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I Executive Summary

The sponsor submitted revised labeling information in this submission and this revised
label is a combined label for esophageal candidiasis and invasive candidiasis/candidemia.
This revised label was reviewed in NDA 21-948 and the corresponding clinical
pharmacology review was DFSed on 02/14/2006. No additional information was
submitted as part of this current submission and thus, a review for this submission is not
necessary. Also, please refer to the DFSed review dated 11/18/2005 for additional
information regarding NDA 21-632.
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L Executive Summary :

The applicant is seeking approval of Anidulafungin, an antifungal agent belonging to the
Echinocandin class for intravenous (IV) administration in NDA 21-948. The proposed
indication is treatment of candidemia and other forms of invasive candidiasis. The
proposed dosage regimen is a loading dose of 200 mg on the first day, followed by a
maintenance dose of 100 mg IV once daily for duration of treatment based on the
patients’ response.

In NDA 21-632, the applicant requested approval of anidulafungin (100 mg loading IV
dose followed by 50 mg maintenance doses for 14-21 days) for the treatment of
esophageal candidiasis. The Division of Special Pathogen and Transplant Products
(DSPTP) issued on November 24, 2006, an approvable letter requesting labeling
revisions. In the current submission, the sponsor has provided safety and efficacy data to
support approval of anidulafungin in the treatment of candidemia and other forms of
invasive candidiasis. The sponsor has also submitted a combined label for both
indications, namely, esophageal candidiasis and candidemia and other forms of invasive
candidiasis.

The pharmacokinetics (PK) of anidulafungin were previously submitted as part of NDA
21-632. A population pharmacokinetic model was developed using data from Phase 2-3
studies of IV anidulafungin, and reported in NDA 21-632. The original analysis included
600 anidulafungin concentrations from 225 patients across 4 completed or ongoing Phase
2 and 3 clinical trials (VER002-4, VER002-6, VER002-7, and VER002-11).

Since the submission of the original NDA 21-632, additional patient data were collected
and examined on the population pharmacokinetic model. The developed model presented in
the original submission contained only 9 patients from clinical studies VER002-7 and
VERQ02-11. These studies were completed, and the entire sets of pharmacokinetic data
were applied to the model. The dosage reglmen in VER002-7 was IV anidulafungin 200
mg loading dose followed by IV AmBisome® at a dose of up to 5 mg/kg/day on Day 1; IV
anidulafungin 100 mg followed by IV AmBisome® at a dose of up to 5 mg/kg/day on Day
2 through the end of treatment. Investigators were permitted to reduce the dose of
AmBisome®, if deemed necessary because of toxicity. The dosage regimen in VER002-11
was 1V amdulafungm 100 mg on Day 1, IV anidulafungin 50 mg daily on Day 2 through

Page 1 2/13/2006



end of treatment. Thus the final population PK model was developed using data from
patients receiving maintenance doses of 50 and 100 mg/day IV anidulafungin following
administration of loading doses of 100 and 200 mg/kg, respectively.

The pharmacokinetic data collected since the original submission continued to support
the developed model. The data from VER002-7 included data from the previous studies
and all available data from this study for a total of 660 concentrations from 245 patients.
The population pharmacokinetic model was re-run using this data. The data were well
described by the anidulafungin population pharmacokinetic model. There was little
difference between parameters from the previously reported model and the model
obtained by fitting the appended data file. All parameter estimates were within 15% of
the original values. The distribution of the post-hoc clearance (CL) estimates between the
two data sets was also similar.

The data appended to the population pharmacokinetic data file included data from the
previous studies and all available data from Clinical Study VER002-11 for a total of 819
concentrations from 262 patients. There was little difference between parameters from
the previously reported model and the model obtained by fitting the appended data file.
All parameter estimates were within 20% of the original values. Patients in VER002-11
had azole-refractory mucosal candidiasis. Post-hoc estimates of CL from patients in
VERO002-11 were compared to patients from other studies (VER002-4 [esophageal
candidiasis], VER002-6 [invasive candidiasis], and VER002-7 [invasive aspergillosis])
and no differences were observed in CL.

No outstanding clinical pharmacology issues were identified with anidulafungin in this
current NDA submission.

A. Recommendations
The Office of Clinical Pharmacology /Division of Clinical Pharmacology 4 has reviewed
the clinical pharmacology information included in this resubmission of NDA 21-948 for
Anidulafungin and the reviewer has deemed this information to be acceptable. The
Human Pharmacokinetics and Bioavailability Section of NDA 21-948 has met the
requirements of the 21 CFR. '

B. Phase IV Commitments
There are no clinical pharmacology/biopharmaceutics Phase IV commitments.

Dakshina M. Chilukuri, Ph.D.
Division of Clinical Pharmacology 4
Office of Clinical Pharmacology

Initialed by Philip Colangelo, Pharm D., Ph.D.

cc: NDA 21-948 and CDR (Biopharm)
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Appendix-B: Summary of population PK analysis

Background:

A population pharmacokinetic model was developed using data from Phase 2-3 studies of
IV anidulafungin, and reported in original NDA 21-632. This population PK report was
reviewed by Dr. Yaning Wang. As part of the ongoing anidulafungin development
program, data from patients were collected in clinical studies and used to further validate
the model. The results of these additional analyses are reported here.

Summary of population PK Model developed previously in NDA 21-632:
A population pharmacokinetic model for IV anidulafungin was presented in original
NDA 21-632. Please see the review by Dr. Yaning Wang for additional information. The
primary purpose of the analysis was to:
1. develop a population pharmacokinetic model to quantitate the pharmacokinetic
parameters in patients with fungal infections,
2. determine the significance of possible covariates on the population
pharmacokinetic parameters,
3. estimate the inter-patient variability of the anidulafungin pharmacokinetic
parameters and the random residual error.

The original analysis included 600 anidulafungin concentrations from 225 patients across
4 completed or ongoing Phase 2 and 3 clinical trials (VER002-4, VER002-6, VER002-7,
and VER002-11). Patients in VER002-4 (n = 129) had esophageal candidiasis and
received 50 mg/day of anidulafungin for 14 to 21 days. Patients in VER002-6 (n = 87)
had invasive candidiasis and received 14 to 42 days of anidulafungin treatment (50, 75, or
100 mg/day). Patients in VER002-7 (n = 7) had invasive aspergillosis and received up to
90 days of anidulafungin (100 mg/day) in combination with AmBisome® (liposomal
amphotericin B). Patients in VER002-11 (n = 2) had fluconazole refractory mucosal
candidiasis and received a 50 mg/day anidulafungin for 14 to 21 days. All plasma
concentrations that were obtained from these studies were at steady-state, after at least
three doses of anidulafungin (including a loading dose). Mixed-effects models were
evaluated using the First Order (FO) and First Order Conditional Estimation with
Interaction (FOCEI) maximum likelihood estimation in the NONMEM program (Version
V, Level 1.1) and NM-TRAN pre-processor. Potential covariates examined on the model
included demography (age, gender, weight, and ethnicity), study protocol, concomitant
medications, HIV status, and the use of either water or ethanol as a diluent for drug
product reconstitution.

A description of the final population model is shown in Table 6.3.7A. A two-
compartment model with first order elimination provided the best fit of the data. In the
base model, the CL, V1, and Vs were estimated to be 0.946 L/h, 9.97 L, and 33.2 L,
respectively. The pharmacokinetic parameters determined from the population analysis
were similar to the parameters determined in the phase 1 studies. In the statistical model
structure, inter-patient variability was only supported on the CL parameter, and this
parameter was found to be influenced by patient weight and gender. Weight was also
determined to be a predictor of V1. Inter-patient variability on CL was estimated to be
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28%, and although covariates (gender, weight, and being.in VER002-6) were identified
as sources of variability in CL, together they accounted for inter-patient variability of less
than 20%.

The population pharmacokinetic analysis showed no significant pharmacokinetic drug
interactions for patients who received concomitant medications that were deemed to be
drugs with a high potential for drug interactions. Medications that were administered
while patients were on anidulafungin therapy were grouped as P450 metabolic substrates,
inducers, and inhibitors. Patients were categorized for the presence or absence of each of
these groups and these categories were explored on the model. Additionally, the presence
or absence of rifampin was tested on the model as more than 10% of the sampled
population received rifampin or a rifampin-containing product concomitantly. Rifampin
is an important signal for potential drug interactions because it is a potent microsomal
P450 enzyme inducer. None of the concomitant medications categories were statistically
significant covariates on the population pharmacokinetic model; patients who received
concomitant metabolic inhibitors, metabolic inducers, or rifampin had similar
pharmacokinetic parameters as patients who did not receive these drugs (F igure 6.3.7A).

on Original
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TABLE 6.3.7A. INTRAVENQUS ANIDULAFUNGIN POPULATION PHARMACOKINETIC
MODEL PARAMETER ESTIMATES
Anidulafungin Figal Mode] Parameter Estimates — FOCEI Method
Structral Model and Inder-patient Variance Parameaters

Parameter Typical Value (%RSE*} Inter-patient %CV (3RSE*)
CL {L/h} 'CL =61 +{WT - MWT)y*85 + 28.0% (17.6%)
GEMNDER*06 + STUDY*&7
e1 0.768 (3.80%) R
B85 §.00417 {26.9%) -
es §.166 {25 4%) -
87 0.278 (20.8%) -
Vi (Likg) Vi1=62+WT KNS
82 €.215{20.3%) -
Q {Lk) Q=83 NS
63 20.3 {16.7%0) -
Va(L} Vi=64 K5
64 19.6 {15.1%) -
Vi (1) 33.4% 14 3%+ =
T2 (k) 25.6%F 25 1%
) Residual Error
Parameter Estimate (2%RSE*)
fegs %OV= 24 0% (9.69%) NA

*25RSE: percent relative standard error of the estimate = SE/parameter estimate * 100 (for vasiability
terms this is the %RSE of the variance estimate)

**Calculated frem individual parameter values: Ty = Log(Zy(0. 3% (KK 12+K21}-
SORT{E-RKI+KI-(4*K*K21))), Vas=V1i+V2

¥ Caleniated as (Standard Deviation /MeanY*160

Abbreviaticns: FOCET = first order conditional estimation with interaction, CL = clearance, Vi= cenfral
volume of distribuiion, Q = intercompartmental clearance, Vo= peripheral volume of distribution, V=
volume of disiribution at steady-state, T = termunat phase half life, Gz.lpm = proporitonal romponent of
the residual error model, NS = Not Supported in Modet, M4 = Not Applicable, WT = weight { kz), MWT
=60 kg. GENDER = 1 for males and 0 for females; STUDY = 1 for VERN02-6 and 0 for all other studies
Table from GloboMax Report RAVESODIOY, submitted inn Original NDA 21-632. -

Current Submission: Additional Patient Data to Support the IV Anidulafungin
Pharmacokinetic Model

Since the submission of the original NDA 21-632, additional patient data were collected
and examined on the population pharmacokinetic model. The developed model presented in
the original submission contained only 9 patients from clinical studies VER002-7 and
VERO002-11. These studies were completed, and the entire sets of pharmacokinetic data
were applied to the model. The dosage regimen in VER002-7 was IV anidulafungin 200
mg loading dose followed by IV AmBisome® at a dose of up to 5 mg/kg/day on Day 1; IV
anidulafungin 100 mg followed by IV AmBisome® at a dose of up to 5 mg/kg/day on Day
2 through the end of treatment. Investigators were permitted to reduce the dose of
AmBisome®, if deemed necessary because of toxicity. The dosage regirmen in VER002-11
was IV anidulafungin 100 mg on Day 1, IV anidulafungin 50 mg daily on Day 2 through
end of treatment. Thus the final population PK model was developed using data from
patients receiving maintenance doses of 50 and 100 mg/day IV anidulafungin following
administration of loading doses of 100 and 200 mg/kg, respectively.
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The pharmacokinetic data collected since the original submission continued to support
the developed model. The appended data file from VER002-7 included data from the
previous studies and all available data from this study for a total of 660 concentrations
from 245 patients. The population pharmacokinetic model was re-run using this appended
data file (NONMEM, first order conditional estimate method with interactions [FOCEI]).
The data were well described by the anidulafungin population pharmacokinetic model.
There was little difference between parameters from the previously reported model and
the model obtained by fitting the appended data file as shown in Table 6.3.7B. All
parameter estimates were within 15% of the original values. Differences between
estimates of the non-covariate dependent parameters were even smaller (<7%). The
distribution of the post-hoc CL estimates between the two data sets was also similar.

Unlike previous studies, patients in VER002-7 had invasive aspergillosis and were
treated concomitantly with AmBisome® (liposomal preparation of amphotericin B). Post-
hoc estimates of CL from patients in VER002-7 were compared to patients from other
studies (VER002-4, VER002-6, and VER002-11). No differences were observed in CL
(Figure 6.3.7B). Patients with invasive aspergillosis receiving AmBisome® had similar
pharmacokinetics as patients with esophageal or invasive candidiasis who did not receive
daily AmBisome®. The data appended to the population pharmacokinetic data file
included data from the previous studies and all available data from Clinical Study
VERO002-11 for a total of 819 concentrations from 262 patients. The data were well
described by the anidulafungin population pharmacokinetic model. There was little
difference between parameters from the previously reported model and the model
obtained by fitting the appended data file as shown in Table 6.3.7B. All parameter
estimates were within 20% of the original values.

Patients in VER002-11 had azole-refractory mucosal candidiasis. Post-hoc estimates of
CL from patients in VER002-11 were compared to patients from other studies (VER002-
4 [esophageal candidiasis], VER002-6 [invasive candidiasis], and VER002-7 [invasive
aspergillosis]) and no differences were observed in CL. The additional data collected
from studies VER002-7 and VER002-11 are consistent with data presented in original
NDA 21-632.
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FIGURE 6.3.7B. COMPARISON OF ANIDULAFUNGIN CLEARANCE (CL)
BETWEEN PATIENTS WITH ASPERGILLOSIS RECEIVING AMPHOTERICIN TO
PATIENTS FROM OTHER STUDIES
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* Data from clivical study VEROG2-7 submitted with the Anidulafimgin EC Amendment, VER0G2-7

CHnical Study Repert.
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TABLE 6.3.7B. COMPARISON OF ANIDULAFUNGIN POPULATION PHARMACOKINETIC MODEL PARAMI
ESTIMATES (ORIGINAL DATA FILE VERSUS APPENDED DATA FILES)

Parameter Typical Value (%RSE™ Inter-patient %CV (36RSE™
Orniginal Appended Data Appended Data Original Agpended Data Appended Data
Data VER002-7 VEROD2-11 Data VER002-7 VER002-11
CL@IA) CL =61+ (WT-MWT)*85 + GENDER*86 + STUDY*87 | 28.0% (17.6%) 27.3% (17.5%) 27.2% (16.2%)
81 0.768 (5.80%) 0.768 (3.49%) 0.777 (3.31%) - - -
a3 0.00417 (26.9%)  0.00439 (22.0%)  0.00461 {21.6%) - - .
86 0.166 (25.4%98) 0.186 (21.3%) 0.183 (20.99) - - -
a7 0.278 (20.8%%) 0.265 (20.4%%) 0.236 20.7%) - - -
VI (L) V1=02+WT NS N§ . NS
62 0.215 (20.3%) 0.230 (19.0%) 0.170 (24.0%) - - -
QM) Q=83 NS ) N$ NS
63 203 (16.7%) . 194 (17.1%) 21.6 (10.5%) - R
V2 ) Vi=2984 NS NS NS
84 19.6 (15.1%} 19.2 (15.7%) 235 (11.0%;) - - -
Vs (L) 3347 34.1° 34.6° 143%° 14.8%° 10.6%°
tzn (h) 25.6° 26.0° 26.5° 29.1%°¢ 28.7%° 27.3%°
Residual Exror Parameter
Gz)rmp 24.0% (9:69%) 23.6% (9.12%) 24.0% (9.79%)
a: %RSE: percent relative SE of the eshmate = SE/parameter estimate * 100 (for vezia bality teras this is the %aRSE of fze varance esamate)

b: Calculated from individual parameter values

¢: Calculsted a3 {Standard Deviation /Meany*100

Abbreviations: FOCEI = first order conditional estimation with inferaction, CL = clearance, V= central volune of distribution, Q = intercompartmental
clearance, V; = peripheral volume of diswibution, V.. = volume of distribution st steady-state, ty2 = terminal phase half-life, G:lp,m, = proporticnal
compenent of the residual ermor meda], NS = Not Supported in Medel, NA = Not Applicable, WT = weight (kg), MWT = 60 kg, GENDER. = 1 for nuales
and 0 for females; STUDY = 1 for VER002-6 and 0 for all pther studies.

Reports ined in Originai NDA 21-632 and Anidulafungin EC Amendment

Anidulafungin Concentrations and Parameters in Patients: 100 mg/day IV _Anidulafungin

Original NDA 21-632 summarized the anidulafungin plasma pharmacokinetics for
patients receiving 50 mg/day IV anidulafungin. Concentrations and drug exposures were
estimated for patients using the population pharmacokinetic model. This model was
developed using data from patients receiving 50 and 100 mg/day IV anidulafungin. To
support the indication for candidemia and other forms of invasive candidiasis,
concentrations and parameters were estimated for a typical patient with invasive
candidiasis (VER002-6) receiving 100 mg/day. The anidulafungin plasma concentration-
time curve for this typical female patient weighing 60 kg is shown in Figure 6.3.7C. A
comparison of concentration and exposure parameters between the 50 and 100 mg/day
dosages is shown in Table 6.3.7C.
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FIGURE 6.3.7C. ANIDULAFUNGIN PLASMA CONCENTRATION-TIME CURVE FOR A
TYPICAL PATIENT®* RECEIVING 100 MG/DAY TV ANIDULAFUNGIN
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* Simmlation of a fypical female patient with invasive candidiasis in clinical stady VERG02-6, weighing 60 kg CL =
1030, V1=129L.Q=2031/h, V2=196 L. Dcsage of 100 mgiday IV anidulafungin {with loading doze).
Model from L J Report RAVES00160, submitted in original NDA 21-632.

TABLE 6.3.7C. COMPARISON OF CONCENTRATION AND EXPOSURE PARAMETERS
FOR A TYPICAL PATIENT* RECEIVING EITHER 50 OR 100 MG/DAY

Paramater Dosage

50 mgiday 100 mg/day
Crax (mgiL) 37 ‘ 6.5
Cain (gL} 13 27
AUCss (mg hil) 477 954

* Simuiation of a typical female with invasive candidiasis weighing 60 kg C1=1.05 L/h (0.0175 Lilvkg),
Vi=120L Q=2031%, VI=198L V=325 €0.542 Likg), 51n=219. Steady-state parameters are max.
concentration {Crey). min. conceniration {Crin), and AUCss. Dosages: 30 mgiday and 100 mg/day (with
loading dose}, infusion rate of 1 mg/min. Model submitted in Original NDA 21-632.
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Office of Clinical Pharmacology and Biopharmaceutics Review

NDA 21-632
Drug Product; Brand® Anidulafungin for injection, 50 mg; T B
Submission Date May 27, 2005
Applicant Vicuron Pharmaceuticals Inc.
Clinical Division DSPTP
OCPB Division DCPB4
Type of Submission NDA resubmission
Reviewer Dakshina M. Chilukuri, Ph.D.
Team Leader Philip M. Colangelo, Pharm D., Ph.D.
Review Date November 15, 2005
L Executive Summary

The applicant is seeking approval of Anidulafungin, an antifungal agent belonging to the
Echinocandin class for intravenous (IV) administration in NDA 21-632. The proposed
indication is treatment of esophageal candidiasis. The proposed dosage regimen is a
loading dose of 100 mg on the first day, followed by a maintenance dose of 50 mg IV
once daily for 14-21 days of treatment.

This is a resubmission of the NDA that was submitted in April 2003, for which, an
approvable letter (AE) was issued in May 2004. In the previous submission, several
deficiencies were identified, which included the need to characterize the safety of
anidulafungin and also to better demonstration of the risk-benefit ratio for the use of
anidulafungin in the treatment of esophageal candidiasis. In this submission, the sponsor
has provided additional safety and efficacy data to support approval of anidulafungin in
the treatment of esophageal candidiasis.

The Pharmacokinetics (PK) of anidulafungin were previously submitted as part of the
original submission of NDA 21-632 and no additional clinical pharmacology information
was requested by FDA in the AE letter mentioned above. However, in this resubmission,
the applicant submitted PK drug interaction studies with voriconazole and tacrolimus.
Also, the results of a PK study in pediatric patients between 2-17 years of age were
submitted.

Based on the review of the PK studies submitted, it can be concluded that no dosage
adjustments are needed for concomitant administration of either tacrolimus or voriconazole
with anidulafungin. Also, the pediatric PK studies indicated that a loading dose of 1.5
mg/kg administered on Day 1 followed by daily administration of 0.75 mg/kg to pediatric
patients result in systemic exposures that are comparable to those achieved in adults who
receive a 100 mg loading dose followed by daily administration of 50 mg. The applicant is
not seeking a pediatric indication in this resubmission and has not included the results from
the pediatric studies in the package insert.

No outstanding clinical pharmacology issues were identified with anidulafungin in this
current NDA submission.

A. Recommendations
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The Office of Clinical Pharmacology and Biopharmaceutics/Division of Clinical
Pharmacology 4 has reviewed the clinical pharmacology information included in this
resubmission of NDA 21-632 for Anidulafungin and the reviewer has deemed this
information to be acceptable. The Human Pharmacokinetics and Bioavailability Section
of NDA 21-632 has met the requirements of the 21 CFR.

B. Phase IV Commitments
There are no clinical pharmacology and biopharmaceutics Phase IV commitments.

Dakshina M. Chilukuri, Ph.D.
Division of Clinical Pharmacology and Biopharmaceutics 4
Office of Clinical Pharmacology and Biopharmaceutics

Initialed by Philip Colangelo, Pharm D., Ph.D.

cc: NDA 21-632 and CDR (Biopharm)
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C. Clinical Pharmacology Summary
Drug-Drug Interaction Studies:

1. The co-administration of VFEND® (voriconazole) and anidulafungin appeared
safe and was tolerated with only mild discomfort by the group of healthy male
subjects in this study. Co-administration of voriconazole with anidulafungin had
no clinically significant differences on the pharmacokinetics of anidulafungin.
The 90% Cls of the mean ratios of the test treatment (anidulafungin plus
voriconazole) versus reference treatment (anidulafungin alone) were within the 80
- 125% equivalence range. Co-administration of anidulafungin with voriconazole
had no clinically significant differences on the pharmacokinetics of voriconazole
or its N-oxide metabolite. The 90% Cls of the mean ratios of the test treatment
(voriconazole plus anidulafungin) versus reference treatment (voriconazole alone)
were within the 80 - 125% equivalence range.

2. Co-administration of tacrolimus with anidulafungin did not result in any clinically
significant differences on the pharmacokinetics of anidulafungin. The 90% Cls of
the mean ratios of the test treatment (anidulafungin co-administered with
tacrolimus) versus reference treatment (anidulafungin alone were within the 80 -
125% equivalence range. Co-administration of anidulafungin with tacrolimus did
not result in any clinically significant differences on the pharmacokinetics of
tacrolimus. The 90% Cls of the mean ratios of the test treatment (tacrolimus co-
administered with anidulafungin) versus reference treatment (tacrolimus alone)
were within the 80 - 125% equivalence range. The co-administration of
tacrolimus with anidulafungin appeared to be well tolerated by the group of
healthy male subjects in this study. Five of the 36 subjects enrolled in this study
experienced adverse events of elevated ALT on Day 12 or 16. The subjects
experiencing these events were asymptomatic, and mild transient elevations such -
as these have been noted in other studies of anidulafungin. It is therefore unlikely
that these events are related to coadministration of anidulafungin and tacrolimus.

Pediatric PK study: :

Daily infusions of 0.75 mg/kg and 1.5 mg/kg of anidulafungin for at least 5 days were
well tolerated by immuno-compromised children from ages 2 to 17 years with
neutropenia. Anidulafungin exhibited linear pharmacokinetics when administered at
dosages of 0.75 mg/kg/day and 1.5 mg/kg/day to children aged 2 to 17 years with
neutropenia. The pharmacokinetic profiles of anidulafungin administered to children
on a weight-adjusted basis of 0.75 and 1.5 mg/kg/day were similar to profiles of
anidulafungin administered to adults at dosages of 50 and 100 mg/day. No child with
neutropenia was diagnosed with an invasive fungal infection during treatment with
anidulafungin

Page 4 11/15/05



12 page(s) Withheld

%_ § 552(b)(4) Trade Secret / Confidential
| § 552(b)(5) Deliberative Process

___( § 552(b)(4) Draft Labeling



Appendix B. Individual Study Reviews

Report AA03489: Phase 1, Double-Blind, Multiple Dose, Randomized, Crossover,
Pharmacokinetic Interaction Study Between VFEND® (Voriconazole) and Anidulafungin

Objectives:
The primary objective of this study was to assess the possible pharmacokinetic
interaction of co-administration of VFEND® (voriconazole) and anidulafungin at steady

state conditions in healthy male subjects.

The secondary objective of this study was to assess the safety and tolerability of co-
administration of VFEND® (voriconazole) and anidulafungin in healthy male subjects.

Subjects: 24 healthy subjects between 18 and 55 years were selected.

Study design:

This study was a double-blind, third party unblinded, randomized, three period, multiple-
dose, crossover, pharmacokinetic interaction study. It was conducted over approximately
68 days with a washout period of at least 10 days between dosing within study periods.
Subjects received each of the following three treatments in separate dose periods: IV
anidulafungin plus voriconazole placebo (Treatment A), anidulafungin placebo plus
voriconazole (Treatment B), and IV anidulafungin plus voriconazole (Treatment O).

Subjects received a single 200 mg dose of anidulafungin (or placebo) administered as an
intravenous (IV) infusion made to 400 mL with dextrose injection 5%, USP
(concentration 0.5 mg/mL) and given over 200 minutes in the morning on Day 1 as a
loading dose. Subjects received a single 100 mg dose of anidulafungin (or placebo)
administered as an IV infusion made to 200 mL with dextrose injection 5%, USP
(concentration 0.5 mg/mL) and given over 100 minutes in the mornings on Days 2 - 4 as
the maintenance dose.

Subjects received two initial loading doses of voriconazole 2 x 200 mg tablets (or
placebo) every 12 hours on Day 1, followed by maintenance doses of voriconazole 1 x
200 mg tablet or placebo every 12 hours on Days 2 - 3 and the morning of Day 4,
administered with 240 mL of ambient temperature water. Dosing with voriconazole
active or placebo was to commence each morning 2 hours after the start of the [V
infusion of anidulafungin on Days 1 - 4 and at 12 hours after the morning dose on Days 1
- 3. Subjects fasted at least 1 hour before and after each voriconazole and voriconazole
placebo dose. :

IV infusions of anidulafungin active or placebo were administered in the mornings on
Days 1 through 4. Dosing with oral voriconazole active or placebo commenced each
morning 2 hours after the start of the IV infusions on Days 1 through 4. A second
voriconazole active or placebo dose was given 12 hours after the morning dose on Days |
through 3. Subjects received only a morning dose on Day 4. Blood samples were
collected at specific time points. Anidulafungin plasma concentrations were assayed
using a validated LC-MS/MS analytical method, and voriconazole and N-oxide
metabolite were analyzed by a validated HPLC method with MS/MS detection.
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Criteria for Evaluation:

Pharmacokinetics:

Plasma Anidulafungin, Voriconazole, and Voriconazole N-oxide Metabolite:
Pharmacokinetic assessments consisted of blood sampling for the analysis of plasma
concentrations of anidulafungin, voriconazole, and voriconazole N-oxide metabolite.
Blood samples were taken at Hour 0 (predose on Day 1) and 24, 48, 72, 72.5,73.67,
74.25,74.5,75,75.5, 76, 78, 80, 82, 86, 96, 120, 192, 240, and 312 hours relative to the
first dose of anidulafungin or IV placebo on Day 1 of each study period. Blood sampling
was designed to adequately evaluate trough concentrations and steady-state
concentrations of both drugs. Anidulafungin, voriconazole, and the N-oxide metabolite of
voriconazole were assayed in plasma using validated assays.

Safety: Safety laboratory tests, physical examinations, vital signs (blood pressure, pulse,
and temperature), electrocardiograms (ECGs), and adverse events (AEs) were evaluated
as comparisons for both within and between each treatment group.

Pharmacokinetic Results:

Anidulafungin: Administration of anidulafungin alone (reference) and co-administration
of anidulafungin with voriconazole (test) showed similar anidulafungin concentration-
time profiles, peak plasma concentrations (Cmax), as well as similar anidulafungin
pharmacokinetic parameters (CL, Vs, and AUCg,). Moreover, the t1/2 values of
anidulafungin following administration of anidulafungin alone and anidulafungin plus
voriconazole were similar. The statistical comparisons of natural log-transformed plasma
anidulafungin pharmacokinetic parameters Cmax and AUC,, between the test and the
reference treatments indicated that co-administration of voriconazole had no effect on the
pharmacokinetics of anidulafungin. The 90% CI of the mean ratios of the test versus
reference treatments were within the 80 - 125% equivalence range. Also, the 90% CI of
the mean ratios for natural log-transformed pharmacokinetic parameters CL, Vg, and t1/2
for the comparison of test and reference treatments were within the 80 -125%
equivalence range.

The arithmetic mean (SD), 90% CI, and % mean ratio of plasma anidulafungin
pharmacokinetic parameters following administration of anidulafungin alone (Treatment
A, reference) and anidulafungin plus voriconazole (Treatment C, test) are summarized in
the following table: '
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Summary of the Pharmacokinetic Parameters of Anidulafungin Following Administration of Anidulafungin Plus

Voriconazole {Test} Versus Anidulafungin Plus Voriconazole Placebo {Reference) o
Aiddafirgin Plus Woriommasie Zmidulafingin Plus Voriconaacle Plando -t
~J

Darsmeters *ean = e = 0% CT + Datio 8’3
Chrea Cagrels 7.51 .88 787 18 96.93-104.35 1057 )
ATss S nridy 7.8 2135 202 24 37 LB 99 5735 ('5'

2.1 D.5%6 1.20 G.402 - -

!9 2.8 o2 5.65 2.7 HE.1E T.E O

5.330 2.187 0,353 0.1 I006UE L 1eTL O

1,47 §.28% 2331 8,537 99 4510976 14,42 S
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Voriconazole and Plasma Voriconazole N-oxide Metabolite: Co-administration of
voriconazole with anidulafungin (test) and administration of voriconazole alone
(reference) resulted in similar voriconazole and voriconazole N-oxide plasma
concentrations and pharmacokinetic parameters. The statistical comparisons of the
natural log-transformed voriconazole and voriconazole N-oxide pharmacokinetic
parameters Cmax and AUCss showed that co-administration of anidulafungin had no
effect on voriconazole or voriconazole N-oxide pharmacokinetics. The 90% CI of the
mean ratios of the test versus reference treatments were within the 80 - 125% equivalence

range.

The arithmetic mean (SD), 90% CI, and % mean ratio of voriconazole and voriconazole
N-oxide pharmacokinetic parameters following voriconazole alone (Treatment B,
reference) and voriconazole plus anidulafungin (Treatment C, test) are summarized in the

following tables:

Summary of the Pharmacokinetic Parameters of Voriconazale Following Administration of Voriconazole Plus
Anidulafungin {Test) Versus Voriconazole Plus Anidulafungin Placebo (Reference)

Sozacyy Srave \ericorazdle
rriomrezcte Flus Enddnlafiogin Voricmazole Plus PoiddaSrgin Mlacsha
& Yem
= 9% T 4 AsTin
D 3265
$736.2 4
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Summary of the Pharmacokinetic Parameters of Vericonazole H-oxide Metabolite Following Administration of
Voriconazele Plus Anidulafungin {Test} Versus Yoriconazole Plus Anidulafungin Placebo {Reference)

———————— Btesdy Smite Viriomrascls F-Odds Metaboline
Yordoorastle Plus Enidilafagin Vrioonazale Flus Boiddlsft

Fhawraccldretic Eridmetic Arithmetic % Meam

Paramemens Yesm = M 2] GRCIY Retio

Grext ing i) 3760 26 3885 573 57 25-108.50 sE.ET
Ess itk 3GREL.G .30 9098305 1eel. 3 E6.0-1UE .85 W4l
pindte] 4.7 2.8l 5.7 2.82 -

* =T 0% (T ard % Fean Racdn are lesed m log transfremed waloes.
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Conclusion:

* The co-administration of VFEND® (voriconazole) and anidulafungin appeared
safe and was tolerated with only mild discomfort by the group of healthy male
subjects in this study.

* Co-administration of voriconazole with anidulafungin had no clinically significant
differences on the pharmacokinetics of anidulafungin. The 90% Cls of the mean
ratios of the test treatment (anidulafungin plus voriconazole) versus reference
treatment (anidulafungin alone) were within the 80 - 125% equivalence range.

e Co-administration of anidulafungin with voriconazole had no clinically significant
differences on the pharmacokinetics of voriconazole or its N-oxide metabolite.
The 90% ClIs of the mean ratios of the test treatment (voriconazole plus
anidulafungin) versus reference treatment (voriconazole alone) were within the 80
- 125% equivalence range.

® On the basis of a lack of any pharmacokinetic drug interaction, co-administration
of voriconazole and anidulafungin may be a suitable combination for study in
future efficacy trials.

[puBuO Uuo
Aop Sy sioeddy

Report VER002-15: Phase 1, Open-Label, Single-Sequence, Pharmacokinetic
Interaction Study Between Oral Tacrolimus (Prograf, Fujisawa Healthcare, Inc.) and
Intravenous Anidulafungin In Healthy Male Subjects

Objectives: :
Primary: To assess the possible pharmacokinetic interaction of co-administration of oral
tacrolimus (Prograf®) and intravenous anidulafungin in healthy male subjects.

Secondary: To assess the safety and tolerability of co-administration of oral tacrolimus
(Prograf®) and intravenous anidulafungin in healthy male subjects.

Study design:
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This study was a single-sequence, open-label, pharmacokinetic interaction study. The
study was conducted over approximately 1 month, which included screening through
study discharge. Following screening, subjects returned to the Clinical Research Unit
(CRU) on the morning of Day -1 for clinical laboratory evaluations. Following laboratory
collection, subjects were released and required to return in the evening on Day -1 for
clinic confinement. Subjects were screened for drugs of abuse and remained confined
until after the pharmacokinetic blood sample was obtained and final discharge procedures
were completed on Day 16.

On Days 1 and 13, all subjects were administered a single oral 5 mg dose of tacrolimus
with pharmacokinetic blood sampling through 72 hours postdose. On Day 4, a 200 mg
loading intravenous (IV) dose of anidulafungin was administered with daily maintenance
doses of 100 mg administered on Days 5 through 13. A predose and trough blood sample
for anidulafungin was collected on Days 4 and 8, respectively. Serial pharmacokinetic
blood samples for the assay of anidulafungin in plasma were collected on Days 10 and 13
through 24 hours postdose. .

Criteria for Evaluation:

Pharmacokinetics:
Blood samples were collected at multiple times following administrations of tacrolimus

and anidulafungin to assess concentrations of tacrolimus in blood and anidulafungin in
plasma. The pharmacokinetics of anidulafungin were determined at steady state when
anidulafungin was administered alone (Day 10) and when administered with tacrolimus
(Day 13). The pharmacokinetics of tacrolimus were assessed following a single dose
administered alone (Day 1) and following multiple doses of anidulafungin (Day 13).

Pharmacokinetic Results:

Administration of anidulafungin alone (reference) and co-administration of anidulafungin
with tacrolimus (test) showed similar anidulafungin concentration-time profiles, peak
plasma concentrations (Cmax) and AUCss. The statistical comparisons of natural log-
transformed plasma anidulafungin pharmacokinetic parameters Cmax and AUCss
between the test and the reference treatments indicated that single dose co-administration
of tacrolimus had no effect on the steady state pharmacokinetics of anidulafungin. The
90% Cls of the mean ratios of the test versus reference treatments were within the

80 - 125% equivalence range. The estimates of plasma anidulafungin pharmacokinetic
parameters following administration of anidulafungin alone (reference) and anidulafungin
co-administered with tacrolimus (test) are summarized in the following table:
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Plasma Steady-State Anidulafongin Pharmacokinetic Parameters Following Co-administration of
Anidulafangin with Tacrolimus (Test) Versus Anidulafungin Alone (Reference)
Co-administered with

Pharmacohinetic Parnmeters Tacrolimus?* Anidulafungin Alone™ 90% C1 26 Mean Ratio
Caae {mg/L} 7.07 220} 6.83¢21.6) 99.5-168.1 10238
AUC.. (mg*hr/L) 1108264 1034 21 8} 105.1- 1094 107.2
| —, ) 171{3.58 601 110 (164 8300 NC wC
fafhr) 2520348 2521 NC NC
CL {L‘hr) 0.923¢0.21) 993 (0.2 NC NC
V. (L) 323(87 3520344 NC NC

*For Cae 324 AUC,, 1h2 Geomenic Mean (%CV 125 presentad , the axithmatic mean [SD is presented for other panmeters
Not2: For toe. e Median (Miniom and Maximane) are provided.
NC: Wor calealazed

Tacrolimus: Co-administration of tacrolimus with anidulafungin (test) and
administration of tacrolimus alone (reference) resulted in similar tacrolimus whole blood
concentrations and pharmacokinetic parameters. The statistical comparisons of the
natural log-transformed tacrolimus pharmacokinetic parameters Cmax and AUCs showed
that co-administration of anidulafungin had no effect on tacrolimus pharmacokinetics.
The 90% ClIs of the mean ratios of the test versus reference treatments were within the 80
- 125% equivalence range.
* The estimates of whole blood tacrolimus pharmacokinetic parameters following
tacrolimus alone (reference) and tacrolimus co-administered with anidulafungin (test)
are summarized in the following table:

Whole Blood Tacrolimus Pharmacokinetic Parameters Following Co-administration of
Anidulafungin with Tacrelimus {Test) Versus Tacrolimus Alone (Reference)

Mnm
Co-administered with

Pharmacokinetic Parameters Anidulafungin® Tacrolimus Alone* 50% CI %% Mean Ratio

Cane (ngimLy 223(336) 232424y %0.26 - 109.06 952
Cisy {ngnl) 4.1 (303 394203 §7.48 - 120.97 1086
AUCh1: (nghr/ml) 102.6 (27.33 107.8 (39.8) 59.04 - 106,16 97.2
AUGs, (ng*hrimL) 2254 (17.9) 294 370 91.75 - 109.83 100.4
AUCs ¢ ingthriml) 2709 (18.0) 2696 (36.93 $277-111.22 1018
e (B} 2.0019.3.17) 200 (1.0, 3.003 NC NC
tu: (e 20002 178 3.9 NC NC
CLF (L<hr) , 194067 203 (10.0) NC NC

VzE (L) 804526313 333 (4414 NC NC

Zn

G, 18 SR0MALTC mean (%
resentad.

Vi is presarted Sr ather paramsters

CONCLUSION:

¢ . Co-administration of tacrolimus with anidulafungin did not result in any clinically
significant differences on the pharmacokinetics of anidulafungin. The 90% Cls of the
mean ratios of the test treatment (anidulafungin co-administered with tacrolimus)
versus reference treatment (anidulafungin alone were within the 80 - 125%
equivalence range.

* Co-administration of anidulafungin with tacrolimus did not result in any clinically
significant differences on the pharmacokinetics of tacrolimus. The 90% Cls of the
mean ratios of the test treatment (tacrolimus co-administered with anidulafungin)
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versus reference treatment (tacrolimus alone) were within the 80 - 125% equivalence
range. ,

The co-administration of tacrolimus with anidulafungin appeared to be well tolerated
by the group of healthy male subjects in this study. Five of the 36 subjects enrolled in
this study experienced adverse events of elevated ALT on Day 12 or 16. The subjects
experiencing these events were asymptomatic, and mild transient elevations such as
these have been noted in other studies of anidulafungin (VER002-5). It is therefore
unlikely that these events are related to coadministration of anidulafungin and
tacrolimus.
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Report VER002-12: Phase 1/2 Study of the Safety, Tolerance, and Pharmacokinetics of
Anidulafungin in Immunocompromised Children with Neutropenia

Objectives: :

Primary: to determine the safety, tolerance, and pharmacokinetic profile of IV
anidulafungin as early empirical therapy for prevention of fungal infections in
immunocompromised children ages 2 to 17 years with neutropenia.

Secondary: to evaluate the frequency of patients who develop documented deeply
invasive breakthrough fungal infection.

Study design:

This was a Phase 1/2 multi-center, open-label, sequential dose-escalation study
(maintenance doses from 0.75 mg/kg/day to 1.5 mg/kg/day) designed to assess the safety,
tolerance, and pharmacokinetics of IV anidulafungin administered as early empirical
therapy to 24 immunocompromised children ages 2 to 17 years with neutropenia.
Children were stratified by age, from 2 to 11 years and from 12 to 17 years. Dose
escalation in each age cohort could proceed independently of the other age cohort
following an interim analysis of safety and pharmacokinetic data conducted by the
Vicuron Safety Committee, with review and concurrence by the investi gators, when all
patients within an age cohort completed therapy or received study drug for at least 5 days.
The study was conducted at 5 sites in the USA. The PK sampling and analysis was
conducted according to traditional method.

Criteria for Evaluation:

Pharmacokinetics:

A total of 320 anidulafungin plasma concentrations were obtained from 24 pediatric
patients using traditional PK sampling scheme at various time intervals. Pharmacokinetic
analysis was conducted using noncompartmental method. Mean Day 1 anidulafungin
plasma concentration-time profiles from patients who received 1.5 mg/kg/day loading
dose and mean Day 5 anidulafungin plasma concentration-time profiles from patients in
the 1.5 mg/kg/day maintenance dosage group are shown in F igure | and Figure 2,
respectively. Corresponding profiles for patients who received 3.0 mg/kg loading dose on
Day 1 followed by 1.5-mg/kg/day maintenance doses on Days 2-5 are shown in Figure 3
and Figure 4, respectively. '
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Figure 1: Mean (+/- Standard Deviation) Anidulafungin Plasma Concentration-Time
Profiles Following 2 Loading Dese of 1.5 mg/kg (Dosage Group 1, Day 1)
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Figure 2: Mean (+/- Standard Deviation) Anidulafungin Steady-State Plasma
Concentration-Time Profiles Following Daily Doses of 0.75 mgikg
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Figure 3: Mean (/- Standard Deviation) Anidulafungin Plasma Concentration-Time
Profiles Following a Loading Dese of 3.0 mg/ks (Dosage Group 2, Day 1)
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Figure 4: Mean (+/- Standard Deviation) Anidulafungin Steady-State Plasma
Concentration-Time Profiles Following Daily Doses of 1.5 mg/ks
{Dosage Group 2, Day §)
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Anidulafungin concentration-time profiles were consistent between age cohorts within
dosage groups. Between dosage groups, anidulafungin plasma concentration-time profiles
were approximately 2-times greater, consistent with the 2-fold higher dosage. A single
anomalous profile was observed for Patient 2-02 (in the 2-to-11-year cohort of the 0.75-
mg/kg/day maintenance dosage group) on Day 5, whose concentrations were relatively
unchanging and below 1 mg/L throughout the dosing interval. The profile observed
following the 1.5-mg/kg loading dose, however, was consistent with other patients in the
0.75-mg/kg/day maintenance dosage group. No explanation could be found for this
anomaly; patient case report forms showed the patient received the planned dosage and
that blood samples were collected as specified in the protocol

Following administration of the 0.75-mg/kg/day maintenance dosage regimen, maximum
mean anidulafungin plasma concentrations were approximately 4 mg/L and were
maintained above 1 mg/L throughout the dosing interval. Following the 1.5-mg/kg/day
maintenance dosage regimen, maximum mean concentrations were approximately 7
mg/L and were maintained above 2 mg/L throughout the dosing interval. Individual
trough concentrations through Day 7 are shown in Figure 5 and F igure 6 and show that
steady-state concentrations were achieved following the loading dose, and were
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maintained at a consistent level throughout treatment. Trough concentrations were also
similar across both age cohorts.

Figure 5: Anidulafungin Trough Coucentrations For Children Receiving the
0.75-mgfkg/day Dosage Regimen
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Figure 6: Anidulafungin Trough Concentrations For Children Receiving the 15-mg'kg/day
Dosage Regimen,
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Pharmacokinetic Parameters ‘
Pharmacokinetic parameters are also summarized for Days 1 and 5 in Table 31 and Table
32, respectively. Pharmacokinetic parameters Cpay and AUC. (or AUCss) were
calculated for all patients through the Day 1 and 5 24-hour dosing interval. For Patient 2-
09 (Days 1 and 5) and Patient 3-01 (Day 5), there were an insufficient number of samples
to determine a terminal slope; no estimates were made for terminal half-life or other
terminal slope-dependent parameters.
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Table31:  Summary of Anidulafungiz Pharmacolduetic Parameters in Children
Following a Loading Dose of 1.5 mgikg or 3.0 mg/kg (Day 1)

Loading Age Statistic Caxs AUG,., o)  CLWeight Vis/Weight

Dose Cobort (me/L) (mg-hTL) {Lhrikg) Likg)
{mg'ke) {years}

L3 201l Mean 385 463 17.3 0.0208 0.488

D 0.73 8.7 37 0.0052 0.086

Vo 18.7 18.3 212 254 17.5

N 6 6 6 s . 6

126017 Mem 110 496 213 00143 0430

D 111 146 8.7 0.0062 0in

CV% 271 29.5 359 53 2

N 6 6 6 5 6

3.0 25011 Mem 7.80 923 183 0.0200 0.474

D 0.76 119 6.7 0.0058 0203

Vs 97 128 36.7 w7 7.

N 6 6 6 6 6

125017  Mean .99 872 2038 0.0151 0.523

sD 150 16 18 0.0078 0.193

Vs 2350 270 23.0 134 - 369

x 5 6 5 : 5

Fefarence: Table 1426
AUCq, Area under the plasma concentraton-time curva through 24-houss posi-doze; CL Clearamce; Caps
Efaximam plasma concentration; CV% Coafficient of varfation: ta Elimination half-life; SD

Standard deviation; Vs Volume of distibusion at steady state
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Table32:  Summary of Steady-State Anidnlafungin Pharmacokinetic Parameters in
Children Follewing Daily Dosages of (.75 mg/kg or 1.5 mg/kg (Day 5)

Dosage Age Statiztic Canx AlCss Ba(h)  CL Weight Vis/Weight
{mgikg'day) Cohort {mz/Ly  {mghL) {L¢brikg) {Likg)
{years)
Q.75 2¢t0t]  Aean 3.32 41.1 203 0.0217 0.573
sD 1.66 158 18 00123 0.243
CW5% 301 383 387 36.7 423
N 3 3 § 5 6
124017 Meaan 435 36.2 26.0 0.0133 {.49%
5D (.98 156 102 0.0031 0231
Vs 28 178 392 231 46.3
N [ 6 5 5 5
15 w1l Mean 7.57 941 189 0.0153 {.419
SD 2.59 384 35 0.0048 a.056
V%% 342 96 18.3 298 158
g [ % 6 5 6
124017 Mean £.88 1028 213 0.0156 1.449
sD 1.67 2848 3.2 00079 0.166
V% 243 8.2 248 30.2 37.0
N [ ) 3 5 5

Refarence: Table 14.2.7
AUCss Area under the plasma concenmation-time curva at steady state; CL Clearanea; Coyn Maximus
Elinsnation half-life; D Standard

Ppiacma concentration; CV% Coeficient of varation; 4
deviation; ¥z5 Vohune of dizmmibusion af sready state

Drug exposure was also similar between age cohorts within dosage groups. Mean AUCgg
was 41.1 and 56.2 mgh/L for younger and older cohorts, respectively, receiving the 0.75-
mg/kg/day regimen. Exposures increased in a manner consistent with dose
proportionality, and were 96.1 and 102.9 mg-h/L for younger and older children,
respectively, receiving the 1.5-mg/kg/day regimen. There was no relationship between
drug exposure and patient age (Figure 8). Clearance and Vss were dependent upon age,
but when weight-normalized showed no differences between age cohorts or between
dosage groups (Figure 9 and Figure 10, respectively). A disposition half-life was
estimated within the limitations of sampling and the 24-hour sampling interval employed
by the study. The t;, was approximately 1 day and was not dependent upon age or dosage
(Figure 11).

Page 29 11/15/05



Figure 8: Area Under the Anidulafungin Plasma Concentration-Time Curve Versus

Patient Age
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Refarence: Table 14.2.4, Table 14.2.5, and Appendix 1§.2
Figure 9: Anidulafungin Clearance Versus Patient Age
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Refarence: Table 14.2.4, Table 14.2.5, and Appendix 162

There was no relationship between patient age and Cax, AUC, weight-normalized CL, or
weight-normalized Vss; the percentage of variance explained by patient age and body
weight did not exceed 12%. Clearance and Vsg were dependent upon patient age and
body weight; dependence of CL and Vss on patient age is explained by the
interdependence of age and body weight. Weight-normalized CL and Vgs were not
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dependent upon age. Plots of CL and Vss versus patient weight are presented in F igure 12
and Figure 13, respectively.

Figure 12:  Anidulafungin Clearance Versus Body Weight
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Pediatric maintenance dosages used in this study (0.75 and 1.5 mg/kg/day) were chosen
to match anidulafungin concentrations and exposures achieved with maintenance dosages
used in adult clinical studies (50 and 100 mg/day). As anidulafungin is degraded in the
body and not metabolized or processed by the kidneys, dosages were extrapolated based
on patient weight. Anidulafungin concentration-time profiles in pediatric patients
receiving 0.75 or 1.5 mg/kg/day were similar to adults receiving 50 or 100 mg/day,
respectively. A plot of steady-state anidulafungin concentrations versus time in pediatric
patients (Day 5) are compared to a typical adult patient with esophageal candidiasis in
Figure 14. The concentrations for the adult patient receiving 50 mg/day and 100 mg/day,
respectively, were determined from an adult population pharmacokinetic model.

Figure 14:  Comparison of Steady-State Anidulafungin Concentrations Between
Pediatric Patients (Day 5) and a Typical Adult With Esophageal Candidiasis
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Three hundred twenty anidulafungin plasma concentrations were obtained from 24
patients. Anidulafungin plasma concentration-time profiles were approximately 2-fold
greater in patients who received 1.5 mg/kg/day of anidulafungin than in patients who
received 0.75 mg/kg/day. Anidulafungin plasma concentration-time profiles were similar
between age cohorts in each dosage group. Exposure to anidulafungin was age-invariant.
There was no relationship between patient age and Cynax, AUC, weight-normalized CL, or
weight-normalized Vss. The pharmacokinetic profiles of anidulafungin administered to
children on a weight-adjusted basis of 0.75 and 1.5 mg/kg/day were similar to profiles of
anidulafungin administered to adults at dosages of 50 and 100 mg/day. When normalized
for weight, anidulafungin displayed linear dose-dependent pharmacokinetics in children 2
to 17 years.

CONCLUSIONS

1. Daily maintenance dose infusions of 0.75 mg/kg and 1.5 mg/kg of anidulafungin
for at least 5 days were well tolerated by immuno-compromised children from
ages 2 to 17 years with neutropenia. _

2. Anidulafungin exhibited linear pharmacokinetics when administered at
maintenance dosages of 0.75 mg/kg/day and 1.5 mg/kg/day to children aged 2 to
17 years with neutropenia. The pharmacokinetic profiles of anidulafungin
administered to children on a weight-adjusted basis of 0.75 and 1.5 mg/kg/day
were similar to the PK profiles of anidulafungin administered to adults at
maintenance dosages of 50 and 100 mg/day, respectively.

3. No child with neutropenia was diagnosed with an invasive fungal infection during
treatment with anidulafungin.
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L Executive Summary

The applicant is seeking approval of Anidulafungin, a novel antifungal agent belonging
to the Echinocandin class for intravenous (IV) administration in NDA 21-632. The

~ proposed indication is treatment of esophageal candidiasis. The proposed dosage regimen
is a loading dose of 100 mg on the first day, followed by a maintenance dose of 50 mg IV
once daily for 14-21 days of treatment.

Anidulafungin (1-[(4R,5R)-4,5-dihydroxy-N(2)-[[4"-(pentyloxy)[1,1":4",1"-terphenyl]-4-
yl]Jcarbonyl]-L-omithine]echinocandin B) is a semi-synthetic derivative of a natural
product belonging to the echinocandin class of antifungal agents. These compounds are
non-competitive inhibitors of (1,3)-p-D-glucan synthase, an enzyme complex involved in
the synthesis of glucan, which is the major component of the cell wall of many fungi. It is
generally thought that echinocandin antifungal activity requires the rigid cyclopeptide
structure to position key fatty acid and amino acid fragments into proper alignment for
biological activity.

The Pharmacokinetics (PK) of anidulafungin were determined from a total of 20 clinical
studies. Anidulafungin has been studied in healthy subjects in 12 studies of
single/multiple doses of IV (9 studies) and oral (3 studies) administration. A mass
balance study was also conducted in which 9 subjects received radiolabeled drug (**C-
anidulafungin). PK data were obtained from 172 (IV drug) and 52 (oral drug) subjects
without fungal infections including subjects with HIV, hepatic impairment, renal
impairment, or given concomitant cyclosporine. The PK of IV anidulafungin has also
been studied in 259 patients with fungal infections in 6 clinical studies (VER002-4,
VERQ02-6, VER002-7, VER002-11, XBAF, and XBAG); data from 4 of these studies
were combined for a population PK analysis (n = 225).

The pharmacokinetics of anidulafungin are characterized by a distribution half-life (0.5-1
hour) and a volume of distribution of 30 — 50 L. Plasma concentrations and exposures of
anidulafungin are dose-proportional and have an intersubject variability (coefficient of
variation <30%). Using a loading dose on day 1 that is twice the daily maintenance dose,
steady state concentrations are achieved following the administration of the second dose.
The steady state concentrations (Cy;) and exposure (AUCy,) ranged between 3 - 4 mg/L and
50 - 60 mg-h/L, respectively. Anidulafungin has a half-life of approximately 26-40 hours
and is 84% protein bound in humans.
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The applicant conducted 1 pivotal clinical efficacy study to demonstrate the non-inferiority
of anidulafungin in the treatment of esophageal candidiasis compared to the standard of
care treatment, 100 mg orally administered fluconazole. The results of the efficacy study
suggested that at the end of treatment (14-21 days), anidulafungin was found to be as
effective as fluconazole in the treatment of esophageal candidiasis. However, at follow-up,
that is, 14 days after end of treatment, there were a statistically significant higher number of
relapses of fungal infections for the group of patients who were treated with IV
anidulafungin compared with oral fluconazole. Thus, anidulafungin was found to be
effective in the treatment of esophageal candidiasis at the end of treatment but was found to
be ineffective in complete resolution of the disease.

The pivotal Phase III clinical study VER002-4 was a randomized, double-blind, double-
dummy study of IV anidulafungin versus oral fluconazole in the treatment of esophageal
candidiasis. Following study completion, but prior to unblinding of study results,
anidulafungin assays of plasma samples from a subset of anidulafungin-randomized
patients revealed that approximately 75% of samples did not have quantifiable levels of
anidulafungin. A subsequent investigation determined that a systematic error occurred at
the contractor responsible for the patient medication kits. This error resulted in a 1:1
reversal of active drug:placebo for 70% of patients. The investigation also confirmed that
medication kits were properly assembled with no kit containing both drugs or both
placebos.

The sponsor notified the FDA regarding this error prior to unblinding, and an agreed
action plan was implemented. The bioanalytical data, generated as part of the action plan
and further investigational assays, were consistent with the corrected patient treatment
assignment table. All samples taken from patients assigned to a particular drug contained
that drug. However, some unexpected drug concentrations were found in a few samples.
The majority of samples with unexpected bioanalytical data were generated at one site
(Site # 19), and unrelated to the error in medication kit selection and distribution. A
commissioned audit of this site failed to reveal definitive sources of error.

An inspection of Site # 19 by the Department of Scientific Investigations (DSI)
confirmed that a systematic error was indeed made in switching of the treatments. Based
on DSI’s recommendations, the review division asked the applicant to re-analyze all
available plasma samples for both anidulafungin and fluconazole. Following completion
of the re-analysis of the plasma samples, no additional problems were identified at the
site.

Efficacy and safety analyses conducted by FDA statistician excluding Site # 19 indicated
that the results and conclusions were unaffected. Errors unrelated to kit selection, largely
limited to a subset of patients at one site, resulted in unexpected bioanalytical findings
that likewise did not affect the integrity of the study. The above-mentioned errors are not
likely to impact the results of the population PK analysis.

No outstanding clinical pharmacology issues were identified with anidulafungin in this
current NDA submission.
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Upon review of the efficacy and safety data, the clinical division recommends that
anidulafungin is approvable. Based on the action, the revisions and comments to the
proposed labeling for the product will be addressed at a later date.

A. Recommendations
The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation III has reviewed the information included in original NDA 21-632 for
Anidulafungin and the reviewer has deemed this information to be acceptable. The
Human Pharmacokinetics and Bioavailability Section of NDA 21-632 has met the
requirements of the 21 CFR.

B. Phase IV Commitments
There are no clinical pharmacology and biopharmaceutics Phase IV commitments.

Dakshina Chilukuri, Ph.D.
Division of Pharmaceutical Evaluation III
Office of Clinical Pharmacology and Biopharmaceutics

Initialed by Philip Colangelo, Pharm D, Ph.D.

cc: NDA 21-632, HFD-590, HFD-880 and CDR (Biopharm)
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II. Summary of Clinical Pharmacology and Biopharmaceutics Findings

Pharmacokinetics in healthy subjects

Anidulafungin has been studied in healthy subjects without fungal infections in 12 studies
of single/multiple doses following IV (9 studies) and oral (3 studies) administration. One
of these 12 studies was a mass balance study in which 9 subjects received radiolabeled
drug ('*C- anidulafungin). PK data were obtained from 172 (IV drug) and 52 (oral drug)
subjects without fungal infections including subjects with HIV, hepatic impairment, renal
impairment, or given concomitan? cyclosporine.

Pharmacokinetics in patients

The PK of IV anidulafungin has been studied in 259 patients with fungal infections in 6
clinical studies (VER002-4, VER002-6, VER002-7, VER002-11, XBAF, and XBAG);
data from 4 of these studies were combined for a population PK analysis (n =225). The
PK of oral anidulafungin has been studied in 72 patients with fungal infections in 2
clinical studies; population PK analyses were performed for both of these studies of oral
anidulafungin.

Distribution

IV anidulafungin has been studied in healthy subjects enrolled in single- and multiple-
dose studies. Single dose administrations ranged from 7 to 100 mg and were given to 43
healthy subjects included in PK analyses in Clinical Studies XBAE and 101L. Multiple-
dose regimens ranged from a total of 120 mg in a 7-day regimen to 1430 mg in a 10-day
regimen; 52 healthy subjects were included in the PK analyses of these dose-escalation
studies (XBAU, VER002-1and VER002-5). PX after single or multiple doses were
similar and gender-independent. In multiple-dose studies, steady state was achieved
following the second dose when a 2:1 LD:MD ratio was used. Plasma drug
concentrations and exposures were dose-proportional. Intersubject variability (%CV) for
drug concentrations and AUC was generally < 30%. Cpax Was reached at or shortly after
the end of infusion. Vg was consistent (roughly 30 to 50 L) across all tested doses and
approximated total body water volume, suggesting that the drug is well distributed.
Also, CL and t;, were consistent across all studied doses at approximately 1 L/h and 26-
40 hours, respectively.

The PK parameters of anidulafungin following multiple daily IV administrations in
XBAU, VER002-1, and VER002-5 were generally consistent with those observed in the
single-dose studies. Crax Was reached at or shortly after the end of infusion. Both Cpay
and AUC;; increased proportionally with dose. The PK parameters Vi, CL, and t;,, were
in the range of those seen in single-dose studies. Although t;; varied from study to study
(possibly influenced by the times and duration of sampling), it was found to be dose-
independent within each individual study.

The PK parameters of IV anidulafungin were derived from a population P analysis of
patients in 4 recently completed and ongoing clinical studies (VER002-4, VER002-6,
VER002-7, and VER002-11). The complete pharmacometrics review, performed by
Yaning Wang, Ph.D., is included in Appendix C. In the patient population model, the
median CL, central volume of distribution (V1), and V¢ were estimated to be 0.946 L/h,
9.97 L, and 33.2 L, respectively. The compartmental PK analysis of study XBAE
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estimated CL to be ~ 0.013 L/lkg (0.9 L/h for a 70-kg person) and V to be ~ 0.5 L/kg
(35 L for a 70-kg person). The CL rate determined in the Phase 1 multiple dose studies of
healthy subjects ranged from 0.78 to 1.3 L/h. The Vs in these Phase 1 multiple dose
studies were generally in the range of 38 to 48 L.

Metabolism

Anidulafungin is not metabolized by and is not a clinically relevant inhibitor or inducer
of cytochrome P450 enzymes. Anidulafungin is eliminated by chemical degradation.
Parent drug degrades to a ring-opened product that is further degraded. Evaluation of
human feces indicates that some intact drug (approximately 10% of the administered
dose) and a ring-opened product, but predominantly a large amount of small tertiary
degradants, are excreted following a dose of anidulafungin. The ring-opened product
does not have antifungal activity.

Excretion

Based on the results of the mass balance study, approximately 10% of the administered
dose were excreted in feces and none of the administered dose was excreted in urine.
Overall 30% of the administered dose was recovered from as total radioactivity through
216 h (9 days). Additional samples were taken at a final visit approximately 6 to 8 weeks
after the dose. Final samples, collected 6 to 8 weeks after the dose, had negligible or only
slightly measurable amounts of radioactivity.

Pharmacokinetics in Special Populations

Renal impairment

PK of anidulafungin were examined in 24 subjects with mild, moderate and severe renal
impairment or end-stage renal disease in an open-label study (VER002-3). Renal
impairment was defined by estimated creatinine clearance: mild = 51-79 mL/min,
moderate = 31-50 mL/min, and severe < 30 mL/min. End-stage renal disease subjects
were dependent on dialysis. Subjects were given a single 50 mg IV dose of
anidulafungin, and plasma samples were collected for 6 days after dosing.

The results of the renal impairment study indicated that there were no changes in
anidulafungin PK due to renal impairment. Also, anidulafungin PK parameters were not
affected by whether the drug was given before or after dialysis, nor was anidulafungin
found in any dialysate samples. The drug was also well tolerated. These results are
consistent with nonclinical and clinical data that show the drug is not renally excreted
into the urine.

Hepatic impairment

PK of anidulafungin were examined in healthy subjects and those with mild, moderate, or
severe hepatic impairment [Child-Pugh scores 5 to 6 (mild), 7 to 9 (moderate), and 10 to
15 (severe)] in an open-label study (VER002-2). Subjects were given a single 50 mg IV
dose of anidulafungin, and plasma samples were collected for 6 days after dosing. PK
data for 6 healthy subjects and 18 subjects with varying degrees of hepatic impairment
were obtained. Anidulafungin concentrations were not increased because of hepatic
impairment. Crax, AUC, V, and CL were similar for healthy subjects, subjects with
mild, moderate and severe hepatic impairment.
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Drug-Drug Interactions

Based on the in vitro results, anidulafungin is unlikely to 1nh1b1t or induce the metabolism
of drugs dependent on cytochrome P450 isoforms CYP1A2, CYP2A6, CYP2C9,
CYP2C19, CYP2D6, CYP2E]1, or CYP3A4. Also, anidulafungin is not a substrate of
cytochrome P450 isoforms. Thus, no in vivo drug-interaction studies were conducted.
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III.  Question Based Review
A. General Attributes

1. What are the highlights of the chemistry and physical-chemical properties of the drug
substance, and the formulation of the drug product? What is the proposed mechanism
of drug action and therapeutic indications? What is the proposed dosage and route of
administration?

Anidulafungin (VER002, formerly known as LY303366) is an investigational new drug
for intravenous treatment of mucosal and invasive fungal infections. Anidulafungin (1-
[(4R,5R)-4,5-Dihydroxy-N(2)-[[4"-(pentyloxy)[1,1":4',1"-terphenyl]-4-yl]carbonyl]-
Lornithine] echinocandin B) is a semi-synthetic derivative of a class of antifungal agents
called echinocandins. The empirical formula of anidulafungin is CssH73N7017 and the
molecular weight is 1140.3. The structural formula is as shown in Figure 1 below
(3.2.5.1.1,3.2.5.1.2 and 3.2.5.1.3):

* The drug product is a lyophilized powder which is manufactured using a standard
manufacturing process for sterile products. In addition to the active ingredient, the drug
product contains the inactive ingredients fructose, mannitol, polysorbate 80, tartaric acid,
and sodium hydroxide and/or hydrochloric acid. These inactive ingredients are widely
used in commercial parenteral products. All excipients used for the lyophilized drug
product and diluent are compendial (USP/NF) ingredients.

The composition of the commercial formulation is as follows:
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Table 1. Compaosition of Lyophtilized Product

' , Reference to
ngic nfity per vial' Function
Tngredicnt Quantity per vinl unctio standards
Anidulafungin 50 mg* Active Ingredient
Tructose S0 mg Usp
Manmitol 250 myg usp
Polysorbate 80 125 mg : ‘ NF
Tartaric Acid S6mg NIF
USP
- L 1
Sodium bydroxide (NFY andfor lydrochiorie acid (NF) selution may be ysed
to adjust pH.

\ . _ , : _ ' —

2. What efficacy and safety information (e.g., biomarkers, surrogate endpoints, and
clinical endpoints) contribute to the assessment of clinical pharmacology and
biopharmaceutics study data (e.g., if disparate efficacy measurements or adverse
event reports can be attributed to intrinsic or extrinsic factors that alter drug
exposure/response relationships in patients)?

Anidulafungin was evaluated for efficacy in the treatment of esophageal candidiasis in
one pivotal phase 3 clinical trial (VER002-4). In the pivotal, Phase 3, randomized,
controlled, double-blind, double-dummy study, 601 patients were randomized to IV
anidulafungin 100 mg loading dose/50 mg maintenance dose, or oral fluconazole 200 mg
loading dose followed by 100 mg maintenance dose (the current standard of care) for 14-
21 days. In this population, the primary analysis of efficacy demonstrated that
anidulafungin is at least as efficacious as fluconazole, as assessed by endoscopic success

at the end of therapy (97.2% in the anidulafungin group; 98.8% in the fluconazole group;
treatment difference -1.6%; 95% CI -4.1%, 0.8%).

Table 1: Endoscopic Success in the Clinically Evaluable Population

Anidulafungin | Fluconazole Yo
N=249 N=255 Difference®
(95% CD
End of Therapy 242 (97.2%) 252 (98.8%) | -1.6 (-4.1,0.R)

*Caleulated as anidulafungin minus fluconazole

The analysis of secondary endpoints at end of therapy, including clinical and mycological
responses, and secondary populations, provided confirmation of the primary endpoint.
However, clinical and endoscopic relapses occurred at follow-up visits in both
anidulafungin and fluconazole treatment groups, supporting the need for chronic
suppressive therapy following treatment for esophageal candidiasis. As seen in the figure
given below anidulafungin was clearly non-inferior to fluconazole in the treatment of
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esophageal candidiasis at the end of treatment, but was inferior to fluconazole at follow-
up investigation.

Phase 3 EC Study: Endoscopy Outcomes
(FDA Analysis: Dr. Imo Ibia)

100 A
Q
é 80 -
L
=2
@ 40 -
v
Q
g 201
N
Anidulafungin| Fluconazole |Anidulafungin| Fluconazole |
(EOT) (EOT) (2 WK FU) (2 Wk FU)
B Improvement 9.1 5.1 Sustaingd Success
B Cure 88.3 93.4 39 69.1

These data confirmed and improved upon the proof of concept efficacy data obtained in
Phase 2 study XBAF, in which a dose response was observed with endoscopic success
rates of 78.6% and 88.9% in patients who received loading/maintenance dose regimen of
50/25 mg and 70/35 mg anidulafungin, respectively.

B. General Clinical Pharmacology

1. What is the basis for selecting the response endpoints, i.e., clinical or surrogate
endpoints, or biomarkers (also called pharmacodynamics, PD) and how are they
measured in clinical pharmacology and clinical studies?

Not Applicable

2. Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure response
relationships? (if yes, refer to IV. F, Analytical Section; if no, describe the reasons)

Yes, please refer to IV. F, Analytical Section.

3. What are the characteristics of the exposure-response relationships (dose-response,
concentration-response) for efficacy and safety?

Although the applicant conducted no formal exposure-response analysis, a retrospective

analysis of the PK/PD relationship was conducted using data from both oral and IV

formulations following completion of the pivotal clinical trials. The highlights of the

analysis are summarized below:

* A sigmoidal maximum effect (En.x) model was used to describe the PK/PD
relationship. Clinical response is associated with drug exposures of greater than 35
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mg-b/L within each dosing interval, average steady state concentrations of 1.5 mg/L,
and trough concentrations of greater than 1 mg/L.

e With a 100/50 mg dosage of anidulafungin, steady state is achieved by the second
dose and plasma concentrations reach a maximum of approximately 3 to 4 mg/L.
Concentrations are maintained above 1 mg/L throughout the dosing period and above
2 mg/L for more than 50% of the dosing period.

e The anidulafungin t;,; is approximately 26-40 hours.

e Clinical trial experience has shown that the concentrations achieved by the 100/50 mg
regimen are appropriate for the treatment of esophageal candidiasis.

e In Clinical Study VER002-4, 300 patients were treated with IV anidulafungin (100/50
mg regimen) and 301 patients were treated with oral fluconazole. Duration of
treatment for both treatment groups was 14 to 21 days. The primary efficacy
endpoint, endoscopic response at the end of therapy, clearly demonstrated the non-
inferiority of anidulafungin compared to fluconazole, the current standard of care. At
the end of therapy, 242 (97.2%) of 249 clinically evaluable patients in the
anidulafungin group had endoscopic success, compared with 252 (98.8%) of the 255
clinically evaluable patients in the fluconazole group.

e Dosage rationale is also based on safety findings of anidulafungin. No protocol-
defined MTD was identified in Phase 1 clinical trials in which the highest tested dose
of anidulafungin was a 260/130 mg regimen (Clinical Study VER002-5). The
proposed 100/50 mg regimen is less than half of the highest anidulafungin dose tested
in humans.

A review of the limited information provided by the applicant indicated that the exposure
response analysis is incomplete. There appears to be a trend in the PK/PD relationship of
anidulafungin (see Figure 6.4 below). Some efficacy was observed following
administration of 35 and 25 mg anidulafungin (given with loading doses of 70 and 50 mg,
. respectively). The AUC corresponding to these dose levels are in the range of 30-37 mg-
hr/L and the steady-state concentrations (Cs) are in the range of 1.2-1.5 mg/L. At a
higher dose of 50 mg anidulafungin (given with a loading dose of 100 mg), higher
efficacy was observed and the corresponding AUC and Cg; values are 55 mg-hr/L and 2.3
mg/L. While the analysis provides an indication of the exposure levels needed to achieve
efficacy, there is no systematic evaluation of the relationship of exposure and safety of
anidulafungin at various doses.
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FIGURE 6.4A. RELATIONSHIP BETWEEN ANIDULAFUNGIN PHARMACOKINETIC PARAMETERS AND CLNICAL EFFICACY IR
OROPHARYNGEAL AND ESOPHAGEAL CANDIDIASIS STUDIES *
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a) based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship?
Both Cpax and AUC were dose-proportional over the range of 6 — 100 mg given as a

single dose. As shown in the table and figure below, the clearance and volume of
distribution did not change with increasing dose.

TABLE 6.3.2A. MEAN (%CV) PHARMACOKINETIC RESULTS FROM
SINGLE-DOSE STUDIES XBAE AND 1011,

ernenenyrens DOSEE (ke in Sludy XBAE Dages (mg) in Sludy XBAE Doses (mg) in Study 101
Phartseokingtic 0.1 DAY kS i 50 T i 3 7 10
Paramelers n# ) (i 2 §) {n=7) {n @) it =7} {1t 7} fue (1 ™ §) {11« 6) fn &)

Comimyl)  3B(110) 0.76(18.9) 1720840 3.69(266) 252(14.9) 201(23.3) 383(13.0)  25(084)  333(158)  a61{12)
AUCIEd)  TOTRA 1440143) 375{80) 6060135 SIA(AT) GOA(ISH) 103(158) S66(T0) 7T78(1A3) 116(134)
CLILD  001(10M) LOGR4D) 057(89) LI1I{265) DI6(H44) 10409 0I5(162) 089(66) 092(125) 0.88(141)
Vi (L) 36(163) 376017 S0 HIP0T 394(160) M{IT  BE(2T 6L 6T(154) 38(120)
tyz () 33(122)  28(145) 4266 30466 9385 456103 423048 333LH 6001 332(08)
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Figure XBAE 5.7.4. Individual LY303366 Clearance {CL.) and Steady-state
Velume of Distribution (V,.) Over the studied dosage range
of LY303388.

b) do PK parameters change with time following chronic dosing?

The half-life of anidulafungin obtained from administration of single doses was about 26-
40 hours. Following repeat administration, the accumulation ratio was approximately 2.
The clearance (CI) and volume of distribution (Vss) at steady state did not change with

chronic dosing.
TABLE 6.3.2C. MEAN {%CV) PHARMACOKINETIC RESULTS FROM MULTIPLE-DOSES OF

TV ANIDULAFUNGIN IN HEALTHY SUBJECTS

Study Number XBAU XBAU VER002-1 VER002-1 VER002-5 VEROU2-3 VER002-3
Loading Dose {mg/Day 1) 30 7 100 140 150 200 260
Daily Dose {mg/day) 13 33 70 100 73 100 130
‘Number of Patients (n=73% {(n=06) n=5% n=23" (n=9% {n=10) (n=10)
Study Day 7 7 10 10 11 10 10
Coefmg'L), maximum 1.60(23.2) 355(13.2) 3.83(13.9) 7.17{3.3) 49 S?O 8.6{16.2) 109¢11.7)
C,, (mg’L), average 0,68 (17.8) 1.76 (14,53 236(11.6) 413(6.9) 2.72° (8.8) 466%(249)  7.04°(10.8)
AUC, (mahrL) 164(178)  423(14.5) 56.6(11.6) 99.0{6.5) 65.5(3.8) 11.8{249)  168.9(10.8)
1y (h) 42.2{12.5) 43.2{17.7) 26.6{19.7)  24.9020.D) 51.2(6.9) 52.0(11.7) 50.3(9.7
CL (Lih} .0.94(16.2) 0.84 (13.53 1.3(13.2) 1.0(6.7) L15(8.5) 0.94 (24) 0.78¢11.5)
V(L) 45 {13.1) 42.1(12.9) 48 (14.6) 38 (14.5) 64.8(18.3) 47.4 (27.6) 42.4 (10.4)

¢) how long is the time to the onset and offset of the pharmacological response or
clinical endpoint?
Not Applicable

d) are the dose and dosing regimen consistent with the known relationship between
dose-concentration-response, and are there any unresolved dosing or administration
issues?

In the pivotal efficacy study, a higher relapse rate of esophageal candidiasis was observed

in patients treated with IV anidulafungin (100 mg loading dose followed by 50 mg

maintenance dose) at follow-up, 14 days after the end of treatment, compared to patients
treated with oral fluconazole. This higher relapse rate contrasts with the comparable
efficacy seen in the patients in both treatment groups at the end of treatment (14 days).

The reasons for this higher relapse rate are not clear. However, this indicates that the

dosage regimen used for anidulafungin may not be appropriate for the treatment of

esophageal candidiasis. A higher dose or the current dose administered for a longer
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duration of time may be more appropriate for anidulafungin for the treatment of
esophageal candidiasis.

A retrospective analysis of the effect of exposure (AUC and Cirougn) of anidulafungin on
the relapse rate of patients in the pivotal efficacy study was performed by Dr. Yaning
Wang, the pharmacometrics reviewer. However, no statistically significant relationship
was found between AUC or Cyouen and the relapse rate at follow-up for patients in
anidulafungin group.

4. How does the PK of the drug and its major active metabolites in healthy volunteers
compare to that in patients? '

The plasma drug concentration measurements were found to be similar between healthy

subjects and patients. Please see below for a comparison of the PK parameters between

healthy subjects and patients.

a) ‘'what are the basic PK parameters?

The mean (CV as %) PK parameters in healthy volunteers following single dose
administration are given below:
Doses (mmg)
Pharmacokinetic 50 70 100
Parameters n=7) =7 =7
Crax (mg/L) | 2.52(14.9) | 2.91 (23.7) |3.83 (15.0)
AUCqr(mg*h/L)| 53.3 (14.7) | 69.4 (18.9) | 105 (15.6)
CL (L/h/kg)  |0.0128(10.9)|0.0136 (12.6)0.0128 (9.4)
V, (L/kg) 0.53 (12.9) | 0.57(13.2) | 0.51 (10)
tu (h) 39.3(8.5) | 45.6(10.3) |42.3 (14.8)

The elimination half-life of the drug varied between studies and ranged between 26 — 40
hours. ‘

Figure XBAE 5.7.1. Mean LY303366 Plasma Concentrations following 0.1, 0.2,
0.5 and 1.0 mg/kg (Grotups A and B) intravenaus infusion
over approximately 20 minutes {Cartesian scale for laft
panet and Semilogarithmic for right panel).
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The PK parameters in patients estimated using the population approach, upon

administration of a 100 mg loading dose followed by 50 mg maintenance dose is given
below:

Css (mg/L) 3.5
AUC, (mg*h/L) 55
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CL (L/h/kg) 0.0142
V, (L/kg) 0.7
t,75 (h) 255

b) is this a high extraction ratio or a low extraction ratio drug?
Anidulafungin is a low extraction drug.

¢) does mass balance study suggest renal or hepatic the major route of elimination?
The mass balance study indicated that the renal and hepatic routes of elimination are not
significant. The major route of elimination of anidulafungin is chemical degradation
followed by biliary excretion.

5. What is the inter- and intra-subject variability of PK parameters in volunteers and
patients, and what are the major causes of variability?

The interindividual variability of the pharmacokinetic parameters was low (<30). The

intersubject variability (%CV) for Cyay ranged from 11% to 27% in Study XBAE and

from 8% to 16% in Study 101L. The intersubject variability (%CV) for AUC ranged

from 7% to 19% in Study XBAE and from 7% to 13% in Study 101L.

C. Intrinsic Factors

1. What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or
response and what is the impact of any differences in exposure on the
pharmacodynamics?

The applicant performed a population pharmacokinetic analysis based on 600

Anidulafungin concentrations from 225 patients across 4 clinical trials (VER002-4,

VER002-6, VER002-7 and VER002-11). The objectives of the analysis were to identify

potential clinically significant factors for dose adjustment and to determine the sources of

variability in anidulafungin pharmacokinetics to explain the various plasma profiles of
anidulafungin in different patients for safety and efficacy concerns. The population PK
analysis was reviewed by Dr. Yaning Wang, the pharmacometrics reviewer (see

Appendix C for complete review). Based on the results of the analysis, recommendations

for dosage-adjustment are given below:

2. Based upon what is known about exposure-response relationships and their
variability, and the groups studied (volunteers vs. patients); what dosage regimen
adjustments, if any, are recommended for each of these subgroups (examples shown
below)? If dosage regimen adjustments are not based upon exposure-response
relationships, describe the alternative basis for the recommendation.
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a) elderly

No systematic analysis of the differences in PK between elderly and young subjects was
performed. However, because anidulafungin is not renally eliminated, dosage
adjustments in elderly subjects are not necessary.

b) pediatric patients; Also- what is the status of pediatric studies and/or any pediatric
plan for study?

Safety and effectiveness in pediatric patients and adolescents less than 18 years of age

have not been established.

c) gender

No dosage adjustment of anidulafungin is required based on gender. Plasma
concentrations of anidulafungin in healthy men and women were similar. In multiple-
dose patient studies, drug clearance was slightly faster (approximately 22%) in men
Versus women.

d) race, in particular differences in exposure and/or response in Caucasians, African-
Americans and/or Asians -

No dosage adjustment of anidulafungin 1s required based on ethnicity. Anidulafungin

pharmacokinetics were similar among Whites, Blacks, Asians, and Hispanics.

e) renal impairment

No significant changes in the pharmacokinetics of anidulafungin have been observed in
studies of patients with various renal function. No dosage adjustments for patients with
renal impairment are recommended by the applicant and this is acceptable.

f) hepatic impairment

No significant changes in the pharmacokinetics of anidulafungin have been observed in
studies of patients with various liver function. No dosage adjustments for patients with
hepatic impairment are recommended by the applicant and this is acceptable.

g) what pregnancy and lactation use information is there in the application?

There are no adequate and well-controlled studies in pregnant women. Anidulafungin
should be used during pregnancy only if the potential benefit justifies the risk to the fetus.
In animal studies, no selective reproductive toxicities were observed. Anidulafungin did
not produce any developmental (embryo/fetal toxicity, teratogenicity) toxicity in rats at
the highest dose tested, 20 mg/kg/day (8 times the human exposure provided by a 50 mg
dose on a relative AUC basis). At a maternally toxic dose of 20 mg/kg/day, incomplete
ossification of the metacarpals, and fetal weight depression occurred in rabbits (4 times
the human exposure provided by a 50 mg dose on a relative AUC basis). Anidulafungin
crossed the placental barrier in rats and was detected in fetal plasma.
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h) other factors that are important to understanding the drug’s efficacy and safety

No dosage adjustment of anidulafungin is required based on HIV status, irrespective of
concomitant anti-retroviral therapy. Anidulafungin pharmacokinetics in HIV-infected
subjects were similar to those observed in non HIV-infected subjects.

D. Extrinsic Factors

1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence exposure and/or response and what is the impact of any differences in
exposure on pharmacodynamics?

No systematic analysis of the effect of the above-mentioned factors was conducted.

2. Based upon what is known about exposure-response relationships and their variability,
what dosage regimen adjustments, if any, do you recommend for each of these
factors? If dosage regimen adjustments across factors are not based on the exposure-
response relationships, describe the basis for the recommendation.

Not Applicable

3. Drug-Drug Interactions
a) 1s there an in vitro basis to suspect in vivo drug-drug interactions?
There is no in vitro basis to suspect in vivo drug-drug interactions.

b) is the drug a substrate of CYP enzymes?
The drug does not appear to be a substrate of CYP enzymes

c) is the drug an inhibitor and/or an inducer of CYP enzymes?
The drug does not appear to be an inhibitor or inducer of CYP enzymes.

d) is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes?
The applicant did not evaluate if anidulafungin is a substrate or an inhibitor of P-
glycoprotein.

e) are there other metabolic/transporter pathways that may be important?

There is no evidence to suggest that other metabolic/transporter pathways are
important.

f) does the label specify co-administration of another drug (e.g., combination therapy in
oncology) and, if so, has the interaction potential between these drugs been
evaluated?

The label does not specify co-administration with another drug.

g) what other co-medications are likely to be administered to the target patient
population?

The target population with esophageal candidiasis may be co-administered other drugs to

treat HIV infection/AIDS. However, no interaction is expected based on the results of in

vitro drug metabolism and the population PK analysis.
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h) are there any in vivo drug-drug interaction studies that indicate the exposure alone
and/or exposure-response relationships are different when drugs are co-administered?
There are no in vivo drug-interaction studies to indicate differences in exposure.

1) is there a known mechanistic basis for pharmacodynamic drug-drug interactions, if
any? .

There is no known mechanistic basis for drug-drug interactions, since anidulafungin is

not metabolized by renal or hepatic pathways.

J) are there any unresolved questions related to metabolism, active metabolites,
metabolic drug interactions or protein binding?

There are no unresolved issues related to metabolism, active metabolites and protein

binding.

E. General Biopharmaceutics

1. Based on BCS principles, in what class is this drug and formulation? What solubility,
permeability and dissolution data support this classification?
Not Applicable (Amdulafungin is formulated as an IV infusion.)

F. Analytical Section

1. How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies?
The plasma samples from the initial human PK studies were analyzed by a validated high
performance liquid chromatographic (HPLC) procedure with either fluorescence
detection (Studies XBAE, XBAU, XBAA and XBAB) or ultraviolet (UV) detection at
300 nm (Studies 101L, XBAW, VER002-1, VER002-2, VER002-3, and VER002-5).
Plasma samples from studies VER002-8 and VER002-10 and all the samples used for
population PK analysis were analyzed using a validated liquid chromatographic tandem
mass spectrometric (LC/MS/MS) procedure. Urine samples were analyzed by a
validated HPLC procedure with fluorescence detection.

2. Which metabolites have been selected for analysis and why?
Not Applicable

3. What bioanalytical methods are used to assess concentrations?

a) what is the range of the standard curve? How does it relate to the requirements for
clinical studies? What curve fitting techniques are used?
Please see below for a table that shows the comparison of assay parameters

b) what are the lower and upper limits of quantification (LLOQ/ ULOQ)?
Please see below for a table that shows the comparison of assay parameters

c) what is the accuracy, precision and selectivity at these limits?
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Assay HPLC-Fluorescence | HPLC-UV LCMS ,
Calibration Range 5 — 1000 ng/mL 20-5120 ng/mL | 101 — 20,165 ng/mL
Inter-assay Accuracy | 98.5 —109.8% 95.5-101% 101 — 104%
Precision 33-12.2% 1.33-11.6% 3.2-13.4%
Recovery 59 — 64% 80.23 — 82.3% Not Available
Internal Standard 1Y306168 LY306168 Efavirenz

d) what is the sample stability under the conditions used in the study (long-term, freeze-
thaw, sample-handling, sample transport, autosampler)?
Anidulafungin was found to be stable in plasma when stored frozen at —20° C or —70°

Cfor[

7 without significant deterioration after— successive freeze-thaw cycles.

Some deterioration was observed for samples stored at room temperature and atZ

after 24 hours.

Apvears This Way

On Origindl
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Appendix A. Individual Study Reviews (Available upon request)
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Executive Summary

A population pharmacokinetic analysis was performed for Anidulafungin (NDA 21-632)
following intravenous infusion. Six hundred Anidulafungin concentrations from 225
patients across 4 phase II and III clinical trials were used for this analysis. The objectives
of this analysis were:

Identify potential clinically significant factors for dose adjustment

Determine the sources of variability in Anidulafungin’s pharmacokinetics to
explain the various plasma profiles of Anidulafungin in different patients for
safety and efficacy concerns

A mathematical model was developed to describe Anidulafungin plasma concentrations
for these patients. The results of the analysis showed:

Patient body weight, gender, and the effect of being in one specific study (Study
VERO002-6 where the patients had invasive candidiasis) were identified to be
statistically significant predictors for the variability in the clearance of
Anidulafungin, but together they only accounted for less than 20% of the overall
variability in clearance and therefore may be deemed to be of little clinical
significance.

The presence of metabolic substrates, metabolic inhibitors, metabolic inducers, or
rifampin had no effect on the clearance of Anidulafungin.

The data in the 4 clinical studies (mainly sparse samples) used in this analysis
only supported 34.9% between-subject variability in the clearance of
Anidulafungin. Less than 20% of this overall variability could be explained by
patient body weight, gender and whether the patients were in Study VER002-6
and the rest of it could be due to random between-subject variability or controlled
by other unknown factors. Proportional random residual error (24%) also
contributed to the variability in plasma concentrations of Anidulafungin in
different patients. :

Recommendation:

The sponsor’s claim about the pharmacokinetic similarity of Anidulafungin between HIV
positive and negative patients should be adjusted to show the limitations in the data.
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Introduction

Summary

This NDA (21-632) submission is seeking approval for Anidulafungin. Anidulafungin is
a novel compound that has been evaluated as a potential treatment for esophageal
candidiasis. Anidulafungin is a member of a new class of antifungal drugs whose
antifungal effects are believed to result from selective inhibition of the synthesis of
glucan, an essential component of fungal cell walls. It is being developed as a sterile,
lyophilized product for intravenous (IV) infusion.

Anidulafungin is rapidly and extensively distributed following IV infusion. The volume
of distribution 1s 30 - 50 L, similar to the whole body fluid volume. Plasma
concentrations and exposures of Anidulafungin are dose-proportional and have low
intersubject variability (coefficient of variation <25%). Using a loading dose on day 1
that is twice the daily maintenance dose, steady state is achieved following the second
dose. Anidulafungin has a half-life of approximately 1 day that characterizes the majority
of the plasma concentration-time profile. Anidulafungin is moderately protein bound
(84%) in humans. Anidulafungin is slowly chemically degraded at physiologic
temperature and pH to a ring-opened peptide that lacks antifungal activity. The ring-
opened peptide is subsequently degraded and eliminated. Anidulafungin and its
degradation products are eliminated in feces. Anidulafungin is not excreted in urine.
Plasma clearance of Anidulafungin is approximately 1 L/hour and is dose independent.
Repeated dosing does not influence distribution or clearance. Greater than 90% of the
drug is eliminated as small tertiary degradation products in feces. A small amount of
intact drug (<10%) and negligible amount of ring-opened product were observed in feces.

In the treatment of esophageal candidiasis in clinical studies, Anidulafungin was shown
to be at least as effective as fluconazole (97.2% versus 98.8%) based on the proportion of
patients with a successful endoscopic response at the end of therapy. At the 2 week
follow-up visit, however, sustained endoscopic success was observed in 64.4% and
89.5% of patients treated with Anidulafungin and fluconazole, respectively. There was no
emergence of resistance to Anidulafungin in any clinical study.

The sponsor performed a population pharmacokinetic analysis of intravenous
Anidulafungin based on 600 Anidulafungin concentrations from 225 patients across 4
phase II and III clinical trials. A two-compartment model with first order elimination was
found to be the structural model with the clearance being influenced by weight, gender,
and the effect of being in Study VER002-6. Inter-patient variability in the central volume
of distribution was not supported in the model. However, weight was determined to be a
predictor of the central volume of distribution. Inter-patient variability in CL was
estimated to be 28%. Although weight, gender, and the effect of being in Study VER002-
6 were identified as sources of variability in CL, together they accounted for less than
20% of the overall variability and therefore may be deemed to be of little clinical
relevance. The presence of metabolic substrates, metabolic inhibitors, metabolic inducers,
or rifampin had no effect on the clearance of Anidulafungin. The results were used to
support the sponsor’s claim that no dosage adjustments were required for geriatric status,
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gender, weight, ethnicity, disease status, hepatic impairment, renal impairment, and
concomitant medications.

Objective of the analysis

» Identify potential clinically significant factors for dose adjustment

¢ Determine the sources of variability in Anidulafungin’s pharmacokinetics to
explain the various plasma profiles of Anidulafungin in different patients for
safety and efficacy concerns

Methods

Objectives and Assumptions

Objectives

e Develop the population pharmacokinetic model for Anidulafungin after
intravenous infusion

¢ Determine the statistical significance of possible covariates on the population
pharmacokinetic parameters

e Estimate the intersubject variability of the pharmacokinetic parameters and the
random residual error

Assumptions

The same pharmacokinetic structural model applies to all the patients
All the individual pharmacokinetic parameters follow log-normal distribution _
The errors in the residual error model follow normal distribution with mean 0 and
independent
The concentration measurements at different time points are independent

e The measurements of time and covariates are error-free

Study Design/Data

The sponsor performed this population pharmacokinetic analysis based on 600
Anidulafungin concentrations from 225 patients across 4 clinical trials (VER002-4 (PK),
VER002-6, VER002-7, and VER002-11). The study design and pharmacokinetic
sampling schedule for each study is presented in Table 1. Table 2 listed the summary of
the demographic information and other potential covariates.

Table 1. Designs of the Four Studies Included in the Population PK analysis

Study Patients (n) Dosing regimen Sampling
VER002-4 (PK) | esophageal 100/50mg Day 3: Post-dose
candidiasis (129) _ Day 7: Pre-dose

Day 14: Delayed post-dose
Day 21 Pre-dose

VERO002-6 nvasive ' 100/50, 150/75 , | Day 3: Post-dose
candidiasis (87) or 200/100 mg Day 6: Pre-dose
Day 13: Delayed post-dose

Page 24 05/10/04




Day 20: Pre-dose

VERO002-7 ivasive 200/100mg with | Similar to VER002-4 (PK)
aspergillosis (7) AmBisome®.

VER002-11 fluconazole 100/50mg Day 1: Pre-dose
refractory Day 7: Pre-dose, 30 minutes
mucosal after the start of infusion, at
candidiasis (2) the end of infusion, 15, 30,

and 60 minutes after the end
of infusion, and 3, 6, 12, and
24 hours after the start of
infusion

Day 14: Pre-dose

Since the sponsor did not submit the original data and the code for constructing the data
to NONMEM format (although this was requested), only visual inspection of plots was
conducted for the final NONMEM data (VES00100 NM2.csv).

Modeling and Simulation

.The sponsor initially established the structural (compartmental) and statistical
(variability) models without the inclusion of covariates.

Software

The sponsor developed the population pharmacokinetic model by applying a non-linear
mixed-effects modeling approach with First Order (FO) and First Order Conditional
Estimation with Interaction (FOCEI) maximum likelihood estimation in the NONMEM
program (double precision, Version V, Level 1.1) and NM-TRAN pre-processor. Models
were compiled using Compaq Visual Fortran (Version 6.6) and were run via PDx-Pop
(Version 1.1j) under the Windows NT4 operating system. All figures were created using
SP1lus2000 for Windows. The reviewer evaluated the results by applying the same
versions of NONMEM and Compaq Visual Fortran except via WINGS for NONMEM
(Version 404) under the Windows 2000 professional operating system.

Structural Model

The sponsor explored one- and two-compartment linear models in fitting the
Anidulafungin plasma concentration data. The models were parameterized in terms of
clearance (CL), central volume of distribution (V1), intercompartmental clearance (Q),
and peripheral volume of distribution (V2).

The sponsor developed the initial structural model by using the First Order (FO)
estimation method in NONMEM and refined the base model with the First Order
Conditiona] Estimation with Interaction (FOCEI) method in NONMEM once an
appropriate base model was chosen.

The following criteria were applied by the sponsor to select the appropriate base
population pharmacokinetic model:
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« asignificant reduction in the objective function value (p < 0.05);

e decrease in the residual error and in some cases, the standard error of the model
parameters;

» randomness of the individual weighted residuals distribution against the predicted
concentration and time;

» randomness of the observed concentration distribution versus individual predicted
concentration values across the identity line

Random Variance Models

The sponsor utilized an exponential error model to describe the between-subject
variability in all pharmacokinetic parameters, e.g., for CL:

CLj= CLg; exp(n;jcL), (Eq.1)

where exp(nj CL) denoted the difference (proportional) between the true individual
parameter (CLj) and the typical value (CLOj) predicted for an individual with covariates
equal to those of patient j. In the base model without covariates, CLOj is the same for all
individuals, and it was denoted by CLO. Inter-patient variability was modeled the same
way for the other parameters. The individual random effects, 11’s (e.g., nj CL), are
random variables following normal distribution with a mean of zero and variances of ©>
(e.g., ®° CL). Models with the diagonal and full variance-covariance matrix (Q) of
between-subject random effects were evaluated.

The sponsor modeled the residual variability with a combined additive and constant CV
error model:

Yij=Fij+Fije"ij+e?ij. (Eq.2)

Yij and F ij were the ith measured and model predicted plasma concentrations for the jth

patient, respectively. The parameters ¢ © ij and € i} denoted the random residual error
for the constant coefficient of variation (CV) and additive portion of the error,
respectively.

Both of them were assumed to follow normal distributions. Means of all the residual error
terms were assumed to be equal to zero; variances were denoted as 02p and GZA,
respectively. The random variables € ij and € * ij were assumed to be independent. The
independency between € ' ij and & ¥ 1’j where i#i’ or j#’ was assumed even though the

sponsor did not explicitly mention it. The same assumption was also taken for € * ij .

Covariate Model

The sponsor explored for influential prognostic factors from demographic data (age,
weight, gender, and race), presence of concomitant medication categories (metabolic
substrates, metabolic inducers, and metabolic inhibitors), presence of rifampin and different studies
(VER002-4 (PK), VER002-6, VER002-7, and VER002-11).

Continuous covariates were entered into the model according to equation 3:
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P=6,+6,-(COV-COV) (Eq.3)
where:

P is the individual estimate of the parameter obtained by empirical Bayesian estimation in
NONMEM.

0, represents the typical value of the parameter (when COV=COV)

0, represents the slope of the effect of the covariate on the parameter (for example, body
weight or age)

COV is the value of the covariate

COV is the median value of the covariate in the study population

Categorical covariates were included in the model using indicator variables as shown in
equation 4:

P=6, +6,-IND (Eq. 4)

Where:

P is the individual estimate of the parameter

6; represents the typical value of the parameter when IND = 0

8, represents the effect of the covariate (when IND = 1)

IND 1s an indicator variable, which has a value of 1 when the covariate is present,
otherwise IND =0

The relationships between covariates and individual pharmacokinetic parameters were
explored graphically and via Generalized Additive Modeling (GAM) analysis in Xpose
(A population model building aid for NONMEM using SPLUS). The sponsor built an
initial “full” model by incorporating all of the covariates that were significant based on
Akaike Information Criteria (AIC) values from the GAM analysis and then used a
backward elimination process to evaluate the significance of each covariate in the “full”
model. The criteria applied by the sponsor to remove a covariate from the model were the
minimum objective function (MOF) did not increase by more than 10.83 (x>, p < 0.001;
df=1) and no substantial increase occurred in the corresponding random effect parameter.
After the final model was built, the sponsor tested the possible influence of patient HIV
status and the diluent used to reconstitute drug product on the final model.

Final Model Evaluation

The sponsor evaluated the ability of the final Anidulafungin population PK model to
describe the observed data by using Monte Carlo simulations in NONMEM. The final
Anidulafungin population PK model, including final fixed effect parameters and random
effect parameters (between-subject variability and residual error) were used to create 100
replications of the observed PK data set. The sponsor calculated the 90, 80, 50
(median), 20™ and 10™ quantiles of the simulated data for each time point and plotted
them against the observed data to show that the majority of observed data fell within the
boundaries of the 90" and 10™ quantiles of the simulated data, suggesting that the
observed data could be accurately described by the derived population PK model.
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Results
Data Integrity

Plots of the concentrations versus absolute sampling times showed inconsistency between
the data and the protocol. In the protocol for study VER002-4 (PK), the sampling
scheme was presented as follows:

Day 3: Post-dose (0-4 hours following the end of infusion)

Day 7: Pre-dose :
Day 14: Delayed post-dose (ideally 8-12 hours following the end of infusion)
Day 21 Pre-dose (if patient remains on study therapy)

But the plot (Figure 1) showed that all the samples on day 7 and day 21 are post-dose
samples. Based on the protocol, those samples should be post-dose samples relative to
day 6 and day 20. Since the sponsor treated all the sampies as steady state concentrations,
the modeling output should not be affected by this inconsistency as long as the post-dose
times were correctly calculated relative to day 6 and day 20. However, it is believed to be
a coding error during NONMEM data construction. The same situation happened for
study VER002-6 and study VER002-7 but not for study VER002-11.

Model and Model Selection
Model description

Two-compartment model was found to best fit the data. The data did not support the
estimation of between-subject variability for any pharmacokinetic parameters but CL.
Weight, gender and being in study VER002-6 were found to be statistically significant
covariates for CL and weight was also a significant covariate for V1. The covariate
models for CL and V1 were described by equation 5 and 6.

CL (L/h) = 0.768 + 0.00417*(WT-60kg) + 0.166*Gender + 0.278*Study (Eq. 5)
(Gender = 1 for male and 0 for female and Study = 1 for VER002-6 and 0 for all others)

V1(L)=0.215* WT (Eq. 6)

Parameter estimation results

The parameter estimates, their estimation precision, between-subject variability and
residual error were tabulated in Table 3.
Goodness of fit

The diagnostic plots shown in Figure 2 and Figure 3 demonstrated the goodness of fit of
the final population pharmacokinetic model for the observed Anidulafungin
concentrations.

Model Selection

Two-compartment model was found to fit the data significantly better than one-
compartment model. During the base model development, the sponsor first removed the
between-subject variability for V1 and V2 (Model 101) because the estimates from FO
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method were approximately zero with poor precision (%RES>1000%). The reduced
model was justified by the insignificant change in MOF (Table 4). When FOCEI method
was used and failed to generate the covariance output, the sponsor believed that the
model (Model 007) might be over-parameterized or might be at a local minimum (I think
the sponsor really meant to state “may be at a local minimum” even though “may not be
at a local minimum” was written in the report) and therefore removed the between-
subject variability for Q. The sponsor justified this step by stating that the between-
subject variability on Q was very high as demonstrated by a %CV of 89.6%. The
reviewer conducted a simulation at two different scenarios (Table 6), assuming known
between-subject variability for V1 and V2 at two levels. The first level of between-
subject variability for V1 and V2 (Table 5) were obtained by fitting the data pooled from
5 phase 1 studies (101L, XBAE, XBAU, VER002-1 and VER005-5) with Model 003H.
Since the between-subject variability for CL estimated for healthy volunteers (Table 5)
was only half of that for patients, a higher level (twice the first level) of between-subject
variability for V1 and V2 was also tested. The simulated data were fitted with Model 101
to evaluate the impact of fixing the between-subject variability for V1, V2 and Q to zero
on the estimation of CL and its between-subject variability. The sponsor further removed
the additive error term (Model 222) because it was poorly estimated and might not be
necessary in the residual error model. The impact of this step was also evaluated by
fitting the simulated data with Model 222 (Table 6). Model 222 was chosen by the
sponsor as the base model and only CL had a between-subject variability term.

The sponsor fitted Model 222 with two alternative parameterizations to confirm that the
data supported between-subject variability only on CL or its reparamerized alternative.
The reviewer reevaluated one of the two alternative parameterizations (Table 7).

For the covariate model building, weight was tested for potential covariate for V1 and V2
despite the lack of between-subject variability on V1 and V2 in the base model (Model
222). Based on the GAM screening results, weight, gender and study were incorporated
into the “full” model as potential covariates for CL via a linear equation. Due to the
convergence problem, certain restrictions was put on the covariate model for V1,
resulting in a simple intercept model without centering (Model 309). The final model
(Model 404) was obtained after the backward elimination process (Table 8). Patient HIV
status, the presence of concomitant medications, such as metabolic substrate (SUB),
metabolic inducers (IND), or metabolic inhibitors (INH), the presence of rifampin (RIF)
and the diluent (DIL) used for reconstitution (water or ethanol) were tested on the final
model and none was found to be significant (Table 8).

Model Evaluation

The sponsor calculated the 90™, 80™, 50™ (median), 20™ and 10™ quantiles of the 100 sets
of simulated data for each time point and plotted them against the observed data (Figure
4. The majority of observed data fell within the boundaries of the 90" and 10™ quantiles

of the simulated data, suggesting that the observed data could be accurately described by
the derived population PK model.

Discussion

Page 29 05/10/04



Thé significance of the results

The sponsor claimed that no dosage adjustments were required for geriatric status,
gender, weight, ethnicity, HIV status and concomitant medications based on the results of
this analysis.

The validity of the results

In general the results of the analysis are valid. However the impacts of certain restrictions
applied by the sponsor during the model development process on the final results should
have been evaluated.

1. The removal of the between-subject variability on Q

Why is high between-subject variability the reason to remove it? What is the impact of
this step on the estimation of CL and its between-subject variability? The reviewer
conducted a simulation to evaluate this impact. The results (Table 6) indicated that the
impact is minimal for the estimation of CL and its between-subject variability even
though the estimation of V1, V2 and Q were affected.

2. The removal of the additive error term in the residual error model

Considering the samples were all taken at steady state and most of them (minimum 0.34
mg/L) were far above the limit of quantification of the analytical assay (0.1mg/L), it is
reasonable to state that the proportional error term was sufficient and the additive error
term was not necessary. The impact of this step on the estimation of CL and its between-
subject variability was shown to be minimal based on simulation results (Table 6).

An alternative to fixing parameters to zero is to add more data for model fitting. Only 4
out of 14 studies with PK data were used for this analysis. The data from other studies,
especially two phase II studies (XBAF n=36 and XBAG n=3), may release some of the
restrictions exerted by the sponsor due to the lack of information about certain parameters
in those 4 studies.

3. Clinical significance of the statistically significant covariates

Even though weight, gender and being in Study VER002-6 were found to be statistically
significant covariates for CL, the sponsor claimed that they were not clinically relevant
since less than 20% of between-subject variability (34.9%) in CL was explained by them.

4. Non-significant effect of HIV status on CL

Given the distribution of HIV status in the database (i.e., N = 184 (82%) HIV test not
performed, N= 10 (4%) HIV negative, and N = 31 (14%) HIV positive), the reliability of
the non-significant results is questionable. The large percentage of non-tested HIV
status, which is in fact a mixture of HIV negative and HIV positive with a ratio that is
likely to be approximately 4%:14%, indicated that the overall effect of HIV status was
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dominated by a mixed effect of HIV negative and HIV positive. This could be the reason
for the non-significance. However, given the relatively simple Anidulafungin elimination
pathway, mainly chemical degradation, the impact of HIV status on CL may not be
clinically relevant.

Overall Conclusions
1. Are there any clinically relevant covariates for dose adjustment?

Although weight, gender, and the effect of being in Study VER002-6 were identified as
sources of variability in CL, together they accounted for less than 20% and therefore may
be deemed to be of little clinical significance.

The presence of metabolic substrates, metabolic inhibitors, metabolic inducers, or
rifampin had no effect on the clearance of Anidulafungin.

Therefore, no clinically relevant covariates for dose adjustment were identified.

2. What are the major sources of variability in Anidulafungin’s pharmacokinetics to
account for the various plasma profiles of Anidulafungin in different patients?

The data in the 4 clinical studies (mainly sparse samples) used in this analysis only
supported 34.9% between-subject variability in the clearance of Anidulafungin. Less than
20% of this overall variability could be explained by patient body weight, gender and
whether the patients were in Study VER002-6 and the rest of it could be due to random
between-subject variability or controlled by other unknown factors. Proportional random
residual error (24%) also contributed to the variability in plasma concentrations of
Anidulafungin in different patients.

Recommendations
Pharmacometrics Labeling Comments

CLINICAL PHARMACOLOGY; Special Populations

HIV Status

No dosage adjustment of Anidulafungin is required based on HIV status, irrespective of
concomitant anti-retroviral therapy. Anidulafungin pharmacokinetics in HIV- 1nfected
subjects were similar to those observed in non HIV-infected subjects.

Proposed Revision:
HIV Status

No dosage adjustment of Anidulafungin is required based on HIV status, irrespective of
‘concomitant anti-retroviral therapy.

a 1
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T 1. A direct comparison

of the results from HIV infected patients and non-HIV infected patients is needed to
support such a statement.
General Comments Not to be Sent to Sponsor

In the analyses, the sponsor should have constructed the data based strictly on the
study protocols even though the outcome would not be affected for steady state
sampling if the actual dosing dates were not correctly used under certain
circumstances.

The sponsor should have evaluated the impact of removing the between-subject
variability for Q on the estimation of the between-subject variability for CL.

Even though the sponsor listed the results from alternative parameterized models,
the data supported the between-subject variability only for CL., However, the
reviewer found that if the model was parameterized in K, V1, K12 and K21, the
model with V1 bearing all the between-subject variability would be significantly
better than the model proposed by the sponsor based on objective function value.
The sponsor should have shown the intermediate steps to help clarify the
conflicting results.

The sponsor should have explained why the full model could identify weight as a
significant covariate for V1 while the base model did not support the between-
subject variability for V1.

The sponsor should be consistent with the terminology. For example, MOF
(minimum objective function) was used in the text but OFV (not defined in the
Glossary of Abbreviations) was used in Table 6.1.7.

Date:

Yaning Wang, Ph.D.
Pharmacometrics Reviewer :
Office of Clinical Pharmacology/Biopharmaceutics

Concurrence: Phil Colangelo, Pharm.D, Ph.D. (TL) Date:
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Appendix B
Exploratory Exposure/Response Analysis for Relapse Rate in Study VER002-4

Introduction

The pivotal study, VER002-4, was conducted to determine whether anidulafungin is at least as effective as
fluconazole in the treatment of esophageal candidiasis.

The sponsor defined the primary endpoint used to assess the non-inferiority of anidulafungin vs.
fluconazole as endoscopic response at the end of therapy (EOT) in the clinically evaluable at EOT
population. The results showed that the endoscopic success rate in the anidulafungin group was 97.2% and
in the fluconazole group was 98.8%, with an associated 95% CI of the treatment difference of (-4.1%,
0.8%). Thus, the lower bound of the CI for the difference in success was > -10%, indicating that
anidulafungin was non-inferior to fluconazole in endoscopic success at EOT. However, the endoscopic
response at follow-up (FU), the secondary efficacy endpoint, indicated a statistically significant lower
persistent success rate in the anidulafungin group (64.4%) than in the fluconazole group (89.5%). The
sponsor did not provide reasonable explanation for this higher relapse rate for anidulafungin, The reviewer,
therefore, tried to explore the possible reason for the higher relapse rate for the anidulafungin group.

Method

A logistic regression model (Eq. 7) was applied to explore the relationship between individual PK metrics
and the relapse status (1 for relapse, 0 for persistent success) at FU for the patients in the anidulafungin
group.

P
10g1_ =6 +5-X
p (Eq. 7)
where p is the relapse rate and X is a PK metric.

The studied PK metrics included the steady state AUC (AUCssi) and the trough concentration (Ctroughi).
The individual AUCssi was obtained according to equation 8:

avc,, = DOSE

L (Eq. 8)

where DOSE:i is the maintenance dose for individual i and CLi is the empirical Bayesian clearance estimate
for individual i. The concentration at approximately 24 hour on day 7 (NONMEM data file) was taken as
the individual Ctroughi. Only those patients who had endoscopic success at EOT and also PK metrics were
included in the analysis. Those patients with indetermined status at FU were either treated as relapse or
removed for the analysis. The PROC LOGISTIC in SAS (Version 8.02) was used for the analysis. PK
metrics were treated as continuous variables and grouping was not conducted. PK metrics on original scale
and log-transformed scales were both tried as the explanatory variable.

Results and Discussion:

The results (Table 9) indicted no statistically significant relationship between AUCssi or Ctroughi with the
relapse rate. Even though AUCss/MIC (minimum inhibitory concentration) or Ctroughi/MIC was believed
to be more reasonable PK metrics for exposure/response correlation, the lack of an established method to
measure MIC for C. albicans, the cause for the majority of cases of esophageal candidiasis, invalidated the
application of MIC for any clinically relevant purpose.

Conclusion:

No statistically significant relationship was found between AUCssi or Ctroughi and the relapse rate at FU
for patients in anidulafungin group.
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Table 2 Summary of Patients Demographics and Other Potential Covariates

Median (range)
- OI' -
Covariate Count (%)
Weight (kg) 60 (31 -154)
Age () 42 (18 — 88)

Gender (male/female)

107 (48%)/118 (52%)

Race\Ethnicity

Caucasian 91 (40%)
Black 26 (12%)
African American 29 (13%)
Asian 41 (18%)
Mixed, Russian, or Hispanic 38 (17%)
Metabolic Substrates 204(91%)
Metabolic Inhibitors 140(62%)
Metabolic Inducers 40(18%)
Rifampin 27(12%)
HIV Status

HIV test not performed 184 (82%)
HIV negative 10 (4%)
HIV positive 31 (14%)
Diluent

Water 1970 %
Ethanol 280
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Table 3: Anidulafungin Final Population Model Parameter Estimates

Anidalafongin Final Model Parameter Estimates — FOCEI Mechod

Structural Model and Inter-patient Variance Parameters

Parameter Typical Value (YoRSE®) Inter-patient % CV (YeRSE*)
CL (L) CL =01 +(WT - MWT)*05 + 28.0% (17.6%)
GENDER*06 + STUDY *97
a1 0.768 (3.80%) -
05 0.00417 (26.9%) -
86 0.166 (25.4%) -
g7 0.278 (20.8%) -
VT (Likg) V= @2 WT NS
62 0.215 (20.3%) -
QL) Q=03 NS
03 20.3 (16.7%) : -
V2 (L) V2 =94 NS
64 19.6 (15.1%) -
Vs (L) 33.4%% 14.30%%%
Tia (h) 25.6%% 29, | ogrns

Parameter

Residual Evror

Estimate (% RSE*)

2]
¢ prop

CeCV= 24 0% (9.69%)

NA

*%RSE: percent refative standard error of the estimate = SE/parameter estimate * 100 (for varfability terms this is (he %RSE pf the

variance estinmate)

**Calculated  from  individual

14V2

leulated as (Standard Devialion Meany® 100
Abbreviations: FOCE] = first order conditional astimation with interaction, €1
intercompartmental clearance, V2 = peripheral volume of distribution, Vss
¢ MalT-life, 0 e = proportional compoent of the residual erver mods. |
= welght (kgy, MWT = 6 ke, GENDER = 1 Tor males and ¢ for females:

Tie = Log{A0. S {(KHKI2HK2-SQRTHKAR 124K 21 4¥K*K2 1)),

Appears This Way
On Original
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Table 4: Summary of NONMEM Runs to Define Anidulafungin Base
Population Pharmacokinetic Structural Model

Anidulafungin Base Structural Model Buflding - FO Method

Motlel # & Parameierization

801 CL.¥
903 CL V1L Q, V2
03 CLVI,Q, V2
ans CL VL, Q, V2
ou? CL, V1, Q, ¥2

Fizhange in MOT relative 1o idodel T

*¢ change in MOV rebilive oo Maxlel (X8
%4 chiange in MQE mlative o Madel 003
S g in MIOE relative o Model 106

Aldaesvigiions: T » first onder astimiation, 8% = intar-paticnt variability, CL e charanee, ¥l=
infercomparimen il cleamines, V2 = peripheral wolume of distibution, §A - Nt Applicsble

Parameters with 1SY
CL and ¥
CL, VI, Q, and v2
CL, 03, and v2
CL, 03, and V1

L)

CL and (G

MOF
688216
&11.516
511516
511.523
611.523

AMOF
NA
76,78
n%*
D.ONTRES
Ol*r-i- .13

ozuiral volume of distributica, £ =

Table 5: Anidulafungin Base Population Pharmacokinetic Parameter Estimates for Healthy Volunteers

(Model 003H)

Anidulafungin Base Model Parameter Estimates-FOCEI Method
Structural Model and Between-subject Variance Parameters

Parameter Typical Value (% RES*) Between-Subject %CV (%RES*)
CL(L/h) . 0.992 (1.8) 17.2 (16.4)
Vi) 203 (3) 26.5(13.9)
Q(L/h) 1.95(17.3) 145.6 (7.1)
V2(L) 18.3 (2.5) 18.5 (17.3)
Parameter Residual Error
Estimate (YoRES*)
o] %CV=11.2% (6.1) NA
o, (mg/L) 0.014 (28.3) NA

* %RSE: percent relative standard error of the estimate = SE/parameter estimate * 100 (for variability terms this is the %RSE of the

variance estimate)

Abbreviations: FOCEI = first order conditional estimation with interaction, CL = clearance, V1= central volume of distribution, Q=

intercompartmental clearance, V2 = peripheral volume of distribution, o= proportional component of the residual error model, o=
additive component of the residual error model, NA = Not Applicable .
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Table 6. The Impact of Certain Restrictions on The Estimation of CL and Its Between-subject Variability

Scenario 1 Scenario 2

Parameter True* . Resl** Fitl*** Res2 Fit2 True Resl Fitl Res2 Fit2

CL(L/h) 0.946 NA 0.942 NA 0.944 0946 NA 0.943 NA  0.949
V1) 9.97 NA 14.5 NA 14.4 9.97 NA 14.6 NA 15.0
Q(L/h) 242 NA | 142 NA 14.4 242 NA 14.0 NA 13.2
V2(L) 23.2 NA 18.2 NA 17.9 23.2 NA 18.4 NA 18.0
%CVeL 31.6 NA 31.6 NA 31.9 31.6 NA 31.2 NA 31.1

%CVy,y 26.5 0 NS 0 NS 52.9 0 NS 0 NS
%CVq 894 0 NS 0 NS 89.4 0 NS 0 NS
%CVv, 18.5 0 NS 0 NS 374 0 NS 0 NS
c1(%) 24.5 NA 24.8 NA 25.8 24.5 NA 25.7 NA 274
o2(mg/L) 0.01 NA 0.16 0 NS 0.01 NA 0.21 0 NS

* True: the true values for parameters used for simulation

*# Res] or 2: restrictions applied by the sponsor

*%% Fit] or 2: Parameter estimates fitted under restriction 1 or 2 for the simulated data

Abbreviations: FOCEI = first order conditional estimation with interaction, CL = clearance, V1= centrai volume of distribution, Q=
intercompartmental clearance, V2 = peripheral volume of distribution, o= proportional component of the residual error model, 5=
additive component of the residual error model, NS=Not Supported, NA = Not Applicable

Table 7: Summary of NONMEM Runs to Develop Anidulafungin Base Population Pharmacokinetic
Structural Model Based on Alternative Parameterization '

Anidulafungin Base Structural Model Building — FO Method

Model # Parameters Parameters with BSV MOF AMOF

003A K, V, K12, K21 K, V,K12, and K21 574.329 NA

003B K, V,K12,K21 K,V,and K12 574.329 0*

003C K, V,K12,K21 V, K12, and K21 574.329 0*

003D K,V,K12,K21 V and K12 574.329 o**
Anidulafungin Base Structural Model Building — FOCEI Method

003E K, V,K12,K21"- Vand K12 484.809 NA

003F K,V,Kl12,K21 \% 485.701 0.892%**

FOCEI Method with Additive Error Term Removed

003G K,V,K12,K21 Vand K 488.546 NA

003H K, V,K12,K21 v 489.62 1.074%%**

226 K, V, K12, K21 K 530.328 471.782%***

*change in MOF relative to Model 003A

** change in MOF relative to Model 003B

*** change in MOF relative to Model 003E

**** change in MOF relative to Model 003G

Abbreviations: FO = first order estimation, BSV = between-subject variability, FOCEI = first order conditional estimation with
interaction, K = elimination rate, K12 = central to peripheral rate, K21 =peripheral to central rate, MOF= minimum objective function
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Table 8: Summary of NONMEM Runs for Covariate Model Breakdown

Ruox Na. Parameter—{Covariate ’ OFY BDeerense in OFY

Relative
FUEL Maodel

to

Skeolbficanes

(p= 0.061}

FUILL MEOIBL
CL~W T GENIER+3TULY S

30 422,723
,“E AT 432,72
WA

Step One - Mudel Broskdown®

4 ClLAWTd) 436.2%3 15.51 *

4012 38,912 179 -

403 451.233 2851 *

404 423,577 0854

o W -WT) 430023 73 *
Step Two - Modd Breakdown™*

HiT CLAWT & W2~ W=l - 436280 12.709 -

406 CLAGENDERE & V2~WT=( 439,703 16136 *

4037 CLASTUDYS & V2-W T 452,124 28547 .

408 VI de V2 [ =02 445426 21840 *
Stup Three - Enal Maodel Festinp**

Eles el 404 -+ CLAKUR 422 356 21321

410 Mozl 4034 -+ CL~INH 423181 2,396

411 Model 409 -+ CL~INT 421 833 21744

412 Moake] 404 -+ C1~R1¥ 421.012 2,565

415 Muodel 484 + C1~111, 4334632 0415

416 Maxlet 404 4 CL~H1Y 418.972 -4 Al ,
Finual Popudation Modiek

404 CL~WTH-GENINIRARTIN G 423577

W |~

Il bl Tie § Inex waks Sedoched Wk
4 Full wcee) Jar Bep Tvoz g, Riegr Tliree was Misddd A

Table 9: Logistic regression analysis for PK metrics vs relapse rate

PK metric Treatment of Interdermined patients at FU p-value
B:=0)
AUCss Relapse (n=115) 0.2812
Removal (n=105) 0.5615
Log AUCss Relapse (n=115) 0.4276
Removal (n=105) 0.8253
Ctrough Relapse (n=104) 0.3561
Removal (n=95) 0.5698
Log Ctrough Relapse (n=104) 0.7108
Removal (n=95) 0.9661
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Figure 1: Plasma Concentrations vs Absolute Sampling Time for study VER002-4 (PK) (the vertical lines
are at 3, 7, 14 and 21 days)

Anidulafungin Concentration (mg/L)

000 @O

Time (day)
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Figure 2: Population Mean Predictions vs Observed Plasma Anidulafungin

Concentrations (Final Model)

Population mean predictions, using the final model (FOCEI method), versus observed plasma
Anidulafungin concentrations are indicated by individual ID numbers and a LOESS smooth of the data
(dotted line). The line of identity (solid) is included as a reference.
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Figure 3: Weighted Residuals vs Predicted Anidulafungin Plasma Concentrations (Final Model)
Weighted residuals versus final model (FOCEI method) population mean predicted
Anidulafungin plasma concentrations are indicated by individual ID numbers and a

LOESS smooth of the data (dotted line). A line at y = 0 (solid) is included as a reference.
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Figure 4: Model Evaluation of Anidulafungin Final Population

Pharmacokinetic Model for the 100 mg/50 mg Dose Group (A), the 150 mg/75 mg Dose Group (B), and for

the 200 mg/100 mg Dose Group (C)
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Data points are the observed Anidulafungin plasma concentration vs time data.
Solid line represents the median; long dashed lines represent the 10th (lower) and 90th (upper) percentiles

of the simulated Anidulafungin plasma concentrations vs. time data; short dashed lines represent the 20th

and 80th percentiles of the simulated
Anidulafungin plasma concentrations vs. time data.
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Appendix C. Cover Sheet and OCPB Filing/Review Form

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-632 Brand Name N/A
OCPB Division (I, I1, III) 111 Generic Name Anidulafungin
Medical Division DSPIDP Drug Class Antifungal
OCPB Reviewer Dakshina M. Chilukuri Indication(s)
Esophageal candidiasis
OCPB Team Leader Philip Colangelo Dosage Form IV infusion
Dosing Regimen 100 mg loading dose on day-1
followed by 50 mg qd
maintenance dose for 14-21
. days
Date of Submission 4/25/03 Route of Administration Intravenous
Estimated Due Date of OCPB Review | 12/24/03 Sponsor Vicuren Pharmaceuticals
Inc.
PDUFA Due Date 2/24/04 Priority Classification Normal
Division Due Date 1/24/04

Clin. Pharm. and Biopharm. Information

“X”if included | Number of Number of Critical Comments If any
at filing studies submitted | studies
reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports,—tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology
Mass balance: X
Isozyme characterization: X
Blood/plasma ratio:
Plasma protein binding: X
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X
multiple dose: X
Patients-
single dose:
multiple dose: X Sponsor has submitted PK data in
patients from studies performed to
evaluate the efficacy of
anidulafungin in a variety of
indications. PK data from 4 of
these studies was used to perform
Population PK analysis
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting muitiple dose:
Drug-drug interaction studies -
In-vivo effects on p.rimary drug: X Drug-Interaction study wit
cyclosporine
In-vivo effects of primary drug:
In-vitro: X
Subpopulation studies -
ethnicity:
gender:
Page 47 05/10/04




pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

Data from 4 studies were included
in one population PK analysis

Il. Biopharmaceutics

Absolute bioavailability:

The applicant has submitted data
from three studies performed to
ascertain the oral bioavailability of
anidulafungin

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X if yes

Comments

Application filable ?

[E]

Comments sent to firm ?

None

QBR questions (key issues to be considered)

[s the sponsor’s conclusion regarding absence of any significant drug interactions with
anidulafungin acceptable

Other comments or information not
included above

A pharmacometrics consult form will be submitted to request a review of the population
pharmacokinetic analyses performed by the applicant in support of the NDA

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA 21-632, HED-850(P. Lee), HFD-880 (J. Lazor), HFD-590(CSO), CDR
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Dakshina Chilukuri
5/14/04 09:32:59 AM
BIOPHARMACEUTICS

Phil Colangelo
5/14/04 11:04:48 AM
BIOPHARMACEUTICS



