

Although it was stated that the isolates were collected from patients enrolled in protocols 003, 004, 007, 014,
and 020, the microbiological raw data from studies 014 and 020 were not availahle for review. The combined
number of patients enrolled in studies 003, 004, and 007 was about 282. Study 020 enrolled about 177
patients but the number and species of isolates collected and tested in this study were not provided. There was
no information available from study 014 for review. From the results of studies 003, 004 and 007 it is clear
that multiple isolates of the same species from the same patient were tested. In the absence of genotyping it
is difficult to conclude whether the multiple isolates of the same species collected from the same patient were
indeed different.

Table 34
A B -
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and Flucummscie (FCZ) Veous Clioical lgolatest i RPMY 1600 Modimm e Flaconasaic (FCZ) Verns Climscal biokaics? in Antibsctic Modams 43 1
-
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In a study by Emst et al., 1999 (Diag Microbiol Infect Dis 33: 75; reference # 26) attempts were made to
correlate MIC/MIC-80 values with the alteration in morphology. For this, 2 isolates each of C. albicans, C.
glabrata and C. tropicalis were tested for in vitro susceptibility to MK-0991 by the NCCLS microdilution
method. The inhibition of growth was determined either visually or spectrophotometncally (Table 35, see
footnote), after 48 hours of incubation.

Electron microscopic observations showed round budding and branching forms in control cultures. After
exposure to MIC-80 concentrations of MK-0991, structural changes consistent with inhibition of growth were
observed. Only cellular debris was observed in cultures exposed to MIC equivalent concentrations. The
authors concluded that MIC-80 values represent more accurately the antifungal activity of MK-0991 rather
than MICs. The number of isolates tested was very small and appears that only 1 isolate of C. albicans was
followed for morphological changes. It is unclear whether other isolates (listed in Table 35) were followed
for morphological changes after exposure to the drug.
Table 35: Results of in vitro susceptibility

MiCyn, MiCypn” MIC e, MFC ECy
lsolate (ug/mb) (ug/ml) (pg/ml) (ug/mL) (ug/mL)

C. aibicms 90028 0.03 o 025 0.06 0.7
C. albicarns QY315 0.09 003 012 025 0.67
C. glabrats 350 03 0.03 025 05 227 ~
C. glabrata 582 0.03 0.03 012 0.06 118
C. tropicalis 2697 .03 0.06 025 025 0464
C. tropicalis 3829 0.03 12 05 0.5 100

MiCun® ddanmdbymlmp«ﬂonbrmmmd growth compared with control.

MiCogy”, & d by sp P tric hods for 80% inhibition of growth compared with control

MIC prye,, & ined by visualization of complete inhibition {clear well).

In vitro activity against fungal species other than Aspergillus and Candida

Studies by Ankan et al., 1999 (ICAAC poster, 1999, reference # 43) measured the activity of MK-0991 against
22 Fusarium isolates usin LS proposed (M38-P) microdilution method. The activity was measured
using different media supplemented with 2% glucose and antibiotic medium # 3
supplemented with 2% glucose ] after 24, 48, and 72 hours of incubation. MK-0991 exhibited minimal

effect against Fusarium species (Tables 5 and 6). No known antifungal drug was used as a comparator in this
study.

A study by Espinel-Ingroff, 1998 (J Clin Microbiol 36: 2950; reference # 11) mieasured the activity of MK-
0991 against S to 6 isolates each of Fusarium, Histoplasma, and Blastomyces species by the NCCLS proposed
(M38-P) microdilution method. In addition, 19 isolates of C. neoformans were tested according to the NCCLS
M27-A microdilution method. These isolates were obtained from clinical specimens from patients with severe
fungal infections. The cultures were incubated from 24 to 72 hours to ensure that the growth was
heavy/sufficient to determine MIC-2 values. The effect on morphology was not determined. The geometric
mean MK-0991 MIC-2 values against H. capsulatum and B. dermatitidis varied from 0.5 to 8 ug/ml whereas
that against Fusarium species were >16 ug/ml. (Table 7). The MFCs were not determined. No approved
antifungal agent such as ampB or ITZ was used as a comparator. MK-0991 was not effective against C.
neoformans (216 ug/ml, Table 27).
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In another study by Del Poeta er al., 1997 (Antimicrobial Agents Chemother 41: 1835, reference # 36), the
activity of MK-0991 was measured against a small number of isolates of Fusarium and Rhizopus species. The
cultures were assayed according to tfie proposed NCCLS broth macrodilution method (M38-P) usinng
medium and incubated for 72 hours. The MIC-80 values in Table 10 indicate MK-0991 to be ineffective
against Fusarium (MIC-80 2 50 ug/ml) and Rhizopus (MIC-80 > 100 ug/ml) species.

Four isolateg of C. neoformans from the Merck culture collection were tested by broth micro-dilution method
using edium [NCCLS reference method M27A (Merck report, 1995, reference # 35)]. The results
indicate that the MK-0991 MICs varied from 4 to 16 ug/ml at both 24 and 48 hours. A comparison of the in
vitro activity of MK-0991 with ampB showed that MK-0991 is less active against Cryptococcus (Table 4).

In vitro Susceptibility of clinically resistant and laboratory mutated isolates to MK-0991:

MK-0991, like ampB, was shown to be active against 23 clinical isolates of Candida species [C. albicans
(n=9), C. tropicalis (n=1), C. glabrata (n=3), or C. lusitaniae (n=2)] and C. neoformans (n=8) collected from
patients failing therapy with ampB, 5-FC or FCZ (Merck report, 1995, reference # 33; Bartizal et al., 1997,
Antimicrob Agents Chemother, 41: 2326, reference # 1). It is of note that the majority of the isolates tested
were resistant to FCZ. There were 2 isolates resistant to ampB or 5-FC only, 3 resistant to 5-FC+FCZ, and :
1 to ampB+5-FC. The duration of treatment with the antifungal agents, history, etc. were not described. These
isolates were obtained from Dr Rinaldi’s Mycology reference laboratory. The MK-0991 MICs were <2 ug/ml
(Table 36). The MK-0991 MICs against C. neoformans were high { )

Table 36: Susceptibilities of antifungal resistant isolates or isolates from patients with clinical failure after treatment with AmB, FCZ, and 5FC

Ruesistance oe faiked MIC (ng mb)
outevnw after

Organism treatment with the

Cuiture no.

folloming drug: "MK AmB FCZ SEC
Candida albicans Susceptible 39 028 050 0.06 hiw
SFC 336 0.125 10 040 RT
3FC 543 0.1 (111 0.50 >3
AmSB 537 1.0 w0 10 10
FCZ 538 0.128 .50 29 LTS
SFC and FCZ 543 .23 (50 20 >3
FCZ 539 0.2% 0.3 320 L 3
FCZ 540 0.12% 030 20 wis
FCZ 341 0.50 10 >320 0.6%
FCZ 842 0.125 030 320 L
Candida tropicalis Susceptible 428 0.2% 0235 ¢ 0128 05
FCZ 543 0.125 10 >320 0.n
Condida glabrata FCZ 25 0.50 025 >120 no
FCZ 194 030 030 >320 [T
SFC and FCZ 534 0.50 10 >320 >3
Candide hesitaniae Susceptibls 298 0.sn [P 4] 0.50 st
AmB and SFC 533 20 30 0.12% >3lu
AmB $31 1.0 80 030 =t
Cnptococcus neoformans Susceptible Y} 16.0 025 NT* NT
FCZ REA] 320 [R0)] 8.0 e
FCZ amd 5FC 526 30 Lo 16,0 1
£C2 K34 16.0 10 $.0 M ]
FCZ N 160 In s L
FCZ i 120 10 10 20
FCZ LX) 16.0 10 0 2
FCZ 331 16.0 10 40 pAL
FCZ 532 16.0 05y 2 L
* Broth micredilution hand. REME LoD mei inocula of 1 % 100 10 3 x 10 CFU sl isvubation for 23 10 38 hoos 38w 37°C.

» NT. not tested.
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In another study, the activity of MK-0991 was tested against a panel of clinical isolates of C. albicans and C.
neoformans resistant to other antifungal agents (ampB, 5-FC, FCZ and ketoconazole, i.e., KTZ) and laboratory
derived echinocandin resistant (echi-r) isolates of C. albicans and C (I). glabrata (Merck report, 1995,
reference # 33). It is unclear whether the echinocandin used for deriving ech-r isolates was indeed MK-0991
or some other echinocandin. The results in Table 37 indicate comparable MK-0991 MICs against the ampB,
FCZ, 5-FC or KTZ resistant and susceptible strains. The echinocandin resistant isolates were less susceptible
(about 2 to 8 fold increase in MICs) to MK-0991 with MICs varying from 1 to 4 ug/ml.

Page 35

Table 37: MFC values of L-743,872 and ampB against antifungal resistant yeast isolates

“Organism Keaustance Pattern | CLA | L-TU37T ASTE -
MFC (pgmi MFC (pghmd) -
Candidg ailncans None (suscepubie) 4391 025 030
T Flocytosne (- FCT 335 (3% T
Arcphotenicis 8 {(AMBY | 337 05 3
- I s 30 Cryp Noae (suscepable) 3 1é 3
riuconazole 139 [[PL] 030 d Toconatole 3 1
riuconazote 540 Q125 030 Flaconasale
3 M1 0.25 1 L 3 :
sUconazoe > - [ Floconazole Koy 113 T
=1oconazole N7 03 30
Finconazale 16 )
Flixonazcie 343 025 i
: Tlocoaxzole 8 03
MFC 344 [0 BDE.!] 13 b 101 T
Extiocundia 5 : U0 TR T 103 T
Echunocanain 491 2 (B ™ I h
Echinocandio 492 2 a3 o L5
30 Nowbooks GYAL TG-CP p 96301, pp. 110-127, SFob3-Eharchdn, ‘

L Y.L09, Y425, Y257, 298 and 34 2 sesceucible sk,

>EC I 430 030
>cC 535 0.45 i
[TFC & Bchinocandin | 493 1 VE:)]
TFC & Echinocandin | 396 2 030
TFC & Echinocandin | 397 b T

3 FC & Echinocandin 398 2 T
SFC & Eckisocandin | 3% [] 030
02 (SUSCTPGONE) 298 H
EvNy:] I T 3
A1 3%} T 3.

In another study, the activity of MK-0991 was tested against 30 C. albicans isolates by NCCLS (M27-T)
method (micro dilution vs. macrodilution method) using §_ )mediums and cultures
incubated for 24 to 48 hours (Nelson et al., 1997, J Med. Vet Mycology 35: 285; reference # 32). Some of
these isolates were stated to be resistant to FCZ or ampB (Table 38). The results in Table 38b showed higher
MK-0991 MICs at 48 hours compared to the 24-hour time point. Also, the MK-0991 MICs were higher when
tested i medium as compared to the The results by microdilution and macrodilution method
were comparable. Although some of the isolates were stated to be resistant to FCZ or ampB, the basis of
resistance was not specified. The MK-0991 MICs for both resistant and susceptible isolates were similar.




