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Some other properties of MK-0991:

Some of the other properties (such as fungicidal activity determined by time kinetics, effect of serum proteins,
and post antifungal effect) of MK-0991 as an antifungal agent are limited to studies against some of the
Candida species only. These studies are discussed below:

The fungicidal activity of the drug was determined either by subculturing 1.5 ul aliquots from the initial
culture or time kinetics studies. As discussed above MFCs were found comparable to MICs against some of
the Candida species but not against Aspergillus (Merck reports, 1995, reference # 4, 5, and 35; Bartizal et al.,
1997, Antimicrob Agents Chemother, 41: 2326, reference # 1; Espinel-Ingroff, 1998, J Clin Microbiol 36:
2950, reference # 11; Vazquez et al., Antimicrob Agents Chemother 41: 1612, reference # 8).

Growth inhibition time kinetic studies indicate that MK-0991 kills C. albicans in 5.6 to 10 hours. The
results in Figure 10 show that killing of C. tropicalis (data based on 2 separate experiments) was faster by
about an hour compared to C. albicans (Merck report, 1995, reference # 24; Bartizal et al., 1997, Antimicrob
Agents Chemother, 41: 2326, reference # 1). The killing effect of ampB was faster than MK-0991 (Figure
10(a)). FCZ was, however, fungistatic.

Figure 10: Time kill study
(a) C. albicans (b) C. tropicalis
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In another study by Emst et al., 1999 (Diag Microbiol Infect Dis 33: 75; reference # 26) the time kill studies
were performed against 6-yeastisolates at an inoculum of 10° to 5 x 10> CFU/ml. The results in Figure 11
show that the activity against various isolates of the 3 Candida species tested varied from fungicidal (3log;,
reduction in CFU) to fungistatic at the different concentrations. For example, against C. albicans, the MK-
0991 concentrations of > 4X the MIC after 6 to 8 hours of exposure decreased the CFU by only > 1.5 log. The
maximal activity was observed at concentrations equivalent to 16X the MIC. Against C. glabrata, the
fungicidal activity was observed at 12 and 24 hours at high concentrations. These cultures were incubated for
variable times (0, 2, 4, 6, 8, 12 and 24 hours) and small aliquots were subcultured for enumeration of colony
counts. MK-0991 was clearly fungistatic against the 2 isolates of C. tropicalis.

Figure 11: Time-kill plots for C. albicans 90028 (A),0Y315 (B); C. glabrata 350 (C), 582 (D); C. tropicalis 2697 (E) and 3829 (F) at the
following concentrations
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The results show that the fungicidal activity of MK-0991 varies with the species and strain of Candida. Itis
also dependent on the concentration and duration of drug exposure. ‘
The effect of serum proteins on the activity of MK-0991 was tested against C. albicans using human and
mouse sera between the concentrations of 0 - 50 % in( \broth medium (Merck report, 1995
reference # 22; Bartizal et al., 1997, Antimicrob Agents Chemother, 41: 2326, reference # 1).

medium, the MIC and MFC values were not significantly altered whereas inDnedium the MFC values
were increased up to 4/8-fold (Table 39). MICs were comparable to MFCs. The significance of this finding
to the activity in vivo is unclear.
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Table 39: Effects of human and mouse serum on susceptibility of
C albicans MY 1055 o MK-099! and AmB*

- -

Medium MFC (ug/mi)

AmB MKX-0991

!'”‘_Bmmmm W

%plmmm

aia 025 =0.06
0% 025 0.06
2% 0s <0.06
0% 025 =0.06
0% 028 $0.06
0% 025 0.125

RPMT plus mouse serum
Plain 025 =0.06
10% 025 =0.06 o
2% 025 <0.06
0% 025 0.125
0% . 025 0.28
50% 05 0s

“ The broth microilution ihod was used. The compounds were diluted in
fresh pocled traman or mouse serum_ aad then RPMI 1410 medinm was et

The drug is less effective against Aspergillus species as compared to Candida. Whether serum proteins or
albumin will alter the activity of MK-0991 against Aspergillus species is not known. However, it is of note
that RPMI medium used for in vitro testing contains several amino acids.

The post antifungal effect (PAFE) of MK-0991 was measured using 2 isolates each of C. albicans and C.

neoformans (Emst et al., 2000, Antimicrob Agents Chemother 44: 1108; reference # 57). in vitro
susceptibility was measured by the NCCLS recommended broth microdilution method usin medium
buffered wi and the MICs determined after 48 and 72 hours of incubation at 35°C. The results in

Table 40 show that both of the C. albicans isolates were susceptible to MK-0991 (MIC = 0.03 ug/ml) whereas
the C. neoformans isolates were not (MIC > 2 ug/ml). The PAFE was determined by incubating cultures of
the 4 isolates with the drug at varying concentrations (0.125 to 4 X MIC) and incubated for varying time
intervals (0.25 to 1 hour). The cultures were washed by repeated centrifugation and the fungal pellet
suspended in warm medium and viable colony counts determined at varying time intervals (2, 4, 6, 8, 10, 12,
and 24 hours). After]l hour of exposure to the drug MK-0991 at concentrations > 1X MIC showed a PAFE
of > 12 hours against 2 of the C. albicans isolates (Table 41 and Figure 12). AmpB was effective at 0.25 to
0.5X MIC against the 2 isolates tested with PAFE of >12 hours. FCZ exhibited no PAFE. '

MK-0991 alone or in combination with FCZ did not exhibit any PAFE against C. neoformans.
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Table 40: Results of susceptibility tests Table 41: PAFE after 1. xposure time for concentrations
. ranging from times the MIC for C. albicans
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In vivo activity of MK-0991 against Candida

The in vivo activity of MK-0991 against Candida was determined in immunocompromised and
immunocompetent mice.

(a) Studies in complement (C') 5 deficient mice
(i) Effect on mycological burden:

C'S-deficient DBA/2N mice were infected with C. albicans (strain MY 1055, 3.4 to 9.4 x 10* cfu) by the
intravenous route (Merck report, 1995, reference # 29). Treatment was initiated 15 - 30 minutes after
infection, with different doses of MK-0991 (b.i.d for 4 days) administered by different routes (intraperitoneal,
intravenous and oral). The animals were necropsied 3 days after discontinuation of treatment and the fungal
burden measured in the kidneys. MK-0991 administered by the intraperitoneal route, at doses > 0.09 mg/kg,
was effective in reducing the microbial burden by about 2 to 3 log (Table 42). Treatment by the oral route at
doses > 12.5 mg/kg was effective in reducing the fungal burden. Treatment by the intravenous route at a dose
of 0.375 mg/kg was effective in reducing microbial burden. The reduction in microbial burden with ampB
(administered by intravenous or intraperitoneal route) was not statistically different from the sham treated mice.
It is also of note that delaying initiation of treatment by 24 hours post-infection reduced the antifungal activity.

Similar observations were made in another study where MK-0991 was administered by different routes and
measuring efficacy in a mouse 4-day target organ assay (Merck report, 1999, study 1, reference # 16). C'S
deficient DBA/2N mice were infected intravenously with C. albicans MY 1055 (7.2 x 10%). Treatment with
MK.-0991 at different doses, b.i.d., was initiated 15 to 30 minutes after challenge for 2 days by different routes.
On day 4, the mice were sacrificed and kidneys from 5 mice per group processed for measurement of
mycological burden. The results in Table 43 show that parenteral (intraperitoneal, subcutaneous,
intramuscular, or intravenous) administration of MK-0991 at >0.09 mg/kg was effective in reducing the cfu
in kidneys. The oral administration of MK-0991 was less effective. The mycological burden in organs other
than kidneys was not measured. Also, no known antifungal agent was used as a comparator.

The effect of MK-0991 on mycological burden in tissues other than kidney was measured in another study (Merck
report, 1999, study 2, reference # 16). The experimental design was similar to that described above except that
a lower concentration (6.2 x 10* cfu) of the inoculum of C. albicans strain MY 1055 was used for infection. The
activity of MK-0991 was compared with ampB and both drugs were administered intraperitoneally. The results
in Table 44 show that MK-0991 was effective in reducing cfu in liver, kidney, spleen and brain. The reduction
in cfu was comparable to those observed in ampB treated mice. However, when the % sterilization is compared
then varniability in activity of MK-0991 vs. ampB in different organs was observed. For example, at a 0.375 mg/kg
dose, response was better in mice treated with MK-0991 in kidneys and brain whereas ampB showed a better
response in liver and spleen. The reasons for such variability are unclear, but could reflect differences in
pharmacokinetics/pharmacodynamics of the drugs.
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In another study (Merck report, 1995, reference # 30), C'S deficient DBA/2N mice were infected with C.
albicans (strain MY 1055, 4.8 - 7.4 x 10* cfu) by the intravenous route. Treatment with MK-0991 was initiated
within 30 minutes of infection and given for 1, 2 or 3 days, b.i.d. by either intraperitoneal or oral routes.
Animals were sacnficed 4 days after infection and kidneys processed for measurement of fungal burden. The
results in Table 45 indicate that administration of MK-0991 at doses > 0.375 mg/kg b.i.d. for 3 days by the
intraperitoneal route was effective in reducing the fungal burden. By the oral route, MK-0991 was effective
at a much higher dose (30 mg/kg b.i.d.). Fungal burdens in the sham treated animals after 1 or 2 days of
treatment were not measured.
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A single dose of MK-0991 (2 0.023 mg/kg) administered by the intraperitoneal route, 30 minutes or 24 hours
post-infection, was also effective in reducing the fungal burden (Table 46, Merck report, 1995, reference # 15).
Table 46
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The effect of discontinuation of treatment with MK-0991, for over 3 weeks, on mycological burden was
measured in another study (Mgrck report, 1995, reference # 7). C'S deficient mice were infected with C.
albicans (7.4 x 10* cfu) by the intravenous route, and different doses of MK-0991 administered, b.i.d. for 4
days, starting immediately after infection. Mice were sacrificed at different time points after challenge and
kidneys processed for measuring microbial burden. The results in Figure 13 and Table 47 indicate that MK-
0991 at doses 20.09 mg/kg b.i.d. for 4 days was effective in reducing the fungal burden in a majority of the
animals. This effect was maintained for up to a period of 28 days after infection (i.e., 24 days after
discontinuation of therapy). On days 35 and 42 post-infection, the fungal burden was also reduced (Table 47).

Figure 13 Table 47
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Effect of initiating treatment 24 hours post-infection was tested in the same animal model as described above
except that MK-0991 was administered once a day for 14 days (Merck report, 1995, reference # 14). Animals
were sacrificed at different time points and kidneys processed for measurement of fungal burden. MK-0991
at doses > 0.09 mg/kg were effective in reducing the fungal burden and sterilized the kidneys (Table 48). FCZ
was.not as effective in sterilization of the kidneys although the fungal burden was reduced compared to the
control (Table 49). MK-0991 was most effective at a dose of 0.375 mg/kg and fungal burden remained
reduced even 14 days after discontinuation of therapy (Figure 14). '
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The activity of MK-0991 against different species of Candida was measured in a C'S deficient animal model
and was compared with ampB and FCZ (Merck report, 1995, reference # 12; Abruzzo et al., 1997, Antimicrob
Agents Chemother 41: 2333, reference # 2). The drugs were administered intravenously within 30 minutes
of infection, for 4 days. The concentration of inoculum used for infection varied for each species (Table 50).
Animals were sacrificed 3 days after discontinuation of treatment. The results in Table 51 indicate that MK-
0991 was effective in reducing the fungal burden in the kidneys from mice infected with various Candida
species, however, the magnitude of reduction in mycological burden varied with the dose. AmpB was effective
against different Candida species at doses > 0.09 mg/kg (Table 52) although activity against C. krusei was not
measured. FCZ, on the other hand, was effective against C. albicans (at doses > 5.53 mg/kg in reducing cfu
but not sterilization) but was not active against C. krusei or C. tropicalis (Table 53). Activity against other
Candida species was not measured. It is also of note that FCZ did not cause any sterilization of the kidneys
whereas MK-0991 and ampB did at certain doses (Table 53). Due to the variability of responses it is difficult
to conclude whether ampB is superior to MK-0991. The residual mycological burden in tissues other than
kidneys was not measured.

Higher concentrations of the inoculum of C. glabrata, C. lusitaniae, C. parapsilosis and C. krusei were
required to achieve acceptable kidney colonization as compared to C. albicans and C. tropicalis. This could
be due to the fact that these organisms are not virulent and lethal in mice. The sponsor has stated that EDy,
values may be high because of the higher concentration of the inoculumn used for infection.



NDA #21-227
Caspofungin/MK-0991/L-743,872
Merck Research Laboratories

Page 45

Table 50

Species MIC (ug/mb) ___ IV* infectious dose (cfu x 10%)

C. albicans MY 1750 - . 40x10°

C. albicans MY1585 0.25 1.68x 10

C. atbicans CLY538 0.25 1.0 x 10°

C. tropicalis MY 1124 0.25 52x10°

C. tropicalis MY 1163 0.25 1.3x10°

C. tropicalis CLY345 0.125 36x10°

C. parapsilosis MY 1943 1.0 1.2x 10

C. lusitaniae MY 1396 03 1.32x 107

C. glabrata MY 1381 0.25 1.36 x 10°

C. glabrata MY 1382 0.25 1.43 x 10®

C.krusei CK4935 1.0 8.6 x 10

* V= intravenous route
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(ii) Effect on survival

MK-0991 was shown to improve the survival of immunocompetent CD-1 and DBA/2N C'S deficient mice
infected with 9.4 x 10° cfu of C. albicans (Merck report, reference # 27; Abruzzo et al., 1997, Antimicréb
Agents Chemother 41: 2333, reference # 2). This concentration of the inoculum was higher than that used .
in the studies described above and was shown to cause mortality in both immunocompetent and C'S deficient °
mice, within 24 hours of infection. Treatment was initiated 15 - 30 minutes after infection for 4 days, by the -
intraperitoneal or oral routes. MK-0991 was effective in improving the survival of infected animals. The EDso
values on days 7, 14 and 21 after initiation of infection show MK-0991 administered intraperitoneally to be
effective at a lower dose compared to ampB (Table 54). Microbial burden was not measured in this study.

(b) Studies in agranulocytopenic and pancytopenic mice
) Disseminated candidiasis:

Immunocompetent and agranulocytopenic CD-1 mice were infected with 107 and 10° cfu, respectively, of C.
albicans, strain MY 1055 (Merck report, 1995, reference # 17). Agranulocytopenia was induced 24 hours
prior to infection by injection of 2 monoclonal antibody (RB6-8C5) specific for GR-1 receptor, every other
day for 10 days by the intraperitoneal route. Such a regimen was shown to maintain depletion of granulocytes.
Treatment with MK-0991, FCZ or ampB, b.i.d., for 4 days, was initiated immediately after infection by the
intraperitoneal route,. The results in Table 55 show lower MK-0991 EDs, values compared to ampB or FCZ.
A higher dose of MK-0991 (1.5 mg/kg) was effective in conferring 100% protection in neutropenic mice as
compared to a 0.375 mg/kg dose in immunocompetent animals (Figures 15A and 15B). At the doses tested,
survival rate was better in neutropenic mice treated with MK-0991 as compared to ampB or FCZ (Figures 15).
Microbial burden was not measured. '
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Table 55: Antfungal activity of L743.372, amphotericin B (AMB),
and FCZ against a disseminated C. albicans MY 10555 infection' in
normal outbred and MO-Ab-induced granulocytopenic CD-1 mice

Effective dose 0% {EDsO) values and 25% confidence inrervals for L-7437372, ampbotencia B
{AM, and fluconazole (FCT) agaisst 2 disseminaced Casdidy athicans MY 1055 lafecgoni
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In another experiment (Merck report, 1999, study 3, reference # 16), immunocompetent and neutropenfc
[induced by administering a monoclonal antibody, IgG2b (RB6-8C5) intraperitoneally on day 1 prior to and
2 days post challenge] CD-1 mice were infected with C. albicans (strain MY 1055, 1.28 x 10* cfu/mouse) by *
the intravenous route. Treatment with MK-0991 was administered immediately after challenge. AmpB and
FCZ, also administered intraperitoneally, were used as comparators. All drugs were administered q.d. for 4
days. The activity of the drugs was measured by reduction in cfu in the kidneys on day 4. The results in Table
56 show MK-0991 to be effective in reducing mycological burden in both immunocompetent and neutropenic
mice. FCZ was effective at a higher dose. Neutrophil cell counts were shown to be low (Table 57).
Table 56 Table 57
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Studies by Graybill et al., 1997 (Antimicrob Agents Chemother 41: 1775) measured the activity of MK-0991
in ICR mice (immunocompetéht and neutropenic) infected intravenously with a FCZ resistant strain (FCZ
MICs: 32 and > 64 ug/ml at 24 and 48 hours, respectively; MK-0991 MICs: at 24 and 48 hours were < 0.125
ug/ml, at both the timings) of C. albicans (isolate # 93-1226: 10° cfu/mouse). Treatment with different doses
of MK-0991 was initiated intraperitoneally, 24 hours post-infection, for 7 days. FCZ, administered by gavage,
was used as a comparator. Mice were followed for survival for up to 30 days post-infection. The results in
Table 58 show that MK-099! was effective in improving survival of immunocompetent and neutropenic mice
infected with this FCZ resistant strain of C. albicans. Mycological burden was measured in kidneys from a
group of mice on day 8. The results in Figure 16 show that MK-0991 at a_dose of > 0.5 mg/kg/day was
effective in reducing the fungal burden. The authors have stated that true sterilization of tissues was not
achieved. FCZ was not effective in improving survival or reducing cfu (Table 58 and Figure 16).

Table 58: Survival of mice after infection and treatment Figure 16
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In another study by Graybill et al., 1997 (Antimicrob Agents Chemother 41: 1937) the activity of MK-0991
was measured in immunocompetent, neutropenic, and/or immunosuppressed ICR mice infected with C. krusei
(isolates 94-2696 and 94-2501) and C. glabrata (isolate 95-1129). The results of the in vitro susceptibility
shown in Table 59 show that the isolates were sensitive to MK-0991 but not to FCZ. Mice were infected with
C. krusei (10 cfu) or C. glabrata (1.4 x 10° cfu), a day after induction of neutropenia or immunosuppression.
The route of infection was not specified. Administration of MK-0991 or FCZ was initiated immediately after
infection for 7 days by the intraperitoneal and oral routes, respectively. Animals were followed for survival
and reduction in mycological burden for up to 30 days post-infection. The results in Figure 17 and Table 60
show that MK-0991 was effective in improving survival and reducing mycological burden in the kidneys but
not in the spleen of immunosuppressed mice infected with C. krusei. The results presented in Figure 17
correspond to study 4 in Table 60. It is of note that the reduction in mycological burden is marginal and varied
with the immune status of the host. Although the cell count was not performed in animals it appears that
neutropenia or pancytopenia induced would be reversible (for details of the regimens used for inducing
neutropenia or pancytopenia see Table 60). Overall, MK-0991 was more effective than FCZ.

Table 59: In vitro susceptibility to L-743,872 and fluconazole
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Table 60:Tissue colony counts of C. krusei
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Infection with C. glabrata in neutropenic mice was shown to be nonlethal. Mice were sacrificed to measure
residual mycological burden on day 8 (24 hours after discontinuation of drug). MK-0991 was more effective
than FCZ in reducing mycological burden in the kidneys (Table 61). In the spleens neither MK-0991 nor FCZ
were effective in reducing mycological burden.

Table 61: Tissue colony counts after i.v. infection with 1.4 x 10® C. glabrata cells
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In another study, the effect of MK-0991 on mycological burden was measured in pancytopenic mice (Merck
report, 1999, study 4, reference # 18). ICR mice were immunosuppressed with cyclophosphamide 3 days prior
to infection. Immunosuppression was maintained by administering an additional dose of cyclophosphamide
one day post-infection. Strain MY1055 of C. albicans (1.12 x 10* cfiz) was injected intravenously and a single
dose of MK-0991 administered intraperitoneally, 24 hours post-infection. Mice were sacrificed at different
time intervals (before treatment, and after 2, 4, 6, 24, 30, 48, or 72 hours after drug administration) and kidneys
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processed for measurement of cfu. Blood was collected for measuring drug levels in plasma by a
radioimmunoassay. The results in Table 62A show that mycological burden was reduced in the kidneys after
treatment with a single dose of MK-0991. However, the single dose was not effective in sterilization although
the plasma concentrations of MK-0991 were above the MIC values (Table 62B). ‘
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The effectiveness of MK-0991 in reducing mycological burden and improving survival was also measured in
another pancytopenic model study (Merck report, 1999, study 4, reference # 16). ICR mice were
immunosuppressed by administering 3 doses of cyclophosphamide (300 mg/kg) intraperitoneally, starting 3
days prior to challenge and administering at a 3-day interval (until 4 days post-infection). Treatment for 7
days, with MK-0991, ABLC or ampB was initiated 24 hours post-challenge, with C. albicans MY1055 (2 x
10* cfu, intravenous). Animals were followed up to 21 days for survival. A group of mice were sacrificed a
day after discontinuation of therapy and kidneys processed for determination of mycological burden. The
results in Tables 63 and 64 and Figures 18A-18C show that MK-0991, ampB and ABLC were effective in
reducing mycological burden (measured on day 7) and improving survival (measured up to day 21). The total
leukocyte count was shown to be low for up to 7 days in immunosuppressed mice (Figure 18D).
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In another experiment conducted in the pancytopenic murine model, immunosuppression was induced by
administering 10 doses of cyclophophamide at 3-day intervals (Merck report, 1999, study 3, reference # 16).
Mice were challenged intfavenously with C. albicans strain MY 1055 (1.22 x 10° cfu/mouse) 3 days after the
induction of immunosuppression. Mice were treated 24 hours after challenge, by the intraperitoneal route, q.d.
for 7 days. Animals were followed for survival and mycological burden in kidneys for up to 28 days post
infection. AmpB and FCZ were used as comparators. The results in Figure 19 show leukocyte counts to be
depressed in immunosuppressed mice. No mice died in the uninfected immunosuppressed group. Treatment
with MK-0991 or ampB was more effective than FCZ in reducing cfu in kidney (Tables 65 - 66) and

improving survival (Table 67 and Figure 20 ).
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(ii) Studies in orophafyngeal and gastrointestinal models of candidiasis

CD4 deficient transgenic mice were infected with 2 x 107 cfu of C. albicans (strain MY 1055) by gavage
(Merck report, 1995, reference # 45). In addition their oral cavity was swabbed with the yeast suspension ot

cfu/ml) and buccal mucosa gently abraded. Treatment with MK-0991 was initiated 3 days after infection either
by the intraperitoneal route, b.i.d. for 4 days or by the oral route for 10 days. The residual fungal burden was
measured in the oral and fecal samples at different time intervals during treatment and after discontinuation
of therapy. The activity of MK-0991 was compared with ampB, nystatin and FCZ. The results in Tables 68A
and 68C indicate a reduction in C. albicans scores in oral swabs after oral or intraperitoneal treatment with
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MK-0991 or FCZ. In fecal samples treatment with either of the drugs showed a marginal reduction in cfu

(Tables 68B and 6
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In another study (Merck report, 1999, study 2, reference # 18), outbred germ free Swiss Black mice were
infected by swabbing the oral cavity and mildly abradmg the mucosa with a suspension of C. albicans strain
MY1055 (1.33 x 10° cfu/ml). The actual volume of the yeast suspension used for infection was not stated.
Treatment with MK-0991, ampB, or FCZ by the oral route (in drinking water) was initiated 14 days post-
challenge. The lowest dose of MK-0991 (1.56 mg/kg/day) was administered for 22 days followed by a higher
dose (50 mg/kg/day) until day 43. The duration of treatment for high and medium dose (25 and 6.25

mg/kg/day) groups of MK-0991, ampB, or FCZ treated mice was not specified.

It is possible that all

treatments were administered for 43 days. Fecal samples were collected at different time intervals and
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processed for measurement of mycological burden (cfu) and in vitro susceptibility. The results in Table 69A
indicate that MK-0991 af'a dost of 25 mg/kg/day reduced the cfu by < 1 log. The reduction in cfu in mice
treated with MK-0991 appears to be less than that of ampB or FCZ treated animals. The results of the in vitro
susceptibility of isolates collected on day 43 show that the MIC values of isolates from MK-0991 treated mice
increased 4 to 33 fold compared to the isolates from sham treated mice (Table 69B and 69C). It is of note that
the MK-0991 MIC values of isolates from mice treated with ampB or FCZ were similar. The MIC values of
isolates from ampB treated mice were similar to that of sham treated mice. The MIC value of isolates from
one of the FCZ treated animal was increased when measured at 48 hours, whereas the 24-hour MIC value was
similar to the sham treated mice. The MIC values of these isolates to ampB and FCZ were not altered. The
differences in MIC values between sham and MK-0991 (medium and high dose) treated mice were very
variable on day 51 (Table 69D). The isolates from mice treated with a low dose (1.56 mg/kg/day) followed
by a high dose (50 mg/kg/day) of MK-0991 showed higher MICs (10 to 26-fold) than sham treated mice. The
MICs for isolates collected from FCZ treated mice on day 60 (17 days after termination) of therapy were
increased 8 to 64 fold (Table 69E). It is of note that a small number of mice were tested in each group.
Nevertheless, the results do suggest a trend towards an increase in MIC values upon treatment with MK-0991.

Table 69: A Mean Camdida athicans Loz CFU‘e Feces in Germ-Free Black Swiss MGce Monoastociaed With C afbicuxs MY1055
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_ Table 69 (continued)
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Isolates collected on day 43 from mice treated with a dose of 25 mg/kg of MK-0991 were cloned and tested
for virulence by inoculating intravenously to DBA/2 mice at different yeast cell concentrations (1.16 x 10° -
9.6 x 10%). Naive strain MY 1055 of C. albicans was used as a comparator. Mice were followed for survival
for up to 21 days. The actual survival rates on different days were not shown. The results in Table 70 show
that the virulence of the 3 clones tested was similar to the naive MY 1055 strain.

Table 70
Lethal Dose 50% (EDsg)! for Conctida Straine st 4, 7. 14 3ad 21 Duys Afiee LV, t
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Duis from Expenimems TOKA Ca 96- 22 (10-Oct- 1996), Nombook s Vivo i5 pp 124-138

1. LDso denormined using Koudsoo Cutis method (5)
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116 1 10 L1612 107, L1o » IV, 116 £ 1O, 1.16 x 10" und 1.16 z 10" CF¥mouss,
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10 CPUSmomse, a0d Lsolate 21 83 742 107, 74 5 106, 742 10°. 74 2 10°, T4 &
10°, snd 7.8 2 10° CFU/mouss.
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The in vivo activity of MK-0991 against the 3 clones (2 of the 3 clones showed higher MIC values) was
measured. For this, groups of mice infected either with 9.6 x 10° cfu of the 3 clones or the naive strain
MY 1055 were treated with MK-0991 by the intraperitoneal route, b.i.d. for 2 days. Treatment was initiated
within 15 to 30 minutes of infection. The experimental conditions were the same as described above. Mice
were sacrificed 2 days after discontinuation of treatment and kidneys processed for measurement of-cfu. The
results in Table 71 show that mice infected with the clones (2-1#1 and 2-1#2: 24 and 48 hour MIC of 1 to 2
ug/ml and 4 ug/ml, respectively) with higher in vitro MICs to MK-0991 were refractory to therapy with MK-
0991. The mice infected with the susceptible clone (2-1#3 24 and 48 hour MIC of 0.125 ug/ml and 1 ug/ml,
respectively) or the naive strain MY 1055 showed reduction in CFU and sterilization of the kidney upon
treatment with MK-0991. This preliminary data suggests that a potential for developmcnt of resistance to MK.-
0991 in vivo exist. ;

Table 71
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In vive activity of MK-0991 against Cryptococcus

C’5 deficient DBA/2N mice were infected with C. neoformans (MY 2061 - 4 x 10° cfu) by the intravenous
route (IND report # 24). Treatment with MK-0991 was initiated 24 hours before infection, by the
intraperitoneal route, b.i.d., for 8 days. The activity of MK-0991 was compared with ampB. Animals were
sacrificed on the last day of treatment and fungal burden measured in the spleen and brain. MK-0991 at a dose
of 10 mg/kg (the highest dose tested) was not effective in reducing the fungal burden (Table 72).
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i cinflongs wod ven Tand ol doy § shar cafioagy.

2. Mo ngyo CRM = 7 teys atr chullenge for hooin sud tpbens (3 micApron). Pacest sedlames
g s supnbey of Bac wulh 20 GEICRbIE Yot wisore g of SCASCRON et 3O YO Crfls gy e



NDA # 21-227 Page 59
Caspofungin/MK-0991/L-743,872

Merck Research Laboratones

Similar studies were conducted using 2 other stains of C. neoformans (MY 1051 and MY 1146) as well as
MY2061 (IND report # 25). In this study, however, treatment was initiated immediately after infection by

intraperitoneal route, b.i-d. for% days. Here again, MK-0991 was not effective in improving the survival of
infected mice as compared to the sham treated group.

Resistance

Serial passaging of a strain of C. albicans strain MY 1055 was conducted 20 times in vitro in the presence of
subinhibitory concentrations of the drug (Merck report, 1995, reference # 21). After 20 passages about a 4-
fold increase in MICs and MFCs was observed (Table 73). MXK-0991 did not significantly alter the
susceptibility of C. albicans. The morphology of C. albicans was also not altered by such a treatment.

Table 73

1743372
pasagef MIC MFC
1 a.004 0.030
2 0.008 0.000

3 Q.008 Q
4 0.004 0.016
s 0.008 a.016
s 0.008 0.016
7 4.004 0.016

1 0.004 0.016 ~

9 0.008 Q.
10 0.008 0.016
1" 0.008 ag1s
12 0016 Q.030
13 0.008 0.00
14 0.008 0.030

15 0.008

16 0.008 0.060
17 0.008 0.135
18 0.008 Q123
19 a.008 0.125
E-J 0.008 0125

In another study, the potential for development of resistance by C. albicans, strain MY 1055, to MK-0991 (500
ug/ml concentration) was examined in a serial plating system using spiral concentration gradients (reference
# 73: MRL report, 2000). 5-FC (25 mg/ml concentration), known to exhibit a high frequency of resistance
development, was used as a comparator. The cultures were inoculated on to a series of spiral culture gradients.
The radial growth zone or spiral gradient end point was measured after each passage and a loop full of yeast
cells at the edge of the growth/no growth zone was used to inoculate fresh medium and cultures grown for 6
to 8 hours. The concentration of the yeast cells was adjusted spectrophotometrically to 1.0 at ODggo. A total
of 12 or 6 such serial passages were performed for MK-0991 and 5-FC respectively. At the end of each
passage the cultures were stored and also plated on to C:agar plates. Passages (P) 13 (2000 ug/ml), 14
(5000 ug/ml), and 15 (2000 ug/ml) were performed at higher concentrations of MK-0991. The identification
of C. albicans was performed at P15 for MK-0991, and P6 for 5-FC using method. Both
control or drug exposed cells formed green colonies. /n vitro susceptibility testing of control and drug exposed
yeast cells was performed by the microdilution technique. The results in Table 74A and Figure 21 A show that
5-FC induced rapid resistance by § serial passages leading to an increase in MIC values by >60-fold. MK-
0991 induced an increase in zone diameter, which was evident at the 12th passage (Table 74B and Figure
21B). These results suggest a very low potential for development of resistance to MK-0991.



NDA # 21-227 Page 60
Caspofungin/MK-0991/L-743,872

Merck Research Laboratories

Table 74:Spiral gradient endpoints obtained with 5-FC and caspofungin
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The effect of MK-0991 on 6 multi drug resistant (MDR) genes of C. albicans was tested in vitro using mutant
strains (Merck report, 2000, reference # 68). These MDR genes are considered to be important in influencing
susceptibility/resistance to some antimicrobial and antitumor agents. In C. albicans, CDR1 gene (a member
of the family of MDR genes) has been implicated in resistance to FCZ. In this study the strains were obtained

from 2 separate sources | and grown as specified by the respective source. The in vitro
susceptibility was measgfmm% and MK-0991. The characteristics of the strains tested and
the 24 hour MIC values are shown in Tables 75A and 76A. MIC1 represents no growth and MIC2 represents
partial growth inhibition (since complete inhibition was not observed). It is of note that MK-0991 MIC1 or
MIC?2 values were not significantly altered for various strains (Tables 75B and 76B). Also, the FCZ MIC1

values were only 4-fold higher for the FCZ resistant strains compared to the susceptible ones. FCZ was not
used as a comparator for th trains.
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The preliminary data (Merck report, 1999, study 2, reference # 18) discussed on page 56 suggests that a
potential for development of resistance to MK-0991 in vivo exist.

Drug combination

(a) Invitro

A combination of MK-0991 with ampB was found to exhibit additive to synergistic activity against 4.
fumigatus and C. neoformans in vitro with fractional inhibitory concentrations (FICs) varying from 0.39 to
0.66 (Merck report, 1995, reference # 10; Bartizal et al., 1997, Antimicrob Agents Chemother 41: 2326,
reference # 1). Against C. albicans, ampB did not alter the in vitro susceptibility of MK-0991 (FICs varied
from 0.74 to 0.90, Table 77). It was stated that FICs of < 0.5 indicated synergy and > 1 antagonism. No
antagonism was observed. It is of note that these results are based on 2 isolates/strains of each species.

Fractional fongicidal concentration (FFC
averages Sgaiodl "C. aldicoal ind . niofo

fracriooal inhibi concentration (FIC) agai
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Table 77

rmans

L-743,372 plus
Amphotericin B
Orpanism FFC or FIC*
C. alicans MY 10550 0.7
C. albicans MY1750 0.90
C. neoformans MY 1051 0.66
C. neoformans MY 2061 0.
| A. fiomigams MF5668 0.52
A.fmigans MF5659 0.39
Nomdook: EVAL [V-CP, pp. 11-23, March 31-April 2, 1993.
*IC o FRC: Syncrgistics X < A5, Addigive: 0.3 < X < 4, Anagoaixic: X2 4.

Yoy C. clbnicons 20d C. sroformons, MFC values wess ased ho Calcnlae the FRCs
and for A. fascipaos MIC vabass wore ased 10 caloulsee FICS.
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Similar observations were made in another study by Franzot and Casadevall, 1997 (Antimicrob Agents
Chemother 41: 331, reference # 20) using 18 strains of C. neoformans var. neoformans, and C. neoformans
var. gatii. No antagonisfic redction-was observed.

In an abstract (F-35) by Vazquez et al., 1996 (ICAAC, pl06, reference # 41), it was stated that “in contrast
to the synergistic action of FCZ when exposed to MK-0991, preexposure to FCZ was antagonistic, reducing
both the rate and total level of killing by MK-0991.” However, the complete details of the experimental design
and results were not provided and were requested from the sponsor in October 2000. Additional details
provided by the sponsor on December 15, 2000 state that cultures of C. albicans were incubated in the absence
or presence of FCZ (64 ug/ml) for 5 hours followed by overnight incubation: with or without MK-0991 (1
ug/ml). Pre-exposure of some of the strains (number not specified) of C. albicans reduced the in vitro
susceptibility to MK-0991. The actual data were not submitted for review. C. dubliniensis was stated to be
less susceptible to MK-0991 and prior exposure to FCZ had no effect on the in vitro susceptibility to MK-
0991. In comparison, C. stellatoidea was stated to be susceptible to MK-0991 and in vitro susceptibility to
MK-0991 was not altered by prior FCZ exposure. It is of note that these cultures were performed at pH 5.5
and therefore the relevance of that finding to the activity in vivo is unclear.

(b) In vive: R
In vivo, the effect of a combination of MK-0991 with ampB or FCZ was measured in C’5 deficient DBA/2N .
mice infected with C. albicans (strain MY 1055), A. fumigatus (strain MF5668), or C. neoformans (strain -
MY2061) (Merck report, 1999, study 7, reference # 16). In a disseminated candidiasis model, 5.8 x 10* cfu
of the yeast cell suspension were inoculated intravenously and treatment with MK-0991 and/or ampB or FCZ
was initiated within 15 minutes of challenge for 4 days. Mice were sacrificed 7 days post infection and kidneys
processed for measurement of mycological burden. The results in Table 78 show that treatment with any of
the drugs (MK-0991, ampB or FCZ) was effective in reducing the CFU. A combination of MK-0991 with
either ampB or FCZ did not show antagonism. There appears to be improved survival in the group
administered a combination of low doses of MK-0991 and ampB (0.008 and 0.125 mg/kg, respectively)
compared to either drug alone at the same dose. Whether the activity was really synergistic could not be
determined from this experiment. The survival was not measured.
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In the disseminated Aspergillosis infection model, 10° cfu of the conidial suspension of A. fumigatus were
administered intravenously. Preatment with MK-0991 and/or ampB was initiated within 15 minutes of
challenge by the intraperitoneal route, for S days. Mice were followed for survival for up to day 28 post-
challenge. Like in the candidiasis model, no antagonism was observed. There appears to be improved survival
in the group administered a combination of low doses of MK-0991 and ampB (0.008 and 0.125 mg/kg,
respectively) compared to either drug alone at the same dose (Table 79). Effect on mycological burden was
not measured.
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In the disseminated C. neoformans model, 3.8 to 9 x 10° cfu of yeast cells were administered intravenously.
Treatment with MK-0991 and/or ampB or FCZ was initiated within 15 minutes of challenge by the
intraperitoneal route for 4 days. Mice were sacrificed on day 7 of challenge and brains and spleens processed
for measuremnent of mycological burden. The results in Table 80 show that MK-0991 alone was not effective
in reducing cfu. A combination of MK-0991 with ampB did not show any improved activity compared to
either drug alone. The effect of a combination of MK-0991 with FCZ also showed no beneficial effect over
FCZ alone. No antagonism was observed.
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The Label (proposed by the spoasor):

MICROBIOLOGY

Mechanism of Action
Caspofungin acetate, the active ingredient of CANCIDAS, inhibits the synthesis of B (1,3)-D-glucan, an

essential component of the cell wall ofgﬁlamentous fungi and yeast. B (1,3)-D-glucan is not present in
mammalian cells.
Activityda vitro

usceptibility testing was performed according to( e National Committee

inical Laboratory Standards (NCCLS) method M38-Pf
Standardized susceptibility testing methods tor IS INNIDItors have
not been established, and results of susceptibility studies do not | correlate with clinical outcome.

Activity in vivo

!

~orug Interactions
Studies in vitro and in wvo of caspofun in in combination with amphotericin Bl Ino

nism of antifun i :
ﬁclinical significance of these results are un ;

‘

CONCLUSIONS:

Mechanism of Action:

MK-0991 inhibits the activity of the enzyme glucan synthase from Aspergillus fumigatus with a 50% inhibitory
concentration (ICs) value of 9.6 nM. The ICs, values against Candida albicans and Cryptococcus neoformans
were 0.6 nM and 2.5 pM, respectively. The enzyme glucan synthase, is important in the synthesis of $-(1,3)-
D-glucan from glucose. Glucan is an important constituent of the cell wall of many fungi. The proportion of
this polysaccharide in the walls of different fungi varies which may explain the variable effect of the drug
against various species. Even though MK-0991’s ultimate activity is specific for the glucan component of the
fungal cell wall, this is accomplished by the drug’s more immediate action on a cell membrane enzyme
modulated by a FKS1 gene.
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It is also of note that cilofungin, an analogue of echinocandin, was shown to decrease ergosterol content by
55 — 60 % and glucan content by >70% after incubation of C. albicans with the drug for 18 hours. There was
a minimal effect (4-13% reduction) on lanosterol. Chitin and mannan content were increased. It is unclear
whether the changes in chitin, mannan and ergosterol are a direct effect of cilofungin or a consequence of a
alteration in glucan content leading to dysregulation of carbohydrate synthesis that leads to changes in the
integrity 'of the cell membrane. Whether MK-0991 or other echinocandins will have a similar effect is
unknown.

Activity against Aspergillus in vitro:

MK-0991, like other echinocandins, does not show traditional inhibition of growth against Aspergillus species.
The minimum effective concentration (MEC) which altered the morphology of the hyphae of various species,
varied from 0.06 to >2 pg/ml (Table 81).

Table 81
Species Incubation MEC ml)
(Hours) Arikan et al., 1999 Espinel-Ingroff, 2000
pge (GM) N (GM) N
A fumigas | 24 (0.29) 26 (0.29) 55
43 (03) 26 -
72 (0.28) 26
A flavus 24 027) 27 (0.24) 13
43 (0.31) 27
72 026) 27
A. niger 24 041 17 (0.16) 10
48 042) 17
72 (042) 17
A. terreus 24 (0.5) 9 (0.12) 11
48 (0.5) 9
72 (0.5) 9
A. nidulans 24 (0.42) 13
48 (0.5) 3
72 (0.5) 3

GM = geometric mean

Staining with fluorescein dyes which penetrate the cell based on viability and non viability (CFDA; and
DiBAC (3), respectively] showed that MK-0991 (0.3 pg/ml, for 6 hours) was lytic at the selective areas of the
fungal cell 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/ml resulted in an
almost complete loss of viability of the organism. This difference was attributed to ampB’s disruption of
membrane activity.

Standard broth dilution methods utilized for bacteria and yeasts are technically difficult to perform for
filamentous fungi, therefore, in vitro susceptibility testing relies on a qualitative visual scale to quantitate
growth inhibition. Using the NCCLS proposed method (M-38P), a substantial reduction in growth was used
as an end-point. This was termed as MIC-2 (2 50% inhibition of growth) or MIC-80 (> 80% inhibition of
growth). The in vitro susceptibility was measured in 5 different laboratories including the sponsor’s
laboratory. The results of studies from 2 different laboratories are summarized in Table 82. Over all, 220
clinical isolates of A. fimigatus, 94 of A. flavus, 41 of A. niger, 51 of A. terreus, and 20 of A. nidulans were
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tested (Table 83). These include over 90 clinical isolates collected from 36 patients enrolled in the study 019
[4. fumigatus (80), A. flavus (H), A._niger (4), and A. terreus (3)]. Itis of note that the in vitro activity of the
drug varied with the medium, the concentration of the conidial suspension, and the incubation time. The
usefulness of the MIC-2 or MIC-80 values in predicting clinical outcome has not been established.

Page 66

Table 82: In vitro susceptibility of Aspergillus species isolates to MK-0991 in 2 different laboratories’

Species Espinel-Ingroff, 2000 (MIC-2, pg/ml) Arikan et al., 1999 (MIC-80,

pg/mi)
Range (n) | MICy, Geometric Rarge  (n) | Geometric
P Mean - Mean

A. fumigatus (56) | 0.5 0.25 (26) | 0.7

A. flavus (13) [ 0.2 02 @7 | 2.7

A. niger (10) [ 02 0.14 17) | 04

A. terreus (11) (0.2 0.12 9 |05

A. nidulans (13) 1 0.5 0.44 (3)* | 0.6*

t NCCLS M-38P protocol using RPMI medium (24 hour read, 35°C. MIC in the Espinel-Ingroff study represent > 50% inhibition
in growth (MIC-2) and in Arikan et al. study 280% inhibition of growth (MIC-80); MIC,, represents concentration of the drug
effective in inhibiting 90% of the isolates

*represent 48 and 72 hour values; no growth observed at 24 hours

Table 83: A summary of the total number of isolates for various Aspergillus species.
The results represent number of isolates (MICyo or geometric mean*).

Reference A. fumigatus __A. flavus A. niger A. terreus_ A. nidulans
Arikan et al., 1999* 26 (0.7) 27 2.7) 17 (0.4) 9 (0.5) 3(0.6)
Espinel-Ingroff, 1998* 13 (2.2) 11(0.5) - 2(0.5) -
Espinel-Ingroff, 2000 52 (0.5) 12 (0.2) 10 (0.2) 12 (0.2) 12 (0.5)
Del Poeta et al., 1997* 8 (<0.09) 8(0.2) - - -

Rinaldi, 2000 41 (<0.125)  25(<0.125) 10(<0.125)  25(x0.125) 5(<0.125)
Merck, 2000 80 (0.5) 11 (>64) 4 (50.03-0.125)" 3 (0.06-0.5)* -

Total 220 94 41 51 20

* represents range since number of isolates was too low (<10) to calculate MICy,

The patients enrolled in the clinical trial were refractory to or intolerant of therapies presently approved for the
treatment of Aspergillosis. For details about the criteria used for appropriateness of categorizing patients as
refractory to previous antifungal therapy, see Medical Officer’s review. It is of note that in vitro susceptibility
of the clinical isolates at baseline, during or after treatment did not correlate with clinical outcome.

Activity against Aspe}gillus in vivo:
The in vivo activity of MK-0991 against Aspergillus species (A. fumigatus and A. flavus) was measured in
immunocompromised animals.
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Activity against A. fumigatus was measured in mice, rats, and rabbits. Strain MF5668 was used for infecting
C'S deficient, neutropenfc, and"pancytopenic mice with disseminated or pulmonary aspergillosis. In a study
done in pancytopenic rats and rabbits with pulmonary aspergillosis, strain H11-20 and NIH isolate # 4215,
respectively, were used for infection.

In C'S deficient mice, administration of MK-0991 was initiated either at the time of challenge or 24 hours
later. The activity was measured by following the survival rate. The results show that MK-0991 was effective
in improving the survival rate and reducing mycological burden.

In neutropenic rabbits infected with 4. fumigatus, MK-0991 at a dose of 1, 3, or 6 mg/kg/day for 12 days were
not effective in reducing mycological burden in the lung. At a low dose (1 mg/kg/day), MK-0991 was
effective in reducing the lung weight and the infarct score. The higher doses of MK-0991 were less effective
in reducing lung infarction. AmpB was, however, most effective in reducing mycological burden, infarct score
or the lung weight although none of the rabbits treated with ampB survived the 12 days of treatment. The
mean survival time was 10.4 days in MK-0991 (1mg/kg/day) treated rabbits as compared to 6.9 and 8.8 days
in the untreated control and ampB treated rabbits, respectively. These comments are based on a preliminary
report at the present time. R
In neutropenic mice with pulmonary aspergillosis, both MK-0991 and ampB were not effective in improving :
survival. The difference between the results of this study compared to the remaining 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.

In immunosuppressed rats with pulmonary aspergillosis, MK-0991 was effective in improving survival. The
activity of MK-0991 was comparable to ampB. Additional testing in animals infected with different
concentrations of the inoculum (10 to 10%) and initiating treatment 24 to 48 hours post-infection would have
been helpful in understanding the activity of the drug.

The effect on mycological burden was measured in only kidney tissues from mice with disseminated
aspergillosis. MK-0991 was effective in reducing mycological burden (based on cfu and histological findings)
on days 4, 15 and 28. The results of mycological burden on day 8 are less clear since one untreated animal
was negative for cfu but had histological evidence of infection in 2 of the 4 sections screened. The correlation
between cfu and histological evidence of infection is not clear. This may be limited by the lower limit of
detection of the plating assay and/or the evaluation of a very small portion of the tissue (approximately 4
sections) for histological evidence of infection. Overall, the activity of MK-099 was comparable to ampB.

There are limitations to culture and plating methods for filamentous fungi and therefore the measurements of
cfu are not precise. Efforts are being made to improve such methods. In a recent preliminary study conducted
in C’5 deficient mice, the mycological burden was measured by standard culture techniques as well as
Tagman® assay. TagMan® assay is based on the detection of 18S ribosomal RNA (tRNA) of 4. fumigatus.
MK-0991, like ampB, was effective in reducing cfu and rRNA. Whether similar effects will be observed in
severely infected and/or immunocompromised animals is not known.

Against 4. flavus infection in C'S deficient mice, MK-0991 at a dose of 0.31 mg/kg/day for 5 days was
marginally more protective than AmpB. The effect of MK-0991 on mycological burden in animals infected
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with A. flavus was not measured. It is unclear whether the strain of 4. flavus used for infection was more
susceptible to MK-0991, The-activity of MK-0991 in vivo against other species of Aspergillus (A. niger,
A.nidulans, and A. terreus) was not examined.

Overall, the studies in vitro and in vivo show that MK-0991 is effective in inhibiting the areas of fungal cell
with active cell growth. However, the activity against Aspergillus species is not cidal. It is possible that the
selective activity of MK-0991 against the areas of active cell growth may allow the regions of less active
growth to grow. Such an effect would lead to an improved survival in animals infected with 4. fumigatus but
not reducing the mycological burden. Due to the limitations of the plating methods for filamentous fungi the
effect on mycological burden was not established. In addition, the fact that at the concentrations achievable
in plasma MK-0991, unlike ampB, does not exhibit complete inhibition of growth in vitro shows MK-0991
to be less active than ampB.

Activity against Candida in vitro: :
As stated above (page 2), the methods for testing of antifungal drugs are evolving. Attempts are being made
to standardize the in vitro susceptibility methods and these efforts are being coordinated by the NCCLS. The
usefulness of these methods in predicting clinical outcome for a new class of antifungal agent is currently
under investigation.

In vitro, MK-0991 was shown to be effective against some of the Candida species. The MIC values against -
various species of Candida varied with the period of incubatiop, the medium used, and the concentration of

the inoculum. The results show lower MK-0991 MICs in medium as compared to for various
isolates of Candida species. The relevance of such an observation to the activity in vivo 1s unknown. It is
hypothesized that medium supplemented wi is hypertonic and may protect the yeast cells
from lysis by MK-0991.

The results of in vitro susceptibility testing against various Candida species were available from 4 different
laboratories and are summarized in Table 84. The results show lowest MICs (< 2 ug/ml) against C. albicans,
C. lusitaniae, C. krusei, C. kefyr, C. glabrata, and C. lipolytica. MICs against C. guilliermondii and some of
the isolates of C. tropicalis were high (> 8 ug/ml). It is also of note that the number of isolates tested for all
the non albicans species is <100. No correlation was observed between clinical outcome and in vitro
susceptibility.

A panel of C. albicans isolates resistant to other anti-fungal agents was shown to .be susceptible to MK-0991.
The relevance to the activity in vivo is currently under investigation.

The MFCs against various species were found comparable to MIC values. The time to kill C. albicans, C.
tropicalis or C. glabrata was shown to be slower for MK-0991 as compared to ampB. Also, the fungicidal
effect was shown to vary with the concentration of the drug, time of incubation, the species and the isolate
tested.

The PAEF of MK-0991 at a concentration of > 1X MIC was comparable to that of ampB at 0.25-0.5X MIC.
A 1 hour of exposure to MK-0991 or ampB at the concentrations specified above exhibited a PAEF of > 12
hours. Incubations of less than an hour were less effective. FCZ did not exhibit any PAEF.
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MK-0991 is a protein-binding compound. Presence of human or mouse serum between the concentrations of
0 - 50% did not significantly alter the MIC values of MK-0991 against C. albicans.

Table 84: Summary of in vitro susceptibility data from different studies. Results represent number of isolates
of various Candida species (MIICy — ug/mi)”

Reference C. albicans C. tropicalis C. parapsilosis  C. lusitaniae C.guilliermondii
Bartizal et al., [997 (#1, 6) 40 (0.5) 20 (1.0) 20 (0.5) 20(0.5) 20(2.0)
Espinel-Ingroff, 1998 (#11) 20(1.0) 12 (1.0) 12 (2.0) 12 (2) ND

Vazquez et al., 1997 (#8) 50 (0.4) 10 (0.4) 7(0.2) 5(0.8) 5(1.6)

Merck, 2000 -

Protocol 003 (# 69) 283(1.0) 6 (0.25->8)**  5(1-2)** ND- . 12 (>64)

Protocol 004 (#70) 173 (1.0) 3(1->8) 3(>8) 1(1.0) 14 (>8)

Protocol 007 (#78) 20(1.0) ND ND ND ND

Total: 586 51 47 38 31

Merck, 2000 (#62) 771 (1.0) 31(2.0) 16 (>8) 1(1.0) 44 (>8)

(Protocol 003, 004, 007, 014, 020)

Table 84 continued: -
Reference C. krusei C. pseudotropicalis C. glabrata C. kefyr C fpobtica
Bartizal et al., 1997 (#1, 6) 20(2.0) 20 (0.5) 20(1.0) ND ND :
Espinel-Ingroff, 1998 (#11) 13 (2.0) ND 12 (1.0) ND ND
Vazquez et al., 1997 (#8) 5(0.4-0.8) ND 21(0.4) 5 (0.05-0.4) ND
Merck, 2000 .

Protocol 003 (# 69) 8(1-2) ND 7 (0.5-2) 1(0.5) 2(2)
Protocol 004 (#70) 4(2.0) ND 12 (1-2) ND 2(2)
Protocol 007 (#78) ND ND 1(2.0) ND ND
Total: 50 20 73 6 4

Merck, 2000 (#62)  ~ 18 (2.0) ND 74 (2.0) 1(0.5) 7(0.5-2)

(Protocol 003, 004, 007, 014, 020)

Pfaller et al., 1999 (#9) : 71 isolates of C. dubliensis were tested with MICy of 0.5 ug/ml
ND not done

*The MIC,, values were determined if the number of isolatesz 10.

** represents range of MICs for isolates where MICy, values were not determined.

Activity against Candida in vivo: .

Activity against Candida was measured in vivo in immunocompetent and immunocompromised (complement
C'S deficient, neutropenic, and CD4 deficient) mice by measurement of survival and/or mycological burden.
The measurement of mycological burden was limited to kidney tissues in a majority of the studies.

In C'S deficient mice, MK-0991 was shown to be effective in improving survival and reducing fungal burden
in the kidneys. In one of the studies, tissues other than kidneys were processed for mycological burden. A
dose of 0.375 mg/kg/day was more effective than ampB in sterilization of kidney and brain tissues whereas
ampB was more effective than MK-0991 in sterilization of liver and spleen tissues. MK-0991 was found to
be effective at a lower dose (0.09 mg/kg) when administered by the intraperitoneal route as compared to the
oral route (12.5 mg/kg). Intravenous route of drug administration at the doses tested (0.375 mg/kg) was
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effective in reducing the microbial burden. MK-0991 also improved the survival of mice infected with a higher
dose of C. albicans, whieh would otherwise cause mortality within 24 hours of infection.

The effectiveness of MK-0991 against other species of Candida, which includes C. tropicalis, C. lustitanae,
C. krusei and C. parapsilosis was measured in the C'5 deficient murine model. The activity of MK-0991
against different Candida species showed variable activity (Table 85). For example, MK-0991 was effective
in reducing the mycological burden with > 60% sterilization of the kidneys from mice with either C. albicans
or C. tropicalis infection. On the other hand, in C. lustitaniae, C. krusei, C. glabrata, or C. parapsilosis
infected mice, MK-0991 was effective in reducing fungal burden but not in sterilization. This could be due
to differences in virulence of the isolates or a reflection of a variable glucan contents ‘among various fungal
species.

Table 85

Species Activity in vtre  IV* infectious dose Activity in vivo
MIC (ug/mi) (cfu x 104 MK-0991 AmpB FCZ

C. albicans MY 1750 - 40x10* + + ND
C. albicans MY 1585 0.25 1.68 x 10* + + ND
C. albicans CLYS38 0.25 1.0x10° + ND x
C. tropicalis MY 1124 0.25 52x10° + + ND -
C. tropicalis MY 1163 0.25 13x 10° + + ND
C. tropicalis CLY545 0.125 36x10° + 'ND -
C. parapsilosis MY 1943 1.0 1.2x 10 £ t ND
C. lusitaniae MY 1396 0.5 1.32x 107 + + ND
C. glabrata MY 1381 0.25 1.36 x 10° + t ND
C. glabrata MY1382 0.25 1.48 x 10° t + ND
C._krusei CK4935 1.0 8.6 x 10’ + ND -
* [V= intravenous route ND = not done

+ = | mycological burden in kidneys and >60 % sterilization;
+ = | mycological burden but no sterilization;
=110 activity as measured by mycological burden and sterilization

Studies in neutropenic mice infected with C. albicans indicate that MK-0991 was effective in improving
survival and reducing mycological burden in the kidneys. Survival rate was better in neutropenic mice treated
with MK-0991 as compared to ampB or FCZ. Organs other than kidneys were not tested. In comparison to
immunocompetent mice, a higher dose of MK-0991 was effective in conferring protection in neutropenic mice.

In immunosuppressed mice infected with a FCZ resistant strain of C. albicans, MK-0991 was effective in
improving survival and reducing mycological burden in the kidneys. In immunosuppressed mice infected with
C. krusei, MK-0991 was effective in improving survival and reducing mycologlcal burden in the kidneys but
not in the spleen. Also, the reduction in mycological burden varied with the immune status of the host. In
immunocompromised mice infected with C. glabrata, MK-0991 was effective in reducing mycological burden
in kidneys but not in the spleen. No mortality was observed in the infected mice.

In CD4 deficient mice with oropharyngeal and gastrointestinal candidiasis treatment with MK-0991
demonstrated a reduction in residual C. albicans burden in the fecal samples and oral swabs. In this model,
the oral route of drug administration was found to be more effective than the intraperitoneal route.

No study was done to measure the activity of MK-0991 against C. guilliermondii in animals.
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Activity against Cryptococcus in vitro and in vive:

MK-0991 exhibited no activity against Cryptococcus neoformans in vitro. The in vitro MIC values varied
from 4 - 16 ug/ml. In vivo, the activity against Cryptococcus was measured in C'5 deficient mice. MK-0991
did not improve the survival rate nor was effective in reducing the fungal burden. ‘

Activity against other fungal species:

Activity of MK-0991 against some of the other fungal species (Fusarium, Histoplasma, Pseudallescheria,
Trichosporum, and Blastomyces) was measured in vitro only against a very small number of isolates (see
Tables 6, 7, 10, and 28). The results show minimal to no effect against these species.

Resistance:
A potential for development of resistance was examined using a strain of C. albicans (1) by serial passaging
20 times in vitro in the presence of subinhibitory concentrations of the drug, and (2) using serial plating and
spiral concentration gradients. After 20 serial passages in vitro the MK-0991 MICs and MFCs were not
significantly altered. Studies using the serial plating and spiral concentration gradient technique showed a
slight increase in zone diameter after 12 passages. Such an increase was very small compared to 5-FC. The
relevance of this observation to the development of resistance is unclear.

Preliminary studies in vivo suggest that MK-0991 does have a potential for inducing resistance. It is possible

that the mutations of FKS1 gene can reduce the synthesis of B (1,3)-D-glucan and cause resistance to :
echinocandins.

Cross-resistance:

A panel of clinical isolates of C. albicans, which were resistant to other anti-fungal agents (ampB, S-FC and/or
FCZ), were shown to be susceptible to MK-0991. It is of note that a majority of the isolates were resistant to
FCZ. Very few isolates resistant to ampB, or 5-FC were tested.

Activity of MK-0991 was also tested against laboratory derived echinocandin resistant isolates of C. albicans
and C(7). glabrata. The echinocandin resistant isolates were less susceptible to MK-0991. However, it is
unclear which echinocandin was used for inducing resistance.

Isolates collected from mice treated with MK-0991 were shown to be susceptible to FCZ and ampB.

Drug combination:

A combination of MK-0991 with ampB was found to exhibit additive actlvuy against C. albicans and
synergistic effects against A. finigatus and C. neoformans in vitro. Studies in vivo show that a combination
of MK-0991 with ampB or FCZ did not exhibit any antagonism. However, no synergism was observed in
mice infected with C. albicans or A. fumigatus.

Cidal vs. static effect:
Against Candida the activity of MK-0991 may be fungicidal or fungistatic depending on the species, isolate
and test conditions. Against Aspergillus species, however, MK-0991 is not cidal.
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The Label (changes recommended):

The clinical indication being pursued at the present time is only for the treatment of refractory or intolerant
Aspergillosis. This review includes a description of studies conducted to measure the activity of the drug
against fungal species other than Aspergillus. As mentioned above (page 5), these studies are helpful in
understanding the antifungal effect of MK-0991. However, the correlation of activity in vitro with clinical
outcome for the treatment of candidiasis is currently under investigation. A description of the activity against
Candida species in the label at the present time would promote off-label use. Therefore, no reference to the
activity of MK-0991 against species other than Aspergillus should be made in the label.

At the present time the criteria used for listing of species is limited to species that are clinically indicated and
also the number of isolates to be tested should be about 100. Based on the information discussed above, it is
clear that the number of isolates for all the Aspergillus species other than 4. fumigatus is less than 100. For
A. flavus, the number of isolates tested was close to 100 (see Table 83). Therefore, Aspergillus niger,
Aspergillus nidulans, and Aspergillus terreus should not be listed in the microbiology section of the label.

Studies show that that MK-0991is effective in regions of active growth of the hyphae of 4. fumigatus. The
activity of caspofungin against 4. fumigatus is not cidal. Such a statement should be made in either the
‘Mechanism of Action’ or the ‘Activity in vitro® sections in the Microbiology section of the label.
RECOMMENDATIONS:

This NDA is approvable pending an accepted version of the label.
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Microbiologist, HFD-590
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