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BACKGROUND:

On December 19, 2006 Theravance, Inc. submitted a New Drug Application for telavancin for injection for the treatment of complicated
skin and skin structure infections (cSSSI) caused by Staphylococcus aureus (methicillin-resistant and susceptible strains), Streptococcus
pyogenes, Enterococceus faecalis (vancomycin-susceptible isolates only), Streptococcus agalactiae, and Streptococcus anginosis group
(including S. anginosis, S. intermidius and S. constellatus). The proposed dosage regimen is 10 mg/kg infused over 60 min every 24 hrs
for 7 to 14 days depending upon the severity of the infection. The sponsor received an approvable action on October 19, 2007 based on
the deficiencies stated in the letter. Subheadings d. and £. listed under deficiency #3 (“The benefit to risk ratio of the drug product is in
question because of the following:”) are relevant to clinical pharmacology and are discussed in this review.

On January 21, 2008 the sponsor provided a Complete Response to the Action Letter Dated 19 October 2007. The pertinent issues of the
sponsor’s responses are summarized below. The Agency has not responded to the sponsor’s submission dated January 21, 2008.

The thorough QT/QTc study demonstrated that the baseline and placebo corrected QTcF interval was lengthened greater
.1 10 milliseconds

The sponsor acknowledged that telavancin prolongs the QT interval (upper-bound of the 90% CI exceeds 10 msec) although the effect was
approximately half that of the commonly used positive control, moxifloxacin. This is supported by the Agency’s analysis of the thorough




QT study (Study 16424-104a) in which the AAQTcF maximum mean effect (E14 primary analysis) was 14 msec (90% CI 8 to 20 msec),
™ msec (90% CI 11 to 25 msec), and 24 msec (90% CI 18 to 30 msec) for telavancin 7. 5 mg/kg infused over 60 min, telavancin 15

kg infused over 60 min, and moxifloxacin 400 mg IV infused over 60 min, respectively. The expected mean AAQTCF for the 10
-..z/kg dose is 12 to 15 msec,

No increased risk for adverse events related to the QT finding has been identified to date. To enable clinicians to accurately assess any
risk for their patients, the sponsor proposed that the label should describe the design of the thorough QT study and include cautionary
statements consistent with the cautionary QT statements in the labels of other drugs with comparable risk. In addition, they recommend
that the statements should reflect the lesser QT prolongation of telavancin relative to the positive control and the observation that clinical
efficacy and safety studies have not identified evidence of proarrhythmic events associated with administration of telavancin.

During the Post-Action meeting held on November 19, 2007 the Agency agreed that the results of telavancin as well as the positive control
should be stated in the label. However, the Agency stated that identification of the positive control (moxifloxacin) in the labeling is
problematic based on the results of a single study. To address that concern, the sponsor proposed labeling that refers to “positive control”
rather than moxifloxacin.

31, There is insufficient information to recommend a dosing regimen for patients with a creatinine clearance of less than 10
mL/min including patients on hemodialysis.

The sponsor acknowledged that the NDA provides limited information regarding the use of telavancin in patients with severe renal
impairment (creatinine clearance < 10 mL/min) or those on hemodialysis. However, the sponsor did not discuss plans to further evaluate
the pharmacokinetics of telavancin in patients with severe renal impairment.

RECOMMENDATIONS:

Please communicate to the sponsor that the responses to deficiencies 3d. and 3f. in the Complete Response to the Action Letter Dated 19
October 2007, submitted on January 21, 2008 are acceptable from a clinical pharmacology point of view and are considered a complete
response.
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1 EXECUTIVE SUMMARY

The recommendations based on the telavancin exposure-effectiveness and -renal toxicity
analyses, in the subgroup with PK measurements, are provided in this review.
Specifically, we found that:

¢ 10mg/kg dose, as proposed by the sponsor, is acceptable.

o The clinical cure rate is similar between 7.5 mg/kg and 10 mg/kg groups.
The exposures seem to be at the plateau region of the exposure-response
curve.

o Microbiological eradication rate is higher for the 10 mg/kg dose versus 7.5
mg/kg. The expected microbiological response rate for a patient with the
exposure of 1239 mg*hr/mL (median exposure at the dose of 7.5 mg/kg)
is 72.8%, whereas the response rate increased to 81.6% for a patient with
the exposure of 1739 mg*hr/mL (median exposure at the dose of 10
mg/kg) under the treatment duration of 7 days.

o 10 mg /kg yields only marginally (and numerically) higher risk of renal
function reduction (defined as at least 20% reduction in creatinine
clearance from baseline at any time during the trial) compared to 7.5
mg/kg (14% vs. 17.6%).

e Treatment duration of 7-14 days is acceptable. _

o The clinical cure and microbiological eradication rates seem to have
achieved the maximum between 7-14 days. Patients treated for less than 7
days have lower probability of treatment success.

2  RECOMMENDATIONS

We found that the sponsor proposed telavancin dosing regimen (10 mg/kg administered
for 7 -14 days) is acceptable.
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3

QUESTION BASED REVIEW

1. Is there any exposure-response relationship for effectiveness?

We investigated the exposure-effectiveness relationship in terms of clinical response rate
as well as microbiological response rate from the PK subgroup (344 out of 745 patients)
in the two pivotal clinical trials (0017 and 0018).

Our definitions for exposure, clinical response rate, and microbiological response are
detailed as following:

1.

The telavancin exposure is defined as the steady state AUC over 48 hr (AUCss (.
4g)). This is because 7.5 mg/kg or 10 mg/kg telavancin was administered once
every 24 hr in the Study 0017 and Study 0018. In patients with severe renal
impairment, 10 mg/kg telavancin was administered once every 48 hr. In order to
account for the dosing adjustment in severe renal impaired patients (Creatinine
Clearance < 30 mL/min), we employed AUCss .43) as the exposure variable. We
also explored AUCss (9.43) over MIC as the exposure variable. MIC data were
available only in 233 patients of the 344 with PK data.

Clinical response at the test-of-cure (TOC) was determined by the clinical
investigator and was used as the primary effectiveness variable. Each patient’s
response was assigned to one of the four categories: “cured”, “not cured”,
“indeterminate™, ot “missing”. In our exposure-clinical response analysis, we
characterized the relationship between AUCss (4g) and clinical cure (yes or no).
Essentially we performed two types of analyses with respect to handling
‘indeterminate’ cases. In one analysis, the “indeterminate” responses were not
excluded from the analyses; they were designated as “not cured”. In the second
analysis, the “indeterminate” and “missing” responses were excluded. There were
no missing responses in this PK subset.

The sponsor determined the microbiological response at the TOC and used it as
the secondary effectiveness variable. Based on the protocols of Study 0017 and
Study 0018, each patient’s microbiological response was assigned to one of the
three categories: “eradicated”, “not eradicated”, or “indeterminate”. In our
exposure-microbiological response analysis, we characterized the relationship
between AUCss (.45 and microbiological eradication (yes or no). Essentially we
performed two types of analyses with respect to handling ‘indeterminate’ cases. In
one analysis, the “indeterminate” responses were not excluded from the analyses;
they were designated as “not eradicated”. In the second analysis, the
“indeterminate” responses were excluded. There were no missing responses in
this PK subset.

We found that clinical effectiveness response rates in PK subgroup are similar with the
overall response rates from studies 0017 and 0018.

Clinical cure rates in PK subgroup are slightly higher than the overall rates.
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o There are 346 and 399 clinically evaluable patients receiving 10 mg/kg

telavancin from Study 0017 and Study 0018. The overall clinical cure
rates are 87.9% (Study 0017) and 88.7% (Study 0018).

In the PK subgroup dataset, there are 211 (61%) and 133 (33%) subjects
from Studies 0017 and 0018 respectively. The clinical cure rates are
97.2% (Study 0017) and 90.9% (Study 0018).

. .® Microbiological eradication rates in PK subgroup were similar to the overall rates.
o There are 290 and 237 microbiologically evaluable patients receiving 10

mg/kg from Studies 0017 and 0018. The overall microbiological

_ eradication rates are 88.6% (Study 0017) and 88.6% (Study 0018).

In the PK subgroup dataset, there are 163 (56%) and 103 (43%) subjects
from Study 0017 and Study 0018. The microbiological eradication rates .
are 88.3% (Study 0017) and 91.3% (Study 0018).

We explored exposure-effectiveness relationship for telavancin by using logistic
regression. Our exposure-effectiveness analyses indicate that:
1. From exposure-clinical cure rate relationship:

Within the exposure range tested, the clinical cure rate does not appear to
be exposure dependent, as shown in Figure 1. From our analysis, logistic
regression demonstrated no statistical significant exposure effect (P =
0.61, odds ratio for exposure is 1.33 with 95% CI from 0.45 to 3.95).

10 mg/kg dose does not appear to provide additional benefit in terms of
clinical cure rate comparing to 7.5 mg/kg. Following our analysis SqFlgure
1), the ﬁtted curve sufficiently describes the observed data. The 10%, 50",
and 90™ percentile of telavancin exposure following 7.5 mg/kg and 10
mg/kg (tested dose) telavancin administration was illustrated respectively
as boxes in the plot. The clinical cure rate is 94.5% at the exposure of
1235 pg/mL*h (equivalent to the median exposure at the dose of 7.5
mg/kg), whereas the clinical cure rate is 95.1% when the exposure is
increased to 1736 p,g/mL*h (equivalent to the median exposure at the dose
of 10 mg/kg). No superior clinical cure rate can be shown for the dose at
10 mg/kg as compared to 7.5 mg/kg.

The clinical cure rate is driven by treatment duration, regardless of the
telavancin exposure (Figure 2). Our analyses demonstrated statistical
significant treatment duration effect (P=0.0001, odds ratio for treatment
duration is 1.56 with 95% CI from 1.25 to 1.95). Longer treatment
duration time yields higher clinical cure rate — the cure rate is 71.2% at the
treatment duration of 5 days, whereas it is increased to 86% when the
treatment duration is increased to 7 days.

2. Exposure-microbiological eradication rate relationship:

‘Microbiological eradication rate is driven by both telavancin exposure and

treatment duration. Our multivariate logistic regression demonstrated

 significant exposure effect (P = 0.035 on Log, AUCss (0-48), odds ratio is

2.83 with 95% CI of 1.08 to 7.44) and treatment duration effect (P =
0.0007, odds ratio is 1.26 with 95% CI of 1.10 to 1.43). As illustrated in
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Figure 3, in general a patient with higher exposure and longer treatment
duration yields higher microbiological response rate. Following the same

. treatment duration, 10 mg/kg leads to higher microbiological eradication

rate than 7.5 mg/kg. For example, under the treatment duration of 7 days,
the expected microbiological response rate for a patient with the exposure
of 1239 mg*hr/mL (median exposure at the dose of 7.5 mg/kg) is 72.8%,
whereas the response rate increased to 81.6% for a patient with the
exposure of 1739 mg*hr/mL (median exposure at the dose of 10 mg/kg).

3. Insummary, based on our exposure-effectiveness analysis, we found:

Sufficient treatment duration (7-14 days) is important to ensure both
clinical cure rate and microbiological eradication rate. The results are

supported by the sponsor’s summary table (Table 1 and Table 2).

However, this study is not designed to test the treatment duration effect on
telavancin efficacy, therefore confounding factors such as the
demographic and disease status exist.

The 10 mg/kg dose does not appear to provide additional benefit
compared to 7.5 mg/kg in terms clinical cure rate.

The microbiological eradication rate is driven by both exposure and
treatment duration. Thereby, following the same treatment duration, 10
mg/kg leads to higher microbiological eradication rate than 7.5 mg/kg.

As part of our exploratory analysis, we investigated the AUC/MIC versus
clinical cure rate (with or without indeterminate) and microbiological
eradication rate relationships (with or without indeterminate). MIC
distribution in the analysis dataset derived from Study 0017 and Study
0018 is presented in Table 3. The modeling results are presented from
Figure 4, to Figure 7. AUCss (9.48) over MIC as the exposure measure did
not explain any more unexplained variability in the exposure-response
relationships, compared to AUCss (g.43) alone. This result is expected glven
the rather high response rates.
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2. Is there any exposure-response relationship for renal toxicity?

We investigated the exposure-renal function reduction relationship from the PK subgroup
in the two pivotal clinical trials (0017 and 0018).

Our definitions for exposure and renal toxicity are detailed as following:

1.

The renal toxicity is described by renal function reduction rate, which is defined
as the percentage of subjects who experienced at least 20% creatinine clearance
(CrCL) reduction comparing to baseline. The CrCL values higher than 140
mL/min are physiologically implausible. Any CrCL values greater than 140
mL/min.were treated as 140 mL/min. The percentage reduction from baseline
(P.CHG) was calculated by the following method. Patients with P.CHG > (-)20%
were designated as “yes’ (reduced renal function), else ‘no’.

P.CHG = TBCLCR ~TCLCR %100%
TBCLCR

Where P.CHG represents the.CrCL percentage reduction from baseline, TBCLCR
baseline creatinine clearance and TCLCR is the CrCL at any visit.

In order to sufficiently characterize the drug related renal toxicity, we choose to

- perform exposure-renal function reduction analyses under two scenarios. In the first

- scenario, we performed the analysis using the lowest CrCL value observed during the
treatment and follow-up periods (worst CrCL scenario). In the second scenario, we
performed similar analysis using the last CrCL value observed during the treatment
period (last CrCL scenario). Our findings are the following:

The incidence of renal function reduction does not appear to be treatment duration
dependent under both worst CrCL (P = 0.996, odds ratio =1 with 95% CI of 0.93 to.
1.07) (Figure 8) and last CrCL scenarios (P=0.17, OR = 0.94 with 95% CI (0.87 ~
1.03)) (Figure 12 Univariate logistic regression model fitting for worst renal
reduction rate versus baseline CrCL
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e Under both worst CrCL and last CrCL scenarios, higher telavancin exposure
yields only a slightly numerically higher incidence of renal function reduction
(14% for 7.5 mg/kg vs. 17.6% for 10 mg/kg). However, this increased trend is
not statistically significant (under worst CrCL scenario: Figure 10, P = 0.19,
OR = 1.39 with 95% CI (0.85 ~ 2.28); under last CrCL scenario: Figure 11, P

_ =0.07, OR = 1.76, 95% CI (0.96 ~ 3.26)).

¢ Under both worst and last CrCL scenarios, baseline CrCL does not appear to
influence the renal function reduction (worst CrCL scenario: Figure 12, P =
0.89, OR = 1 with 95% CI (0.99 ~ 1.01); last CrCL scenario: Flgure 13,P=
0.09, OR = 0.99 with 95% CI (0.99 ~ 1.00)).

3.1s the mean AAQTcF observed in the Moxifloxancin group in the Stildy 16424-
104a (Safety and Pharmcokinetics of Intravenous Telavancin in Healthy Subjects)
within the expected normal range?

Study 16424-104a is a thorough QT study, in which Moxifloxacin is used as positive
control. Typically Moxifloxacin is administered as a single oral dose of 400 mg. In order
to keep the patient blinded in this study, 400mg Moxifloxacin is administered as 60
minute i.v. infusion once daily for 3 days before the ECG was measured. The observed
mean AAQTcF value is 24 msec in the Moxifloxacin group. The mean AAQTCF interval
change is usually about 10-16 msec, following 400mg single oral dose of Moxifloxacin.
Question arises whether the observed mean AAQTCF value of 24 msec 1s higher than the
expected normal range.

pid)

-



Telavancin PM review p. 9/51

Our estimation indicates that the expected normal range of mean AAQTCF is 18-30 msec
following 60 minute i.v. infusion of 400mg Moxifloxacin once daily for 3 days. The
observed 24 msec is within the expected normal range. The result is derived based on the
following reasoning: '

1. From historical data (NDA 21277, Study report 0139), the observed mean
maximum concentration (Cmax) is 3.62 mg/L following the 60 min IV infusion
and 2.5 mg/L following the 400mg single dose of Moxfloxacin. Thereby the mean
Cmax is about 1.4 fold higher for i.v. infusion as compared to oral dose.

2. Given the 12 hr half life of Moxifloxacin, once daily dose for 3 days results in a
1.3-fold accumulation relative to single dose.

3. The Cmax of 400mg Moxifloxacin under i.v. infusion once daily for 3 days is
about 1.8 fold higher than the Cmax of 400 mg Moxifloxacin single oral dose.

4. Taking into consideration the IV route of administration and accumulation by Day
3, the estimated AAQTec interval change is 18 — 30 msec (1.8 times 10-16 msec).
The observed change is 24 msec, well within the expected range.



Telavancin PM review

p. 10/51

Figure 1 Logistic regression for clinical cure rate versus telavancin exposure

Probability / Proportion of Clinical Response

0.8

1.2

© Observed — Fitted line Shaded area =90 CI
A Binned observation === P=1.0

0.4 0.6
1

0.2

0.0

1.0

log(P/1-P) = -0.12 + 0.28*l0og2AUCss
P =061,
Odds Ratio = 1.33 (0.45 ~ 3.95)

77 7 > 10th. 50th. 90t percentile of AUCSS {0-48hj
e s, for dose = 1Gmglkg (n= 296}
104R, 50th, Sh
for dose
¥ T T ) 1 )
1000 2000 3000 4000 5000 6000

AUCss (0-48hr)

b(4)

Figure 2 Logistic regression for clinical cure rate versus televancin treatment

duration
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Figure 3 Multivariate logistic regression model fitting for microbiological response
and treatment duration and telavancin exposure
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Note: the fitted model is:

Log (P/1-P) = -11.29 + 1.04 xLog,AUCSS (g.48) +0.23 X duration

For Log,AUCSS (g.4g) effect: P=10.035, Odds ratio = 2.83 with 95% CI (1.08 ~ 7.44)
For duration effect: P =0.0007, Odds ratio = 1.26 with 95% CI (1.1 ~1.43)
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Figure 4 AUC/MIC versus Clinical Cure rate relationship (With indeterminate)
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Figure 6 AUC/MIC versus clinical cure rate (without indeterminate)
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Figure 7 AUC/MIC versus microbiological eradication rate (without indeterminate)
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Figure 10 Univariate logistic regressidn model fitting for worst renal reduction rate
versus telavancin exposure (AUCss (0-48hr))
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Figure 11 Univariate logistic regression model fitting for last renal function
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Figure 12 Univariate logistic regression model fitting for worst renal reduction rate

versus baseline CrCL
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Figure 13 Univariate logistic regression model fitting for last renal function
reduction rate versus baseline CrCL
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Table 1 Clinical cure rate at the test of cure on treatment in patients post
amendment ' :

v VANC Difference
{N=712) N=T711) (TLV - VANC)
) Difference
% (s/inf1]) 95% CI[2) % {sin{1]} 95% CI{2} {95% CHI3}
Days on Treatment :
Day7 94.0 (94 /100) (89.3,88.7) 95.2 (79 /83) {90.6 , 99.8) -1.2(-8.0, 6.0
Day 8 976 (166/170)  (95.4,99.9) 90.7 {136 /150y  (86.0,95.3) 7.0(16 1239
Day @ 89.5 (51 /57) {81.5,97.4) 92.0 {46 /50) {84.5,99.5) -25(-138 9.3y
Day 10 2.3 (72 178) (864 ,982) 90.1 (64 /71) (83.2,97.9) 22{73, 1479
Day 11 88.9 (48 154) (80.5,97.3) 944 (51 /54) {88.3,100.0) -56(-16.3,5.6)*
Day 12 94.3 (33 /35) (86.6,100.0) 87.5 (42 /48) {78.1,96.9) 6.8 ¢7.1,18.9»
Day 13 ) 85.7 (30 /35) {74.1,97.3) 100.0 (34 /34)  (100.0,100.0) -14.3(-26.5,-0.4)0
Day 14-15 . B52(156183)  (80.1,50.4) 82.8{183/221) (77.8,87.8) 24(-4.7,96)

Table 2 Microbiologic eradication rates at test of cure by days on treatment in
patients with 7 to 14 days ef treatment post amendment

v VANC Difference
{N=504) (N=517) {TLV - VANC)
Difference
Ya {5/n[1]) 95% CIf2] % (s/n{1}} 95% Ci{2) (95% CH[3]
Days on Treatment
Day7 942 (65 169) {88.7,99.7) 954 (62 165) (80.3,100.0) -1.2(93,72p
Days 87.3(103/112) (94.3, 100.0) 88.9 (88 /199 (82.7,95.1) 84(12,155p
Cay 9 872 (34 39) {76.7,97.7) 96.9°(30 /33) {81.1,100.0) -3.7(-183,11.9»
Day 10 §2.3 (48 /52) {85.1,99.6) 90.2 (46 /51) {82.0,98.4) 2.1{-85,136»
Day 11 85.0 (34 /40) {73.9,96.1) 91.7 (33 136) {82.6, 100.0) 6.7 (-21.0, 8.8
Day 12 96.9 (31 /32) {30.8, 100.0) 85.0 (34 /40) {73.9,96.1) 119(-30,24.6)*
Day 13 826 (19 123) {67.1,98.1) 95.7 (22 123) (87.3, 100.0} -13.0 (-30.9, 699
Day 14-15 80.5 (124 N37)  {85.6,9549) 865 (147/170)  (81.3, 91.6) 40(3.1,11.1)

Table 3 Baseline MIC distribution in the analysis dataset from Study 0017 and
Study 0018. (Only 230 of 344 patients with PK data)

GROUP 1 2 3 4 5 6 7
MIC 4 1 0.5 0.25 0.12 0.06 0.03
Percentage 0.40% 86.10% 51.70% 36.10% 2.20% 2.60% 0.90%
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4 INTRODUCTION

4.1 BACKGROUND

Telavancin (AMI-6424, TD-6424) is derived from a synthetic modification of
vancomycin, and is a purified lipoglycopeptide antibacterial agent. Telavancin exerts
concentration-dependent, bactericidal activity against Gram-positive organism. The
bactericidal activity of telavancin results from a multifunctional mechanism of action that
contributes to enhanced activity and low potential for selection of resistant mutants of
Gram-positive bacteria. The multifunctional mechanism of action of telavancin includes:
1.) inhibition of bacterial cell wall synthesis, and 2.) disruption of the functional integrity
of the bacterial plasma membrane.

This submission is a New Drug Application (NDA) to obtain marketing approval for the
indication of the treatment of patients with complicated skin and skin structure infections
(cSSSI) caused by susceptible strains of the following Gram-positive microorganisms:
Staphylococcus aureus (methicillin-resistant and —susceptible strains (MRSA and
MSSA), & D
Streptococcus pyogenes, Streptococcus agalactiae, Strptococcus anginosus group
(including S. anginosus, S. intermedius and S. constellatus), and Enterococcus faecalis

(vancomycin-susceptible isolates only).

4.2 STUDIES

The're were 4 major clinical effectiveness and safety studies (2 Phase II study and 2 Phase
III study) that the sponsor included in this submission, they were summarized as the
following:

Study 0017 (Phase XXI):

Study 0017 was a randomized, double blind, active-controlled, parallel-group,
multicenter, multinational Phase 3 trial comparing telavancin 10 mg/kg IV q 24h to
standard therapy (vancomycin 1 g IV q 12h) in subjects with complicated skin and skin
structure infections, with emphasis on infections caused by MRSA (methicillin-resistant
staphylococcus aureus). The primary objective was to compare the effectiveness and
safety of telavancin to vancomycin in the treatment of target patients. A total of 862
patients were randomized and 855 patients received either telavancin or vancomycin in
the study and pharmacokinetic samples were drawn from 244 patients.

Baseline evaluations were performed within 24 hours prior to treatment. During the study -

treatment phase, patients were evaluated daily for the occurrence of treatment emergent
adverse events. On Day 4 (+/- a 1 day window), PK sampling was conducted at selected
sites. The duration of the treatment was from 7 to 15 days. For all patients, post-treatment

bi4)
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visits included an End-of-Therapy (EOT) visit (conducted no later than 3 days after the
last dose of study medication) and a Follow-Up visit (conducted within 7 to 14 days after
the EOT visit). A Test-of-Cure (TOC) assessment was conducted for patients who were a
clinical cure or indeterminate at the EOT visit. Both the EOT and Follow-Up Visit
procedures included an assessment of adverse events. Primary efficacy was evaluated as
the clinical response determined by the investigator at TOC. The secondary effectiveness
variables included microbiologic response, overall therapeutic response, clinical signs
and symptoms of infection, duration of treatment with study medication, time to
resolution of fever, and size of primary infection site. Pharmacokinetic samples were
taken at the following time points: just prior to an infusion, 0.25 — 0.5 hours following the
start of the infusion (during the infusion) and at 1 — 1.5, and 2 — 3.5 hours following the
start of the infusion. For patients whose infusion times were longer than 60 minutes, an
alternative sampling schedule was employed, as follows: just prior to an infusion (pre-
dose), 0.5 — 1 hours following the start of the infusion (during the infusion), 2 — 2.5 hours
following the start of the infusion, 3 — 4.5 hours following the start of the infusion.

Study 0018 (Phase III)

Study0018 was a Phase 3, randomized, double-blind, multinational trial of intravenous
10mg/kg of telavancin versus 1g q 12 hr. of vancomycin for the treatment of complicated
gram-positive skin and skin structure infections with a focus on patients with infections
due to methicillin-resistant staphylococcus aureus. The primary objective of this study
was to compare the efficacy and safety of telavancin to vancomycin in the treatment. A
total of 1035 patients were randomized into the study; of these, 1012 received at least one
dose of study medication. Blood samples were taken from 141 subjects.

Baseline evaluations were performed within 24 hours prior to treatment start. During the
study treatment phase, patients were evaluated daily for the occurrence of treatment-
emergent adverse events. On Day 4 (+/- a 1 day window), PK sampling was collected at
selected sites. The overall treatment duration is about 7-15 days. For all patients, post-
treatment visits included an End-of-Therapy (EOT) visit (conducted no later than 3 days
after the last dose of study medication) and a Follow-Up visit (conducted within 7 to 14
days after the EOT visit). A Test-of-Cure (TOC) assessment was conducted for patients
who were a clinical cure or indeterminate at the EOT visit. Primary effectiveness was
evaluated as the clinical response determined by the investigator at TOC. Up to 4 samples
were collected in the following time points: just prior to an infusion, 0.25 — 0.5 hours
following the start of the infusion (during the infusion) and at 1 - 1.5, and 2 - 3.5 hours
following the start of the infusion. For patients whose infusion times were longer than 60
minutes, an alternative sampling schedule was employed, as follows: just prior to an
infusion (pre-dose), 0.5 - 1 hours following the start of the infusion (during the infusion),
2 - 2.5 hours following the start of the infusion, 3 - 4.5 hours following the start of the
infusion. '

Study 16424-202a (Phase II)
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Study 16424-202a was a randomized, double-blind, active-controlled, parallel-group,
multicenter, multinational Phase 2 study. The primary objective was to assess the safety
and tolerability, and to explore the effectiveness (clinical and microbiologic) of
telavancin in the treatment of adults with complicated skin and skin structure infections
(cSSSI) due to Gram-positive bacteria. Patients with complicated Gram-positive skin and
skin structure infections were treated with telavancin 7.5-mg/kg/day 1V or standard
therapy, defined as vancomycin 1 g q 12 hours IV or an antistaphylococcal
(semisynthetic) penicillin (nafcillin or oxacillin 2 g q 6 hours IV or cloxacillin 0.5~ 1 g q
6 hours IV). A total of 169 patients were randomized; of these, 167 received study
treatment (84 received telavancin, 83 received standard therapy). The duration of
treatment was up to 14 days. The primary effectiveness variable was the clinical response
at the test-of-cure (TOC) visit. For PK subgroup, plasma samples were collected at
selected study centers and a total of 7 samples were obtained per subject on either Day 3,
4, or 5 at the following sampling time points relative to the active infusion on that day:
prior to the infusion (trough); immediately following the completion of the infusion, at 30
minutes, and at 1, 3, 8, and 23 hours following the completion of the infusion. There was
~ to be a window of +/- 2 hours to obtain the 8-hour pharmacokinetic sample. Blood
samples were taken from 169 subjects and the PK profiles from 51 subjects were
included in the population PK analysis.

Study 16424-202b (Phase IT)

Study 16424-202b was a phase 2, randomized, double-blind, active-controlled,
multinational trial of intravenous telavancin versus standard therapy for treatment of
complicated Gram-positive skin and skin structure infections. Patients with complicated
Gram-positive skin and skin structure infections were treated with telavancin or standard
therapy, defined as vancomycin 1 g q 12 hours or antistaphylococcal penicillin. Under the
- original protocol, telavancin was administered at a dose of 7.5 mg/kg IV once daily.
Patients enrolled after approval of Protocol Amendment 1 were administered a telavancin
dose of 10 mg/kg IV once daily. Up to 400 patients were to be enrolled Post Amendment
1. A total of 201 patients were randomized; of these, 195 received study treatment (100
received telavancin, 95 received standard therapy). The duration of the study was up to
14 days. The primary effectiveness variable was the clinical response at the test-of-cure
(TOC) visit. Pharmacokinetic sampling was performed at selected sites. A total of 7
samples were obtained per subject on either Day 3, 4, or 5 at the following sampling time
points relative to the active infusion on that day: prior to the infusion (trough);
immediately following the completion of the infusion, at 30 minutes, and at 1, 3, 8, and
23 hours following the completion of the infusion. There was to be a window of +/- 2
hours to obtain the 8-hour pharmacokinetic sample. Blood samples were taken from 79
subjects and were used in the population PK analysis.

4.3 AIM OF ANALYSIS

The aim for the population PK analysis was to describe the pharmacokinetics of
telavancin in healthy subjects and subjects with complicated Gram-positive skin and skin
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structure infections following i.v. infusion and to identify the source of interindividual
variability in the pharmacokinetics of telavancin. Furthermore, the exposure-response
relationships for effectiveness and safety were to be investigated. Dose adjustment for
special patient population would be evaluated.

S SPONSOR’S ANALYSIS

5.1 BACKGROUND

Telavancin (AMI-6424, TD-6424) is derived from a synthetic modification of
vancomycin. This NDA submission was to obtain marketing approval for the indication
of the treatment of patients with complicated skin and skin structure infections (cSSSI)
caused by susceptible strains of the Gram-positive microorganisms. The sponsor
proposed dosing for telavancin is 10mg/kg administered over a 60-minute period by
intravenous infusion once every 24 hours for 7 to 14 days. A dosage adjustment is
required for patients with creatinine clearance <50 mL/min (Table 4). From the
population PK analysis, the sponsor proposed no dosage adjustment based on age and
gender in the labeling.

Table 4 Dosage adjustment for patients with renal impairment

| Creatinine Clearance* o ) Dose and
{mlL/min) %esage Interval
> 50 10 mg/kg every 24 hours
30-50 7.5 moikg every 24 hours b(4)
<30 ¢ = | 10 mg/kg every 48 hours
*As calculated using the Cocluoft-Gault formula (12.3)

5.2 SPONSOR’S POPULATION PK ANALYSIS

The sponsor submitted 2 population PX reports, including report No.06-6424-pop-PK-01
(A Population Pharmacokinetic Analysis of Phase I data of Telavancin), and report No.
6424-pop-PK-02 (A Population Pharmacokinetic Analysis of Telavancin Phase 1, 2, 3
Data). They were summarized as following:

Report 06-6424-pop-PK-01

Report 06-6424-pop-PK-01 presented a population PK modeling using data from 7 phase
I studies, i.e. 101a, 103a, 104a, 105a, 107a, 108a, and 0016, with the objective to describe
the pharmacokinetic process of telavancin in health subjects, subjects with varing degree
of renal function and subjects with impaired hepatic function and to identify sources of
interindividual variability in the pharmacokinetics of telavancin. Plasma samples were
obtained from 236 subjects after being administered single or multiple doses of 0.25 - 15
mg/kg q.d. of telavancin by intravenous infusion over 30, 60 or 120 minutes. A two _
compartment open model with first order elimination was determined to provide the best
fit to the data. The structural model parameters were assumed to be log normally
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distributed. Estimates of interindividual variability for telavancin pharmacokinetic
parameters ranged from 24 to 31%. A combination of additive and proportional residual
error model was used. Covariate analysis determined that telavancin clearance was
influenced primarily by renal function. There was a significant linear relationship
between estimated creatinine clearance and estimated telavancin clearance. The
distribution volumes of telavancin were influenced linearly by body weight and inversely
by CLecr. Therefore, reduced telavancin clearance in subjects with severe renal
impairment may necessitate adjustment of dosing regimens to match systemic exposures
with those in subjects with normal renal function and lesser degrees of renal dysfunction.
The relationships between body weight and volume of distribution support the dosing of
telavancin on a mg/kg basis.

Report 06-6424-pop-PK-02

Report 06-6424-pop-PK-02 presented a population PK modeling to describe the
pharmacokinetics of telavancin in healthy subjects and subjects with complicated Gram-
positive skin and skin structure infections, and to identify sources of interindividual
variability in the pharmacokinetics of telavancin. Data for the analysis were obtained
from 749 adult subjects in 7 Phase I (236 subjects), 2 Phase II and 2 Phase III clinical
trials (513 subjects). Population PK modeling based on 236 subjects in the 7 Phase I trials
were reported in 06-6242-pop-PK-01. For the Phase II and Phase 111 trials, up to 7 plasma
samples were collected from each of the 513 subjects, after being administered a dose of
7.5 or 10 mg/kg once daily as 1 hour infusions. In Phase III trials, telavancin was
administered at 10mg/kg every other day in subjects with CLcr below 30 mL/min. The
present analysis confirmed that the two compartment model with first order elimination,
which was presented in report 06-6424-pop-PK-01, described the observed data best. In
addition to the covariates identified in the report 06-6424-pop-PK-01, body weight,
gender and a flag for bacterial eradication were found to correlate with telavancin
clearance. Telavancin clearance increased with body weight, was about 10% lower in
female subjects, and was higher in subjects achieving bacterial eradication. Telavancin
volume of distribution was also found to increase in subjects who underwent surgery.
There were no clinically relevant differences in telavancin pharmacokinetics between
elderly (>65 or >75 years) and non-elderly subjects. Therefore, the sponsor concluded
that the increase in dosing interval (q 48h vs q 24h) utilized in the phase III in subjects
with severe renal impairment was in accordance with the observed change in telavancin
clearance. No dose adjustment is warranted based on gender and age alone. No clinically
relevant differences were observed in the pharmacokinetics of telavancin in obese '
subjects, defined as subjects with BMI of 35 or greater, and non-obese subjects, BMI of
less than 35.
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5.3 POPULATION PK METHOD AND RESULTS
5.3.1 Population PK results in healthy subjects (Study Report 06-6424-pop-PK-01)

In the study report 06-6424-pop-PK-01, the sponsor tested one and two compartment
open models with first order elimination, using first order estimation in NONMEM. The
results showed that plasma telavancin concentration-time data were best described using
a two compartment open model with first order elimination.

The structural pharmacokinetic model for the two-compartment model consists of four
parameters: clearance (CL), volume of the central compartment (V1), intercompartment
clearance (Q) and volume of the peripheral compartment (V2). All pharmacokinetic
parameters were assumed to be log-normally distributed and exponential interindividual
variability terms were included on the pharmacokinetic parameters in the model.

Various residual error models were tested. A combined additive and proportional residual
error model provided the best fit to the data, based on reduction of objective function

The final basic model was rerun using first order conditional estimation with interaction
(FOCELI). The population telavancin clearance was estimated to be 0.944 L/h and the
volume of the central compartment was 4.51 L.

All covariates (age, body weight, height, CLcr, BM], race and gender) were plotted for
relationships with telavancin clearance (CL), volume of the central compartment (V1),
intercompartment clearance (Q) and volume of the peripheral compartment (V2).
Covariates were also plotted against each other to identify correlated covariates. Body
weight and BMI were strongly correlated. Also, a strong correlation between CLer and
age was observed. Therefore, age was not included as a continuous covariate in the
analysis. All possible parameter-covariate relationships were screened separately for each
parameter in NONMEM. The final model was obtained by a sequential process of
stepwise additions of significant covariates to the base model. The impact of the covariate
on the model was assessed using the likelihood ratio test. The final model was rerun
using first order conditional estimation with interaction (FOCEI).

The final clearance model included effect of creatinine clearance. Body weight and CLcr
were determined to be a significant source of interindividual variability in both V1 and
V2. Q was also influenced by the creatinine clearance but to a much lesser extent. The
PK parameter estimates were show in Table 5, and can be expressed as following:

CL =0.68 + 0.00251*CLcr

V1 =2.17 -0.0229*CLcr + 0.0638*WT
Q=3.6+0.0136CLcr

V2 =1.87-0.00514*CLcr + 0.0514*WT
where:

CLcr = estimated creatinine clearance (mL/min)
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WTis bbdy weight (kg)

The model performance was checked by comparing the predicted versus observed
concentrations (Figure 14), and the weighted residual was plotted against the predicted
concentration values (Figure 15). Furthermore, the ability of the final population model to
describe the observed data was investigated using data from a separate Phase 1 study
(Study 0032). Assuming that the model accurately describes the observed data, 90% of
the observed data should fall within the boundaries of the 95th and 5th quantiles of the
predicted data. The results of the model evaluation are shown graphically in Figure 16.
Overall 90% of the observed data fell within the range of the 95th and 5th quantiles of the
predicted data, supporting the goodness of the model.

Figure 14 Model predicted versus observed concentration in healthy subjects from 7
clinical studies -
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Figure 15 Weighted residual versus model predicted plasma concentration
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Table 5 Population PK parameters from healthy subjects (Study report 06-6424-

pop-PK-01)
Pharmacokinetic
Parameter Median Value inter-individual CV (R8E)
CL {Lih} 0.94 . 2830489
V(L) 4.49 22.85 (30.8)
QM) 493 26.02 (49.6)
V(L) 524 19.80 (20.0%
Residual Error Estimate (RSE} infra-individual Error
Parameters
Additive 0.100 {28.2) {1.316 pg/mL
Proportional 00137 (147) 11.7 {%BCVY)

5.3.2 Population PK analysis in healthy subjects and subjects with complicated
skin and skin structure infection (Study report 06-6424-pop-PK-02)

In study report 06-6424-pop-PK-02, the two-compartment model developed previously
(report 06-6424-pop-PK-02) was fit to the telavancin plasma concentration-time data

from seven Phase 1, two Phase 2, and two Phase 3 clinical studies. The structural

pharmacokinetic model for the two-compartment model consisted of four parameters:
clearance (CL), volume of the central compartment (V1), intercompartment clearance (Q)
and volume of the peripheral compartment (V2). All pharmacokinetic parameters were
assumed to be log-normally distributed and exponential interindividual variability terms
were included in the pharmacokinetic parameters in the model. A combined additive and
proportional residual error model was used.

Table 6 Population PK parameters from 7 phase I trials, 2 phase II trials, and 2

phase III trials (Study report 06-6424-pop-PK-02)

Pharmacokinetic
Parameter Median Value interindividual CV {RSE)
CL (Lh) 115 2715{16.1}
Vi{L) 565 41.11{25.0}
Q (Lh) 5.91 20.57 (178.5}
C N L) £.59 30.03 (25.9)
R dual =ror Estimate {RSE) Intraincividual Error
Addttive 1.09(65.4) 1.644 pafmL
Proportional 0.0269 {13.8) 16.4 (%CV)
Methed FO was used.

Parameter-covariate relationships screened in NONMEM included covariates

incorporated in the Phase 1 final model, selected covariates identified using the General
additive model of S-Plus and renal function variables. Covariates were also plotted
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against each other to identify correlated covariates. The final models for telavancin
clearance (CL), volume of the central compartment (V1), intercompartment clearance (Q)
and volume of the peripheral compartment (V2) were as described as follows, and the
major parameter estimates were listed in Table 6:

CL = (0.286+0.00456*CLcr+0.0039*WT)*Y +0.0847*ERAD
V1 =1.64-0.0336*CLcr+0.0858*WT + 1.34*SURG

Q =2.58+0.0419*CLcr

V2 =2.85+0.0498*WT

where:

Y=1 for males and 0.907 for females

CLcr = estimated creatinine clearance (mL/min)

WT is body weight (kg)

ERAD is flag for Eradication (0=no eradication, 1= eradication)
SURG is a flag for surgery (0=no surgery, 1=surgery)

The final population pharmacokinetic model parameter estimates, including median
population values, RSE, interindividual variability and residual variability, are presented
in Table 6. The final model satisfied all modeling assumptions and parameter estimates
were precise. Diagnostic plots show good fit of the final model to telavancin plasma
concentrations. Predicted and observed plasma concentration-time profiles for selected
subjects are also depicted. The individual telavancin pharmacokinetic parameters were
predicted using Bayesian estimation. The parameter estimates obtained with Monte Carlo
simulations and bootstrap are in accordance with the estimates from the population
model, supporting the validity of the final model (Table 7 and Table 8).

Figure 17 Model predicted versus observed concentration in healthy subjects from 7

phase I studies, 2 phase II studies, and 2 phase III studies
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Note: (A) is from the pooled outcome with all phases of concentration observations
(B) is the outcome separated by 7 phase I clinical trials, 2 phase I1 trials, and 2

phase III trials.
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Figure 18 Weighted residual versus model predicted concentration
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Table 7 Final estimates for the population pharmacokinetic parameters and 201
bootstrap replicates

NONMEM 201 Bootstrap Replicates
Parameter Estimate Mean 95% PI
Structural Mode]
81 0.286 0.275 0.0837 —0.466
a2 164 151 -0.350 - 3.38
83 258 - 345 1.104 - 5.808
B4 285 242 0.648 —4.20
85 0.00456 0.00462 0.00328 — 0.00595
66 0.0858 0.0815 0.0530 -0.118
a7 -0.0336 -0.0286 -0.0426 — -0.0146
88 0.0419 0.0280 -069 — 0.0630
89 0.0498 0.0545 0.0331 - 0.0759
810 0.907 0.927 0.798 — 1.057
a1t 0.0039 0.00399 0.00168 ~ 0.00631
812 0.0847 0.0899 -0.0428 - 0223
813 1.34 1.49 -0.168 - 3155
St)atistical model
w?CL , 00737 0.0758 0.0498 —0.102
Wi, 0.169 0.165 0.0912-0.239
w’Q 0.0423 0.113 -0.0998 - 0.327
wiV, 0.0902 0.0975 0.035-0.160
o’prop 0.0269 0.0244 00174 - 0.0314
o-add 1.09 1.04 -0.383-2.47

Pl=prediction interval is computed as )—(a = ASnJl +(1¢n) , where Ais the 100(1 - {(p/2})" percentile

of Student's t-distribution with » - 1 degress of freedom. in and S, are the mean and standard
deviation, respectively.
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Table 8 Final estimates for the population pharmacokinetic parameters based on
Monte Carlo simulation and compared to the estimates from the final model

Monte Carlo simulated datasets Modelbbuilding datasets
Parameter Estimate SE Estimates SE.
Structural Model )
81 0.304 {.0628 D.286 .104
82 111 0718 1.64 1.04
83 2.5t 0409 258 0.965
04 2560 0818 285 0.922
85 0.00378 0.000358 0.00455 0.000702
g5 0.0845. - D.00671 0.0858 0.0155
67 -0.0282 0.00449 -0.0336 0.00776
88 0.0382 0.00429. 0.0419 0.9151
89 0.0689 0.0108 0.0498 0.0110
810 0.890 0.0298 -0.907 0.0639
811 0.00408 0.000675 0.0039 0.00124
9812 0.126 0.0259 0.0847 ' 007
813 1.26 0228 1.34 0742
Statistical model
w?CL 0.0662 0.00464 0.0737 6.0119
wVy ' 0.166 D.0158 0.169 0.0423
w’Q 0.0563 0.0258 0.0423 0.0755
wz\lz : 0.0938 0.0109 0.0802 0.0234
o‘prop 0.0286 0.00117 0.0269 0.00371
oadd 1.58 0.185 ) 1.09 0713

5.4 SPONSOR’S CONCLUSIONS

1. Based on the population PK report 06-6424-pop-PK-01, the sponsor found:

The pharmacokinetics of telavancin was modeled using data from seven Phase 1
studies.

The final population model was a two-compartment linear model with first order
elimination and included four parameters: CL, V1, Q, and V2. Interindividual
variability was present for all parameters. Residual variability was expressed as a
combined additive and proportional error model.

The following conclusions can be drawn from the population pharmacokinetic analysis:

Telavancin clearance is estimated to be primarily a linear function of estimated
creatinine clearance.

Both V1 and V2 were associated with body weight, indicating that the apparent

~ rate of telavancin distribution into the peripheral (extracellular) compartment

increases with body weight.
Both V1 and V2 were inversely related to CLcr, indicating that telavancin
distribution increased in subjects with impaired renal function.

The relationships between body weight and telavancin volumes of distribution support
the dosing of telavancin on a mg/kg basis. The significant correlation between
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creatinine clearance and telavancin clearance suggests that subjects with severe renal
impairment or end stage renal disease may require adjusted dosing regimens to match
systemic exposures with those seen in subjects with normal renal function.

2. Based on the population PK report 06-6424-pop-PK-02, the sponsor found:

The pharmacokinetics of telavancin were evaluated using data from seven Phase
1, two Phase 2 and two Phase 3 studies.

The final population model was a two-compartment linear model with first order
elimination and included four parameters: CL, V1, Q, and V2. Interindividual
variability was present on all parameters. Residual variability was expressed as a
combined additive and proportional error model.

The following conclusions can be drawn from the population pharmacokinetic analysis:

Telavancin clearance is estimated to be primarily a linear function of estimated
creatinine clearance. Clearance decreased in moderate to severe impaired renal
function

Both V1 and V2 were associated with body weight, indicating that the apparent
rate of telavancin distribution into the peripheral (extracellular) compartment
increase with body weight

V1 was inversely related to CLcr, indicating that telavancin distribution increased -
in subjects with impaired renal function

No dose adjustment is needed based on gender or age alone

The dose adjustments for renal impairment utilized in Phase 3 protocols (7.5
mg/kg for moderate renal impairment and 10 mg/kg q48h for severe renal
impairment) seems appropriate based on the observed reductions in telavancin
clearance in subjects with moderate and severe renal impairment

No dose adjustment is warranted in obese subjects
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5.5 REVIEWER’S COMMENTS ON SPONSOR ANALYSIS

¢ The population pharmacokinetic analysis based on 7 phase I clinical trials (Study
report 06-6424-pop-PK-01) is acceptable.

e The population pharmacokinetic analysis based on 7 phase I clinical trials, 2
phase H clinical trials, and 2 phase III clinical trials (Study report 06-6424-pop-
PK-02) is acceptable.

¢ Should there be additional clinical trials for this drug, we recommend that the
sponsor:

o provide standard goodness-of-fit plots in order to support the validity of
the final model. These plots consist of 1.) population predicted versus
observed concentration, 2.) individual predicted versus observed
concentration, 3.) weighted residual or conditional weighted residual
versus time, and 4.) weighted residual or conditional weighted residual
versus population predicted concentration.

o perform assumption check for the random effects. For example, the
sponsor can provide the QQ plots to compare the interindividual
variability with the standard normal distribution.

o collect sparse PK samples from all patients in the pivotal clinical trials in
order to further investigate the exposure-response relationship.
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6 REVIEWER’S ANALYSIS

FDA reviewer’s analysis was to explore the exposure-effectiveness and safety
relationship following telavancin therapy.

6.1 DATA

- The original data was provided by the sponsor on April 26, 2007 upon request from the
reviewer. The sponsor provided 2 major exposure-effectiveness and exposure-safety
datasets - pkexpeff.xpt, and pkexpclc.xpt.

Clinical response at the test-of-cure (TOC) was evaluated by the clinical investigator and
was used by sponsor as the primary effectiveness variable in the pivotal trials. The
clinical responses from 346 subjects (PK subset) in Studies 0017 and 0018 were provided
in the pkexpeff.xpt dataset. Since 2 subjects in this dataset have no PK information, the
clinical response analysis dataset includes 344 subjects.

Microbiological response at the TOC was used by the sponsor as the secondary
effectiveness variable in the pivotal trials. We derived the analysis dataset by removing
the subjects with no PK or no microbiological response observations from the
pkexpeff.xpt dataset. Totally 266 subjects were included in the exposure-microbiological
analysis dataset.

Renal function change in the telavancin treatment and follow-up periods was measured
by the sponsor as creatinine clearance (CrCL). We derived the analysis dataset by
removing the subjects and observations with no PX, no baseline CrCL or no CrCL
observations from the pkexpclc.xpt dataset. There are 380 subjects in the final analysis
dataset.

6.2 METHODS AND RESULTS

We performed exposure-clinical response rate, exposure-microbiological response rate,
and exposure-renal function reduction rate analyses using data from PK subgroup in the
two pivotal clinical trials (0017 and 0018). In our analyses, the exposure is defined as the
steady state AUC over 48 hr (AUCss (p.43)). As stated in-the protocols of Study 0017 and
Study 0018, 7.5 mg/kg or 10 mg/kg telavancin was administered once every 24 hr. In
patients with severe renal impairment, telavancin was given once every 48 hr. Therefore,
the steady state AUC over 48 hr is employed as exposure measures. AUCSS (0.4shr)
distribution is shown in Figure 19. The distributions of telavancin exposure are similar
between the two pivotal trials. The treatment duration was also plotted in Figure 20. The
treatment duration distribution is different from Study 0017 to Study 0018-more than
40% of the patients in Study 0017, as compared to about 15% of the patients in Study
0018, stayed in the trial until Day 14. In summary, analysis data obtained from Study
0017 and Study 0018 provides sufficient range of telavancin exposure in order for us to
perform relevant analyses.



Telavancin PM review p. 35/51

Figure 19 Telavancin Steady state AUC (0-48hr) distribution from Studies 0017 and
0018 ‘
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Figure 20 Telavancin treatment duration in the PK subset of patient from Studies
0017 and 0018
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6.2.1 Exposure-clinical response rate analysis

We investigated the exposure-clinical response rate relationship from the PK subgroup in
the two pivotal clinical trials (0017 and 0018).

Clinical response rate is defined as clinical cure rate. Clinical response at the test-of-cure
(TOC) was measured by the clinical investigator and was used as the primary
effectiveness variable by the sponsor in the statistical analysis. Based on the study
protocol of 0017 and 0018, the clinical response was defined as “cured”, “not cured”,
“indeterminate”, and “missing”. In our exposure-clinical response analysis, we pooled
the “indeterminate” and “missing” into “not cured”, as the sponsor summarized the
percentage of clinical cure rate. We then analyzed the percentage of subjects who were
clinically cured as a function of telavancin exposure.

At a scrutiny of the raw data, we found that similar AUCss g.4sp,, distribution is observed
in patients who were cured as compared to those who were not cured at the TOC (Figure
21). However, the patients who were clinically cured appears to have longer treatment
duration time as compared to the patients who were not cured at the TOC (Figure 22).

Figure 21 AUC (o) distribution for the patients who were cured as compared to
those who were not cured at the TOC
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Figure 22 Treatment duration distribution for the patients who were cured as
compared to the patients who were not cured at the TOC
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We used logistic regression model to explore the relationship between telavancin
exposure and the clinical cure rate following telavancin treatment. Factors, such as
telavancin exposure (AUCss g.4gy;) (log-transformed), treatment duration time, and patient
body weight, were screened using stepwise selection. Only treatment duration time is
proved to be a significant factor for the model (P = 0.0001), and the parameter estimates
were listed in Table 9. As demonstrated in Figure 23, the model adequately describes the
relationship between clinical response and the telavancin treatment duration timq.

Table 9 Parameter estimates (Clinically cured ~ treatment duration)

Parameter Estimate P value Qdds ratio 95% CI
Intercept -1.28 0.18 - -
Treatment Duration 0.44 0.0001 (**%) 1.56 1.25~1.95

**%: Statistically significant

Figure 23 Logistic regression model fitting for clinical response and treatment

duration time
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We further employed a logistic regression model to characterize the telavancin exposure
and clinical cure rate relationship. The model parameters were listed in Table 10, and no
statistically significant telavancin exposure effect is demonstrated. The model fitted curve
was show in Figure 24. The fitted curve sufficiently describes the observed data. No trend
between clinical response rate and telavancin exposure can be identified. The 10“’, 50“”‘,
and 90" percentile of telavancin exposure following 7.5 mg/kg and 10 mg/kg (tested
dose) telavancin administration was illustrated respectively as boxes in the plot. No
superior clinical response rate can be shown for the dose at 10 mg/kg as compared to 7.5

mg/kg.

Table 10 Parameter estimates (Clini‘cally cured ~ telavancin exposure (AUC g_4zn,))

Parameter Estimate P value - Odds ratio 95% C1
Intercept -0.12 - 0.98 - ' -
Log, AUCSS (0-48hr) 0.28 0.61% 1.33 0.45 ~3.95

#: Not statistically significant

- Figure 24 Logistic regression model fitting for clinical response and telavancin
exposure (AUC 0-48hr)



Telavancin PM review p- 39/51

Observed T Fitted line Shaded area =90 Cl
®  Binned observation -—= P=10

N

At !

=

At

o

o

.. 1w

10, 5Gih, 90th percentie of AUCSS (0-481)

Probability / Proportion of Clinical Response

< VA 7
(=] NS, for dose = 10mgag (o= 265}
N
=}
| < >
o
S
T T T T T T
1000 2000 3000 4000 5000 6000
AUCss (0-48hr)

6.2.2 Exposure-microbiological response rate analysis

We also investigated the exposure-microbiological response rate relationship from the PK
subgroup in the two pivotal clinical trials (0017 and 0018).

Microbiological response rate is defined as microbiological eradication rate.
Microbiological response at the TOC was used as the secondary effectiveness variable in
the pivotal trials by the sponsor. Based on the study protocol of 0017 and 0018, the
microbiological response was defined as “eradicated”, “not eradicated”, and
“indeterminate”. In our exposure-microbiological response analysis, we pooled the “not
eradicated” and “indeterminate” into “not eradicated”, as the sponsor conducted in the
statistical analysis. We then analyzed the percentage of subjects who were proved to be
microbiologically eradicated as a function of telavancin exposure.

At a scrutiny of the raw data, similar AUCss .4y, distribution is observed in patients who
were microbiologically eradicated as compared to those who were not microbiologically
eradicated at the TOC (Figure 25). However, the patients who were microbiologically
eradicated appears to have longer treatment duration time as compared to the patients
who were not microbiologically eradicated at the TOC (Figure 26 ).

Figure 25 AUC (p.45) distribution for the patients who were microbiologically
eradicate as compared to those who were not microbiologically eradicate at the
TOC
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Mcirobiological Response vs. AUCss (0-48)
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Figure 26 Treatment duration distribution for the patients who were
microbiologically eradicate as compared to those who were not microbiologically
eradicate at the TOC
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We performed univariate logistic regression models to further identify the relationship
between the microbiological response rate with telavancin exposure and treatment
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duration. Microbiological response rate were modeled separately with AUCss (o.48)
(Figure 27) and with treatment duration (Figure 28). The fitted curve describes the
observed data well. An increased trend of higher microbiological response rate was
identified when a patient has higher telavancin exposure or longer treatment duration.

Figure 27 Univariate logistic regression model fitting for microbiological response
versus telavancin exposure (AUCss (0-48hr))
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Figure 28 Univariate logistic regression model fitting for microbiological response
versus telavancin treatment duration
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- Subsequently, factors, such as telavancin exposure (AUCss g.4shr) (log-transformed),
treatment duration time, and patient body weight, were screened using stepwise selection.
Both treatment duration and telavancin exposure are proved to be significant factors for
the final model (P < 0.05). The final multivariate logistic regression model parameters
were listed in Table 11.

Table 11 Parameter estimates (Microbiological respbnse ~ treatment duration +
exposure)

Parameter Estimate P value Odds ratio 95% CI
Intercept -11.29 0.035 - -
Logy AUCsS (g.48nr) 1.04 0.035 (**) 2.83 1.08 ~7.44.
Treatment Duration 0.23 0.0007 (**%) 1.26 - 1.10~1.43

*% or ***: Statistically significant.

Figure 29 Multivariate logistic regression model fitting for microbiological response
and treatment duration and telavancin exposure
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Our multivariate logistic regression analysis indicated that the microbiological
eradication rate is governed by both the telavancin exposure and treatment duration. The
combination effect for the telavancin exposure and patient treatment duration on the
microbiological response was shown in Figure 29. A general trend can be identified that
a patient with higher exposure and longer treatment duration yields higher
microbiological response rate.

6.2.3 Exposure-renal function reduction rate analysis

We performed the exposure-renal function reduction rate analysis from the PK subgroup
in the two pivotal clinical trials (0017 and 0018). '

The renal toxicity was described by renal function reduction rate, which is defined as the
percentage of subjects who experienced at least 20% creatinine clearance (CrCL)
reduction comparing to baseline. The CrCL values higher than 140 mL/min are
physiologically implausible. Any CrCL values greater than 140 mL/min were treated as
140 mL/min. The percentage reduction from baseline (P.CHG) was calculated by the
following method. Patients with P.CHG > (-)20% were designated as “yes’ (reduced renal
function), else ‘no’.

P.CHG = TBCLCR-TCLCR %100%
TBCLCR

Where P.CHG represents the CrCL percentage reduction from baseline, TBCLCR is the
truncated (truncated to 140 mL/min, when baseline creatinine clearance > 140 mL/min)
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baseline creatinine clearance, TCLCR is the truncated (truncated to 140 mL/min, when
CrCL > 140 mL/min at any visit) CrCL.

Renal function reduction was analyzed at two different scénarios. In the first scenario, we
performed the analysis using the lowest CrCL value observed during the treatment and
follow-up periods (worst CrCL scenario). In the second occasion, we performed similar
analysis using the last CrCL value observed during the treatment period (last CrCL
scenario).

6.2.3.1 Exposure- worst renal function reduction rate analysis

We performed exposure-renal function reduction rate analysis for the worst CrCL
reduction during any visit in the treatment and follow-up periods of each subject (worst
CrCL scenario).

We used logistic regression model to explore the relationship between telavancin
exposure and the worst renal function reduction following telavancin treatment. Factors,
such as telavancin exposure (AUC ¢.481,) (log-transformed), treatment duration time,
patient body weight, and baseline CrCL were screened using stepwise selection. No
factor was selected as a significant effect at 0.05 level.

We further investigated the effect of telavancin exposure, treatment duration, and
baseline CrCL on renal function reduction separately by using univariate logistic
regression modeling approach. The model parameter estimates were presented in Table
13. The model fitted curves were illustrated from to Figure 32. The model fitted curves
sufficiently describe the observed data. We also identified the following: -

* A slightly increased trend can be observed as higher telavancin exposure (AUCss
(0-48)) yields relatively higher incidence of renal function reduction (defined as
CrCL > 20% reduction from baseline) — the renal function reduction rate is about
29.8% when the exposure is 1225 ug/mL*hr (equivalent to the median exposure
at the dose of 7.5 mg/kg), whereas the rate is increased to 33.1% when exposure is
increased to 1731 ug/mL*hr (equivalent to the median exposure at the dose of 10
mg/kg) (Figure 30). This suggests that reducing dose from 10 mg/kg to 7.5 mg/kg
provides a slight reduction (4-5%) of risk for a patient to experience renal
function reduction. However, this increased trend is not statistically significant (P
=0.19, OR = 1.39 with 95% CI (0.85 ~ 2.28)).

e The incidence of renal function reduction does not appear to be treatment duration
dependent (P = 0.996, OR = 1 with 95% CI (0.93 ~ 1.07)) (Figure 31). Therefore,
increasing treatment duration does not appear to increase the risk for a patient to
experience worst renal function reduction rate.

» Baseline CrCL does not appear to be related to the renal function reduction based
on the analysis (P = 0.89, OR = 1 with 95% CI (0.99 ~ 1.01)) (Figure 32). This
might be because that 1.) we truncated both baseline CrCL and CrCL where they
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are greater than 140, and 2.) we used percentage change from baseline CrCL in
constructing the dataset.

Figure 30 Univariate logistic regressioh model fitting for worst renal reduction rate
versus telavancin exposure (AUCss (0-48hr))
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Figure 31 Univariate logistic regression model fitting for worst renal reduction rate
versus telavancin treatment duration
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Figure 32 Univariate logistic regression model fitting for worst renal reduction rate
versus baseline CrCL
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Table 12 Univariate model parameter estimates for worst renal function reduction
rate versus telavancin exposure, treatment duration, and baseline CrCL

Model: Log (P/1-P) ~ Log; AUCSS (9.48hr)

Parameter Estimate P value Odds ratio 95% C1
Intercept 426 0.12 - -
Logy, AUCss (p.4shr) 0.33 0.19 (#H 1.39 0.85 ~2.28
Model: Log(P/1-P) ~ Treatment duration
Parameter Estimate P value Odds ratio 95% CI
Intercept -0.72 0.08 - -
Treatment duration -0.0002 0.996 (#) 1 0.93 ~1.07
Model: Log(P/1-P) ~ Baseline CrCL
Parameter Estimate P value Odds ratio 95% CI
Intercept -0.67 0.06 - -
Baseline CrCL -0.0004 0.89 (#) 1 0.99 ~ 1.01

P: probability of subjects with > 20% reduction in CrCL comparing to baseline
#: No statistical significance (a = 0.05).

6.2.3.2 Exposure- last renal function reduction rate analysis

We performed exposure-renal function reduction analysis for the last visit in the actual
- treatment period of each subject (last CrCL scenario).

We used logistic regression model to explore the relationship between telavancin
exposure and the last renal function reduction following telavancin treatment. Factors,
such as telavancin exposure (AUC g.4gn;) (log-transformed), treatment duration time,
patient body weight, and baseline CrCL were screened using stepwise selection. No
factor was selected as a significant effect at 0.05 level.

We further investigated the effect of telavancin éxposure, treatment duration, and
baseline CrCL on renal function reduction separately by using univariate logistic
regression modeling approach. The model parameter estimates were presented in Table
13.

The model fitted curves were illustrated from Figure 33 and Figure 35. The model fitted
curves sufficiently describe the observed data. We also identified the following:

* A slightly increased trend can be observed as higher telavancin exposure (AUCss
(0-48)) yields relatively higher incidence of renal function reduction (defined as
CrCL > 20% reduction from baseline) — the renal function reduction rate is about
13.7% when the exposure is 1225 ug/mL*hr (equivalent to the median exposure
at the dose of 7.5 mg/kg), whereas the rate is increased to 17.4% when exposure is
increased to 1731 ug/mL*hr (equivalent to the median exposure at the dose of 10
mg/kg) (Figure 33). This suggests that reducing dose from 10 mg/kg to 7.5 mg/kg
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provides a slight reduction (4-5%) of risk for a patient to experience renal
function reduction. However, this increased trend is not statistically significant (P
=0.07, OR = 1.76 with 95% CI (0.96 ~ 3.26)).

* The incidence of renal function reduction does not appear to be treatment duration
dependent (P=0.17, OR = 0.94 with 95% CI (0.87 ~ 1.03)) (Figure 34). Therefore,
increasing treatment duration does not appear to increase the risk for a patient to
experience last renal function reduction rate;

e Baseline CrCL does not appear to be related to the renal function reduction based
on the analysis (P = 0.09, OR = 0.99 with 95% CI (0.99 ~ 1.00)). This might be
because that 1.) we truncated both baseline CrCL and CrCL where they are
greater than 140, and 2.) we used percentage change from baseline CrCL in
constructing the dataset. :

Figure 33 Univariate logistic regression model fitting for last renal function
reduction rate versus telavancin exposure (AUCss (0-48hr))
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Figure 34 Univariate logistic regression model fitting for last renal function

reduction rate versus telavancin treatment duration
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Table 13 Univariate model parameter estimates for last renal function reduction
rate versus telavancin exposure, treatment duration, and baseline CrCL

Model: Log (P/1-P) ~ Log, AUCSS (g-4shr)

Parameter Estimate P value Odds ratio 95% CI
Intercept -7.65 0.02 - -
Logy AUCss (p-4shr) 0.57 0.07 (#) 1.76 0.96 ~3.26
Model: Log(P/1-P) ~ Treatment duration
Parameter Estimate P value Odds ratio - 95% CI
Intercept -0.91 0.06 - -
Treatment duration -0.06 0.17 (#) 0.94 0.87~1.03
Model: Log(P/1-P) ~ Baseline CrCL
Parameter Estimate P value Odds ratio 95% CI
Intercept -0.87 0.04 - -
Baseline CrCL -0.007 0.09 (#) 0.99 0.99 ~ 1.00

P: probability of subjects with > 20% reduction in CrCL comparing to baseline

#: No statistical significance (a = 0.05).
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7 PHARMACOMETRIC REVIEW CONCLUSIONS

The following summarizes the pharmacometric findings from telavancm exposure-
effectiveness and exposure-renal toxicity analyses in PK subgroup.

.The recommendations based on the telavancin exposure-effectiveness and -renal toxicity
analyses, in the subgroup with PK measurements, are provided in this review.
Specifically, we found that:

» 10mg/kg dose, as proposed by the sponsor, is acceptable.

o The clinical cure rate is similar between 7.5 mg/kg and 10 mg/kg groups.
The exposures seem to be at the plateau region of the exposure-response
curve.

o Microbiological eradication rate is higher for the 10 mg/kg dose versus 7. 5
mg/kg. The expected microbiological response rate for a patient with the
exposure of 1239 mg*hr/mL (median exposure at the dose of 7.5 mg/kg)
is 72.8%, whereas the response rate increased to 81.6% for a patient with
the exposure of 1739 mg*hr/mL (medlan exposure at the dose of 10
mg/kg)

o 10mg/kg ynelds only marginally (and numerically) higher risk of renal
function reduction (defined as at least 20% reduction in creatinine
clearance from baseline at any time during the trial) compared to7.5
mg/kg (14% vs. 17.6%).

e Treatment duration of 7-14 days is acceptable.

o The clinical cure and microbiological eradication rates seem to have
achieved the maximum between 7-14 days. Patients treated for less than 7
days have lower probability of treatment success.
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8 APPENDICES
(None)
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1. EXECUTIVE SUMMARY

Theravance, Inc., submitted a New Drug Application for telavancin for injection on December 19, 2006.
The FDA granted this submission a standard review cycle. Telavancin is a semisynthetic,
lipoglycopeptide antibiotic that has in vitro activity against a broad range of clinically relevant aerobic
and anaerobic Gram-positive bacterial pathogens. The mechanism of action of telavancin is by inhibition
of bacterial cell wall synthesis and disruption of the functional integrity of the bacterial plasma
membrane. Theravance is requesting approval for the indication of complicated skin and skin structure
infections (cSSSI) caused by Staphylococcus aureus (methicillin-resistant and susceptible strains),
Streptococcus pyogenes, Enterococccus faecalis (vancomycin-susceptible isolates only), Streptococcus
agalactiae, and Streptococcus anginosis group (including S. anginosis, S. intermidius and S. constellatus).
The proposed intravenous dosage regimen is 10mg/kg infused over 60 minutes every 24 hours for 7 to 14
days depending upon the severity of the infection.

A total of 12 Phase 1 clinical pharmacology studies were conducted to investigate the single-dose and
multiple-dose pharmacokinetics, metabolic disposition, effect of special populations (renal impairment
and hepatic impairment), impact of age and gender, drug-drug interactions (piperacillin-tazobactam,
aztreonam, and midazolam), and the potential of telavancin to prolong cardiac repolarization . Eleven of
the Phase 1 studies were evaluated in this review; one study was not reviewed because it was not pertinent
to this indication.

Two Phase 2 and two Phase 3 studies were submitted to support the safety and efficacy of telavancin for
the treatment of cSSSI. Since sparse samples were obtained from all four studies, a population
pharmacokinetic analysis was performed to compare the pharmacokinetics of telavancin in patients with
infection to healthy subjects as well as assess the impact of covariates. In addition, an exposure-response
analysis was conducted to evaluate the relationship between telavancin exposure and clinical &
mlcroblologlcal cure and renal toxicity. The results of this analysis support the sponsor’s proposed dosage
regimen of telavancin 10 mg/kg q24h and duration of therapy of 7-14 days for the treatment of ¢SSSI.

1.1. Recommendation

T he Office of Translational Sciences, Office of Clinical Pharmacology, Division of Clinical
Pharmacology 4 has reviewed NDA 22-110 and the submission is acceptable from a Clinjcal
Pharmacology point of view.

The proposed labeling comments in Section 3 should to be communicated to the sponsor.

1.2. Phase IV Commitments
No Phase IV commitments are recommended.

1.3. Summary of Important Clinical Pharmacology and Biopharmaceutics Findings



Pharmacokinetics:

Distribution:

Telavancin is approximately 90% plasma protein bound. The degree of penetration of telavancin into skin
blister fluid was approximately 40% as measured by the ratio of the AUC in blister fluid to the AUC in
serum.

Metabolism:

In vitro assays with human liver microsomes showed that none of the following CYP450 isoforms
metabolized telavancin: CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3AS5, and CYP4A11.
Thus, the clearance of telavancin is not anticipated to be altered by inhibitors of these enzymes in vivo.

A metabolite of telavancin (AMI-11352) has been identified although its formation pathway has not been
identified. In the mass balance study (Study 0027), the amount of AMI-11352 recovered in urine based on
total radioactivity was 6-11% of the administered dose.

Excretion:

Telavancin is eliminated primarily by the kidney. In the mass balance study approximately 80% of the
administered dose was recovered from the urine based upon total radioactivity and less than1% was
recovered from feces.

Intrinsic Factors:

Gender

The-impact of gender on the pharmacokinetics of telavancin was evaluated in 16 elderly male and female
healthy subjects following administration of a single dose of telavancin 7.5 mg/kg infused over 60
minutes. The pharmacokinetics of telavancin were similar between male and female subjects. No dosage
adjustment is recommended based on gender.

Age

A formal Phase 1 study evaluating the impact of age was not performed by the sponsor. The reviewer
compared the pharmacokinetics of telavancin from healthy elderly male and female subjects to a control
group (Study 16424-107a) of healthy young male and female subjects. The pharmacokinetics of
telavancin were similar between young and elderly subjects. No dosage adjustment is recommended

. based on age.

Renal impairment )

The impact of renal impairment on the pharmacokinetics of telavancin was investigated in a clinical study
of 28 subjects with varying degrees of renal impairment. The mean clearance was 11%, 19%, and 55%
lower in subjects with mild, moderate, and severe renal impairment, respectively compared to normal
renal function. Among subjects with end-stage renal disease who received hemodialysis immediately
following administration of telavancin, the mean plasma clearance was 40% lower than subjects with
normal renal function. A dosage adjustment is recommended for patients with moderate renal impairment
(7.5 mg/kg q24h) and severe renal impairment (10 mg/kg q48h).

Hepatic impairment

The impact of hepatic impairment on the pharmacokinetics of telavancin was investigated in a clinical
study comparing eight adult subjects with normal hepatic function to eight adult subjects with moderate
hepatic impairment (Childs-Pugh B). The mean clearance was 8% higher and AUC,.., 7% lower in
subjects with moderate hepatic impairment compared subjects with normal hepatic function. No dosage
adjustment is recommended for patients with mild or moderate hepatic impairment.



Extrinsic Factors:

In vitro metabolism studies with human liver microsomes demonstrated that telavancin is not an inhibitor
of CYP450 1A2, 2C9, 2C19, 2D6, 3A4, 3A5, and 4A11 isoforms. Thus, telavancin is not anticipated to
alter the clearance of co-administered drugs metabolized by one or more of these enzymes in vivo.

Aztreonam

The impact of telavancin on the pharmacokinetics of aztreonam and the impact of aztreonam on the
pharmacokinetics of telavancin were assessed in a clinical study of 11 healthy subjects. Subjects
received a single dose of telavancin 10 mg/kg alone, aztreonam 2 gm alone, and telavancin 10 mg/kg
and aztreonam 2 gm in combination. Co-administration of aztreonam and telavancin did not
significantly impact the Cpa.x and AUC,., of either drug. No dosage adjustments are recommended
when aztreonam and telavancin are co-administered.

Piperacillin-Tazobactam

The impact of telavancin on the pharmacokinetics of piperacillin/tazobactam and the impact of
piperacillin/tazobactam on the pharmacokinetics of telavancin were assessed in a clinical study of 12
healthy subjects. Subjects received a single dose of telavancin 10 mg/kg alone,
piperacillin/tazobactam 4.5 gm alone, and telavancin 10 mg/kg and piperacillin/tazobactam 4.5 gm in
combination. Co-administration of piperacillin/tazobactam and telavancin did not significantly impact
the Cp,x and AUC,., of any of the three drugs. No dosage adjustments are recommended when
piperacillin/tazobactam and telavancin are co-administered.

Midazolam

The pharmacokinetics of midazolam and 1’-hydroxy-midazolam with and without coadministration
of telavancin was evaluated in a clinical study of 16 subjects. A single dose of telavancin 10 mg/kg
did not significantly impact the C,,, and AUC,., of midazolam and 1’-hydroxy-midazolam. No
dosage adjustment of midazolam is recommended when co-administered with telavancin.

Cardiac Repolarization: ,

The sponsor conducted a thorough QT/QTc study to evaluate the effect of telavancin on cardiac
repolarization following administration of 7.5 mg/kg q24h and 15 mg/kg q24h infused over 60 minutes
for three days. At steady-state for both doses, the baseline- and placebo-corrected QTcF interval was
lengthened greater than 10 msec. The expected mean change in the baseline- and placebo-corrected QTcF
interval for the proposed clinical dose (10 mg/kg) is 12 to 15 msec.

Exposure-Response:

The exposure-effectiveness analysis found that the treatment duration of 7-14 days is acceptable. A
sufficient duration of treatment is necessary to ensure the benefit of telavancin in terms of clinical cure
rate and microbiological eradication rate. The exposure-response analysis showed that the microbiological
eradication rate is higher for the 10mg/kg dose versus 7.5 mg/kg at the same treatment duration of 7-14
days. The exposure-renal function analysis showed that 10 mg/kg dose yields only a marginal increase
(about 4%) risk of renal function reduction compared to the 7.5 mg/kg dose.



2. QUESTION BASED REVIEW
2.1. General Attributes of the Drug

2.1.1.  What are the highlights of the chemistry and physical-chemical properties of the drug substance
and the formulation of the drug product?

Telavancin hydrochloride is derived from a synthetic modification of vancomycin and is a purified
lipoglycopeptide antibacterial product. The chemical structure and physical-chemical properties of
telavancin hydrochloride are.described below.

Structural Formula: CgH;0sCLN;0,7P-xHCL (where x=1-3)

Chemical Structure:

. Chemical Name:

Vancomycin, N3”-[2-(decylamino)ethyl-29-[[(phosphonomethyl)amino]methyl]-hydrochloride
Molecular Weight: 1755.63 (free base)
Solubility Profile:

Telavancin in water is classified as soluble at -= , slightly soluble at " and very slightly soluble b&A)
above pH 4.5.



Drug Product:

Telavancin for injection is supplied as a sterile ¢

Table 1. Unit Composition of Telavancin for Injection

2 lyophilized powder for IV injection. The
unit composition of telavancin for injection is presented in Table 1. The same formulation was used
throughout the clinical development program (Phase 1, 2, and 3 clinical trials).

by

Reference to Function / Amount per Amount per
Component Sraniad | Explanatory Notes 250(:?3)%1 Tﬂg(:?r?g;g)wE’1l
Telavancin Th .
{Hydrochloride Sp;gg}gs s | Drug substance 250 750
(free base equivalent)
Hydroxypropylbetadex®
Q : ) Ph Eur Qa 9 2500 7500
e l
Mannitol UsP . 3125 9375
Sodium Hydroxide NF ' gs? qs?
Hydrochloric Acid” NF ; qs? q.s’?
( ) usP C ) bi4)
po —L i
C il ]
[Total Weight [

? Also referred to as hvdroxvoropvi-beta-cyclodextrin, h{(droxypropyl-ﬁ-cyclodexhin, HP-8-CD,
HPBCD, HPbCD. \

b e ) reagent are added for pH adjustiment to 4.5 as needed

b4)

2.1.2.  What is the proposed mechanism of drug action and therapeutic indication?

Telavancin is a semisynthetic, lipoglycopeptide antibiotic that has in vitro activity against aerobic Gram-
positive pathogens including Staphylococcus aureus (including methicillin-resistant strains

>, Streptococcus pyogenes, Streptococcus agalactiae,
Streptococcus anginosus, grp. (including S. anginosus, S. intermedius and S. constellatus), and
Enterococcus faecalis (vancomycin-susceptible isolates only). The bactericidal activity of telavancin is
due to two mechanisms of action: 1) inhibition of bactericidal cell wall synthesis and 2) disruption of the
functional integrity of the bacterial plasma membrane. Telavancin inhibits cell wall biosynthesis by
binding to late-stage peptidoglycan precursors, including lipid II, which prevents both the polymerization
of precursor into peptidoglycan and subsequent cross-linking events. Telavancin also binds to bacterial
membranes and causes depolarization of membrane potential and an increase in membrane permeability.
These actions of telavancin to inhibit protein, RNA and lipid synthesis consequently result in bacterial
cell death. The proposed indication for telavancin is for the treatment of complicated skin and skin
structure infections (¢SSSI).

b(4)



2.1.3.  What is the proposed dosage and route of administration?

The recommended dose for telavancin is 10 mg/kg administered over a 60—m1nute period by intravenous
infusion once every 24 hours for 7 to 14 days.

Impaired Renal Fuanction
Telavancin is eliminated primarily by the kidney. A dosage adjustment is recommended for patients with
creatinine clearance <50 ml/min, ) ‘as shown in Table 2.

Table 2. Sponsor’s Recommended Dosage Adjustment in Adult Patients with Renal Impairment

Creatinine clearance* (ml/min) Telavancin Dose and Dosage Interval

>50 10 mg/kg every 24 hours

30-50 7.5 mg/kg every 24 hours

<30 C_ p 10 mg/kg every 48 hours

* As measured using the Cockroft-Gault formula ’ h(q_)

2.2. General Clinical Pharmacology

2.2.1. What are the design features of the clinical pharmacology and clinical studies used to support
dosing or claims?

The design features of the clinical studies proposed to support efficacy of telavancin are as follows.

Clinical Pharmacology Studies
Healthy Subject PK Studies

{Studies 0027, 101a, 102a, 104a, 1074, and 108a)
Intrinsic Factor PK Studies
{Studies 105a, 102a, 103z, and 0016)
Extrinisic Factor PK Studies
{Studies 0032 and 0035)
Efficacy and Safety Studies in ¢SSSI
Telavancin 10 mg/kg Studies
{Studies 0017, 0018 and 202b Post Amendment)
Telavancin 7.5 mygfkyg Studies
{Study 202a and Original Protocols for Studies 0017, 0018 and 202b)

The clinical pharmacology program, 11 studies in all, includes studies to characterize the pharmacokinetic
profile of telavancin in healthy young and healthy elderly adult male and female subjects, penetration of
telavancin into skin blister fluid and lung fluid, impact of renal hepatic impairment on the
pharmacokinetics of telavancin, drug-drug interaction studies (aztreonam, midazolam, and .
piperacillin/tazobactam), and the impact of telavancin on cardiac repolarization (thorough QT study).

The sponsor performed two Phase 2 clinical trials (Studies 202a and 202b) and two Phase 3 clinical trials
(Studies 0017 and 0018) to assess the safety and efficacy of telavancin for the treatment of ¢SSSI.

b(4)



2.2.2.  What is the basis for selecting the response endpoints (i.e., clinical or surrogate endpoints) or
biomarkers (collectively called pharmacodynamics [PD]) and how are they measured in clinical
Ppharmacology and clinical studies?

The primary efficacy variable in phase 2 and phase 3 studies was the clinical response (cure) rate at the
Test of Cure (TOC) visit in the Clinically Evaluable (CE) Population. Intent-to-treat (ITT) analyses were
performed as supportive efficacy analyses. Bacteriological response rates were evaluated in most of the
studies. These endpoints are based on FDA guidelines for developing antimicrobial drugs for the
treatment of cSSSI.

2.2.3. Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?

The known active moiety of telavancin hydrochloride is telavancin. An inactive metabolite AMI-11352
and ' ¢_ D AMI-999 have been identified. Liquid Chromatography Mass Spectrometry (LC-
MS/MS) and HPL.C methods have been used exclusively for analysis of telavancin and metabolites. The
assays are acceptable. See Section 2.6 for further details. -

2.2.4. Exposure-Response

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

The exposure-response relationship for telavancin has been evaluated using in vitro time-kill studies, in vivo
animal models of infection, Monte Carlo simulations, and an exposure-response analysis based on the

pharmacokinetic subgroup in the two Phase 3 clinical trials to evaluate the relationship between telavancin _

exposure and clinical & microbiologic cure.
2.24.1.1.  Time-Kill Studiés

Time-kill kinetic studies were performed to assess the bactericidal activity with static telavancin
concentrations. With this method, both the extent and rate of bacterial killing can be measured. Clinical
isolates of S. aureus from SSSI, wounds and respiratory sites were obtained from various sources and
included 2 MSSA, 3 MRSA (one non-susceptible patient with daptomycin (DAPNS)) and a vancomycin
intermediate staphylococcus aureus (VISA) strain. Additionally, a strain of S. epidermidis from a
catheter-related bloodstream infection was included. Figures 1-3 show the bactericidal activity of
telavancin against various strains of organisms. The graph on the left depicts bactericidal activity as a
function of telavancin concentration and the graph on the right depicts the bactericidal activity of
telavancin and comparator antibiotics at 8X their respective MIC as shown in Figure 1.

bi4)



Figure 1. Bactericidal Activity of telavancin and Comparators against S. aureus ATC 29213
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Figure 2. Bactericidal Activity of Telavancin and Comparators against MSSA H335629
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Figure 3. Bactericidal Activity of Telavancin and Comparators against MRSA 1345084

104 16
~d—Telavancin « 2X —A—Telavancin
. 3 ¥ ——R —A—Telavancin - 4X . : ~——8 —+—Vancomyc
E —¥-Telavancin-8X & . ~©—Linezolid
P ~B-Growth Control 3 1] ——Growth Control
) S .
2 5 3 5
3] § 4
3 34
- L] L) 1) 1) L] J 2 L4 L T 1 T I
4 8 12 1B B 2 4 B 12 16 20 24

Time {hours) Time {hours)

MIC {ug/mL) = Telavancin, 0.25; Vancomycin, 1; Linezolid, 2

Telavancin MIC values increase by 1-to 2-doubling dilutions in the presence of 50% human serum or 40
mg/mL human serum albumin. Telavancin MBC values are within 1- to 2-doubling dilutions of the values
obtained without added serum or serum proteins.



2.2.4.1 2. Animal Models of Infection

To determine possible PK/PD relationships for telavancin and clinical target PK/PD parameter(s), an
efficacy study with telavancin against a single strain of S. aureus (telavancin MIC = 1 pg/mL) in the
neutropenic mouse thigh infection model was utilized (Study 01-6424-PH-08). The pre-treatment thigh
bacterial titer was 4.7+ 0.3 log CFU/g. In vehicle treated controls the titer after 24h was 8.4+ 0.3 log
CFU/g. Figure 4 shows a dose-dependent reduction in thigh bacterial titer at 24 hrs when telavancin (1, 2
3,5, 10 and 15 mg/kg, IV) was dosed as a single dose (q24h), two.divided doses (q12h), three divided
doses (q8h) or four divided doses (q6h). The estimated EDsys (95% CI) for telavancin were 3.8 (2.6-5.6),
2.8 (2.2-3.6), 3.8 (0.4-35.9) and 3.5 (2.8-4.3) at dosing regimens of q24h, q12h, g8h, q6h, respectively.
Table 3 summarizes the PK/PD parameters at varying doses and dosing regimens of telavancin.

td

Figure 4. Effect of Dose-Fractionation on the Efficacy of Telavancin against MRSA 33591 in the Murine
Neutropenic Thigh Model '

10.0-
- _ ~0— (] 24h
2 | ] ——q 12h
:Ié S 7.51 ~o— (] 8h
82 —— (] 6h
00 5.0- .
8§92 > 3 = Vehicle
£ = —s— Pre-treatment titre
= 2.5
o=

0.0 y r )
0.1 1 10 100

Total dose {mg/kg, iv)

10



Table 3. The Pharmacodynamics (log CFU/g) and Pharmacokinetics (T>MIC; AUC) of Telavancin

Tolal Doss
{mo/kg) Log CFU/g TMIC {hr) AUC {ug.hr/mlL)
gq24h : ’
1 7.328 15 8.1
2 8415 225 2086
3 5842 325 3225
5 5.935 4 49.6
10 4484 14 1075
15 5027 17 1894
30 ' 3848 24 3225
qQi2h v
1 7687 2 186
2 7429 3 21.446
3 537 45 31.91
5 4524 575 50.202
1D 3564 19.5 1342
15 359 24 189.6
q8h
1 8165 2 11.9
3 7272 6 323
10 3513 20 1344
q5h
1 8.045 2 11.9
2 7.851 3 2
5 4408 875 52
15 3465 24 189

Figure 5 shows a relationship between log CFU/g and dose with an R? of 0.97. Figure 6 A, B, and C
.shows the relationship between three PK parameters (Cpax, AUC and T >MIC) and log CFU/g. There was
a correlation between Cp and log CFU/g (R? = 0.66). In contrast, a significant (P < 0.01) correlation was
noted between AUC and T >MIC vs. log CFU/g (R* = 0.94 and 0.91, respectively) which was described
by a sigmoidal curve. These findings suggest that AUC is the primary pharmacodynamically linked
variable. Since the telavancin MIC of the S. aureus isolate was 1 pug/mL, the AUC.,/MIC ratio (based on
total telavancin concentrations) associated with maximal bacterial killing of this isolate is approximately
100.

11



Figure 5. Dose (mg/kg) vs log CFU/g of AMI-6424 Administered q24h
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Figure 6. Relationship Between log CFU/g and C,,.x (A), AUCg.24 (B), and T>MIC (C)
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Figure 6 (con’t). Relationship Between log CFU/g and Cpa(A), AUCo.54 (B) and T>MIC ©)

350

B RZ=0935
O
) "
0 : ey y : :
0 50 100 150 200 250 300
AUC

NOTE: The arrow above represents an AUC,.,¢/MIC ratio of approximately 100 and was associated with

maximal bacterial killing.

RZ=0.905

A Toy

aqn

T=MIC

20

13



The sponsor conducted a study in a netropenic mouse thigh infection model (Study 01-6424-PH02) to
assess the relationship between telavancin dose and CFUS in thigh muscle. In this study, dose response
experiments were carried out against MRSA ATCC 33591 resulting in the data displayed in Figure 7. A
correlation was found between administered dose and reduction in thigh CFUs. The intravenous dose
required for a 1 logyo reduction in CFUs from the stasis line (i.e. logjo 4.8 to 3.8) was approximately 24
mg/kg. An AUC,, of 91 pg.hr/mL was observed following a 10 mg/kg dose in mice (Study 01-6424-PK-
03). Therefore, the AUC,.,4 for a dose of 24 mg/kg in this species is estimated to be approximately 219
pg.hr/mL. Since the MIC of the strain of MRSA used in the thigh infection model (ATCC 33591) was 1
ug/mL, the AUC,.,4/MIC for a 1-log net reduction of the initial inoculum is 219.

Reviewer Note: This AUCy/MIC ratio of 219 obtained from study Study 01-6424-PH02 is not
consistent with the AUCy. ratio of 100 obtained from Study 01-6424-PH-08. Thus, the use of an AUC,,.
24/MIC ratio of 100 would predict a dose lower than those evaluated in the Phase 3 clinical trials (7.5 and

10 mg/kg).
Figure 7. Telavancin Effect Against MRSA in a Mouse Thigh Model
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The sponsor conducted an additional study (Study 01-6424-PH-09) to determine the efficacy of
telavancin against multiple strains of clinically relevant gram positive organisms in the neutropenic
mouse thigh infection model. In this study the sponsor used MRSA strain No. 33591 and MSSA strain
No. 13709. Telavancin 0.1, 0.3, 1, 3, 10, and 50 mg/kg was administered once daily. Table 4 shows the
telavancin doses required to attain a static effect (no net killing or regrowth), one log;o net killing, and
two log;o net killing).
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Table 4. Doses of AMI-6424 Required to Attain Different Pharmacodynamic Endpoints Against Mul’éiple
Gram Positive Organisms in the Mouse Neutropenic Thigh Model

Organism Doses of AMI-6424 (mg/kg, IV)
EDsp Stasis 1 log kill 2 log kill 3 log kill
MRSA 33591 © 25 6.3 27.5 - -
(MIC 1ug/ml)
MSSA 13709 1.7 2.5 55 58.9
(MIC 1pg/ml)

2.2.4.1.3. Monte-Carlo Simulations

Monte-Carlo simulations were performed by the sponsor to calculate the probability of attaining an
AUC2/MIC target of 219 with a fixed dose of telavancin (750 mg) over a range of MIC values. The
sponsor states that the AUC,4/MIC target of 219 is required for a one log), reduction in CFUs against a
MRSA strain with a MIC of 1 pg/mL in the murine neutropenic thigh model. However, the reviewer is
unable to concur with this target and identified an AUC,.,o/MIC target of 100 associated with maximal
killing (Figure 6) based on a single isolate of methicillin-resistant Staphylococcus aureus. The use of the
higher AUC,_,s/MIC target (i.e., 219) would require a higher dose of telavancin to obtain the same
probability of target attainment.

Monte Carlo simulations were performed for 10,000 simulated subjects to estimate the probability of
target attainment (AUC,../MIC target of 219) with a telavancin dose of 750 mg (approximately 10
nig/kg) against varying MIC values. Based on the Monte Carlo simulations, a 750 mg dose
(approximately 10 mg/kg for average adult body weight) was associated with target attainment rates >
99% for organisms with MIC values as high as 2 ng/mL (Figure 8). Since the protein binding of
telavancin is similar in human and mouse plasma, the PK/PD analysis should support the dose evaluated
in both Phase 3 clinical trials.
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Figure 8. Fractional Target Attainment of One log;, CFU/g Net Killing Based on the Total Drug
Concentrations of Telavancin (AMI-6424) in Plasma

AMI 6424 10000 Subject Monte Carlo Simulation
Fractional Target Attainment - Total Drug - 750 mg Dose

P & Y
L * P

100

IO

0.90

0.80

T

a3Fo
0,80
050

.40

Fractiona! Target Atainmant

Total Drug Targst (AUCMIC ratio) for MRSA = 210

3
00 fora 1 log,, (CFUfgm) Drop From Stasie

0.20

010

UL LU R G G A e S L TR g A e )

son E 1 1 I £ T O SO S | L Il Il -
1 10

Al 8424 NES {mgil) tor Staphylococois svess

=]
Y

22.4.14. Summary of Efficacy

Below is a summary of terms describing the different patient populations used in the statistical analyses. The
primary efficacy analysis in the pivotal Phase 3 clinical trials was the clinical cure rate at the test-of-cure
(TOC) visit based on the clinically evaluable population.

All-Treated (AT) population: Comprised of all randomized patients w1th a confirmed cSSSI diagnosis who
recejved at least one dose of study medication.

Modified All-Treated (MAT) population: Comprised of all patients in the AT population who also had a
pathogen recovered from baseline cultures.

Clinically Evaluable (CE) population: Comprised of all patients in the AT population who (a) complied with
all exclusion and inclusion criteria, or were approved for enrollment by the DCRI study physician and (b) had
a clinical response (analysis value) of either “cure” or “failure”.

Microbiologically Evaluable (ME) population: Comprised of all patients in the CE population who also had
a Gram-positive pathogen recovered from baseline cultures.

Phase 2 Studies:

Study 16424a-202a: A Phase 2, Randomized, Double-Blind, Multinational Trial of Intravenous TD-
6424 versus Standard Therapy for Treatment of Complicated Gram-Positive Skin and Skin
Structure Infections
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Patients with complicated Gram-positive skin and skin structure infections were treated with telavancin
7.5 mg/kg/day 1V Q24h or standard therapy, defined as vancomycin 1g q12h or an antistaphylococcal
(semisynthetic) penicillin (pafcillin or oxacillin 2 g q6h IV or cloxacillin 0.5-1 g g6h I'V). 200 patients
were planned to be enrolled. A total of 169 patients were randomized, and of these 167 received study
treatment (84 received telayancin, 83 received standard therapy). In the clinically evaluable (CE)
population at the test of cure (TOC) visit, the clinical cure rate was 91.7% for telavancin (n=72) and
95.7% for standard therapy (n=69). In the microbiologically evaluable population at the TOC visit, the
microbiological eradication rate for telavancin was 75% (n=48) versus (n=49) 84% for standard therapy.

Study 16424-202b: A phase 2, Randomized, Double-Blind, Multinational trial of Intravenous
Telavancin versus Standard Therapy for Treatment of Complicated Gram-Positive Skin and Skin
Structure Infections

Patients with complicated Gram-positive skin and skin structure infections were treated with telavancin or
standard therapy, defined as vancomycin 1 g q12h or an antistaphylococcal penicillin. Under the original
protocol, telavancin was administered at a dose of 7.5 mg/kg IV once daily. Patients enrolled after the:
approval of a protocol amendment were administered a telavancin dose of 10mg/kg IV once daily. The
rationale for increasing the dose was based upon the results of Study 16424-202a in conjunction with the
results of Monte Carlo demonstrating that a 750 mg dose was found to result in target attainment rates >
99% for organisms with MIC values as high as 2 pg/ml. Up to 400 patients were to be enrolled Post
Amendment. A total of 201 patients were randomized; of these 195 received study treatment (100
received telavancin, 95 received standard therapy). In the CE population at TOC, the clinical cure rate
was 96.1% for telavancin (n=77) and 93.5% for standard therapy (n=77). In the ME population at TOC,
the microbiological eradication rate (n=61) for telavancin was 93% versus 81% for standard therapy
(n=53).

Phase 3 Studies: v

Study 0017: A Phase 3, randomized, Double-Blind, Multinational trial of Intravenous Telavancin
Versus Vancomycin for Treatment of Complicated Gram-Positive Skin and Skin Structure
Infections with a Focus on Patients with Infections Due to Methicillin-resistant Staphylococcus
aureus (primarily due to MRSA)

The patients were randomized to receive telavancin 10mg/kg I'V once daily or vancomycin 1g I'V q12.
Approximately 750 patients were to be enrolled in order to obtain 600 clinically evaluable patients (300
per arm). A total of 862 patients were randomized into the study post amendment; of these 855 received
at least one dose of study medication. In both treatment groups, the majority of patients received 7-14
days of study drug. In this study the primary efficacy analysis was to test both the clinical non inferiority
and the superiority of telavancin to vancomycin with respect to clinical response at the Test of Cure
assessment. For purposes of assessing clinical non-inferiority, both the AT and CE analysis populations
were considered co-primary. For purposes of assessing clinical superiority, the AT population was of
primary interest. Telavancin was demonstrated to be clinically non-inferior to vancomycin using the pre-
specified non-inferiority margin of 10%, as evidenced by the lower bound of the 95% CI around the
difference (telavancin-vancomycin) in cure rates being greater than -10%. For the primary efficacy
parameter, Clinical Response at Test-of-Cure in the co-primary all treated (AT) Population, cure rates
were 75.8% and 74.8% in the telavancin and vancomycin treatment groups, respectively, representing a
difference of 1% ( 95% ClI, -4.8% to 6.8%). Table 5 shows the efficacy parameters.
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Table 5. Summary of Key Efficacy Parameters at Test-of Cure (Study 0017)

Analvsi Telavancin 10 Vancomvci
Efficacy Parameter Ponziﬁilgn malkg ancomycin | pif (95% C1y [1]
- P Nusnber (%) of Patients
AT N=426 N=429 1.0%
o ] 323 {75.8B%) 321 {74 .8%) (-4.8%, 6.8%)
Chinical Cure Rate . N =346 N= 349 13%
304 {(87.9%) | 302(86.5%) | (-3.6%. 6.3%)
Clinical Gure Rate by ME .
Pathogen __
Staphylococcus aureus - N =203 N =227 27%
179 {88.2%) 194 {85.5%) {-3.7%, 9.1%)
MRSA N=116 N i
' N 101 {87.1%) (855.5% ) {-6.9%, 10.0%)
N =90 N=91 4.3%
MSSA - 80 (88.9%) | 77 (84.6%) | {5.6%,14.1%)
N=12 N=13 -0.6%
Streplococcus pyogenes - 11(91.7%) | 12(923%) | (-26.1%., 24.2%)
Steot Jactia N=10 N=h 10.0%
eptococcus agaiacliae ) 9{90%) 4 (80%) (-27.6%, 51.5%)
Streplococcus anginosus - N=5 N=3
5 (100%) 3 (100%:)
} " N=13 N =14 21.4%
Enterococous faecalls - 13{100%) | 11(786%) | (-6.4%. 43.0%)
MAT N=307 240 N=322 3.3%
By-Patient Microbiologic {78.2%) 241 {74.8%) {-3.3%, 10.0%}
Eradication Rate ME N=237 N =255 3.6%
212 {89.5%) | 219 {859%) | {-2.2% . 9.4%)
MAT N =307 N=322 2.3%
Overall Therapeutic 235 (76.8%) 238 (74.2%) {-4.4%,9.1%)
Response Rate ME N=237. N =255 3.1%
210 {88.6%) 218 {85.5%) (2.8%,9.0%)

[1] Difference (telavancin — vancomycin); two-sided 95% Cl
*All Treated (AT), Modified All Treated (MAT), Clinically Evaluable (CE), Microbiologically Evaluable

(ME)

Study 0018: A Phase 3, randomized, Double-Blind, Multinational Trial of Intravenous Telavancin
Versus Vancomycin for Treatment of Complicated Gram-Positive Skin and Skin Structure
Infections with a focus on Patients with Infections Due to Methicillin-resistant Staphylococcus
aureus (primarily due to MRSA) '

The patients were randomized to receive either telavancin 10mg/kg IV once daily or vancomycin 1g
q12h. A total of 1035 patients were randomized into this study post amendment; of these 1012 received at
least one dose of study medication. Of the 1012 patients randomized into the study to receive drug, there
were 502 in the telavancin treatment group and 510 in the vancomycin treatment group. The primary
efficacy analysis was to test both the clinical non inferiority and the superiority of telavancin to
vancomycin with respect to clinical response at the Test of Cure assessment. For purposes of assessing
clinical non-inferiority, both the AT and CE populations were considered co-primary. For purposes of
assessing clinical superiority, the AT population was of primary interest. The telavancin and vancomycin
groups were comparable with regard to the percentage of patients included in each efficacy analysis
population, overall and in each randomization stratum per the sponsor. Telavancin 10 mg/kg IV
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administered once daily was effective in treating complicated skin and skin structure infections caused by
Gram-positive pathogens. For the primary efficacy parameter, Clinical Response at Test-of-Cure in the
co-primary AT Population, cure rates were 77.1% and 73.7% in the telavancin and vancomycin treatment
groups, respectively (difference, 3.4%; 95% CI, -1.9% to 8.7%). Table 6 shows the efficacy parameters.

Table 6. Summary of Key Efficacy Parameters at Test-of Cure (Study 0018)

Analysis Telavancin 10 Vancomyein
Efficacy Parameter Popuiﬁm mglkg y Diff (95% C1) 1]
' Number (%) of Patients
AT N=502 N=510 3.4%
f 387 {77.1%) | 376 (73.7%) {-1.9%, 8.7%)
Clinical Cure Rate p N =390 N = 395 1.1%
354 (88.7%) | 348 {87.6%) {-3.4%, 5.6%)
Clinical Cure Rate by ME
Pathogen
. N =253 N =246 3.1%
Staphylococous aureus - 231 (91.3%) | 217{882%) | (-2.2%, 8.4%)
MRSA i N =162 N =163 6.1%
151 (83.2%) 142 {871%) | (-0.3%, 125%)
MSSA ” N=91 N=85 ~2.7%
80 (87.9%) 77 {80.6%) {-11.9% , 6.8%}
Streptococcus pyogenes - N= 11 N =12 -0.8%
i pyog 10(90.9%) | 11(21.7%) | (-27.9%, 25.7%)"
Streptococcus agalachiae - N=9 N =14 -26.2%
P g 6 (66.7%) {(13{92.9%) | {-56.6%, 8.9%)
. o N=6 N=5
Streptococeus anginbsus - 6 (100%) 5(100%) --
e N=14 N=20 0.7%
Enterocacaus faecalis - 12 (85.7%) | AT{85%) | (:26.6%, 24.4%)
MAT " N=373 N=381 2.1%
By-Patient Microbiologic : 287 (76.9%) 285 {74.8%) {-4.0%. 8.2%)
Eradication Rate ME N = 290 N =281 1.4%
261 {8D.0%) 248 {88.6%) {-3.7%, 6.5%)
MAT N=373 N =381 2.9%
Overall Therapeutic 281 {75.3%) 276 (72.4%) {-3.4%, 9.2%})
Response Rate ME ’ N =280 N =281 1.8%
257 {88.6%) 244 {86.8%) (-3.6%, 7.2)

[1] Difference {telavancin ~ vancomycin); two-sided 95% ClI
*All Treated (AT), Modified All Treated (MAT), Clinically Evaluable (CE), Microbiologically Evaluable
(ME) ' '

2.2.4.1.5. Exploratory PK/PD Analyses
An exposure-response analysis was performed on the pharmacokinetic subgroup in the two pivotal Phase 3
clinical trials (Studies 0017 and 0018) to evaluate the relationship between telavancin exposure (AUCq3
based on total concentrations or duration of therapy) and clinical & microbiologic cure and renal toxicity. In
the exposure-response analysis for efficacy, the telavancin éxposure was measured by the steady state
AUC over 48 hours (AUCy.qs). Efficacy was measured by the clinical cure rate (primary efficacy variable

in the sponsor’s analysis) and the microbiological eradication rate (the secondary efficacy variable in the
sponsor’s analysis). The following is summarized from the Pharmacometric review.
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1. Exposure-clinical response rate analysis

Based on the Phase 3 protocols, the clinical response was defined as “cured”, “not cured”,
“indeterminate”, and “missing”. In the exposure-response analysis for clinical efficacy, patient’s with an .
outcome of “indeterminate” and “missing” were pooled with patient’s who had an outcome of “not
cured”. Similar AUC,.43 values were observed in patients who were cured as compared to those patients
who were not cured at the TOC visit (primary endpoint, Figure 9). -

Figure 9. AUC,.45 distribution for the patients who were cured as compared to those who were not cured
at the TOC visit

Clinical Response vs. AUCss (0-48)

| | 1
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1

Not cured/indeterminate Cured

Clinical Response

A logistic regression model was used to characterize the telavancin exposure (AUC.45) and clinical cure
rate relationship. The model fitted curve is shown in Figure 10 and sufficiently describes the observed
data. No trend between clinical response rate and telavancin exposure could be identified. The 10th, 50th,
and 90th percentile of telavancin exposure following administration of telavancin 7.5 mg/kg and 10
mg/kg are illustrated as boxes in the plot. No appreciable difference in the clinical response rate could be
shown for telavancin 10 mg/kg q24h (proposed dosage regimen) compared to 7.5 mg/kg q24h.
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Figure 10. Logisﬁc regression model fitting for clinical response and telavancin exposure
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Univariate logistic regression was used to characterize the telavancin exposure

(AUC,.4/MIC) and clinical cure rate relationship. The MIC distribution in the analysis dataset derived
from Studies 0017 and 0018 is presented in Table 7. The modeling results are presented in Figure 11. The
AUC43/MIC as the exposure measure did not explain any more variability in the exposure-response
relationships compared to AUCy.45 alone. Thus, telavancin 10 mg/kg q24h does not appear to provide any
additional benefit compared to telavancin 7.5 mg/kg q24h in terms of the clinical cure rate.

Table 7. Baseline MIC distribution in the analysis dataset from Studies 0017 and 0018 (MIC values from
230 patients with PK data) '

GROUP 1 2 3 4 5 6 7
MIC (mcg/ml) 4 1 0.5 0.25 0.12 0.06 0.03
Percentage 0.40% 6.10% 51.70% 36.10% 2.20% 2.60% 0.90%
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Figure 11. AUC;.4s/MIC versus clinical cure rate relationship
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2. Exposure-microbiological response rate analysis

Based on the Phase 3 protocols, the microbiological response rate was defined as microbiological
eradication rate. Microbiological response at the TOC visit was used as the secondary effectiveness
variable in the pivotal Phase 3 trials conducted by the sponsor. The microbiological response was defined
as “eradicated”, “not eradicated”, and “indeterminate”. In the exposure-response analysis for
microbiologic efficacy, patients with an outcome of “indeterminate” were pooled with patients with an
outcome of “not eradicated”. As previously shown for clinical response, similar AUC,.45 values were
observed in patients whose organisms were eradicated as compared to those patients whose organisms
were not eradicated at the TOC visit (Figure 12).
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Figure 12. AUC,.45 distribution from patients whose organisms were eradicated as compared to those
patients whose organisms were not eradicated at the TOC visit
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Univariate logistic regression was used to further identify the relationship between the microbiological
response rate and telavancin exposure (Figure 13). The fitted curve describes the observed data well. A
trend toward a higher microbiological response rate was identified with higher telavancin exposures.

Thus, telavancin 10 mg/kg q24h results in a higher microbiological eradication rate than telavancin 7.5

mg/kg q24h.

23



Figure 13. Univariate logistic regression model fitting for microbiological response versus telavancin
exposure (AUC.4s)
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2.2.4.2. What are the characteristics of exposure-response relationships (dose-response,
concentration-response) for safety?

An integrated assessment of safety data from the Phase 1 clinical pharmacology and biopharmaceutics
studies for telavancin reports the most frequently reported treatment-emergent adverse events were
dysgeusia (53%) [described as metallic or soapy taste], urine abnormality (15%) [described as foamy
urine], headache (15%), nausea (13%), and somnolence (8%) were the most frequently reported
treatment-emergent adverse events among subjects treated with telavancin in the clinical pharmacology
studies. Of these events, urine abnormality (generally referred to foaming in the bowl on urination) was
considered to be related to the presence in the urine of hydroxypropylbetadex from the vehicle for
telavancin. An integrated assessment of safety data from the Phase 2 and 3 clinical studies for telavancin
shows that the overall incidence of treatment-emergent adverse events, 77% in the telavancin group and
71% in the vancomycin group, was generally similar between treatment groups in the efficacy and safety
studies in cSSS], with most adverse events being mild or moderate in intensity. Overall, fewer than 10%
of patients in either treatment group experienced a treatment-emergent event that was severe. The only
two treatment-emergent adverse events that exhibited a strong suggestion of a dose response between
telavancin 7.5mg/kg and telavancin 10 mg/kg were dysgeusia (11% versus 32%) and urine abnormality
(3% versus 12%). Dysgeusia, nausea, headache, vomiting and urine abnormality were the most frequently
reported (>10%) treatment-emergent adverse events in patients treated with telavancin overall in these
studies. Table 8 shows the treatment-emergent adverse events in the efficacy and safety studies of
telavancin.
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Table 8. Treatment-Emergent Adverse Events with an Incidence of >1% in Telavancin or Vancomycin
(Based on Total Column)-All Efficacy and Safety Studies in cSSSI-Safety Population

Studies 0017, 0018, 202b " . studies 0017, 0018, 202b Al Efficacy and Safety
Original Protocol and 202a Post-Amendment Studies in ¢SSSI
TLV 7.5 mgikg vane' TLV 10 mgikg vane® v vanc'
MedDRA System Organ Class/ (N=182) (N=189) {N=1029) {N=1033) {N=1221) {N=1222)
Preferred Term (%) of Patlents
Any event i4a 175) 138 (73) 791 77y 730 (71) 935 (77) 868 (71)
BLOGD AND LYMPHATIC SYSTEM DISORDERS
Any svent 10 (5) 6 {3) 37 @) 37 (4) 47 @) 43 (4}
ANAEMIA § 3) 4 v 26 3) 22 2 32 3 2 @)
GASTROINTESTINAL DISORDERS
Any event 73 {38) 70 BN 422 @y 328 (32) 435 (41) 388 (33)
ABDOMINAL PAIN 5 3) 5 3) 17 {2) 26 3 22 (3 3 &)
ABDOMINAL PAIN UPPER [} 2 ) 8 <) 16 2 8 (<) 18 1)
CONSTIPATION 14 mn 1 ® m (10) 68 M 15 @ 719 6)
DIARRHOEA . ] 5) 12 6) 73 @ 81 ) 82 n w3 (8)
DRY MOUTH a 2 2 ) 21 {2) 22 @ 25 2 24 (2)
DYSPEPSIA [ 3) 5 3) 2 2) 25 @ 27 @ M 2
LOOSE STOOLS 1 (<1} 2 [0 + [d) 13 )] 122 (<t} 15 1)
NAUSEA 48 (25 40 21) 265  (26) 148 (14) 313 (26) 188 (15)
VOMITING 21 R 17 ® 135 (13) 75 M 1\ (13) 92 (8)
GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS
Any event 42 (22} 39 21y 250 (24) 26 (22) 292 (24) 265 (22}
ASTHENIA 1 (<7 2 I¢)) 13 [6)) 16 ) 14 (1) 18 (1)
FATIGUE 5 [©)] 3 @ 42 [23) 3 3 47 () 34 3)
INFUSION SITE ERYTHEMA 3 2 4 ;) 26 (3) 27 @3 29 2 31 3
INFUSION SITE PAIN 6 ®) 6 &) 42 4 - 40 4 48 4) 46 4)
INFUSION SITE PHLEBITIS ] [ 18 @) 21 @ 19 2 21 2}
INFUSION STTE PRURITUS 1 (<t) [} 9 (<1) 18 ) 0 (1) 18 (1)
INFUSION SITE REACTION 1 (<1) 0 14 n 14 ) B 14 [0
NON-CARDIAC CHEST PAIN 2 ) 1 <1 16 2) 12 )] 18 M 13 )
OEDEMA PERIPHERAL 5 3 2 0] 13 ) 14 ) 18 ) 16 )
PYREXIA 4 2) 2 (1) 17 [va 16 @ 2 @ 18 )
RIGORS 7 £ 4 t2) a7 (3) 23 2) 54 @ 27 @
INFECTIONS AND INFESTATIONS
Any event 27 (14) 23 (12 138 (13) 101 (10) 165 (14) 124 (10
URINARY TRAGT INFEGTION ) [ 3) 5 @) 20 [7) 9 <1 26 ) 14 (5]
VAGINAL MYCOSIS 3 2) 0 10 <) 13 4] 13 V] 13 Q)
INVESTIGATIONS
Any event 30 (16) 29 M5 74 fes) 93 @ 1w (9 12 (10
ALANINE AMINOTRANSFERASE INCREASED 7 (4) 14 is) 11 1) 17 ) B8 M 3 3)
ASPARTATE AMINOTRANSFERASE 9 (5) 16 8 1 @) 13 20 @ 29 2)

INCRFASFD



Table 8 (cont’d.). Treatment-Emergent Adverse Events with an Incidence of >1% in Telavancin or
Vancomycin (Based on Total Column)-All Efficacy and Safety Studies in cSSSI-Safety Population

Studies 0017, 0018, 202b Studiss 06017, 0018, 262b At Efficacy and Safety
Originat Protoco! and 202a . Post-Amendment Studles in cSSS)
TLV 7.5 mgkg Vane! TLV 10 mgikg Vanc! nv vanc'
MedDRA System Organ Class? N=192) (N=189) (N=1029) {N=1033) (N=1221) (N=1222)
Preferred Term Numbsr (%) of Patients
BLOOD CREATININE INCREASED 3 @ Z 3 ay 6 [EI ) g (<h
METABOLISM AND NUTRITION DISORDERS
Any event 25 {13) 15 @ 56 © 92 @ 121 (1)) 107 (9)
ANOREXIA 4 (3} 3 2) 17 2) 1 m 21 @ 1M
DECREASED APPETITE 1 < ] 27 @) 19 @ 282 @ 13 @
HYPOGLYCAEMIA 2 [0 1 (<1) 18 2) 1 M 20 @ 12 (<h
HYPOKALAEMIA 8 () 1 (1) 1 U} 23 ) 19 [v3) 24 2
HYPOMAGNESAEMIA 3 @ 6 (3 8 <1y 16 @ M () 2 (@
MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS
Any event 2 (6) 18 10y 77 n 75 @ 8 @ 8 ®
ARTHRALGIA 5 3) 0 2 @ 13 My 285 @ 13 )
BACK PAIN 4 ) 3 @ 20 ) 17 @ 24 @ 20
PAIN IN EXTREMITY 1 {<1) 6 (€]} 13 ) 12 w18 om 1. ()
NERVOUS SYSTEM DISORDERS
Any event 61 {32) 38 (20) 41 @43 240 (23) 502 (41) 278 (23)
DIZZINESS 5 (8} 6 3) 58 ®) 55 G 13 € &t 5}
DYSGEUSIA 21 (1) 5 @) 825 (3 62 © 396 (28) 67 (5
HEADACHE 2 (14y . 20 . 138 (19 124 (12) 184 (13) 144 (1)
HYPOAESTHESIA 3 2 6 [ [ {<1) 12 m 9 «hH 18
PARAESTHESIA 3 2 4 2 6 <1 12 o 9 (<) 16 ()
SOMNOLENCE 3 2 3 @ 1 m [ [ I U O} 9 (<h
PSYCHIATRIC DISORDERS
Any event 38 (20) 30 (6) 151, (15) 137 (13) 189 (15) 167  (14)
"AGITATION 5 3) 8 (4) 9 {<1) 8 <1 14 1) 16 1)
ANXIETY 11 () 10 (5} 27 (%) 2 @ 3| (& 32 (@
INSOMNIA 23 {12) 17 (9 103 10) a9 © 126 (1) 106 (9)
RENAL AND URINARY DISORDERS
Any svent 19 10y 13 181 (18) 66 ) 200 (16 79 (6)
HAEMATURIA 3 @ 2 [0 12 1) 3 <) 1B W 5 (<B
RENAL INSUFFICIENCY 3 (2 0 10 <) 2 <) 13 M) 2 (<1)
URINE ABNORMALITY 6 3) 4 2 125 12) 27 3 13 (1 3 (3)
RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS .
Any event 29 (15) 13 @ 12 an 88 @ 11 (12) 161 (8)
COUGH 5 ) 3 @ 19 2) 21 ) 28 2 24 @
DYSPNOEA 8 (&) 3 73} 17 ) 12 W B @ 1B W
PHARYNGOLARYNGEAL PAIN 2 n 1 <) 28 @ 18 @ 2 @ 1 @
SHKIN AND SUBCUTANEOQUS TISSUE DISORDERS
Any event 34 (18} 40 21y 175 (17} 282 (25) 209 (17) 302 (25)
DRY SKIN 0 5 (&) 8 (<1) 11 I 8 (< 16 (1
ERYTHEMA 2 %) 3 [V3) [ <N 19 ) 1 <) 2 @
HYPERHIDROSIS . 4 @ 5 @) 16 (3} 13 M 20 @ 118 1
PRURITUS 14 1) 14 o 60 ® 128 (120 74 (6 42 (13)
PRURITUS GENERALISED a [e3) 4 ) 28 3 60 ® 32 (@ & (B
RASH 6 3) 4 @ 37 o)) 43 @ 43 @ 4T (4
RASH GENERAUISED [i 1 <1} 6 (<) 12 ) 6 (<) 13 (B
VASCULAR DISORDERS
Any event 13 (15} 18 (10) 64 (6) 72 (e TR A - S R 1
FLUSHING 1 (<1) 3 @ 10 (<) 16 2 11« 19 @
HYPERTENSION 4 2 5 (3) 16 [73) 14 @ 20 @ 19 @
HYPOTENSION 7 (%) 4 (2) 19 @ 13 My 26 @ 17 D

"includes 27 patients (20 in 2022 and 7 in 202b Post-A ) who ived an anti penicitin mstead of vancomycin




Exposure-response relationship for renal toxicity

An exposure-response analysis was performed to assess the relationship between telavancin exposure (AUC,.
43) or duration of therapy and renal toxicity. For the analysis, renal toxicity was defined as at least a 20%
reduction in creatinine clearance (CrCL) compared to the baseline CrCL. All CrCL values greater than 140
mL/min were treated as 140 mL/min.

The exposure-renal function reduction analysis was performed using two scenarios. In the first scenario,
the analysis was performed using the lowest CrCL value observed during the treatment and follow-up
periods (worst CrCL scenario). In the second occasion, the analysis was performed using the last CrCL
value observed during the treatment period (last CrCL scenario). The findings of the two analyses are
discussed below.

1. Exposure-worst renzl function reduction rate analysis

The effect of telavancin exposure and treatment duration was evaluated separately using a univariate
logistic regression modeling approach. The model fitted curves are illustrated in Figures 14 and 15. The
model fitted curves sufficiently describe the observed data.

A trend was observed as higher telavancin exposure (AUC,.4s) yields a relatively higher incidence of
renal toxicity. This suggests that reducing the dose from 10 mg/kg to 7.5 mg/kg provides a slight
reduction (4-5%) of risk for a patient to experience renal toxicity. However, this increased trend was not
statistically significant (p=0.19, OR=1.39 with 95% CI (0.85 ~ 2.28)).

The incidence of renal toxicity does not appear to be treatment duration dependent (p=0.996, OR=1 with

95% CI (0.93 ~ 1.07)). Therefore, increasing treatment duration does not appear to increase the risk for a
patient to experience renal toxicity.
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Figure 14. Univariate logistic regression model fitting of the rate of renal toxicity versus telavancin exposure
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Figure 15. Univariate logistic regression model fitting of the rate of renal toxicity versus telavancin treatment
duration :
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2. Exposure-last renal function reduction rate analysis

A logistic regression model was used to explore the relationship between telavancin exposure and the last
renal function reduction following telavancin treatment. Factors, such as telavancin exposure (AUCq.4,
log-transformed), treatment duration time, patient body weight, and baseline CrCL were screened using
stepwise selection. No factor was selected as a significant effect at 0.05 level.

The effect of telavancin exposure and treatment duration was investigated separately by using univariate
logistic regression modeling approach. The model fitted curves are illustrated in Figures 16 and 17. The
model fitted curves sufficiently describe the observed data.

A trend was observed as higher telavancin exposure (AUC,.43) yields a relatively higher incidence of
renal toxicity. This suggests that reducing the dose from 10 mg/kg to 7.5 mg/kg provides a slight
reduction (4-5%) of risk for a patient to experience renal toxicity. However, this increased trend is not
statistically significant (p=0.07, OR=1.76 with 95% CI (0.96 ~ 3.26)).

The incidence of renal toxicity does not appear to be treatment duration dependent (p=0.17, OR=0.94
with 95% CI (0.87 ~ 1.03)). Therefore, increasing treatment duration does not appear to increase the risk
for a patient to experience renal toxicity.

Thus, telavancin 10 mg/kg q24h yields only marginally (and numerically) higher risk of renal toxicity

(defined as at least 20% reduction in creatinine clearance from baseline at any time during the trial)
compared to telavancin 7.5 mg/kg q24h (14% vs. 17.6%).
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Figure 16. Univariate logistic regression model fitting of the rate of renal toxicity versus telavancin

exposure (AUCy.45)
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Figure 17. Univariate logistic regression model fitting of the rate of renal toxicity versus telavancin

treatment duration
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2.2.4.3. Does telavancin prolong QT or QTc interval?

A thorough QT (TQT) study was conducted with telavancin (16424-104a). This study was reviewed by
the Interdisciplinary Review Team for QT studies at the FDA. The study was a randomized, double-blind,
parallel-group, gender-stratified, multi-dose Phase 1 study with negative and positive control arms in 160
healthy volunteers. Subjects (40/group) were randomized to receive placebo for telavancin (negative
control), moxifloxacin 400mg IV infused over 60 minutes (positive control), telavancin 7.5 mg/kg infused
over 60 minutes, or telavancin 15 mg/kg I'V infused over 60 minutes. The primary objective of this study
was to assess the safety (including the effect of telavancin on ECG intervals and morphology with focus
on the QTc interval) and tolerability of telavancin administration to healthy male and female subjects. In
this “thorough QT/QTec study’ the effects of once daily dosing of telavancin at 7.5 mg/kg and 15 mg/kg,
infused intravenously over 60 minutes, were assessed at steady state after three days. At both doses, the
baseline- and placebo-corrected QTcF interval was lengthened greater than 10 msec, the threshold of
regulatory concern (Table 9). The mean C,,.. of the supratherapeutic dose (15 mg/kg) represents a 50%
increase in exposure over the highest clinical dose of 10 mg/kg (expected steady-state mean Cpey of

122 pg/ml based on linear pharmacokinetics).

31



Table 9. Maximum Mean Effect by Dose Group (E14 Primary Analysis)

Dosing Regimen Mean Cmax, Time of maximum Mean AAQTCF, 90 % Confidence
pg/ml AAQTCF msec Interval, msec
7.5 mg/kg 88 Immfjf'l?;fz post 14 8, 20
15 mg/kg 186 Immediately post 18 11, 25
400 mg Not applicable Immediately post 24 18, 30

Moxifloxacin

infusion

AAQTCF = baseline- and placebo-corrected QTcF interval

Telavancin undergoes minimal metabolism and is predominantly excreted unchanged in the urine.
Therefore, subjects with impaired renal function are expected to have the highest exposure to telavancin.
In a single-dose renal impairment study (Study 16424-103a), subjects with severe renal impairment had
<10% increase in Cmax and 118% increase in AUC. Based on the mean elimination half-life for these
subjects, the steady state mean Cmax is expected to be approximately 190 pg/ml. Hence, the observed
exposures after administration of repeated doses of 15 mg/kg of telavancin encompass the highest
anticipated exposures for patients receiving 10mg/kg.

A step-wise linear mixed-effects model described the relationship between telavancin concentrations and
AAQTCF (defined as baseline-corrected, placebo corrected), (Figure 18). The observed median values
(and inter-quartile range) for the change from baseline QTcF immediately after infusion at Tmax was
similar for both dose groups suggesting a non-linear concentration-QTcF relationship. Based on this
relationship, the expected mean AAQTCF for the 10 mg/kg dose is 12 to 15 msec (Table 10).
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Figure 18. Goodness-of-Fit Plots for Step-wise Linear Model (Left Panel: Model Developed from
7.5mg/kg Dose Group, Right Panel: Model Developed from 15 mg/kg Dose group)
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Table 10. Predicted Change of AAQTCcF Interval at Mean C,.,,,

Dose Group

Predicted change in AAQTCF interval (msec)

Mean | 90% Confidence Interval
7.5 mg/kg qd (steady-state)
Mean Cmax ( 87.5 pg/ml) | 10.90 | (7.37, 14.42)
10 mg/kg (steady-state) *'
Mean Cmax (121.6 pg/ml) ] 15.15 | (10.24, 20.05)
10 mg/kg
Mean Cmax 121.6 pg/ml) * 117 (8.9, 14.5)
15 mg qd (single dose)
Mean Cmax (186.2 pig/mi) | 17.9 | (13.6,22.1)

*1: Steady-state mean Cmax of 10mg/kg dose was obtained by using linear imputation; the QT¢ interval
prolongation value was calculated from model developed based on 7.5 mg/kg dose group. _
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*2: Steady-state mean Cmax of 10mg/kg dose was obtained by using linear imputation; the QTc interval
prolongation value was calculated from model developed based on 10 mg/kg dose group. -

The impact of telavancin on the baseline-corrected QTcF interval was evaluated in the Phase 2/3 clinical
trials of telavancin. The investigators used 12-lead ECGs that were obtained in triplicate at pretreatment,
Study Day 4, and end of therapy. German sites obtained ECGs every third day during treatment, at study
days 4, 7, 10, and 13, as appropriate. ECGs were to be transmitted to the central ECG lab for analysis.
Table 11 shows the summary of ECG changes in the clinical studies.
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Table 11. Summary of Post-Drug changes from Baseline in QTcF Interval (QT Corrected Using

Fridericia’s Correction Formula)-All Efficacy and Safety Studies in ¢cSSSI

- Studies 0017, 0018, 202b Studies 0017, 0018, 202b All Efficacy and Safety
Original Protocol and 202a Post-Amendment Studies in ¢SSSI
TLV 7.5 myrkg Vane! TLV 10 mgikg Vane' T vanc'
N=132) {N=189) {N=1029) {N=1033) {N=1221) N=1222)
Post-Drug Average® Change, msec
N : 189 183 971 979 1160 1162
Mean 116 38 94 28 98 30
Standard Deviaton 156 148 174 159 171 17
Minimum C Y
Median 120 5.0 90 27 87 30
Maximum C D
Post-Drug Maximum® Change, msec
N 189 183 971 979 1160 1162
Mean 206 124 1569 84 167 9.0
Standard Deviation 172 . 180 18.7 16.7 185 17.0
Minimum C )
Median 193 120 153 17 160 8.3
Maximum C 2
Maximum Post-Drug Value, number (%) by category
2450 msec 171 (50) 178 {96) 874 (88) 934 (95) 1045 (89) 1112 (95)
>450-<480 msec 16 (8) 7 @ 106 (1) M @ 122 (10) 48 ()
>480-<500 mset 2 0 8 (<1) 9 1) 10 (1) 9 (<t)
>500 msec 0 1 (1) 1 (<) 2 <) 11 3 )
Total 189(100) 186(100) 989(100) 986(100) 1178{100) 1172(100)
Maximum Post-Dnug Change, numbser (%) by category
<30 msec 141 (75) 161 (88) 789 (81) 885 {90) 930 (80) 1046 {90)
>30-<60 mse¢ 46 (24) 21 (M) 168 (17) 8 9 214 (18) 1m0 (9
>60 mseg 2 () 1 (1) 1“1 5 (1) 16 (1) 6 {1
Total 189(100) 183(100) 971(100) 979(100) 1160(100) 1162(100)

includes 27 patients (20in 2022 and 7in 202b Post-Amendmient) who received an antistaphylococeal penitillin instead of vancomycin
Note 1: Three ECGs were to be obtained at each assessment ime. Triplcate readings were reduced o a single value at each assessment ime by averaging within the

riplicate.

Note 2: In 202 and 202b, post-drug ECGs were to be obtained on every third day of study drug and at the end-oftherapy evaluation. In 0017 and 0018, post-drug ECGs
were to be obtained once on Day 34 or & and at the end-of therapy evaluafion

®Based on all QT measuremenls from Day 1 onin patients with a Baseline and at least one 1 Post-Baseline value.
$Based on maximum value of al QT measurements {nplicate averages) from Day 1 onin pafients with a Basefine and at least 1 Post-Baseline value.

None of the patients had an absolute maximum QTcF interval>500msec, and two telavancin 10mg/kg
patients (0017-38111-0380 and 202b-907-8003) had a maximum change in QTcF interval of >60msec. In
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one of these patients (0017-38111-0380) the adverse event of myocardial infarction was considered
serious. With the exception of one telavancin 10mg/kg patient (202b-907-8003), no other patients were
discontinued from therapy due to a cardiac adverse event.

2.2.4.4. Is the dose and dosing regimen selected by the sponsor consistent with the known
relationship between dose-concentration-response, and are there any unresolved
dosing or administration issues? '

The dosage regimen selected for evaluation in the Phase 3 clinical trials (studies 0017 and 0018) is
consistent with the findings from the PK/PD analysis using Monte Carlo simulation suggesting that doses
of 750 mg (approximately 10 mg/kg) would result in >99% probability of target attainment for organisms
with MICs as high as 2 pg/mL as well as the higher microbiologic eradication rate observed in the Phase
2 clinical trials (202a and 202b) with telavancin 10 mg/kg compared to 7.5 mg/kg.

'2.2.5. What are the PK characteristics of telavancin?
2.2.5.1. What are the single and multiple dose PK parameters?

The pharmacokinetics of telavancin following intravenous administration have been evaluated in eight
Phase 1 studies. Single—dose telavancin plasma concentrations in healthy, male subjects are presented in
Figure 19, Table 12 summarizes the plasma PK parameters of telavancin for subjects receiving
intravenous single dose administration. The pharmacokinetics of telavancin were linear and increased
nearly proportional to dose as the dose of telavancin increased from 5 mg/kg to 12.5 mg/kg. Although
mean clearance values were higher with doses less than 5 mg/kg compared to doses higher than 5 mg/kg,
the observation may be attributable to plasma concentrations near the assay’s lower limit of quantitation
by 8 hours with the 0.25 mg/kg dose and 24 hrs with the 1 mg/kg dose.
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Figure 19. Plasma Concentrations (ug/m!) of telavancin Following 120-minute Intravenous
Administration. Data are presented as arithmetic mean + SD
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Table 12. Plasma PK Parameters following Intravenous Single-Dose Administration (Values are
presented as arithmetic mean+ SD) (Study 16424-101a)

Duration of
Infusion 120 Minute 60 Minute 30 Minut 3D Mi
Parameter | 0.25mg/kg | 1.0mgkg | 25makg | 50 mg/kg | 10maikg | 12.5mgfkg | 12.5 mg/kg | 12.5 mg/kg | 15.0 mafkg
N ] 6 sb & 5¢ § sd 8 3
Crax 1.98 9.97 238 443 875 1117 114.0 15382 178.7
{pg/mL) 025 +0.81 +48 +32 *60 183 49 283 *985
AUCpy 7.60 59.1 1822 386.3 761.8 985 8149 1006 1210.3
{»g.hrimL) +0.91 +8.8 *297 2378 *81.2 *150 *77.3 *202 +138
AUCp., 892 83.2 1932 4258 858.2 1143 91286 1136 1430
{pg.hefmL) +1.338 *64 - +*310 +488 + 1088 *195. +554 +241 +2022
tiz (b9 29 46 57 63 75 7.9 75 78 9.1
+0.28 *05 *06 0.6 *06 09 =03 +06 190
CcL 285 15.9 13.2 118 118 113 13.8 11.4 10.7
{mL/hr/kg) +428 +16 *20 *15 214 +23 3214 +235 *16
BMRT thr) 37 59 75 9.0 9.8 105 98 162 118
*0.28 +05 *05 +0.8 +0.9 +1.3 205 +D9 +13
Ves 104 83.5 23.8 106.3 1150 116.4 134.9 1153 % 1243
{mLikg) +17.98 +48 +18.3 +53 63 125 %85 173 +*78

3 N =4, 2 subjects had >20% of the AUC values being extrapofated and were excluded from the mean calculations.

b one subject with most of the plasma concentrations below limit of the quanfitation and were excluded from the mean calculations.

€ One subject had a T, at 4 hr and data was notincluded in the mean snd SB calculations.

d One subject had no quantifiable concentration in plasma at the end of infusion and data was nof inciuded in the mean and SD
calculations.

Table 13 summarizes the concentrations of telavancin in plasma samples obtained on Day 1 and
Day 7 of the multiple ascending dose part of the study. As shown in the table, the mean half.life of
telavancin appears to increase with multiple doses and the clearance appears to decrease slightly. The
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mean AUC,., following a single dose was similar to the mean AUC,., at steady-state for doses ranging
from 7.5 to 12.5 mg/kg, supporting that single dose pharmacokinetics are predictive of steady-state
pharmacokinetics.

NOTE: The AUC ratio (Day 7/Day 1) in Table 13 for telavancin 15 mg/kg/day should be 0.94 rather than
1.01 as reported by the sponsor. All other pharmacokinetic parameters are correct.

Table 13. Pharmacokinetic Parameters following Intravenous Infusion for 7 Consecutive
Days. Arithmetic mean values are presented.

. 7.5 mglkg/day 12.5 mglkg/day 15 mglkgiday
Parameter Day 1 ' Day 7 Day 1 Day7 Day 1 Day7
N 7 6 6 6 7 4
Cmax (pg/mL) 90.3 96.7 184.7 1513 1814 2025
AUCq . or AUCss* 668 700 1013 1033 1239 1165
{ug.hr/mL)
tz (hr) 79 88 73 9.1 73 88
CL {mbihitkg) 120 20 120 10.0 120 11.0
MRT (hr) : 995 114 97 1.7 95 113
Vss (mL/kg) 113 105 121 119 117 126
AUC ratio 1.05 1.02 1.01
{Day 7/Day 1)

*AUCgs on Day 7

Cnax Maximum plasma concentrations of TD-6424

AUCss: Steady-state area under the plasma concentration time curve
AUCp ~; Value of AUC extrapalated to infinity

CL: Total bddy clearance

Vss: Steady-state volume of distribution

MRT: Mean residence time

2252 How does the PK of telavancin in healthy volunteers compare to that in patients?

The pharmacokinetics of telavancin in patients with cSSSI were evaluated in two Phase 2 and two Phase
3 clinical trials using a 2-compartment model. In general, the pharmacokinetics of telavancin in healthy
subjects were comparable to that observed in patients with cSSSI. Among patients with ¢SSSI, the
clearance of telavancin was 22% higher than healthy subjects and the volume of distribution of the central
(V1) and peripheral (V2) compartments were 28% and 26% higher, respectively than the corresponding
volumes in healthy subjects.

2.2.5.3. What are the characteristics of drug absorption?
Telavancin for injection is an intravenously administered product.

2.2.54. What are the characteristics of drug distribution?
The in vitro protein binding of telavancin was evaluated in human, rat, dog, and mouse plasma using
equilibrium dialysis over a concentration range of 0.1 to 100 pg/mL (Study 01-6424-PK-14). Over the
concentration range studied, the protein binding of telavancin was independent upon concentration tested

and ranged from 93.1-94.3%, 93.4-95.6%, 91.5-94.3% and 93.8-96.2% in human, rat, dog, and mouse
plasma, respectively.
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The steady-state volume of distribution (Vss) of telavancin is approximately 125 to 150 mL/kg (9-10 L
for a 70 kg person). Thus, the compound primarily distributes to extracellular water. The sponsor
investigated the distribution of telavancin in skin blister fluid (Study 107a) to support the clinical use of
telavancin in complicated skin and skin structure infections (cSSSI).

Figure 20 shows a semi-log plot of concentrations of telavancin in plasma and skin blister fluid for
subjects receiving a one-hour infusion at a dose of 7.5 mg/kg. After the administration of telavancin,
mean values for subject’s telavancin levels in blister fluid rose slowly to reach Tmax at 6 to 12 hrs after
dosing and declined at a rate similar to that of plasma concentrations. Table 14 shows the mean non-
compartmental PK parameters on Day 3 for telavancin.

Figure 20. Semi-Log Plot of Mean +SD Concentrations of Telavancin in Plasma and Skin Blister Fluid in
Healthy Subjects Following the Third Intravenous Dose of Telavancin, 7.5 mg/kg Once daily for 3 days
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Table 14. Mean (=SD) Non-Companmental Pharmacokinetic Parameters on Day 3 for Telavancin in
Plasma and Skin Blister Fluid Following Intravenous Administration to 8 healthy Subjects at a Dose of

7.5 mg/kg via a 60-Minute Infusion Daily for 3 days

Pharmacokinetic Parameters

Plasma* (n=8} | Skin Blister Fluid® (n=8)
Conme (HGITOL) 84853 160+£20
Tinax () 1.0+0.0 G3+24
AUCp0, (g hvml) 604 * 83 241+33
Cay on Day 3 (pg/ml) 492+ 158 380x1.24
Tap the) 6.26 +0.78 5.91 £ 0.53'
CLs (mbLihrfkg) 12621 ND
Vs (MLIKG) 105 % 16 ND
MRT (hr) 8371103 ND
SBFiPlasma Ratios
[ 0.189 £ 0.030
AUC 0.403 * 0.058
Coy (Day 3) 0.616 + 0.182
=5

* The maximum MIC for recent dlinical Bolates of Staphylococcus aureus, including
methicilin-resistant sirains, is 0.25 ug/mlb and the MICse for such strains of 8. aureus

{55 poiml).
ND: Notdetermined

4

Similar mean t,/, values (6.3 vs. 6.9 hrs) were observed for telavancin in plasma and blister fluid (Table
14) The Tmax value in plasma occurred at the end of the infusion and the maximal value in skin blister

fluid was observed, on average, approximate]y Ohr after the start of the infusion. The mean + SD trough,
on day 3, telavancin concentration in skin blister fluid was

3.90 £ 1.24 pg/mL. The mean + SD ratio of AUC,.,4 for skin blister fluid to AUCg.,4 for plasma was
0.403 % 0.058. The mean (x-SD) Cmax values of telavancin in plasma and skin blister fluid were 84.8 &
5.3 and 16.0 + 2.0 pg/mL, respectively. At every time point throughout the 24-hour dosing interval in

each of the 8 subjects, the total concentration of telavancin in the skin blister fluid exceeded the MICs, for

S. aureus (0.5 pg/mL) including methicillin-resistant strains, by at least 4-fold. Although telavancin is
approximately 90% protein bound, unbound concentrations of telavancin in skin blister fluid following
the administration of 10 mg/kg should exceed the MICy, of S. aureus for most of the dosing interval.

2.2.5.5. Does the mass balance study suggest renal or hepatic as the major route of
elimination?

A mass balance study for telavancin (0027) demonstrated renal as the major route of elimination. Total
radioactivity was eliminated primarily in the urine, accounting for a mean of 76.3% (range (_
of the administered dose by the end of the collection period (216 hrs post-dose), with approximately

J

73.2% of the administered dose eliminated in the urine by 48 hrs post dose. Excretion via feces accounted
) of the administered dose by the end of the collection period (216

for a mean of 0.7% (range C

hours). Total radioactivity recovered in urine and feces accounted for a mean of 77% (range C
( ), of the administered dose. :

2

Figure 21 shows the telavancin concentration-time curve in plasma based on total radieactivity and

LC/MS/MS and whole blood based on total radioactivity. Table 15 shows the PK parameters in plasma

and whole blood in these subjects.
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Figure 21. Semi-log Plot of Mean + SD Plasma and Whole Blood Concentrations of [*C]-telavancin
Following I.V. Administration to Healthy Subjects at a Dose of 10 mg/kg
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Table 15. Non-compartmental Pharmacokinetic Parameters in Plasma and Whole Blood Following I.V.
Administration of [“C]-telavancin to Healthy Subjects at a Dose of 10 mg/kg (mean + SD)

Bioiogical Matrix Plasma Plasma Whole Blood
Analysis LCMSIM_S '_i'otal‘ ) '_Fotal.’ )
{Telavancin} Radioactivity Radioactivity
Number of subjects 6 6 6
Crox (Hg oOr pg-equiv./mL} 936£10.2 896+11.8 437+70
Trmax () 1.00 £0.00 1.00+0.00 1.00+£0.00
AUC .4 (ng or pg-equiv. himL) 620+ 125 764+ 119 37167
AUCg.;) (ug or pg-equiv. himL) 649+ 103 827 +120 39656
Efimination Ty (h) 7.08:0.50 942+ 178 989+ 121
Cl {(mbLhikg) 167+25 12318 25738
Vs {(mbikg) 150 £ 19 478 + 102 301 x28
Clr (mU/h/kg) 900132 NA NA
% excreted as telavancin (0-48 h) 823274 NA NA

NA: Not applicable

NOTE: In Table 15, the % excreted as telavancin (0-48h) represents the mean percent of telavancin that

was excreted in the urine. Thus, of the amount of drug recovered in the urine, 82.3 + 7.4% was excreted
as telavancin or parent.
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The concentrations of telavancin in plasma based on total radioactivity following administration of [**C]-
telavancin accounted for greater than 95% of the total radioactivity in plasma for up to 12 hours post-
dose. The parent molecule, telavancin, accounted for 83% of the total radioactivity in plasma at 24 hours
post-dose. At 48 hours post-dose, the concentration of telavancin in plasma was above the LLOQ (0.25
pg/mL) in only three subjects and accounted for 21.8% to 33.3% of the total radioactivity in plasma.

The sponsor has not provide an explanation why the telavancin half-life in plasma based on total
radioactivity is considerably longer than the mean half-life in plasma based on LC/MS/MS or whole
blood base don total radioactivity. It is plausible that the formation of a metabolite with an elimination
half-life longer than telavancin may be contributing to the retained radioactivity in plasma. Although the
sponsor has not determined the elimination half-life of AMI-11352 due to limited blood samples and
assay sensitivity, the reviewer estimates that the elimination half-life of AMI-11352 is longer than
telavancin and may range from 25 to 83 hours based on data from six healthy subjects (Study 103a).

2.2.5.¢6. What are the characteristics of drug metabolism?

In vitro assays demonstrated that none of the following CYP450 isoforms metabolized telavancin in
human liver microsomes: CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3AS, and CYP4A11.
Thus, the clearance of telavancin is not expected to be altered by inhibitors of these enzymes.

The primary metabolite of telavancin is the hydroxylated metabolite AMI-11352, which has about one-
tenth of the microbiological activity of telavancin. In plasma, the AUC of AMI-11352 is approximately 1-
3% of the AUC of telavancin. The metabolic pathway to AMI-11352 and two additional minor
hydroxylated metabolites is unknown.

2.2.5.7. What are the characteristics of drug excretion?

The primary route of elimination of telavancin is through renal excretion. In a mass balance study (0027),
approximately 76% of the administered dose was recovered from urine based on total radioactivity and
<1% of the dose was recovered from feces (collected for up to nine days). Among the radioactivity
recovered in urine, approximately 47-68% of the dose was excreted as unchanged telavancin and 6-11%
of the dose was excreted as AMI-11352. Almost 82% of drug excreted in urine is excreted as unchanged
telavancin. :

12.2.5.8. Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship?

The linearity of the pharmacokinetics of TD-6424 were examined (Study 16424-101a) among subjects
who received 120-minute infusions of 1 mg/kg to 12.5 mg/kg. Six subjects who received 0.25 mg/kg
infusions were excluded from this analysis because of nonquantifiable plasma concentrations after 8
hours. The data shows that as the dosage of the product increases the AUC and C,, values also increase
proportionally, exhibiting linearity of this drug product. Figure 22 and Figure 23 display the dose linearity
analysis for Cmax and AUC, respectively. Both figures exhibit approximate linear pharmacokinetics in
healthy volunteers following single-dose administration.
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Figure 22. Dose Linearity Analysis for C,,,, Values
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Figure 23. Dose Linearity Analysis for AUC Values
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Table 16 indicates that dose-proportional increases in Cmax values were observed (for 2.5, 5, 10, and
12.5 mg/kg doses: 2.4-, 4.5-, 8.8- and 11 times increase in respect to 1 mg/kg, respectively). The ratio of
Cmax/dose was fairly consistent, averaging 9 pug/mL to 10 pg/mL. Based on dose-normalized AUC(p_.)
normalized to 1 mg/kg, the AUC(y..,) values at 2.5, 5, 10, and 12.5 mg/kg were 22%, 35%, 36%, and 45%
higher, respectively, than expected from dose-proportional increase.
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Table 16. Dose Proportion Analysis

Parameler 1 mg/kg 25 malkg 5 mglkg 10 mo/kg 12.5 mafkg
Cnax {110/mL) 9.97 2386 449 875 1.7
+0.61 +48 32 £6.0 +183
Ratio 24 45 88 11

- Cenax fdOSE 9.97 945 897 875 8.93
+*0.91 +1.94 +0.65 +0.60 146

AUC gy 632 773 85.2 858 914
Idose +6.3 +124 +*938 +10.9 +15.8

Ratio 22% 35% 369% 45%

2.2.5.9. How do PK parameters change with time following chronic dosing?

The pharmacokinetics of telavancin were evaluated following daily dosing for seven days. The PK results
show a trend for a modest increase in the elimination half-life and a modest decrease in the plasma
clearance (Table 13) following administration of 7.5, 10, and 12.5 mg/kg. However, the AUC.., values
estimated on day 1 were similar to the AUC,.; values estimated on day 7. Thus, the pharmacokinetics of
telavancin following a single dose were able to predict the pharmacokinetics of telavancin at steady-state.

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

Table 17 (pop-PK-Phase 1, 2 and 3 studies) shows the PK parameters inter-individual and intra-individual
results. The inter-individual coefficient of variation for CL parameter was approximately 27% and for
volume at steady state (V1 +V2) was approximately 35%. The intra-individual results were low at 16.4
%. There appeared to be minimal variability in the inter-individual and intra-individual values.

Table 17. Final Model Estimated PK Parameters

Pharmacokinetic
Parameter Median Value Interindividual GV {RSE)
CL {L/h) 1.15 27.15(16.1)
Vi{l) 565 41.11 (25.0)
Q {L/h) 8.9 20.57 (178.5)
Va (L) 859 36.03 (25.9)
Residual Error Estimate (RSE) Intraindividual Error
arameters
Additive 1.09 (65.4) 1.044 pgimL
Proportional 0.0269 (13.8) 16.4 (%BCV}

2.3.Intrinsic Fgctors
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2.3.1.  What intrinsic factors influence exposure and/or response, and what is the impact of any
differences in exposure on efficacy or safety responses?

The only intrinsic factor that appears to significantly influence exposure and/or response is renal
impairment (see 2.3.2.5) Dose adjustment is warranted in patients with severe renal impairment, but not
for other intrinsic covariates.

2.3.2. Based upon what is known about exposure-response relationships and their variability and the
groups studied, healthy volunteers vs. patients vs. specific populations, what dosage regimen
adjustments, if any, are recommended for each of these groups? If dosage regimen adjustments
are not based upon exposure-response relationships, describe the aliernative basis for the
recommendation.

2.3.2.1. Elderly

The sponsor conducted Study 16424-105a to evaluate the effect of gender on the pharmacokinetics of

telavancin in healthy elderly subjects aged 65 years of age or older. The mean creatinine clearance of

elderly subjects was 66.3 mL/min (range y mL/min). The sponsor has not performed a formal b(4)
study to compare the pharmacokinetics in healthy young and elderly subjects. Thus, the reviewer

compared the plasma concentrations and pharmacokinetic parameters from healthy elderly subjects in

study 16424-105a to the plasma concentrations and pharmacokinetic parameters from healthy young

subjects in Study 16424-108a since this study was conducted with the same dose for telavancin of 10

mg/kg.

Study 108a evaluated the penetration of telavancin into pulmonary epithelial lining fluid (ELF) and
alveolar macrophages (AM). Twenty healthy males and females (age 18-50 years) were enrolled in this
multiple dose study. Each subject received a daily 1-hour infusion of 10 mg/kg telavancin on 3
consecutive days. Plasma samples were collected from each subject on day 3 up to 24 hours after the third
telavancin infusion.

In this analysis, individual plasma concentrations following a single dose of telavancin in healthy elderly
subjects (Study 16424-105a) were corrected for accumulation using each individual’s elimination rate
constant prior to comparing plasma concentrations following three daily doses in healthy young subjects
(Study 16424-108a). The mean PK values for this analysis are shown in Table 18. The mean
concentration-time profiles are shown in Figure 24. In general, the mean plasma concentration-time
profiles from young subjects were similar to elderly subjects.

The mean C,,,, was higher in young subjects compared to elderly subjects and may be related to a
modestly lower Vgg in young subjects. As predicted based on the relationship between plasma clearance
and creatinine clearance (see 2.3.2.5 Renal Impairment), the mean CLt was lower in elderly subjects
compared to young subjects. However, the mean AUC.; in young subjects after three doses was similar
to the AUC,.,, in elderly subjects after a single dose.
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Table 18. Mean (CV%) PK parameters from Study 16424-108a (young) and Study 16424-105a (elderly)

Parameters Healthy Young Healthy Elderly
(Study 1624-108a) (Study 1624-103a)
N 20 16
Age (yrs) 30.2 (20%) 70.7 (8%)
Weight (kg) 72.5 (19%) 71.9 (12%)
Cnax (ug/mL)’ 116.3 (26%) 87.7 (11%)
AUC,.. (ug*hr/mL) 784.5 (14%)* NA
AUC,.., (pg*hr/mL) NA 828.4 (11%)°
CLt (mL/hr/kg) 13.0 15%) 12.2 (12%)
CL (mL/min) 15.5 (18%) 14.6 (15%)
Vss (mL/kg) - 122 (18%) 156 (1%)
1y (hrs) 7.4 (14%) 9.3 (14%)

1-Crnax Obtained after the third dose in healthy young subjects and after the first dose in healthy elderly
subjects; 2-AUC,.. estimated after the third dose in young subjects; 3-AUC,., estimated after the first

dose in elderly subjects.

Figure 24. Plasma concentration time curve for Subjects in Study 16424-105a compared to subjects in

Study 16424-108a.
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2.3.2.2. Pediatric Patients

The sponsor has requested a deferral for pediatric studies. The suggested deferred date for submission of

studies is not known at this time.
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2.3.2.3. Gender

Study 16424-105a was a study conducted in elderly (65 years or older) male and female subjects. All
subjects received a single infusion of telavancin 10 mg/kg over 60-minutes. Table 19 shows the mean PK

parameters for the subjects in this study.

Table 19. Mean +SD Pharmacokinetic Parameters for Telavancin in Plasma Following Intravenous
Administration to Elderly Subjects at 10 mg/kg via a 60-minute infusion (Study 16424-1052)

Parameter Male (n=8) Female (n=8) Overall (n=16)
Crax (ug/ml) 84.7+82 ~90.8%10.7 87.7+£9.7
AUC.94 (ng.hr/ml) 653 =51 693 + 64 : 673 + 59
AUC.43 (ug.hr/ml) 780 +75 83190 805 + 84
AUC., (ug.hr/mb 803 +87 : 854 £ 96 829+ 92
Ty, (hr) 9.0+ 1.6 9.5+0.9 9.3+1.3
CL (ml/hr/kg) 12614 11.8+14 122+1.3
MRT (hr) 12.8+1.6 129+1.1 12.9+1.3
Vs (ml/kg) 160 £ 11 152+12 156 =12
CL, (ml/hr/kg) 2.7+0.9° 3.3+0.7 3.0+0.8°

The mean half-life was approximately 9 hours in both males and females. The mean plasma clearance
value was approximately 12 mL/hr/kg in both males and females. The steady-state volume of distribution
and C,. values were comparable in males and females. The mean (£SD) telavancin plasma concentration
versus time profiles in male and female subjects are shown in Figure 25. Following a single intravenous
dose, telavancin plasma concentrations were measurable for approximately the same amount of time in
both elderly males and females. Telavancin plasma concentrations declined in an apparent bi-exponential
manner. At each time point following the infusion, no sex-related differences were observed in the

telavancin plasma concentration vs. time profiles.
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Figure 25. Semi-log Plot of Mean +SD Telavancin Plasma Concentration-Time Profiles Following
Intravenous Administration to elderly Subjects at 10 mg/kg via a 60 minute Infusion
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Gender did not have a clinically meaningful impact on the PK of telavancin in phase 1 studies.

2.3.2.4. Race

The effect of race on the pharmacokinetics of telavancin has not been defined.

2.3.2.5. Renal Impairment

The effect of renal impairment on the pharmacokinetics of telavancin was evaluated in 28 subjects with
differing degrees of renal function (Study 116424-103a). The mean plasma concentration-time profiles
following administration of a single 7.5 mg/kg dose of telavancin is shown in Figure 26. Subjects with
ESRD were dosed beginning approximately 3 hours before hemodialysis. In each group, the
concentration of telavancin decreased in a log linear manner, indicating first order disposition processes.
After a single IV dose, plasma levels remained measurable for the longest interval in the groups with CL,
<30 mL/min. The mean pharmacokinetics parameters of telavancin in subjects with normal renal function
and varying degrees of renal impairment are shown in Table 20.

The mean C,,.« was similar among subjects with normal renal function and mild, moderate or severe renal
impairment although it was lowest in subjects with ESRD immediately following hemodialysis. The
mean Vss-was modestly higher among subjects with mild and moderate renal impairment compared to
subjects with normal renal function, suggesting renal function had little effect on the distribution of -
telavancin after I'V administration.

The mean clearance was 11% and 19% lower in subjects with mild and moderate renal impairment,
respectively compared to normal renal function but 55% lower in subjects with severe renal impairment.
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Among subjects with end-stage renal disease (ESRD) who received hemodialysis immediately following
administration of telavancin, the mean plasma clearance was 40% lower than subjects with normal renal
function. The mean AUC,.,, increased 13%, 29%, 119%, and 79% in subjects with mild, moderate,

severe, and ESRD, respectively, compared to subjects with normal renal function.

Figure 26. Semi-log Plot of mean Plasma Concentrations of Telavancin after a 1-hour Intravenous
Infusion to Subjects With and Without Renal Dysfunction (Study 16424-103a)
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Table 20. Non-Compartmental Mean (£SD) Pharmacokinetic Parameters of Telavancin in Subjects With
and Without Renal Dysfunction (Study 16424-103a) '

Renal Normal Mild Moderate Severe ESRD
Conditions (n=6) {(n=6) (n=6) (n=4) (n=6)
- Protein '86.5+1.3 87.5+1.0 87.8x1.1 86.7+1.2 876+1.0
Binding (%)
Coax (ug/ml) 70.6 + 11.2 659+2.7 65.8 % 12.1 71.8£7.1 52.1+10.1
Ty, (hr) 6.90 + 0.60 9.61+2.93 10.6+24 145+1.3 11.8+2.8
AUCj43 554+ 92 608 + 81 683 + 169 1060 + 70 898 £ 264
(png.hr/ml)
AUCq, 560+ 93 633+ 101 721 + 200 1220+ 120 1010 % 341
(ug.hr/ml) ]
Cl (mV/hr/kg) 13.7+2.1 12.1+1.9 11.1+£33 6.18 + 0.63 8.18 +2.65
MRT (hr) 9.6+0.7 13.3+£33 14.7+3.3 223+£28 20.1+3.7
V. (ml/kg) 131+2.1 157+ 19 156+ 24 136+ 10 157 £27
Cl¢ (ml/hr/kg)” 1 102+ 17 96.9+ 10.7 90.24+22.3 46.6 +6.2 66.9 +24.8
Cli048 5.48 + 0.67 2.89+1.32 3.66+1.34 1.80+0.30 NA
(ml/hr/kg) : -

Based on the measurement of telavancin concentration in the dialysate fluid collected over the
hemodialysis session, an average of 5.9% <_ ) ) of the dose was removed. The clearance of b(4)
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telavancin based on dialysis flow rate, dialysate and arterial concentrations of drug entering the dialyzer,
indicated that telavancin clearance during dialysis was low, averaging 4.5 ml/min (range(_ >, b(4)
compared with plasma clearance of 14 mi/hr/kg in normal subjects (16 ml/min for a 70 kg person). The

primary route of elimination of telavancin is via the kidneys. Accordingly, the pharmacokinetic

disposition of telavancin was influenced in a graded fashion by the degree of renal impairment. The

relationship between creatinine clearance and plasma clearance is shown in Figure 27.

Figure 27. Relationship between creatinine clearance and plasma clearance
(CL = 6.81+0.119 * CL¢g, R*=0.763)
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Table 21 shows the sponsor’s proposed dosing changes based upon renal function. The reviewer
evaluated the sponsor’s proposed dosage regimens for patients with renal impairment by fitting individual
concentration-time profiles from subjects with normal renal function and mild, moderate, and severe renal
impairment to a two-compartment pharmacokinetic model (WinNonlin Professional, Version 4.0,
Pharsight Corp., Mountain View CA) with zero-order infusion and first-order elimination. Plasma
concentrations were simulated to compare individual and mean concentration-time profiles from subjects
with normal renal function (n=6) and mild (n=6), moderate (n=6), and severe (n=4) renal impairment
receiving the following dosage regimens: normal renal function and mild renal impairment (10 mg/kg
q24h); moderate renal impairment (7.5 mg/kg q24h); and severe renal impairment (10 mg/kg q48h and
7.5 mg/kg q48h). The mean plasma concentration-time profiles are shown in Figure 28. The mean
pharmacokinetic parameters based on simulated plasma concentrations for each regimen are shown in
Table 22.
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Table 21. Sponsor’s Recommended Dosage Adjustment in Adult Patients with Renal Impairment

Creatinine clearance* (ml/min) Telavancin Dose and Dosage Interval

>50 10 mg/kg every 24 hours . b
30-50 7.5 mg/kg every 24 hours {4)
<30 > 10 mg/kg every 48 hours

* As measured using the Cockroft-Gault formula

Figure 28. Mean simulated plasma concentration-time profiles for subjects with normal renal function and
mild, moderate, and severe renal impairment
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Table 22. Mean (range) pharmacokinetic parameters on day 7 based on simulated plasma concentrations

Dosage Regimen AUC,, Crax Cyy Cas
(ug*hr/mL) (ng/mL) (ug/mL) (pg/mL)
Normal renal function (CLcg >80 mL/min)
10 mg/kg q24h 720 | 101.3 | 79 [ NA
: ' ).
Mild renal impairment (CLcg 50 - <80 mL/min)
10 mg/kg q24h B 832 l 100.8 | 13.8 NA
Moderate renal impairment (CLcg 30 - <50 mL/min) :
7.5 mg/kg q24h 712 I 78.1 | 13.0 NA
C )
Severe renal impairment (CLcr <30 mL/min) '
10 mg/kg q48h 1661 | 106.8 [ 29.6 | 11.9
. 3 (7.9-14.0)
7.5 mg/kg q48h 1246 | 80.2 | 222 8.9
< o _ (59-10.5)

b(4)

Although the estimated mean Cy,,x value for subjects with moderate renal impairment receiving 7.5 mg/kg

q24h was lower than all other groups, the mean AUC,.»; was similar to that estimated for subjects with

normal renal function and the anticipated unbound plasma concentrations (assuming a protein binding of

87%) will remain above a MIC of 1 ug/mL. The estimated mean C,,,, in subjects with severe renal

impairment receiving 10 mg/kg q48h will be comparable to that estimated for subjects with normal renal
function and mild renal impairment and the anticipated unbound plasma concentrations will remain above
aMIC of 1 pg/mL for all or most of the 48-hour dosing interval. Thus, the results of the pharmacokinetic

analysis support the sponsor’s proposed dosage adjustment for patients with moderate and severe renal

impairment.

The pharmacokinetics of telavancin have not been evaluated in subjects with ESRD receiving
hemodialysis prior to drug administration. In addition, the clearance among subjects with ESRD was
greater than expected based on the percent of the dose of telavancin removed via hemodialysis (i.e.,
5.9%). Thus, the pharmacokinetic data support the sponsor’s proposed dosage adjustment for patients

with ESRD ¢

2.3.2.6.

The effect of hepatic impairment on the pharmacokinetics of telavancin (study 0016) after the

5

Hepatic Impairment

b(4)

administration of a single 10mg/kg intravenous infusion was assessed. Figure 29 shows the concentration
time profile of normal vs. hepatically impaired subjects. Figure 30 shows a plot of mean clearance values

for the normal and moderately impaired hepatic function groups. Table 23 shows the mean observed

noncompartmental pharmacokinetic parameters of telavancin for both normal subjects and subjects with
moderate hepatic impairment.
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Figure 29. Plot of Mean % SD Plasma Clearance for Telavancin Following Intravenous Administration to
Subjects with Normal or Moderately Impaired Hepatic Function at a Dose of 10mg/kg (Study 0016)
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Figure 30. Total body clearance for Telavancin Following Intravenous Administration to Subjects with

Normal or Moderately Impaired Hepatic Function at a Dose of 10mg/kg.
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Table 23. Mean (+SD) Telavancin Pharmacokinetic Parameters for Subjects with Normal or Moderately
Impaired Hepatic Function after Receiving Telavancin 10mg/kg (Study 0016)

Hepatic Function Normal (n=8) Moderately Moderately
Impaired (n=8) Impaired (n=6)*
Cunax (ug/ml) 105+ 12 82.8+13.7 88.1+11.3
Toax (Br) 1.0£0.0 1.0£0.0 1.0+0.0

AUCg(pg-hr/ml) 789 = 69 660 + 159 736 + 86.4
Elimination T, (hr) 73+£13 7.2+2.1 7.96+1.89
Cl (ml/hr/kg) 12.8+1.1 16.1+4.6 13.7+1.49
V. (ml/kg) 125+17 148 + 31 141.5+32.7
MRT(hr) 99+1.6 9.6+24 10.33+2.19

% Unbound 114+1.0 126+ 1.9 12.1+£1.54
Clg(ml/hr/kg) : 113413 129+ 35 115.6 £ 23.7

*Mean pharmacokinetic parameters excluding subjects 38103-0104 and 38103-0107

The mean clearance was 26% higher and AUC,.,, 16% lower in subjects with moderate hepatic
impairment compared subjects with normal hepatic function. However, when subjects 38103-0104 and
38103-0107 (representing the two outliers) were excluded from the analysis, the mean clearance was only
8% higher and AUC,.., 7% lower in subjects with moderate hepatic impairment compared subjects with
normal hepatic function (Figure 27). The reviewer was unable to identify any characteristics of the two
subjects that could explain their higher clearance values. Thus, the lower mean AUC value among all
patients with hepatic impairment may not be entirely related to the presence of hepatic impairment. In
general, the mean pharmacokinetic parameters for telavancin in normal subjects and subjects with
moderate hepatic impairment are similar following a 10 mg/kg infusion of telavancin and no dosage
adjustment is recommended.

2.4. Extrinsic Factors

2.4.1. What extrinsic factors influence dose-exposure and/or —response, and what is the impact of any
differences in exposure on response?

No studies were conducted with telavancin regarding extrinsic factors such as herbal products, smoking,
and alcohol. .

2.4.2. Drug-Drug Interactions

2.4.2.1. Is there any in vitro basis to suspect in vivo drug-drug interactions?
In vitro studies in human liver microsomes indicated that telavancin exhibited weak inhibitory effects on
the activity of major CYP 450 enzymes in human liver microsomes (CYP1A2, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4/5 with concentrations of telavancin ranging from 0.1 to 100pM.

2.4.2.2. Is the drug a substrate of CYP enzymes? Is metabolism influenced by genetics?
Telavancin is not a substrate of CYP enzymes. In vitro assays demonstrated that none of the following

CYP450 isoforms metabolized telavancin in human liver microsomes: CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP3A4, CYP3AS, and CYP4A11.
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2.4.2.3. Is the drug an inhibitor and/or inducer of CYP enzymes?

An in vitro study was conducted to evaluate the potential for telavancin to inhibit the human cytochrome
P450 enzymes CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A/5 in human liver microsomes
(Study 05-6424-PK-31).

Incubation of telavancin in human liver microsomes at concentrations ranging from 0.1 to 100 pM
resulted in inhibition of CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5 (as measured by both
testosterone 6B-hydroxylation and midazolam 1°-hydroxylation) with ICs; values of 40 pM, 89 uM, 54
MM, 35 uM, 25 pM, and 14 pM, respectively. At a concentration of 10 pM, little or no inhibition was
observed for telavancin on the activity of CYP1A2, CYP2C9, CYP2C19 and CYP2D6. However, 10 uM
telavancin had an effect on the activity of CYP3A4/5 (as measured by both testosterone 6B-hydroxylation
and midazolam 1°-hydroxylation) with approximately 20-40% decrease in enzyme activity. The in vivo
concentration of telavancin is 66.1 uM and the ICso for CYP3A4/5 is 14uM. Thus the ratio is greater than
0.1 which would require an iz vivo evaluation. These results support the study design of a drug-drug
interaction study with telavancin and midazolam in healthy volunteers.

The induction potential of telavancin was not evaluated.

2.4.2.4. Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes?
In vitro studies investigating telavancin as a substrate or inhibitor of P-gp were not conducted

2.4.2.5. Apre there other metabolic/transporter;pathways that may be important?
Not evaluated.

24.2.0 What other co-medications are likely to be administered to the target patient
population?

The target patient populations for ¢SSSI range from mild to moderately healthy patients to patients with
significant co-morbidities. Thus, telavancin hydrochloride may be used with a wide variety of co-
medications from different drug classes for many different indications. Other intravenous antibiotics that
are renally excreted were investigated in drug-drug interaction studies with telavancin (see Section
2.4.2.7).

2427. 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?

24.2.8.

The sponsor conducted two studies with telavancin to determine in vivo drug-drug interactions
2.4.2.8.1. Midazolam

. The sponsor conducted Study 0032, which was a Phase 1, randomized, double-blind, placebo-controlled,
crossover study to assess the effects of telavancin on the pharmacokinetic disposition of midazolam, a
well-characterized probe substrate for CYP3A4. The rationale for this study was that ICs, of telavancin
for CYP3A4/5 was lower than for the other CYPs, that is, 25uM (44 ng/mL) for testosterone-6-p-
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hydroxylation and 14 uM (25 pg/mL) for midazolam-1°-hydroxylation, which are lower than the C,q, for
telavancin following administration of 10 mg/kg. A total of 16 subjects were enrolled in this open,
randomized, crossover study. Study treatments were telavancin 10 mg/kg and placebo as daily one-hour
infusions for 7 days. On the seventh day of each treatment, immediately following the telavancin/placebo
infusion, each subject received a single 1-minute infusion of 1mg IV midazolam. Plasma concentrations
of midazolam, 1°-hydroxy-midazolam, telavancin, the telavancin metabolite, AMI-11352, and & _

./, AMI-999, were measured. Following a single IV dose, plasma concentrations of midazolam and
1°-hydroxy-midazolam with and without coadministration of telavancin declined in similar bi-exponential
manners and the plasma concentration versus time curves were nearly superimposable. The
noncompartmental PK parameters for midazolam and 1°-hydroxy-midazolam with and without telavancin
were similar. These observations suggest that telavancin has no clinically significant effect on the PK
disposition of midazolam and its major metabolite, 1’-hydroxy-midazolam. No dosage adjustment is
recommended. Figure 31 shows the mean plasma concentrations of the drugs in this study. Table 24
shows the mean PK parameters in the study.

Figure 31. Semi-log Plot of Mean Plasma Concentrations of Midazolam and 1’-Hydroxy-Midazolam
Following Intravenous Administration of 1 mg Midazolam with and without Coadministration of
Telavancin at 10mg/kg via a 60-minute infusion (Study 0032)
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Table 24. Mean (£SD) Midazolam and 1°-Hydroxy-Midazolam PK Parameters for Healthy Subjects
(N=16) after receiving lmg intravenous administration of midazolam with and without Telavancin
Infusion at 10mg/kg (Study 0032)

Midazolam 1-Hydroxy-Midazolam
PK Parameters Alone w/ Telavancin Alone wf Telavancin
T (hr) 0.266 £ 0.063 0.266 = 0.063 0484 £0.232 | 0.422x+0.120
Cpax (ng/ml) 226+29 235+47 1.75+0.44 177 +0.57
AUCy, (ng.he/ml) 451+956 427+10.4 681+ 186 6491185
AUCy, {ng.hrfmL} 46897 443+103 8.07 £2.30 746 +£208
Tap {hr) 408+148 388+ 146 436212 410+ 190
CL {(L/br) 225+62 238+57 NA NA
Vss (1) 855+239 B44+243 NA MA
MRT {(hr} 401 +142 3.67%1.16 NA NA
Midazolam with Telavancin/Midazolam Alone
Cpax Ratio® 1.04+0.18 1.04 £ 041
AUCy Ratio® 0.949 £ 0.084 0968 £ 0.213
AUC; , Ratio® 0948 £ 0.085 0944 +0.202

NA=Not applicable

Table 25 summarizes the mean (N=16) observed noncompartmental pharmacokinetic parameters for
telavancin and its accompanying analytes. Mean Cpa and AUCy.,4 values were much lower for AMI-
11352 and AMI-999 than for telavancin. The ratios of AMI-11352 and AMI-999 to telavancin for mean
AUC,., values were approximately 0.008 and 0.029, respectively.

Table 25. Mean (SD) Telavancin, AMI-11352, and AMI-999 Following Administration of Telavancin at
10 mg/kg via a 60-Minute Intravenous Infusion with 1 mg Midazolam Intravenous Push

PK Parameters Telavancin AMI-11352 AMI-999
Tonax (hr) 1.25+0.00 3.04 £ 0.69 1.27+0.06
Conax (ug/ml) 97.0+13.6 0.379 £0.161 1.73 £ 0.51
Cps (ng/ml)® 9.09 £3.42 0.266 £ 0.163 0.618 +0.257
AUCo4(pg-hr/ml) 774 £ 143 6.49 + 3.50 23.2+7.5
ty, (hr) 8.86+1.48 NA NA
Cl (mV/hr/kg) 13.3%£2.1 NA NA
C.ax Ratio - 0.00400 % 0.00175 0.0176 £ 0.00333
Analyte/Telavancin
AUCg., Ratio - 0.00840 + 0.00459 0.0294 £ 0.0042
Analyte/Telavancin

C,4 is the concentration 24 hours after completion of the telavancin infusion.

NA=Not applicable




2.4282. Aztreonam and Piperacillin-Tazobactam

The sponsor conducted Study 0035 to investigate the influence of aztreonam and the influence of
piperacillin/tazobactam on the PK of telavancin in healthy subjects, and vice-versa. A total of 26 subjects
were enrolled: 14 in Part 1 and 12 in Part 2. Study treatments in Part 1 were telavancin 10 mg/kg alone
(TLV), aztreonam 2 gm alone (Az), and the combination of telavancin 10 mg/kg and aztreonam 2 gm
(TLV+Az) on 3 separate treatment days (Study Days 1, 8, and 15). Study treatments in Part 2 were
telavancin 10 mg/kg alone (TLV), piperacillin/tazobactam 4.5 gm alone (Pip/Taz), and the combination
of telavancin 10 mg/kg and piperacillin/tazobactam 4.5 gm (TLV~+Pip/Taz) on 3 separate treatment days
(Study Days 1, 8, and 15). Within each part, a washout period of at least 7 days separated each period.
Plasma concentrations of aztreonam or piperacillinftazobactam and telavancin were measured.
Measurements of urine drug concentrations to meet the objectives in characterizing the potential for
interaction between telavancin and the other drugs and/or to further characterize the pharmacokinetic
profile of telavancin were also conducted. The telavancin metabolite, AMI-11352, and ¢ p) b(A)
AMI-999, were also measured in plasma and urine. Results from each equivalence analysis are
summarized in Table 26 with respect to plasma concentrations. The 90% confidence intervals (CIs)
within each of the 5 comparisons met the hypothesis criterion of (0.70, 1.43) that was specified in the
protocol.

‘Table 26. Summary of Equivalence Analyses (Study 0035)

Parameter Geometnic Mean Ratos | - ioml -
Azlreonam with Telavancin versus Aztreonam Alone
Coax 113 0.989, 1.28
AUCp¢ 109 0.942,1.25
AUGC, 1.08 0.941,1.25
Telavancin with Azireonam versus Telavancin Alone
Conax 1.09 0.891, 119
AUCq 1.05 0.968, 1.14
AUGs ., 106 0.885, 1.15
Piperacillin with Telavancin versus Piperacillin/Tazobactam alone
Comax 0.990 0.910, 1.08
AUCg, ' 1.06 0979 1.15
AUGy., 1.06 0979, 115
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Parameter e e
Tazobactam with Telavancin versus Piperadillin/Tazobactam Alone
Corax 0968 0.285,1.06
AUGC; 101 - 0903, 1.13
AUCq., ’ T 10t 0.902, 1.13
Telavancin with Piperacillin/Tazobactam versus Telavancin Alone
Cinax 0.840 0.847,1.04
AUCq4 0.896 0.800, 1.10
AUC, 0.995 | 0882111

Study results from Part 1 demonstrated that coadministration of aztreonam with telavancin did not alter
the pharmacokinetics of aztreonam to a clinically significant degree or vice versa. Similarly, study results
from Part 2 demonstrated that coadministration of piperacillin or tazobactam with telavancin did not alter
the pharmacokinetics of either to a clinically significant degree or vice versa. No dosage adjustment is
recommended. :

24.29. Is there a known mechanistic basis for pharmacodynamic drug-drug interactions, if’
any?
There is no known mechanistic basis for pharmacodynamic drug-drug interactions for telavancin.

2.4.2.10.  Are there any unresolved questions related to metabolism, active metabolites,
metabolic drug interactions, or protein binding?

There are no unresolved questions related to telavancin.

2.4.3. What issues related to dose, dosing regimens, or administration are unresolved and represent
significant omissions?

None.

2.5. General Biopharmaceutics

2.5.1. Based on the biopharmaceutics classification system (BCS) principles, in what class is this drug
and formulation? What solubility, permeability, and dissolution data support this classification?

Not applicable

2.5.2. What is the relative bioavailability of the proposed to-be-marketed formulation to the pivotal
clinical trial formulation?

Telavancin hydrochloride is an intravenous injectable product.
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2.5.3. What is the effect of food on the bioavailability (BA) of faropenem from the dosage form? What
dosing recommendation should be made, if any, regarding administration of the product in
relation to meals or meal types?

Not applicaBle.

2.5.4. How do the dissolution conditions and specifications ensure in vivo performance and quality of
the product?

Not applicable.

2.5.5. What other significant, unresolved issues related to in vitro dissolution or in vivo BA arid BE
need to be addressed?

Not applicable.

2.6. Analytical Section

2.6.1. How are the active moieties identified and measured in the plasma in the clinical pharmacology
and biopharmaceutics studies?

Telavancin was measured by LC/MS/MS in the phase 1 studies. AMI-11352, the primary metabolite of
telavancin (has one-tenth of the microbiological activity of telavancin) and AMI-999, b
were also measured using LC/MS/MS. b(4)

2.6.2. For all moieties measured, is free, bound, or total measured? What is the basis for that decision,
if any, and is it appropriate?

Total telavancin concentrations were measured in all Phase 1 clinical pharmacology studies.
2.6.3. . What bioanalytical methods are used to assess concentrations?

All the methods used to quantitate telavancin, its major metabolite AMI-11352, and C
AMI-999 in all matrices used liquid chromatography coupled with a tandem mass spectrometry detection b(A)
(LC/MS/MS) system.

2.6.3.1. What is the range of the standard curve? What curve fitting techniques are used?

Calibration curves for TD-6424, AMI-11352, and AMI-999 in human plasma and urine ranged from
0.250 to 100 pg/ml and were generated using a weighted (1/concentration®) linear least squares
regression.).

2.6.3.2. What are the lower and upper limits of quantification (LLOQ/ULOQ)?

In general, for telavancin the lower limit of the various assays was 0.25ug/ml and the upper limits ranged
from 100 to 200 pg/ml in plasma. For the metabolite AMI-11352 the lower limits ranged between 0.25 to
2.95 pg/ml and the upper limits ranged from 100 to 118 pg/ml in plasma. In urine, the lower limits
ranged between 1.0 to 0.25ng/ml and the upper limits ranged from 0.25 to 1000ug/ml for telavancin; the
lower and upper limits of quantification were 0.25 to 100 pg/ml for the metabolite.
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2.6.3.3. What are the accuracy, precision, and selectivity at these limits?

The accuracy ranged fromr ¢ 1 . and the precision ranged from4_ ) o.For further b{4 )
information see individuai study reviews in section 4.1.

2.6.3.4. What is the sample stability under the conditions used in the study (long-term, freeze-
thaw, sample-handling, sample transport, autosampler)?

Telavancin was found to be stable in plasma following three freeze-thaw cycles and long-term stability at
-60° to -80°C.

2.6.3.5. What is the QC sample plan?

Control of the quality of the analytical assay was performed with spiked QC samples, which

were prepared in drug-free biological matrix. The QC samples were diluted to the same extent as the most
highly diluted sample, and were included at least at every order of magnitude utilized for dilutions. The
results of the unknowns. from the daily runs were only accepted if the QCs met predefined acceptance
criteria.
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4. APPENDICES

4.1. Individual Study Reviews
4.1.1. Bioanalytical Methods

4.1.2. General Pharmacokinetics

0027

A Phase I Study to Investigate the Disposition, Metabolism and

Excretion of |'“C]-telavancin Following Single Intravenous Administration to
Healthy Volunteers.

Date(s): 22 September 2005 to 15 October 2005

Clinical sites:

Clinical Phase: , 3
- |
Analvtical sites: “\A‘
Analytical Phase (Total Radioactivity and Metabolite Samples) ¢
J

Analytical Phase (Parent Investigational Medicinal Product [IMP] Plasma
Samples): Covance Laboratories, Inc., Madison, WI 53704, USA

OBJECTIVES:

Primary:

The primary objective of the study was to define the disposition and excretion kinetics of the
investigational medical product (IMP) in man following intravenous (i.v.) administration, and to -
investigate the nature of the metabolites present in plasma, urine and feces.

Secondary: . _
The secondary objective of the study was to assess the tolerability of the IMP.

FORMULATION:
The test product was ["*C] —televancin, given at a dose of 10 mg/kg as an 1.V. infusion over 1h
(approximately 0.68uCi/kg). The batch number is 181097-002.

STUDY DESIGN: :

This study was an open-label, nonrandomized, single-dose study conducted on six, healthy, male subjects
aged 30 to 55 years with a body weight of 50 to 100kg and-a body mass index (BMI) of 18 to 29 kg/m”
(or body weight/BMI outside these ranges which was not considered to be clinical significant). Subjects
were screened in the 21 days before dosing and were admitted to the clinical unit on Day -1. At
approximately 06:30 hrs (2hrs before dosing) each subject received a light breakfast consisting of 1 slice
of unbuttered toast with jam, 1 glass of orange juice and 1 cup of decaffeinated tea or coffee. At
approximately 08:00hrs each subject was required to drink approximately 240ml of water. The subject
was then to empty his bladder immediately before dose administration. At approximately 08:30hrs a
single i.v. infusion of 10 mg/kg of [*C]-telavancin was administered over 1 h on Day 1. Subjects were to
remain in the clinical unit until 216 h after dosing but could have been discharged after 168 h if >90% of
the dose was recovered and/or <1% of the dose was excreted in a 24 h period. During this time blood,
urine and fecal samples were taken at regular intervals. The subjects were to collect samples of urine
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and/or feces for an extended period (either within the clinical unit or at home) if recovery of radioactivity
was incomplete at the end of the planned collection period (216 h after dosing). Physical examination, 12-
lead and continuous electrocardiogram (ECG), vital signs and laboratory evaluations were performed at
specified times during the study. All adverse events (AEs), whether volunteered spontaneously by the
subject, or discovered as a result of general questioning, physical examination or laboratory tests were
recorded from the time of dose administration on Day 1 until study discharge.

" SAMPLING PROCEDURES:
Whole Blood and Plasma Samples

Whole blood samples (12ml) were collected from the arm not used for the investigational medical product
infusion during the course of the study immediately before dosing (0 hrs) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8,
12, 24, 48, 72, 96, 120, 144, and 168 hours after dosing. Also 192 and 216 hrs if required. Form these
samples, t=0 was the time of initiation of the 1.V. infusion.

Plasma

Approximately 10 mL of the 12 mL blood sample was placed into a 10 mL sodium heparin tube. After
centrifugation at 1500 G for 10 minutes at approximately 4°C, the separated plasma was transferred to 3
polypropylene tubes. One plasma sample (0.5 mL) was to be used for possible future metabolite profiling
(see also Section 9.4.2.1.2). One sample (0.5 mL) was transferred frozen on dry ice to Covance
Laboratories, Inc for parent drug analysis. The remaining plasma sample was used for total radioactivity
analysis. All plasma samples were stored at approximately -20°C until analyzed.

Whole Blood _
The remaining 2 mL of blood was placed into a 2 mL sodium heparin tube and was stored at
approximately 4°C until used for total radioactivity analysis.

Metabolite Profiling Sampling

A separate 30 mL blood sample was collected at the following times: Immediately before dosing (0 hrs,
Le. predose) and at 1, 12, 24 and 48 hr after dosing. Each sample was placed into 3 x 10 mL sodium
heparin tubes. After centrlﬁzgatlon,at 1500 G for 10 minutes at approximately 4°C the separated plasma
was transferred into 2 polypropylene tubes and stored at approximately -20°C until analyzed.

Urine Samples

Urine was collected in polyethylene containers at the following times:

Predose, 0-4, 4-8, 8-12, 12-24, 24-48, 48-72, 72-96, 96-120, 120-144 and 144-168 hrs after dosing. For
these samples, =0 was the time of initiation of the i.v. infusion. Subjects were to remain in the clinical
unit until 216 h after dosing but could have been discharged after 168 hr if >90% of the dose was
recovered and/or <1% of the dose was excreted in a 24 hr period. Urine was collected at 168-192 and
192-216 br after dosing if required.

Feces Samples

Fecal samples were collected during the course of the study at.the following times: Predose, O 24, 24-48,
48-72, 72-96, 96-120, 120-144 and 144-168 hr after dosing. For these samples, t=0 was the time of
initiation of the i.v. infusion. Subjects were to remain in the clinical unit until 216 hr after dosing but
could have been discharged after 168 h if >90% of the dose was recovered and/or <1% of the dose was
excreted in a 24 hr period. Feces were collected at 168-192 and 192-216 hrs after dosing if required.
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ASSAY METHODOLOGY

Televancin, AMI-11352 (a known metabolite) and AMI-999 ")) concentrations were

assayed in plasma at Covance (Indianapolis, IN) using a validated bioanalytical method with LC-MS/MS b(4)
detection. :
Telavancin
Criterion Plasma Comments
Concentration range 0.25 to 100pg/ml Satisfactory
LLOQ 0.25ng/ml Satisfactory
Linearity R%> 0.9985 Satisfactory
Accuracy 97.9% to 106.6% Satisfactory
Precision- 2.0% t0 6.2% Satisfactory
Specificity Acceptable Satisfactory
Stability Freezer -60° to -80°C Satisfactory
QC range 0.75 to 80.0 pug/ml Satisfactory
AMI-11352
Criterion Plasma Comments
Concentration range 0.295 to 118ug/ml Satisfactory
LLOQ 0.295pg/ml Satisfactory
Linearity R’> 0.9986 Satisfactory
Accuracy 100.1% to 104% Satisfactory
Precision 3.0%to 7.4% Satisfactory
Specificity Acceptable Satisfactory
Stability Freezer -60° to -80°C Satisfactory
1 QC range 0.75 to 80.0 ng/ml Satisfactory
AMI-999
Criterion Plasma Comments
Concentration range 0.25 to 100ug/ml Satisfactory
LLOQ 0.25ug/ml Satisfactory
Linearity R%> 0.9965 Satisfactory
Accuracy 94.6% 103.5% Satisfactory
Precision 4.5% 10 9.3% Satisfactory
| Specificity Acceptable Satisfactory
Stability Freezer -60° to -80°C Satisfactory
QC range 0.75 to 80.0 ng/ml Satisfactory
DATA ANALYSIS

The pharmacokinetic analysis of total radioactivity concentrations was conducted using a non-
compartmental approach to generate parameter estimates using WinNonlin model 202 (constant infusion
administration). The terminal elimination phase was identified by regression analysis within WinNonlin,
using at least 3 data points in each plasma concentration vs. time profile. The peak (Cp.) plasma
concentration and the time to reach the peak concentration (Tpax) Were taken directly from the plasma
concentration-time data. T Was defined as the time that C,,.x Was observed. The area under the plasma

. concentration versus time curve from time zero to the last measurable concentration (Cia), AUCq.y, was
calculated by the linear trapezoidal rule. The terminal elimination rate constant (A,) was determined by
linear regression of the natural logarithms of plasma concentrations versus time during the terminal phase.
The terminal phase elimination half-life (t/4) was calculated as In(2)/ A,. The areas under the plasma
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concentration versus time curve from time 0 hours to infinite time, AUC g + Cias/ A... The televancin
clearance (Cl) was calculated as dose/AUC g..). The area under the first moment curve (AUMC) was
calculated using the trapezoidal rule. The mean residence time (MRT) of televancin was calculated as
AUMC/AUCp.;). The volume of distribution at the steady state (V) was calculated as CI*MRT. The
cumulative amount of televancin excreted over 0-48 hour time periods was calculated based on % dose
recovered as televancin over 0-48 hour time periods x mg of televancin dosed. The % excreted as
televancin in urine over 48 hour time periods was calculated based on % dose recovered as televancin/ %
total dose recovered in urine based on total radioactivity over 0-48 hour X 100%. The renal clearance
(Cl,) for televancin was calculated as amount of televancin excreted in urine over 0-48 hr/ AUC g4,

RESULTS

Six male subjects were enrolled and completed the study. The average age was 44.8 (+6) years, height
was 172.7 (£7.4) cm, weight was 69.47 (£10.93) kg, and BMI 23.3 (+3.23) kg/m’. Each subject received
a single dose of 10 mg/kg [*C]-televancin. The total dose administered to each subject was between
579.43 and 851.90 mg of ["*Cl-televancin. All subjects were resident in the clinical unit until 216 hrs
after dosing. Total radioactivity recovery ranged from 71.2 to 82.4% of the administered dose at the end
of the collection period (216 hrs post-dose). Recovery in all subjects occurred primarily 72 hrs after
dosing, ranging from 69.5 to 81% of the administerd dose during this time. All subjects had fecal
excretion <1% of the administered dose during each 24hr collection period after 72hrs and the amount
excreied decreased with time (mean 0.7% at 96 hrs post-dose and 0.1% at 216hrs post-dose). The dose
was not quantitatively recovered by the end of the collection period (71 to 82%), and the remainder of the
dose could not be determined. Figure 1 shows the cumlative excretion of total radioactivity.

Figure 1. Cumulative Excretion of Total Radioactivity in Urine and Feces: Mean PK Values
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Total radioactivity was eliminated primarily in the urine, accounting for a mean of 76.3% (range 70.8 to
81.9%) of the administered dose by the end of the collection period (216 hrs post-dose), with
approximately 73.2% of the administered dose eliminated in the urine by 48 hrs post dose. Excretion via
feces accounted for a mean of 0.7% (range 0.4 to 0.9%) of the administered dose by the end of the
collection period. Total radioactivity recovered in urine and feces accounted for a mean of 77% (range
71.2 to 82.4%) of the administered dose by the end of the collection period (216 hrs post-dose).

Note: Based upon the mean data (range 71.2 to 82.4%) of total radioactivity recovered, the information in
this study appears accepatable.
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Concentrations based as total radioactivity in whole blood were lower than that observed in plasma. The
mean whole blood to plasma radioactivity ratios ranged from 0.489 to 0.603 for up to 24 hrs post-dose,
suggesting a low degree of red blood cell partitioning for [“C]-televancin. These data are consistent with
the plasma protein binding of televancin (~90%) and large molecular weight (1755.6). The mean +SD
plasma concentrations of televancin (based on LC-MS/MS analysis) and total radioactivity inplasma and
whole blood as televancin is shown in Figure 2.

Figure 2. Semi-log Plot of Mean + SD Plasma and Whole Blood Concentrations of [**C]-televancin
Following 1.V. Administration to Healthy Subjects at a Dose of 10 mg/kg
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The mean +SD non-compartmental PK parameters of televancin fromplasma (based on LC-MS/MS
analysis), as wel as total radioactivity in plasma and whole blood as televancin equivalents are
summarized in Table 1. At 48 hours three subjects were below the LLOQ and the sponsor used a value of
zero in calculating a mean concentration. Thus, the average plasma concentration at time 48hours appears
as 0.221 pg/ml. If the average is recalculated, with the three subjects out of six that had measurable
values, the average is approximately 0.441 pg/ml. This accounts for the wide separation of mean
concentrations in Figure 2,
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Table 1. Non-compartmental Pharmacokinetic Parameters in Plasma and Whole Blood Following
LV. Administration of [**C]-televancin to Healthy Subjects at a Dose of 10 mg/kg (mean * SD)

Biclogical Matrix Plasma Plasma Whale Blood
Analysis LC-MS/MS '.Fotal‘ ) Total' )
(Telavancin) | Radioactivity Radiocactivity
Number of subjects 5 6 6
Cmax (Hg o ng-equiv./mtL) 936+102 896118 43770
Tora, {R) 1.00+£0.00 1.06 £0.00 1.00x0.00
AUGC 4 (rg or ug-equiv. h/mL) 620+125 764 £ 119 371 =67
AUCp (g or pg-equiv. himb) 649 £ 103 827 + 120 386 + 58
Elimination T2 (h) 7.08+050 942178 9.89+1.21
Cl {mL/h/kq) 157+25 123+£18 257:38
Vs (mL/kg) 150+ 19 478 £ 102 301+28
Clr {mL/h#kg) 900+132 MNA NA
% excreted as telavancin {0-48 h) 8B23+74 NA NA

NA- Not applicable

Reviewer Note: In Table 1, the percent excreted as telavancin (0-48h) actually represents the percent of
drug excreted in the urine that was recovered as telavancin. Thus, of the amount recovered in the urine,
82.3 +7.4% was excreted as televancin or parent.

Mean estimates of Cpax, AUC ., and AUCg..), for total radioactivity in plasma were greater than those
observed in whole blood following L.V. infusion of ["*C]-televancin. Whole blood to plasma systemic
exposure ratios based on Cpax, AUC .y, and AUCg..) Were 0.48-0.49 (a value similar to 1- hematocrit)
following 1.V. infusion of [**C]-televancin, indicating a low degree of red blood cell partitioning for
['*C)-televancin. Estimates of elimination half-life for total radioactivity were, on average appreciably
longer in plasma compared to whole blood, reflecting asay sensitivity differences for ['*C]-televancin in
plasma and whole blood. This long terminal half-life may reflect the efflux of [**CJ-televancin from
tissue.

The concentrations of televancin in plasma following 1.V. administration of ["*C]-televancin accounted
for greater than 95% of the total radioactivity in plasma for up to 12 h post-dose. The parent molecule,
televancin, accounted for 83% and 13% of of total radioactivity in the plasma at 24 and 48 hrs post-dose,
respectively. These data are consistent with low systemic exposures of AMI-11352 (metabolite) in the
plasma based on the AUCo., ratios of AMI-11352 versus telavancin (ranged from 0.0105 to 0.0307).
Plasma concentrations of AMI-999. ), were low with AUC.) ratios of SMI-999 versus
telavancin ranging from 0.00987 to 0.0174. The sponsor didn’t provide an explanation why the half-life in
plasma is much longer. The formation of a metabolite or distribution to a deep compartment may be
possible explanations.

CONCLUSIONS

Urinary excretion is the major route of clearance for ['*C]-telavancin in humans. The mean cumulative
urinary recovery for the 0-216 hrs interval was 76.3% and ranged from 70.8% to 81.9%. Fecal excretion
accounted for less than 1% of the administered dose. The concentrations of telavancin in plasma
following 1.V. administration of ['“C]-televancin accounted for greater than 95% of the total radioactivity
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in lasma for up to 12 hrs post-dose. The parent molecule, telavancin, accounted for 83% and 13% of the
total radioactivity in the plasma at 24 and 48 hrs post-dose respectively. Whole blood to plasma systemic
exposure ratios (based on Cpax, AUCg.4, and AUC gy were 0.48-0.49 following 1.V. administraton of
[“C}-telavancin, indicating a low degree of red blood cell partitioning for ['*C]-telavancin.
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16424-101a
Tolerability of Ascending Doses of Intravenous TD-6424 in Healthy Volunteers

Date(s): 120CT2001 to 25JAN2002

Clinical Sites: (V)q

- D

OBJECTIVES: \
To assess the safety and tolerability, pharmacokinetics, and the serum inhibitory and bacterial titers of
TD-6424 following intravenous-administration.

FORMULATION:
TD-6424 is a sterile, (_ 1, colorless to slightly colored solution for intravenous administration.
Each single-use vial is supplied as either a frozen solution containing 25 mL of formulated TD-6424 at
pH 4.7 or a lyophilized powder that should be reconstituted with 24 mL of 5% Dextrose Injection (D5W)
prior to intravenous administration. Each mL of formulated solution contains 10 mg TD-6424, 100 mg
hydroxypropyl-p-cyclodextrin (HP-B-CD), sugar (35 mg dextrose monohydrate for frozen or 12.5 mg
mannitol for Iyophilized), and either sodium hydroxide or hydrochloric acid for pH adjustment. TD-6424
is packaged in 30 mL clear glass vials with siliconized rubber stoppers and sealed with flip-top aluminum
seals. Placebo is a sterile, ) colorless solution for intravenous administration. Each mL of
formulated placebo solution contains 100 mg HP-B-CD, sugar (35 mg dextrose monohydrate for frozen or
12.5 mg mannitol for lyophilized), and either sodium hydroxide or hydrochloric acid for pH adjustment.
Each single-use vial is supplied as either a frozen solution containing 25 mL of formulated placebo or a
lyophilized powder that should be reconstituted with 24 mL of D5W prior to intravenous administration.
The test product, TD-6424, was administered as an 1.V. infusion of 0.25, 1, 2.5, 5, 10, 12.5 and 15 mg/kg
over various infusion rates of 120, 60 and 30 minutes depending upon the part of the study. The infusion
volume was 250ml and the baich numbers were AMB001 and AMEQO1. Table 1 shows the test product
dose, mode of administration, batch number.

Table 1. Test Product, Dose, Mode of Administration, and Batch Number

Test Products . Doses (mg/kg) Batch Numbers
TD-6424 (active) Single doses: 0.25, 1, 2.5, 5, AMB, AMEO001
. 10, 12.5, 15,
Multiple doses: 7.5, 12.5, 15
Placebo Vehicles containing excipients AMCO01, AMDO001
at the same concentration as
active
STUDY DESIGN:

This was a 2-part, randomized, double-blind, placebo-controlled study with ascending doses of TD-6424
or of placebo administered by intravenous infusion. Forty healthy normal males or surgically sterilized
females (excluding replacement subjects), 18-50 years old, were to-be enrolled in this study. The
mean(SD) age of subjects was 25.3(4.7) years, mean weight was

80.47(10.1) kg, and height was 181(7.9) cm. A total of 16 subjects were to be enrolled in Part I of the
study with an alternating panel design (i.e., 8 subjects participating in each of 2 panels, A or B). Each
subject was to participate in only one panel, consisting of four treatment periods at ascending dose levels.
In each treatment period, 2 subjects were to receive placebo and 6 subjects TD-6424. The protocol

94

b4)



provided for the recruitment of another panel (panel C) of 8 subjects in Part I of the study depending on
the safety, tolerability, and available pharmacokinetic data from panels A and B. Each subject in panel C
ccould participate in up to four treatment periods. The dose level(s) of TD-6424 for panel C were to be
selected following agreement between Theravance, Inc.’s Medical Monitor and the Principal Investigator.
Part [ was to begin with the first treatment period of panel A. The doses of TD-6424, along with the
infusion durations, are shown in Table 2.

Table 2. Doses of TD-6424 or Placebo with Infusion Duration: Part 1

Treatment Panel Dose of Study Infusion Subjects Subjects
Period Drug Duration Randomized | Randomized
(mg/kg) (min) to TD-6424 to Placebo
™) ()
1 A 0.25 120 6 2
2 B 1.0 120 6 2
3 A 2.5 120 6 2
4 B 5.0 120 6 2
5 A 10.0 120 6 2
6 B 12.5 120 6 2
7 A 12.5 60 6 2
8 B 12.5 30 6 2
9 C 15.0 30 6 2

A washout interval of 1 week between 2 treatment periods was planned for all subjects. Data were to be
reviewed following each treatment period and dose advancements were to be made following agreement
between Theravance, Inc.’s Medical Monitor and the Principal Investigator.

Part ]I was to commence following the completion of Part I. There were three panels in Part II (panels D,
E, and F). In each panel, 8 subjects were to be randomized to receive either placebo (2 subjects) or TD-
6424 (6 subjects). Each subject was to participate in only one panel. The three doses of TD-6424
administered during the three panels were to be selected by Theravance, Inc.’s

Medical Monitor and the Principal Investigator following the completion of Part I. The highest dose
administered in Part I was not to be higher than a dose found to be safe and tolerable in Part I. The
infusion duration for Part II was the shortest infusion duration to be found safe and tolerable in Part 1. In
Part 11, study medication was to be administered once daily for a duration of 7 Days. As inPart I, data
were to be reviewed following each panel in Part II and dose advancements were to be made following
agreement between Theravance, Inc.’s Medical Monitor and the Principal Investigator. -

PHARMACOKINETIC ASSESMENTS

In Part I of the study for infusions of 120 minutes duration, blood (5ml) was collected at pre-dose, and
approximately 15 min, 40 min, 1 h 15 min, and 1 h 58 min after the start of infusion as well as 15 min, 40
min, 1 h 15min,2h,3 h,4 h, 6 h, 10 h, and 24 h, after the end of infusion. In Part I for infusions of 60
minutes duration, blood (Sml) was collected at pre-dose, and approximately 10 min, 20 min, 40 min, and
58 min after the start of infusion as well as 10 min, 20 min, 40 min, 1 h 15 min, 2h 15 min, 4 h, 7 h, 11 h,
and 24 h after the end of infusion. In Part I for infusions of 30 minutes duration, blood (Sml) was
collected at pre-dose, and approximately 5 min, 10 min, 20 min, and 28 min after the start of infusion as
well as 5 min, 10 min, 30 min, 1 h,2h, 4 h, 7h, 11 h, and 24 h after the end of infusion. In Part II, blood
(5ml) was collected at pre-dose, and approximately 5 min, 10 min, 20 min, and 28 min after the start of
infusion as well as 5 min,; 10 min, 30 min, 1 h, 2h, 4 h, 7k, and 11 h after the end of infusion of the first
and last dose. Blood samples (5ml) were also collected pre-dose for the second through sixth doses as
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well as 24 h and 48 h after the end of infusion of the last dose. Urine was collected in each treatment
period of Part I at pre-dose and 0—6 hours, 612 hours, and 12-24 hours after the start of drug infusion. In
Part 11, urine was collected prior to the first dose as well as over the intervals of 0—6 hours, 6—12 hours,
and 12-24 hours after start of infusion of the last dose ( i.e., the seventh dose). Saliva samples (Sml) were
collected prior to the first and last doses as well as at the end of the dosing infusion and 4 hrs after the end
of infusion of the first and last doses. Before a saliva sample was collected, the mouth was rinsed four
times with water.

BIOANALYTICAL ANALYSIS:
Analysis of telavancin in plasma and urine was perfomed using a fully validated assay. Concentrations of
telavancin were determined by LC-MS/MS.

Criterion Plasma Urine Comments
Concentration range 0.25 to 200 pg/ml 1.0 to 1000 pg/ml Satisfactory
LLOQ 0.25 ng/ml 1.0 pg/ml Satisfactory
Linearity R>> 0.98469 R>>0.99103 Satisfactory
Accuracy 93.3% to 102.4% 98% to 105.8% .| Satisfactory
‘| Precision 4.2% to 8.8% 6.2% 10 8.3% Satisfactory
Specificity Acceptable Acceptable Satisfactory
Stability RT RT Satisfactory
QC range 0.6 to 180 pg/ml 3 10 750 pg/ml Satisfactory

RT= room temperature

PHARMACOKINETICS/STATISTICAL ANALYSIS:

Pharmacokinetic parameter values were estimated using WinNonlin® pharmacokinetic software. A
noncompartmental model was used to generate parameter estimates, provided there were sufficient data to
permit calculations. The following pharmacokinetic parameter estimates were calculated: the maximum
observed concentration(C.c) was determined by direct inspection of the plasma drug concentration
versus time data point values, time to maximum observed concentration(Tyay), observed was determined
by direct inspection of the plasma drug concentration versus time data point values, the area under the
curve to time (AUC)) where t=time of the last sample on the pharmacokinetic profile in which
quantifiable drug was detected and estimated using trapezoidal calculation.

If sufficient elimination phase data points were available, the following parameter estimates were also to
be calculated: The terminal slope, k, was estimated by In linear regression analysis of the terminal part of
the curve. The terminal half life, t),, was estimated as t,,=(In2)/k. The area under the curve to infinity,
AUC-), was calculated after single dosing by extrapolation of the terminal slope from t to infinity, thus
AUCp—wy = AUC(O_,) + (Ct/k) where Ct = plasma drug concentration at time t. Plasma clearance (CL) was
estimated using the formula, CL = Dose / AUC(p-). Mean residence time (MRT) was estimated using the
formula: MRT = (AUMCy-.) / AUC ¢y Where AUMC(p—,) is defined as the area under the C, * t curve.
Similar parameters were estimated under steady state conditions investigated in Part II; the calculation
(except for k) being restricted to a 24-hour dosing interval and without extrapolation of the AUC to
infinity.

Summary statistics (i.e., mean, standard deviation, median, minimum, maximum, and n) are presented for
all pharmacokinetic parameters by treatment group.

Dose proportionality of AMI 6424 was investigated statistically based on In transformed AUC—) for
infusions of 120 minutes duration investigated in Part I of the study. The statistical analysis investigated a
mixed effects model with a continuous (regression) effect of the logarithm of the dose, a fixed effect for
the subject group and a random effect of subject within group. In addition, the AUCp, derived after
dosing of 25 mg/kg within 120 min, 60 min, or 30 min was compared using an analysis of variance of
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In(AUCo—) in dependency of a fixed effect for the infusion duration. AUC sy and AUCSS derived in
course of Part II of the trial will be compared between dose groups by analysis of variance after
logarithmic preransformation and dose adjustment (using the highest dose as standard). The AUCgs will
be subjected to explorative statistical analyses in order to identify factors that might influence the
bioavailability. After single dosing, the AUC(—,y will be evaluated if this parameter can be estimated with
sufficient reliability for at least 40 of the 48 profiles determined in Part 1. Otherwise AUC o will be
used. At steady state conditions in Part II, AUCSS=AUC (4, will be used. All analyses will be performed
after logarithmic pretransformation.

Dose proportionality will be investigated separately for data of Part 1 (120 minutes infusion duration only)
and those of Part II (single dosing and steady state). The analysis model will be
In(AUC)=intercept+slope*In(dose)+subjecti+error considering fixed subject effects (each subject should
provide data for at least two treatments). The influence of the infusion duration will be investigated based
on the data of the last three panels in Part I. An analysis of variance (ANOVA) will be calculated with
treatment effects only (i.e., ignoring that some subjects might have provided more than one result). In Part
11, the steady state AUC will be compared to the single dose AUC with separate tests performed for each
panel. The ANOVA model will account for Day and subject effects.

RESULTS:

Changes in Planned Study

The protocol was amended twice. The first amendment (dated 26 October 2001) added audiologic
assessments for subjects participating in Part II of the study and allowed the use of a lyophilized form of
the placebo in addition to the frozen drug form. The second amendment

(dated 14November 2001) allowed the use of a lyophilized form of TD-6424 in addition to the frozen
drug form, allowed the dosing of 20 mg/kg TD-6424 infused over 30 minutes, added the collection of
saliva samples in panels E and F of Part II of the study, allowed subjects to drink

fluids once drug infusion was completed, and increased the volume of blood collection from 5 mL to 7
mL for the determination of serum inhibitory and bactericidal titers.

Study Population:
In Part I of the study, a total of 27 subjects, including 3 replacement subjects,

were randomized. Three subject panels (panels A, B, and C) were recruited,

each consisting of 8 subjects. All subjects in panels A and B participated in four treatment periods, and
thus received four different treatments during the study, with the exception of subjects 2, 6, and 13, who
terminated early, and their replacements: subjects 102, 106, and 113. A single dose of either TD-6424 or
placebo was administered in each period, followed by a washout interval of 1 week. In each treatment
period, subjects were randomized to TD-6424 or placebo in a 3:1 ratio, and no subject received placebo
more than once during the study. .

Subjects in panel A participated in periods 1, 3, 5, and 7, and received TD-6424 0.25, 2.5, and 10 mg/kg
infused over 120 minutes; 12.5 mg/kg mfused over 60 minutes; or placebo. Subjects in panel B
participated in periods 2, 4, 6, and 8, and received TD-6424 1.0, 5, and 12.5 mg/kg infused over 120
minutes; 12.5 mg/kg infused over 30 minutes; or placebo. All 8 subjects in panel C received a single dose
of either TD-6424 15 mg/kg or placebo infused over 30 minutes. Table 3 shows subject treatment
assignment, study drug dose, and infusion time for each panel and treatment period for Part 1 of the study.
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Table 3. Treatment Assignment: Part 1

Treatment Panel Dose of Study | Infusion Time Subjects Subjects
Period Drug (mg/kg) (min) Receiving Receiving
Study Drug Placebo
1 A 0.25 - 120 1,2,4,5,6,8 3,7
2 B 1.0 120 11,12, 13, 9,10
‘ 14,15, 16
3 A 2.5 120 1,2,3,7,8, 4,5
106
4 B 5.0 120 9,10, 11, 14, 12
- 15,16
5 A 10.0 120 1,3,4,5,7,8 102, 106
6 B 12.5 120 9,10,11, 12, 14,15
16, 113
7 A 12.5 60 3,4,5,7, 1,8
102, 106
8 B 12.5 30 9,10, 12, 14, 11,16
15,113
9 C 15.0 30 17,19, 20, 18,22
21,23,24

Three subjects terminated prematurely from Part [ of the study. Subject 2 terminated due to moderate pre-
syncope beginning immediately after the start of infusion in treatment period 3; the pre-syncope lasted
until the infusion was stopped, approximately 2 minutes later. Subject 13 terminated the study due to
tinnitus, which began 9 hours and 10 minutes after the first dose,

lasting for 3 hours. Tinnitus was again reported 23 hours later, specifi cally in the left ear, at which time
the subject terminated. The tinnitus had apparently resolved by the time of the post-study physical
examination, 7 Days after study withdrawal. Subject 6 terminated due to an abnormal laboratory value.
Further investigation revealed that Subject 6 had had the same condition of glycosuria when screened for
a prior study. A glucose tolerance test revealed this subject was not diabetic, but had a low renal
threshold. Subjects 2, 6, and 13 were subsequently replaced by subjects 102, 106, and 113 in treatment
periods 5, 3, and 6, respectively.

In Part 11 of the study, 27 subjects, including 3 replacement subjects, were enrolled into one of three
panels (D, E, or F). Each subject received a 30-minute infusion of study drug or placebo once daily for 7
days. Subjects were randomized in a 3:1 ratio of study drug to placebo at each level. Sub_]ec’ts in panel D
received either TD-6424 7.5 mg/kg or placebo; subjects in panel E

received either TD-6424 15 mg/kg or placebo; and subjects in panel F received either TD-6424 12.5
mg/kg or placebo. Five subjects terminated the study early, 4 of whom withdrew due to an adverse event.
Subject 31 (received TD-6424) withdrew after experiencing mild tinnitus prior to dosing on Day 3, which
resolved in 48 hours. Subject 36 (received TD-6424) withdrew 20 minutes after the start of infusion on
Day 1 due to mild urticaria, which resolved in approximately 20 hours. Subject 40 (received TD-6424)
had mild pruritus following infusion on Day 1; this event resolved within 19 hours. Subject 45 (received
placebo) developed a moderate morbilliform rash 3 hours after the second dose, which was ongoing at the
post-study physical exam. Subjects 31, 35, and 45 were replaced by subjects 131, 135, and 145,
respectively.

Protocol Deviation:
Urinary pharmacokinetics for TD-6424 was only performed during Part II (multiple
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dosing) of the study.

Plasma Pharmacokinetics:
Table 4 summarizes the plasma PK parameters of TD-6424 for subjects receiving intravenous single dose

administration. The clearance values are similar at the 5 mg/kg to 12.5 mg/kg dosage range, but appear

higher at lower dose levels. The product appears to be linear and dose proportional in the therapeutic dose

range.

Table 4. Plasma Pharmacokinetic Parameters following Intravenous Single-Dose Administration

(Values are presented as arithmetic mean £SD)

Duration of
Infusion 120 Minite 60 Minute 30 Minute 30 Minute
Parameter | 8.25mglkg | 1.0mgko | 25moko | 5.0mgkg | 10mgkg | 125 mg/kg | 12.5mg/kg | 12.5 mg/kg | 15.0 mg/kg
N 6 8 " sb 6 5¢ 3 sd [ )
Conme 1.98 2.97 238 44.9 87.5 1117 114.0 153.8x 178.7
{pa/mL) *0.25 091 *43 £3.2 *5.0 183 *49 263 +*96
AUCpy 7.50 59.1 1822 3863 751.8 996 814.9 1006 1210.3
{ug.hv/mL) +0.91 +838 +297 +378 +81.2 + 150 *773 *202 * 138
AUCH—, 8.92 §3.2 1832 425.8 858.2 1143 91286 1136 1430
(ug.h/imb) *1.332 +64 +31.0 +4B8 *+108.6 + 495, #8954 +3241 $2022
tz (D) 29 46 57 6.9 75 7.9 7.8 78 81
+9.28 *05 +0.6 +06 +0.6 09 03 086 10
cL’ 285 15.9 13.2 119 11.8 11.3 13.8 11.4 10.7
(mL/hr/kg) +428 *18 +20 £15 +14 *23 *14 +25 *16
MRT {hr) 37 59 75 9.0 8.8 105 9.3 10.2 1.8
2022 +05 +85 +0.38 %08 213 305 +09 +13
vss 104 935 99.8 106.3 115.0 1164 134.9 1153+ 124.3
{mL/kg) +17.98 +48 +19.3 %53 +6.3- *125 *85 17.7 *7.8

3 N = 4; 2 subjects had >20% of the AUC values being extrapolated and were exciuded from the mean calculations.
b One sobject with most of the plasma concenirations below Emit of the quantitation and were excluded from the mean calculations.
¢ One subject had a T,,,,, al 4 hr and data was not incleded in the mean and SO calculations.

d One subject had no quantifiable concentration in plasma at the end of infusion and data was not included in the mean and SD
caleufations.

Figure 1 displays the mean plasma concentration +SD over time for subjects receiving 120 minute

infusions. At the end of infusion, plasma concentrations reached quantifiable levels in all subjects at dose
levels and concentrations of TD-6424 in plasma declined in a monoexponential
manner with terminal half-lives ranging from 3-8 hours. '
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Figure 1.. Plasma Concentrations (pg/ml) of TD-6424 Following 120-minute Intravenous

Plasma Conc, (ug/ml.)

Administration. Data are presented as arithmetic mean + SD.
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All subjects in the 2.5, 5, 10, and 12.5 mg/kg dose levels displayed quantifiable plasma levels out to 24

hours after dosing. Four out of the 6 subjects in the 1 mg/kg dose group displayed quantifiable plasma
concentrations out to 24 hours and 2 subjects out to 12 hours. None of the 6 subjects in the 0.25 mg/kg

dose group exhibited quantifiable plasma concentrations after 8 hours.

The linearity of the pharmacokinetics of TD-6424 were examined among subjects who received 120-
minute infusions of 1 mg/kg to 12.5 mg/kg. Six subjects who received 0.25 mg/kg infusions were
excluded from this analysis because of nonquantifiable plasma concentrations after 8 hours. The data

shows that as the dosage of the product increases the AUC and C,,x values also increase proportionally,

exhibiting linearity of this drug product. Figure 2 and Figure 3 display the dose linearity analysis for
Cmax and AUC, respectively. Both figures exhibit approximate linear pharmacokinetics in healthy

volunteers following single-dose administration.
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Figure 2. Dose Linearity Analysis for Cy. Values
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Figure 3. Dose Linearity Analysis for AUC Values
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Table 5 indicates that dose-proportional increases in Cmax values were observed (for 2.5, 5, 10, and 12.5
mg/kg doses: 2.4-, 4.5-, 8.8- and 11 times increase in respect to 1 mg/kg, respectively). The ratio of
Cmax/dose was fairly consistent, averaging 9 pg/mL to 10 pg/mL. Based on dose-normalized AUC(p_,)
normalized to 1 mg/kg, the AUC(o_.,) values at 2.5, 5, 10, and 12.5 mg/kg were respectively 22%, 35%,
36%, and 45% more than expected from dose-proportional increase.
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Table 5. Dose Proportion Analysis

Parameter 1 mgikg 2.5 mgikg 5 mgikg 10 mg/kg 12.5 mg/kg
Cmax {Hg/mL) 997 236 449 875 117
+0NM +48 +3.2 +86.0 +183
Ratio 24 45 8.8 11
Coax /dOSE 997 9.45 8497 B8.75 893
+0.91 +194 = 065 +0.60 +146
AUCg.., 63.2 77.3 852 8538 914
Hose +83 +124 *98 +10..9 +156
Ratio ' 2% 35% 36% 45%

Table 6 summarizes the plasma pharmacokinetic parameters following a 120-, 60-, or 30-minute infusion

at 12.5 mg/kg. Unexpectedly, the mean AUC value was lower for the 60-minute infusion compared to
that observed for the 30- and 120-minute infusions. However, as would be expected, the mean Cmax

value for the 30-minute infusion was higher than that observed for the 60- and 120-minute infusions. In

general, the pharmacokinetics of intravenous TD-6424
in healthy volunteers appears to show linear kinetics as evidenced by proportional increases in Cmax with

increases in dose.

Table 6. Plasma Pharmacokinetic Parameters following Intravenous Single-Dose Administration.

Values are presented as arithmetic mean +SD.

12.5 mgikg

12.5 mgikg 12.5 mgtkg
Parameter 120 min 60 min 30 min
N 6 8 6
Crmx (pg/imL) 1M.7+£183 1140149 15382263
AUCgy 956 + 15D 81491773 1006 + 202
{pg.hr/imL)
AUCyH 1143 £ 195 91261954 1136 £ 241
{ug-hrimL)
tip (hr) 79+£09 76+03 781206
CL (mL/hrikg) 11.3+£23 13.8+14 11425
MRT (hr) 1M05£13 %8+05 102+08
Vss {(mb/kg) 1164+ 125 1349185 1163177

* One subject had no quantifiable concentration in plasma at the end of
infusion and data was not included in the mean and SD calculations.

102



Table 7 summarizes the concentrations of TD-6424 in plasma samples obtained on Day 1 and Day 7 of

the multiple ascending dose part of the study.

* Table 7. Pharmacokinetic Parameters following Intravenous Infusion for 7 Consecutive Days.

Arithmetic mean values are presented.

7.5 mg/kgiday 12.5 mgig/day 15 mglkgfday
Parameter Day 1 Day7 Day 1 Day7 Day 1 Day7
N 7 6 6 6 7 4
Crax {(pg/mL} 90.3 86.7 154.7 1513 181.4 2025
AUCqg—) or AUCss* 668 700 1013 1033 1233 | 1165
{pg.hrimL)
tyz (hr) 79 88 73 9.1 73 838
CL {ml/hrikg) 12.0 90 12.0 - 10.0 120 11.0
MRT (hr) 99 114 87 117 95 11.3
Vss {mUkg) 113 106 121 119 117 126
AUG ratio 1.05 1.02 1.01
{Day 7/Day 1)
*AUGCsson Day 7

Crme. Maximum plasma concentrafions of TD-6424

AUCss: Steady-state area under the plasma concentration time curve
AUCy--y. Value of AUC extrapolated to infinity '

GL: Total body clearance
Vss: Steady-state volume of distribution
MRT: Mean residence time

Figure 4 through Figure 6 display the mean (SD) plasma concentration over time for Days 1 and 7 at the

7.5, 12.5, and 15 mg/kg/day dose levels, respectively. Following the first intravenous infusion of TD-

6424, concentrations of TD-6424 in plasma reached quantifiable levels in all subjects at all dose levels.
All subjects displayed quantifiable plasma levels out to 24 hours after dosing on both Day 1 and Day 7 at

all three dose levels. Elimination phases were estimated in all subjects using data from 4.5 or 7.5 to 24

hours, except one subject in the 12.5 mg/kg/day dose

group for which 11.5 to 24 hours data were used. The accumulation based on the accumulation factor
AF=1/(1-¢") was calculated to be 1.145. The accumulation across doses is similar to the predicted

accumulation based on this equation.
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Figure 4. Concentrations of TD-6424 in Plasma at Days 1 and 7 Following Intravenous Infusion at
7.5mg/kg/day fior 7 days. Data are arithmetic mean +SD for 7 subjects on Day 1 and 6 subjects for Day 7.
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Figure 5. Concentrations of TD-6424 in plasma at Days 1 and 7 Following Intravenous Infusion at 12.5
mg/kg/day for 7 Days. Data are arithmetic mean +SD for 6 subjects.
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Figure 6. Concentrations of TD-6424 in Plasma at Days 1 and 7 Following Intravenous Infusion at 15
mg/kg/day for 7 Days. Data are arithmetic mean £SD for 7 subjects on day 1 and 4 subjects on day 7
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The trough plasma concentrations of TD-6424 were also determined for Days 1 through 7; data is
summarized in Table 8. It appears that steady state is attained on Day 3-4 and plasma concentrations were
not increased further once reaching steady state.

Table 8. Trough Plasma Concentrations of TD-6424 (ug/ml) for 7 Consecutive Days

Dose 1.5 mglkg/day 12.5 mglkglday 15.0 motkgiday

Day fean 5D Mean 8D Mean 8D
1 6.56 215 9.78 243 113 212
2 744 276 127 298 10.0 1.57
3 6.55 525 13.0 408 15.4 3.22
4 937 346 127 284 155 342
5 8.83 390 134 434 14.1 510
5 9,09 274 123 344 167 482
7 038 315 135 469 15.2 6.15

In summary, the pharmacokinetics of intravenous TD-6424 in healthy subjects was largely independent of
dose following seven daily doses at the 7.5, 12.5, and 15 mg/kg dose levels. No significant changes were
observed in Cmax, AUC, and half-lives following repeated administrations of TD-6424 at the 7.5, 12.5,
and 15 mg/kg dose levels. The steady state is attained on Day 34, based on trough plasma concentration.
Based on the AUC values, daily administration of TD-6424 does not result in appreciable accumulation in
healthy subjects.
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Urinary Pharmacokinetics:

Data for cumulative percentage of the dose excreted in urine based on unchanged TD-6424 are
summarized in Table 9. Twenty-four hour urinary recoveries were 68.3%, 61%, and 60% for the 7.5,
12.5, and 15 mg/kg/day dose levels, respectively. These data indicate that renal excretion is the major

route of elimination for TD-6424 in humans. It should be noted that significant amounts of TD-6424 were
still being excreted in the 12 to 24 hour sampling period, suggesting that additional drug may be excreted

beyond 24 hours. Therefore, the values for urinary recovery obtained in this analysis may be
underestimates. This is also supported by the approximate 8 hour plasma elimination half-life.

Additionally, the recovery of 36% to 40% of the administered dose within 6 hours is consistent with the
plasma elimination half-life of approximately 8 hours.

Table 9. Urinary Recovery of TD-6424 Following Intravenous Infusion to Healthy Subjects at 7.5, 12.5,

‘and 15mg/kg/day for 7 Consecutive Days (Arithmetic mean values are presented).

Time Intervals % Dose Recovered as Unchanged TD-5424
Dose 7.5 mgikg/day 12.5 ma/kg/day 15 mgfkgiday
N 5 6 6
0-6hr 395 376 359
612 hr 138 14.1 13.4
12-24 hr 182 92 10.8
Total 3% (cumulative
recovery 0-24 hr) 683 61.0 60.1

Preliminary results revealed that three hydroxyl metabolites were present in the urine samples at varying
concentrations, but in relatively low amounts. The retention time of the hydroxy! metabolite present in the
greatest quantity roughly corresponded to the TD-11352 standard (7-OH metabolite, a major metabolite
observed in pre-clinical animal models}) Two additional hydroxyl metabolites were present at very low
TD-999

amounts. In addmon,C
(TD-6424 des-phosphonate) was also detected in the urine samples at relatively low amounts.

CONCLUSIONS:

The pharmacokinetic disposition of intravenous TD-6424 following single doses in healthy volunteers
appeared to be largely independent of dose. The Cmax values following single-dose administration of
TD-6424 demonstrate approximate dose proportionality. The AUC values were slightly higher than

~b(®)

expected, but this finding does not suggest non-linearity. Following multiple dose administration in Part

1I of the study, the pharmacokinetic disposition of TD-6424 was similar to that following single doses,
and no significant accumulation was observed. Renal excretion was found to be the major route of

elimination.
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16424-107a
Pharmacokinetics and Tissue Penetration of Telavancin in Healthy Subjects

Date(s): 04APR2004 to 15MAY2004

Clinical Sites: )
4 O

OBJECTIVES:

Primary: . _

The primary objective of this study was to compare the steady-state pharmacokinetic profiles of
televancin in plasma and blister fluid following infusion of televancin 7.5 mg/kg administered once daily
for 3 days, in healthy male and female subjects.

Secondary:
Safety and tolerability of telavancin was also assessed.

FORMULATION:

Telavancin was supplied as a sterile. p / lyophilized powder. Each vial of televancin for b(4)
injection contained 250 mg telavancin, 2.5 g hydroxypropylbetadex, 3.125 mg mannitol, and sodium

hydroxide and/or hydrochloric acid (for pH adjustment). Each vial of telavancin 250mg was reconstituted

with 24ml of 5% dextrose. Following reconstitution, each ml of formulated solution contained

approximately 10mg telavancin, 100 mg hydroxypropylbetadex, and 12.5 mg mannitol. The reconstituted

solution of telavancin (10mg/ml) was aseptically diluted further in 5% dextrose to an administration

volume of 250ml. Telavancin for injection batch no. AMEOO6 was used in this study.

STUDY DESIGN:

This was a Phase 1, open-label, single-arm, multiple-dose, single center study to compare blister fluid and
plasma concentrations of telavancin when approximate steady-state levels were achieved. A total of nine
male and female subjects were enrolled and received at least one dose of telavancin. One of the first 8
subjects enrolled discontinued the study after the first dose of telavancin when it was noted that his
hepatic enzymes were abnormal in samples drawn prior to the first dose of telavancin and was replaced,
bringing the total back to 8 subjects. Eight of the 9 subjects were male; 7 were Caucasian. The mean age
of the 9 subjects was 26.1 years (range: 21-46) and mean body weight was 80.1 kg (range: 60.8-114.3).
Subjects received a 1 hour intravenous infusion of 7.5 mg/kg telavancin once daily for 3 consecutive
days. A total of 14 cantharidin-induced blisters were produced on each subject. Six blisters were created
on each arm of each subject approximately 10 hours after the start of the second infusion on Day 2 and 1
blister was created on each arm of each approximately 10 hours after the start of the third infusion on Day
3.

PHARMACOKINETIC ASSESSMENTS: :

Blood samples (5Smi) for telavancin concentrations were to be collected pre-infusion on Days 1 and 3, at
the end of the infusion on Day 3 and at 1, 3, 5, 7, 11 and 23 hours following completion of the Day 3
infusion. Blister fluid samples (100l to 200 pl) for telavancin concentrations were to be collected on Day
3 at the same times as the plasma samples. Serum and blister fluid bactericidal and inhibitory

" concentrations against two bacterial isolates were also to be determined in the 11 hour sample and 23
hour sample after completion of the Day 3 infusion.
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