Continued

CONCLUSIONS:

Following oral administration of the 14C-radiolabelled aliskiren in an aqueous drink
solution, the total urinary radioactivity and fecal metabolites amounted to about 3% of
the dose administered. :

Pharmacokinetics: The basic pharmacokinetic variables (Cpax, tma AUC) showed large
interindividual variability. The concentration-ime curves of radicactivity and SPP100 were
approximately parallel. The dlfferenoe between the curves was small, and was within the accuracy
range of the analytical methods for Yc {liquid scintiliation counting and AMS) and for SPP100 (LC-
MS/MS). After tma, SPP100 declined rapidly with an initiaf apparent mean halff-life of 2.1 hours.
The terminal half-life of 49 hours in the period 48 - 144 hours was consistent with other clinical
phamacokinetics data and with the radioactivity half-life_

Systemic Exposure: The most abundant radiolabeled component in plasma was SPP100,
accounting for 81% of the AUC of radioactivity (86% of AUCq.1n; means). The only notable, minor
metabolites M3 and M2 were estimated to account for 3 % and 1 % of the radioactivity AUC,
respectively.

Distribution: The radioactivity in blood was largely confined fo plasma. A minor proportion of 11%
{farge interindividual variability) was estimated fo be associated with RBC.

Metabotism: Part of the absorbed ["C]SPP100 was metabolized. Metabolism pathways observed
were oxidative O-dealkylations at the phenolic moiely and the phenol moiety side chain, with
formation of the oxidized metabolites M1 — M4. Traces were observed of a glucuronic acid
conjugate {(M6) and of a hydrolysis product. The same metabolites were found in human as
observed previously in rat and rabbit Additionally, the trace metabolites M12 (N-acetyl detivative}),
M13 and M14 were detected only in the feces (in peak P62). M13 and M14 were isomers and

could be characterized only partially. These fecal metabolites appear to be artifacts formed from
unabsorbed SPP100, possibly by microbial metabolism.

Systemic Elimination: The sum of oxidized metabolites in excreta amounted to approx. 1.4% of °
the dose. It appears that direct excretion of unchanged SPP100 in urine (0.4 %) and by the
hepatobiliaryffecal route were relevant elimination processes.

Excretion: Excretion of radioactivity occurred largely in the fi rst 24 days and was fairly complete
(91.5%) after 7 days. With a total renal excretion of 0.6 % of the radioactive dose, 91% were
excreted via feces, whereof the largest part was unabsorbed drug. The major pait of the absorbed
dose fraction is concluded to be eliminated in unchanged form via the hepatobiliary route.
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REVIEWER’S COMMENT:

1. No information was provided as to whether metabolites found were active.

2. One of the objectives was to determine the pharmacokinetics of aliskiren
metabolites. However, no pharmacokinetic parameters seem to have been
calculated. ’

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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StupY (SPP100CRD15) SSP100A 0023 — A PHASE I, OPEN-LABEL, STUDY TO
EVALUATE THE ABSORPTION, METABOLSM, KINETICS AND EXCRETION FOLLOWING A
SINGLE ORAL DOSE OF ['*C]-ALISKIREN TO HEALTHY MALE SUBJECTS.

STUDY INVESTIGATOR AND SITE: /

REPORT # (SPP100CRD15) SSP100A 0023
VOLUME in EDR, Section 8 (
STUDY DATES: September 19 — November 2, 2001 - -——-
Objectives: Primary Objectives -
1) To evaluate the pharmacokinetics of total radioactivity in blood, plasma, urine
and faeces and of Aliskiren in plasma following a single oral administration of
a 150-mg dose of (**c)-Aliskiren to healthy male subjects.

2) To determine the urinary and faecal excretion of radioactivity following oral
administration of [“C]-Aliskiren in healthy male subjects.

3)To examine the pattern of metabolites in plasma, urine and/or faeces following
oral administration of ['*C]-Aliskiren in healthy male subjects.

4) To characterize and possibly identify relevant metabolites if formed, and to
determine their pharmacokinetics, if feasible.

Secondary Objective
5) To further determine the safety and tolerability of a single oral dose of
[*C)-Aliskiren in healthy male subjects.

Note: Objectives 3 and 4 will be investigated by Novartis Pharma AG, Basel,
Switzerland and reported separately.

Investigational Products

Investigational product Batch number Expiry date

Aliskiren (1500 mg) powder S$100B2001003 Aug 2002

[“C]-Aliskiren {(11.85 mg) powder CFQ12601 NA
STUuDY DESIGN

This was a single-site, open-label design. Four (4) normal healthy male subjects received a
single oral dose of 150-mg Aliskiren containing a total of approximately 100 pCi =+ 20%
[“C] -Aliskiren. Test material was administered to overnight fasted subjects (i.e., at least 8 h).
Subjects were confined at the clinical site from Check-in (Day -1) until study completion
on Day 11 (i.e., 240 h post-dose).

The 150-mg dose level of [1*C]-Aliskiren was selected, as this is the expected therapeutic

dose.

Note: This study was not conducted in the fasted state whereas the prior mass balance
study reviewed was conducted in the fasted state until four hours after study drug
administration. Subjects received breakfast 30 minutes after the administration of study
drug in this study.
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Tine Food and fluid details

Bvening of Day -1 Evening meal

From 21:00 on Day -1 until dosing Fast from food and fluids, except water

At dosing 100 L of sterile water witk dissolved
test material; and 2 x 50 mE. of tap water
o rinse dosing confainer

Approximately 0.5 b post-dose Breakfast

Approximately 4 h post-dase Lunch

Approximately 10 b post-dose Evening meal

Approximately 13 h post-dose Evening smack

Note: After Day 1, other meals were provided at appwopriate times on each day.

PK SAMPLE COLLECTION/CALCULATIONS AND STATISTICAL ANALYSIS:

Blood samples
Whole blood and plasma PK profiles of Aliskiren-equivalent total radioactivity were
evaluated using blood samples obtained at pre-dose (0 hr) and at post-dose times of: 0.5, 1, 2,
3,4,6,8, 10, 12, 24, 36, 48 and 72 hours. Plasma PK profiles of unchanged Aliskiren were
also evaluated through samples obtained at the time point listed above and additional times of
96, 120, 144, 168, 192, 216, and 240 hours post-dose. Sampling was however terminated at
72 hours based on negligible radioactive levels after 72 hours post-dose.

Urine samples
Urine mass balanace recovery of Aliskiren-equivalent total radioactivity was evaluated using
samples obtained at pre-dose (-12 to 0 hour) and at post-dose intervals of: 0 to 6, 6 to 12, 12
to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, 144 to 168, 168 to 192, 192 to 216
and 216 to 240 hours.

Fecal samples

Faecal recovery of Aliskiren-equivalent total radioactivity w@s evaluated using samples
obtained at pre-dose (-24 to 0 hour) and at the post-dose intervals of: 0 to 24, 24 to 48, 48 to
72, 72 to 96, 96 to 120, 120.to 144, 144 to 168, 168 to 192, 192 to 216 and 216 to 240 hours.

Note: Metabolite profiling was not reported in these study results.

Pharmacokinetic parameters calculated

Parameter Defimtion

AUC(0-) Area under the plasma drug concentration-time curve from fime zero up to the time of
the Iast quantifiable plasma drug concentration t,_ using the log-linear trapezoidal mle

AUC(0-0) Area under the plasma drug concentration-time curve from fime zero fo infinity
AUC(0-0) = AUC (0-t) + C/A,

%AUCex Percentage of AUC(0-«) extrapolated from the time of the last quantifiable plasma drug

concentration to mfinity

Maxinmm measured plasma drug concentration

Time of maximum observed concentration

Apparent terminal phase rate constant

Apparent terminal phase half-life = In(2)/ 2,

Time of occurrence of the fast plasma drug concentratton above the lower limit of

quantification

rf’f,?’g"é"‘

RESULTS
. Four subjects were recruited and entered the study. All subjects completed the study in
accordance with the protocol.
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Mass balance and pharmacokinetic (PK) analysis results:

(1) Mass balance for Aliskiren-equivalent total radioactivity:

The arithmetic mean 0- to 240-h post-dose recovery of total radioactivity was approximately 89%,
with recovery in individual subjects ranging from 85.1 to 91.3%. The main route of excretion of
Aliskiren-cquivalent total radioactivity following oral administration was via the facces. A mean of
88.1% of the dose was excreted in facces and 1.06% was excreted in urine through 240 h post-dose.

(ii) Comparison of unchanged Aliskiren PK to Aliskiren-equivalent total radloactiwt} PK:
Mecasurable levels of Aliskiren-equivalent total radioactivity were observed in plasma up to 24 h
post-dosc’ while measurable levels of unchanged Aliskiren were noted up to 72 h post-dose.
Unchanged Aliskiren in plasma accounted for about 11 to 34% of Alsikiren-equivalent total
radioactivity at the various time points up to 24 h post-dose, suggesting that a majority of
circulating radioactivity is in the form(s) of metabolite(s). A summary comparison table of the
arithmetic mean PK parameters of unchanged Aliskiren in plasma and Aliskiren-equivalent total
radioactivity in plasma is shown in the table below:

PK parameter* ~ Unchanged Aliskiren Aliskiren equivalent total
radioactivity
Cruax 229 ng/mL 63.5 ng.eqvit/g
AUC,., 169 ng.hr/mL 604 ng.eqvlthr/g
tomx 1h 05h
ty 327h ND

*Arithmetic mean reported for Cpae, AUCy., and ty; median reported for ty,,

Arithmetic Mean Concentration of Total Radioactivity in Plasma and Unchanged

Aliskiren in Plasma After Single Oral Dose of [1401-Aliskiren to Healthy Male
Subjects in the Log-linear Scale.

0.1
0.01
8
o
<
“
§
[3)
=
5 .
©  0.001 4
0.0001 : — T T .

24 36 48 60 72

o
-
[V

Time After Dosing {(Hours)

—8@— Total radiocactivity in plasma (g eqvlt/g}
—&— Unchanged Aliskiren in plasma {ug/mL}
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Asithmetic Mean Cumulative Percent of Radioactivity in Urine and Faeces and of
Aliskiren After Single Oral Dose of [ *Cl-Aliskiren to Healthy Male Subjects

100
i i ]
80 -
=
8 6o
Y]
o
&
o 40 -
7]
H
©
04
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o - 5 - -4 - - T
Lon T T T ¥ T T T T T v T T T T T v T v {
g 24 48 72 96 120 144 168 192 216 240
Time After Dosing (Hours)
—@— Total radiocactivity in urine
—@— Total radiocactivity in faeces
—a&— Total radiocactivity
SAFETY

Two adverse events (mild in severity — GI disorder, retching) were reported with one
thought to be due to study drug.

CONCLUSIONS

e The results indicate rapid oral absorption of Aliskiren and total radioactivity, with arithmetic
mean 0- to 240-h post-dose recovery of total radioactivity being approximately 89% and
recovery in individual subjects ranging from 85.1 to 91.3%. A mean terminal ty of 32.7 h was
determined for unchanged Aliskiren in plasma.

¢ The main route of excretion of Aliskiren-equivalent total radioactivity following oral
administration was via the faeces. A mean of 88.1% of the dose was excreted in faeces and
1.06% was excreted in urine through 240 h post-dose.

e Unchanged Aliskiren in plasmaaccounted for about 11 to 34% of Alsikiren-equivalent total
radioactivity at the various time points up to 24 h post-dose, suggesting that a majority of
circulating radioactivity is in the form(s) of metabolite(s). -

e The Cpyy and AUCg.. ratios of unchanged Aliskiren to Aliskiren-equivalent total radioactivity
in plasma were about 36% and 28%, respectively and similar to the ratios of uachanged
Aliskiren to Aliskiren-equivalent total radicactivity concentrations in plasma.

e A single oral 150-mg dose of Aliskiren -(including approximately 100 pCi = 20%
[*C] radioactivity) was well tolerated.

REVIEWER’S COMMENT

This study did not contribute to the prior results of study SPP100A 2223 conducted in
the year 2005. This study was conducted earlier than most in-vitro studies were
performed. As a result, some of the conclusions made in this study regarding the
metabolism of Aliskiren (third bullet in conclusions section) are inaccurate since the
drug is- minimally metabolized and most of the drug is eliminated unchanged in the
faeces due to poor drug absorption as demonstrated in the later study 2223.
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Study SPP100A 2105 — AN OPEN-LABEL, EXPLORATORY STUDY TO DETERMINE THE
CONCENTRATION OF ALISKIREN IN FECES, RECTAL MUCOSA BIOPSY SPECIMENS,; AND
PLASMA STEADY STATE AFTER ORAL ADMINISTRATION OF 300 MG IN HEALTHY
VOLUNTEERS

STUDY INVESTIGATOR AND SITE:

REPORT # 2105 :
EDR VOLUME Submission dated November 7, 2006
STUDY DATES: August 14, 2006 — August 29, 2006

Objectives:

Primary objective: -

« To quantify the concentrations of aliskiren in feces, rectal mucosat biopsy specimens, and plasma
at plasma steady-state after treatment with 300 mg aliskiren daity

Secondary objective:

« To explore comelations between aliskiren concentrations in feces, rectal mucosal biopsy
specimens, and plasma

FORMULATION: ‘ :
Aliskiren 300 mg tablet (Batch# X299IA, KN# 6000937.006, Exp. Date
04/2006) by Novartis

Design: This was an open-abel, single group study in healthy volunteers. Aliskiren concentrations in
feces and rectal mucosal biopsy specimens were determined following daily administration of the
highest anticipated therapeutic dose of aliskiren (300 mg p.o.) to achieve steady state plasma drug
concentrations (study scheme depicted below).

Treatment Pen"od’
Screening | Baseline Plasma, Fecal and Rectal Mucosal Drug Concentrations End-of
‘ Study
Day -22 Day -1 Days | Days Days 8-12* Day 9, 10, 11, or 12** Day 9, 10,
to Day -2 15 6-7 _ 11, 0or 12
: Plasma samples Plasma sample obtained at
obtained pre-dose and the time of sigmoidoscopy
at the time of each
natural bowel movement

Fecal samples | Fecal sample obtained during
obtained pre- sigmoidoscopy and up to 4
sigmoidoscopy - hours post-sigmoidoscopy

natural bowel
movements
Rectal mucosal biopsies
obtained via flexible
sigmoidoscopy

* - Collection of pre-sigmoidoscopy fecal samples began whenever subjects had their first natural bowel
movement during this interval.

“* _ Flexible sigmoidoscopy occurred the day after the first natural bowel movement, but no later than Day 12, by
protocol.
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Duration of treatment: One multiple dose treatment period of 9-12 days

Drug concentratlonv variables: schedule of assessments
o Fecal aliskiren concentrations

» Pooled fecal samples: pre-sigmotdoscopy fecal collections after dosing on Day 8 until
the time of flexible sigmoidoscopy (Day 9, 24-30 hours), a fecal sample (if visible) just
prior to sigmoidoscopy (day 9), and post-sigmoidoscopy fecal collections up to 4 hours
after sigmoidoscopy :

> Individual bowel movements: after each natural bowel movement {during both pre- and
post-sigmoidoscopy fecal collection) beginning after dosing on Day 8

« Rectal mucosal biopsy aliskiren concentrations: five (5) rectal mucosal biopsy samples
obtained via flexible sigmoidoscopy approximately 2 to 4 hours after the final dose of aliskiren
on Day 9 (four of the samples pooled for aliskiren concentration measurement)

e Plasma aliskiren concentrations
» Pre-dose (troughon Days 6,7, 8, 9)

» Attime of individual bowel movements (after drug administration on Day 8 uhu'l 4 hrs
after sigmoidoscopy on Day 9)

> During sigmoidoscopy near time of biopsy (Day 9)

e Aliskiren concentrations in isotonlic saline rinses of biopsies: approximately 1 mL aliquots
of isofonic saline (approximately 5SmL in each beaker) used to rinse the rectal mucosal biopsy
specimens sampled for each of three rinses

ANALYTICAL METHODS:
Analytes - media and methods:

Plasma aliskiren concentration was determined by a LC-MS/MS method. The LLOQ is 0.5 ng/mL in
plasma. .

Fecal aliskiren, rectal mucosal aliskiren, and aliskiren in isotonic saline rinses of biopsy tissue were
determined by LC-MS/MS methods. The L1 OQs for each of the fecal samples, rectal mucosal biopsy
specimens, and isotonic saline rinses were.1.50 pg/g, 50 ng/g, and 0.5 ng/mL, respectively.

' All assays were validated and judged to be acceptable upon assessment.

PK SAMPLE COLLECTION/CALCULATIONS AND STATISTICAL ANALYSIS:

Statistical methods: Descriptive statistics (including arithmetic mean, standard deviation, minimum,
median, and maximum) are provided to summarize concentrations of aliskiren in feces, rectal mucosal
biopsies, and plasma at various time points during and after treatment with aliskiren 300 mg daily. The
average plasma trough steady state aliskiren concentration at (Cprss) was calculated for each subject
as the average pre-dose value of the plasma concentration on Days 8 and 9. Mean Cprss was
calculated for the study population, as were mean plasma aliskiren concentrations at the time of
natural bowel movements (Cpgn) and at the time of sigmoidoscopy (Cesig)-

Fecal aliskiren conceritrations are summarized as the weighted average (Crec_avw), minimum (Crec_min),
and maximum (Crec_max) Values calculated for each individual subject using data obtained from all fecal
collections beginning after dosing on Day 8 and continuing until the last fecal collection after
sigmoidoscopy. The weighted average thus includes the pre-sigmoidoscopy fecal collections, the
sigmoidoscopy fecal sample (if obtained), and any post-sigmoidoscopy collections (if obtained). Mean
Crec_avg. Crec_min, and Crec_ max Were calculated for the population, as were fecal aliskiren concentrations
specifically at the fime of natural bowel movements (Crec_sm) a@and at the time of sigmoidoscopy

(CFet_Siq)»
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For rectal mucosal tissue, four biopsy specimens per subject (approximately 15 mg each) were pooled
to obtain a single measurement for aliskiren concentration (Crew) for each subject. Descriptive
statistics were calculated for Cren for the population. Aliskiren concenfrations are listed and a summary
of descriptive stafistics provided for each aliquot rinse in isolonic saline for each of the four rectal
mucosal biopsies for each subject, as are the average aliskiren concenfrations from each isotonic
saline rinse over four rectal mucosal biopsies.

Data listings and a descriptive summary are provided for the following ratios of concentration data:
(Crem / Copsig), (Crem { Cprss), (Crec_avg ! Crem), (Crec_ttax / Crem), (Crec sig / Crem), (Crec_avg / Cerss),
(Crec_max/ Crrss), (Crec_sig/ Cesig), and (Crec_gm/ Crsm)-

Confirmation that aliskiren was at steady state after 6 days of freatment was determined by comparing
pre-dose frough plasma drug concentrations on Days 6, 7, and 8. Log-fransformed aliskiren plasma
concentrations were analyzed using a mixed effect model with subject as a random effect and day as a
fixed effect. The point estimates for the differences between days and the cofresponding 90%
confidence intervals on the log-scale were ecalculated. These values were back transformed to give
point estimates and 90% confidence intervals for the ratios of means on the original scale.

Data were plotted and analyses performed fo assess any cofrelations between the following
parameters of aliskiren concentrations:

¢ Rectal mucosal concentration (Cren; Y-axis) and plasma concentration at the tirhe of
sigmoidoscopy (Cpsyg, X-axis)

» Rectal mucosal concentration (Cr.y; Y-axis) and plasma trough steady state concentration (Cprgs;
X-axis)

* Rectal mucosal concentration (Cres; Y-axis) and average fecal concentration (Cee._avg; X-axis)
* Rectal mucosal concentration (Crem; Y-axis) and maximum fecal concentration (Crec_max; X-axis)

« Rectal mucosal concentration (Crem; Y-axis) and fecal concentration at S|gm0|doscopy (Crec_sig X-
axis)

« Plasma trough steady state concentration (Cerss: Y-axis) and average fecal concentration (Cee;_avg;
X-axis) .

¢ Plasma trough steady state concentration (Cprss. Y-axis) and maxnmum fecal concentration
(CFec Max X-axus)

+ Plasma concentration at sigmoidoscopy (Cps,g Y-axis) and fecal ooncentratlon at sigmoidoscopy
(CFec ._Sig: X'a)“S)

« Plasma at the time of bowel movement (Ceam, Y-axis) and the corresponding fecal concentration at
the time of bowel movement (Crec_pm, X-axis)

RESULTS:
Aliskiren concentrations in isotonic saline rinses of rectal mucosal biopsy samples

The concentration of aliskiren in the final saline rinses of the rectal mucosal biopsy samples was
0.7 ng/mL. The aliskiren content of the final saline rinses was an average of only 4.3% of the total
aliskiren recovered in the biopsy samples (range of 0.8% to 9.0%), with values fess than 5% in 11 of 14
of the subjects. These data indicate that potential contamination of tissue samples from luminal content
or feces was probably small. Therefore, aliskiren concentration measured in rectal mucosal biopsy
samples is a reasonable estimate of aliskiren rectal mucosal tissue concentration.

Plasma aliskiren concentrations: assessment of steady state

Plasma frough aliskiren concentrations on Days 6, 7, and 8 are summarized and compared in Table 1.
There were no significant differences between concentrations on Day 6 or Day 7 compared to Day 8.
The ratios of the geometric means between Day 6 and Day 8 and between Day 7 and Day 8 were
approximately 1, with the 90% confidence intervals falling within 0.8 and 1.25, indicating that steady
state aliskiren plasma concentration was achieved by Day 6.
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Table1 = Assessment of steady state v
Comparison Day n  Arithmetic S.D. Percent ~ P- Ratlo  90% ClI for

mean difference value geom. ratio
- , means

Day 6 vs Day6 15 2436 749 430 0.59 097 (0.88, 1.07)
Day 8 , .
_ Day8 15 2545 922
Day 7 vs Day7 15 2608 1054 246 0.82 1.01 0.92, 1.11)
Day 8 )

Day8 15 2545 922

Fecal, rectal mucosal, and plasma aliskiren concentrations

Fecal, rectal mucosal, and plasma trough aliskiren concentrations are summarized in Table 2. The
ratios of average aliskiren concentrations in feces to rectal mucosa, fecal to ptasma concentrations,
and rectal mucosa to plasma concentrations are summatized in Table 3.

As expected, the highest aliskiren concentrations were found in feces (Crec ag = 1,526,923 ng/g;
Crecmax = 1,899,429 ng/g; Crec sig = 238,986 ng/g), the average of which was approximately 90-fold
higher than that in rectal mucosal tissue (Crem = 22,192 ng/g), which was approximately 1000 times
higher than the average plasma steady state trough concentrations {Cerss = 24.9ng/mlL) and
approximately 150-fold higher than-the plasma concentration at the time of biopsy (Cesyg =
216.9 ng/mL).

Table2 . Descriptive statistics for fecal, rectal mucosal, and plasma
aliskiren concentrations

Crecavg® Crecpax™ Crecsiy Creou Crai ™ Corss ™ Copsig Crou

(ng/a)  (ngsg) (ng/g) (ngrg) (ng/@)  (ng/ml)  (ng/mi) (ng/mL)

n 14 14 7 14 14 .15 13 14
Mean 1526923 1899429 238986 1534223 22192 . 249 2169 154.1
SD 1315980 1467931 314644 1318553 15572 938 204.4 197.0
Min -_
Median 1233961 1620000 69800 1240000 17850 24.1 130.0 85.9
Max -

Cpiss = average plasma trough steady state ahsktfen concentratuon Ceam = mean plasma aliskiren
concentrations at the time of natural bowel movements; Cpsy = mean plasma aliskiren
concentrations at the time of sigmoidoscopy; Crec_ayg = the mean weighted average fecal aliskiren
concentration from all fecal samples (pre-, during, and post-signoidoscopy), Crec_min = the mean
minimum fecal aliskiren concentration, and Crec max = the mean maximum fecal aliskiren
concentration; Cre_am = the mean fecal concentration at the time of natural bowel moverents; Creu
= the mean aliskiren concentration in rectal mucosal biopsy samples.

* - Average fecal aliskiren concentration = the weighted average fecal concentration calculated
over all fecal samples beginning after dosing on Day 8 and continuing until the last fecal collection
after sigmoidoscopy. The maximum fecal concentration and average fecal concentration were
identical in three subjects for whom only one fecal sainple was available.

- Rectal mucosal aliskiren concentration, based on pooled samples from four rectal mucosal
blopsuas The sample weights at the one of the centers were much larger than at the other, but the
dmg concentrations were similar.

- Average pre-dose aliskiren plasma trough concentration calculated from Day 8 through the day
of sigmoidoscopy (Day 9). '
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Ratios of rectal mucosal to plasma, fecal to plasma, and fecal to

Table 3
rectal mucosal aliskiren concentrations

Cread/ Crae/ Crecavd Crecmed Crecsif Crecavd Crecss! Crecsid Crec.sn’

Crsiyg  Cprss  Crau Creut. Cror Cerss Crrss Cesig Ceom
n 13 14 14 14 7 14 14 6 14
Mean 1632 9849 885 1152 9.93 72908 87786 1450 26038
sp ~ 1158 - 701.1 1076 1411 735 72018 76550 1418 34953
Min —
Med 1411 8106 543 714 783 49576 60740 1226 16010
Max .
Correl
Coeff
n 0042 0122 0.152 0.061 0934 0184  -0.086 0235  -0.385

P-val 0.892 0677 0.604 0.836 0.002 0.528 0771 0.653 0.174

Cerss = average plasma trough steady state aliskiren concentration; Cpg,, = mean plasma aliskiren
concentrations at the time of natural bowel movements; Cps; = mean plasma aliskiren concentrations
at the time of sigmoidoscopy; Ceec aw = the mean weighted average fecal aliskiren concenfration;
Crec_mn = the mean minimum fecal aliskiren concentration, and Crec max = the mean maximum fecal
aliskiren concentration; Crecgm = the mean fecal concentration at the time of natural bowel
movements; Cqen = the mean aliskiren concentrafion in rectal mucosal biopsy samples.

Comparison of average fecal aliskiren concentrations in

Table 4
humans and rats
N Fecal aliskiren Ratio of Means  Ratio of Medians
concentration {ug/g) (Rat: Human) {Rat: Human)
Mean (SD); Median
Rat studies (TOX 057277 and TOX 10 13949 (3381), 14100 9.1 114

0570299); Dose = 250 mg/kg/day”

Human study (CSPP100A 2105), 14
Dose = 300 mg/day .

* These data represent the combined results of a 4-week and a 13-week study in which the dosage and
route of administration (feed admixture) were identical. 250 mgfkg/day was the NOAEL dose.

1527 (1316); 1234 . -

Gl mucosal aliskiren concentrations in rats versus humans

. Rat (250 mg/kg/day) Human (300 mg/day)
[TOX R0570340] (CSPP100A 2105)
Mean (SD) pg/g, Median Mean (SD) pg/g; Median

Mucosa — Jejunum  70.5 (33.3); 109 222(156),-179

Mucosa —fleum  99.3 (27.4); 63.7

Mucosa - Cecum 135 (57.5); ‘119

Mucosa — Colon 132(64.7), 159
No direct comparison can be made between the results in rats and humans, as mucosal
aliskiren concentration was not measured in rat rectum. The rectal mucosal concenfration in
humans is about six-fold lower (mean data) than in rat colon. Rat rectal mucosal alsikerin
concentration would be expected to be higher than that in colon due to local differences mn
luminal drug exposure (rat colonic content: 502 pg/g versus rat feces: 10900-16900 pe/g).

Mucosa — Rectum
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SPONSOR’S CONCLUS[ONS'

At steady state, following daity oral admmtslrabon of 300 mg aliskiren:

- Average fecal aliskiren concentration was 1527 + 1316 pg/g.

— The maximum fecal aliskiren concentration was 1899 + 1468 ug/g.

— The range for fecal aliskiren concentration (24-30 hrs) was 10.9 - 5010 pg/g.
— Rectal mucosal aliskiren concentration was 22.2 + 15.6 pg/g.

— Plasma aliskiren concentration at sigmoidoscopy was 2169 + 204 4 ng/mi..
—  Plasma trough steady state aliskiren concentration was 24.9 + 9.8 ng/mL_

Concentrations of aliskiren from sequential rinses of rectal mucosal biopsy samples indicated no
significant contamination of tissue from luminal content/fecal matter.

Both fecal and rectal drug concentrations showed high inter-subject variability.

Average human fecal aliskiren concentration (over 24-36 hours) at a dose of 300 mg per day for
9 days was approximately 10-fold lower than rat fecal concentrations at the NOAEL dose (250
mg/kg/day in feed for 4 and 13 weeks).

Human rectal mucosal aliskiren: concentration was 6-fold lower than rat colonic mucosal aliskiren
concentration at the NOAEL dose.

Gastrointestinal tissue aliskiren concentrations may be determined by local luminal drug exposure
as most of the variability in rectal mucosal drug concentrations could be explained by fecal drug
concentration at the time of biopsy. This conclusion is based, however, on data from a very small
number of subjects.

REVIEWER’S COMMENT:

1.

The colonic concentrations of Aliskiren in the rat (502 pg/g) are up to three times

lower than the fecal Aliskiren concentrations in the rectum of humans (1527 pg/g).

' APPEARS THIS WAY
ON ORIGINAL
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StupY SSP106A 2207 — A RANDOMIZED OPEN-LABEL, S[NGLE-DE)SE TWO-PERIOD,

CROSSOVER STUDY IN HEALTHY SUBJECTS TO EVALUATE THE EFFECT OF FOOD ON THE

SPP FINAL MARKET IMAGE (FMI) TABLET.

STUDY INVESTIGATOR AND SITE:

REPORT # 2207
EDR VOLUME 6
STUDY DATES: April 16 — August 12, 2005

Objective:
To evaluate the effect of food on the bioavailability of the SPP100 300-mg FMI tablet

Formulation:

Aliskiren 300 mg, tablet, Novartis (Batch No: X316 1004 KN#

6000937.004; Exp Date: Not provided)

Design: Randomized, open-label, single-dase, two-period, crossover design. A total of 32 healthy
male and/or femate subjects were enrolled and received study drug; 30 subjects completed all
treatments and procedures.

Each subject participated in a screening period (Day -21 to -2), a baseline evaluation in each
treatment period (Day -1), two treatment periods with at least 10-day washout between the two
treatment periods, and an end-of-study evaluation. Eligible subjects were randomized to one of two
treatment sequences, with 15 subjects in each of the two sequences.

Study design
Period 1 Period 2
Screening FMI tablet; Fasted | 10.day FMI @blet. Fed |
(Day -2110 -2) (0=15) washout (n=15} . | Swudy completion
FMI tablet, Fed FMI tablet; Fasted
(n=15) (n=15)

On Day 1 of each treatment period, subjects received either a single, 300 mg orat dose of SPP100
{1 x 300 mqg FMI fabiet) in a fasted or fed state, depending on their assigned sequence. Subjects who
were dosed in the fasted state received their dose of afiskiren (SPP100) after fasting for at least 10
tours and remained in the fasted state for the next 4 hours. Subjects who were dosed in the fed state
consumed a FDA, standardized, high-fat breakfast after fasting for at least 10 hours and within 30
minutes prior to dosing.

For both treatment periods, subjects were admitted to the study center on Day ~1, at feast 12 hours
prior to study drug administration. Safety assessments were performed and inclusion/exciusion critetia
were reviewed to confirm subject eligibility. Subjects remained at the study center until 24 hours post
dose for pharmacokinetic and safety assessments. Subjects werte then discharged, but retumed to the
study center on an ambulatory basis on Days 3, 4, 5, 6 and 7 for additional pharmacokinetic
assessments. The washout period between treatment petiods was at least 10 days.

An end-of-study evaluation was performed on the last day of the last freatment period, after coilection
of the final PK blood sample.
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Except for medication which was required to treat adverse events, no medication other than
study drug was allowed from 14 days prior to the first dosing of study treatment until all of
the end-of-study evaluations were conducted. Administration of concomitant medication may
have required the subject to be replaced. Adm:mstmnonofacctammophmwasacceptablcbut
had to be documented in the CRF. Decisions regarding replacements of subjects requiring
concomitant medication were discussed with the sponsor on a case-by-case basis. The
administration of any such medication (including over-the-counter medications) was
documented on the Concomitant medications / Significant non-drug therapies CRF page.
Intake of xanthine (e.g., caffeine) containing food or beverages was discontinued 48 hours
before dosing. Consumption of such foods and beverages (i.c, coffee, tea, soda, chocolate)
was not permitted at any time while the subjects were domiciled.

A physician was present for at least the first 4 hours after dosing on Day 1 in each treatment
pertod and available by pager at all other imes throughout the study.

During recruitment, informed consent review and baseline periods, the subjects were

mformed and reminded of the following restrictions:

e No strenuous physical exercise (e.g., weight training, aerobics, football) for 7 days before
dosing until after the end of study evaluation,

e No alcohol for 72 hours before dosing until after the end-of-study evaluation, and

e No mntake of fruit juices, including grapefruit yuice, due to pH modifying effects.

ANALYTICAL METHODS:
Analytes, media and methods: parent drug in plasma by HPLC/MS/MS method; LOQ at 0.5 ng/mi

Analytical methods acceptable and validated.

PK SAMPLE COLLECTION/CALCULATIONS AND STATISTICAL ANALYSIS:

Blood collection (5 m! blood per sample in fithium heparin tubes (plasma)) pre-dase, 0.25, 0.5, 1, 1.5,
2.3,4,6,8, 12, 24 48,72, 96, 1203nd144hpostdose

PK parameters: AUCpw, AUCot, AUCotmax, Cumax, tmax, CUf, VAI, tin from plasma concentration-time
data

PK evaluations for food effect: All subjects who had complete pharmacokinetics profiles are included
in the pharmacokinetic analysis. Descriptive statistics are provided for the derived PK parameters from
different freatments. AUCg . and Cpy are conisidered as the primary pharmacokinetic parameters in
the evaluation of food effect.

Statistical methods: Statistical analysis of effect of food on SPP100 was performed by comparing the
pharmacokinetic parameters AUCD_., AUCq4, AUCqimax, Cmax 2nd Ina during fasted and fed conditions.

Analysis of variance (ANOVA) was performed on log-transformed AUCs and Cpae data using the
PROC MIXED SAS procedure fo generate results for inference tables. The sources of varation in the
analysis model include sequence, period and treatment as fixed effects, and with subject (sequence)
as a random effect. Appropriate ESTIMATE statements and 90% confidence intervals for the test-
reference ratios (fedffasted) were constructed.

Statistical analysis for i, Was performed by a non-paramefric method.

The study was powered to detect a food effect on mean PK parameter of aliskiren by a magnitude of
50% or more. Aliskiren has a CV value in the range of 0.40 to 0.70. For 2 sample size of 30 subjects,
the power of detecting a significant food effect was evaluated for various combinations of CV and true
mean difference {range 30% to 60%), in the table below. It can be seen, for instance, that when CV =
0.60, the power will reach at least 84% or higher when the true difference in mean PK parameters is
50% or more_

RESULTS:
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Safety and tolerability: There were no dealhs of serious adverse events reported i this study.
Aliskiren was well tolerated in both the fasted and fed states. Seventeen (17) subjecis experienced a
total of 18 adverse events {AES). A total of 7 subjects in the fasted treatment experienced 9 adverse
events (9/18, 50%). In the fed treatment, a fotal of 1t subjects experienced 9 adverse events (9/18,
50%). The majority of AES were mild (16/18, 88.9%) and resolved spontaneously withaut treatment.
Two AEs were moderate in severity (2/18, 11.1%); both were incidences of headache and Tylenol was
administered as freatment. Only one adverse evenf, nausea (Sub;ect 5124, fasted state, two
incidences), was suspected to be related to study drug.

There were no clinically significant ECG abnormalities. Laboralory values slightly outside the normal
range were not considered clinicalfy significant.

Pharmacokinetics

Pharmacokinetic parameters calculated are listed below:

0 (ng/mt) ()  (ngxtimi) ()  (ngxhml} (mi) (mim)  (ngx Wmi)
Fasted
N 32 32 32 32 32 32 32 32
Mean 4532 21 2315 54 2437 12051345 150550 355
SD 3085 13 1165 14 1194 6078837 65941 266
Min —_—
Median 386.5 20 2008 52 2122 11312449 141488 348
Max —
CV% 68.1 60.8 503 264 490 50.4 438 750
Treatment
iD
Fed .
N N 31 31 31 31 31 3t 31
Mean 924 32 707 46 767 32842810 577002 92
S0 952 17 434 15 464 150603061 378042 79
Min
Median 46.4 30 654 . 46 709 30622330 423088 a0
Max ,—————/
CVv% 516 326 605 459 655 854

103.0

614

Mean Aliskiren concentrations under fed and fasted state in healthy volunteers
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Ratios of the geometric means and the corrupondinq 80% conﬁdenoe inetrvals in fed subjects
relative to fasted subjects

Ratio of geomefric means
Parameter (A:B) ' ) 90% Ct for ratio
AUCq. (ng x h/mL) 029 {0.24,0.34)
AUCq¢ (ng x W/mL) 0.28 (0.24, 0.34)
AUCg4may (ng x h/mL) 0.26 (0.18, 0.38)
Cruax (NQmML) ' 0.15 {0.11,0.20)

Treatment A = Aliskiren 300mg Fed
Treatment B = Aliskiren 300mg Fasted
The summary of the analysis results of iy, for aliskiren is presented in table below. The median

increase in t,,, was one hour when aliskiren was administered with food compared to in the fasted
state.

The effect of food on aliskiren FM! tablet bioavailability based on {ye

Median difference
Parameter (A -B) : p-value
tmax (Ng/mL) 1.0 0.001

Treatment A = Aliskiren 300mg Fed
Treatment B = Aliskiren 300mg Fasted

CONCLUSIONS:

« Ingestion of a high-fat meal 30 minutes prior to oral administrafion of afiskiren reduces drug
exposure (AUC and Cnx decreased by 71% and 85%, respectively) and delays drug absorption
(median t,,, increased by 1 hour).

* Aliskiren was safe and well tolerated in healthy subjects during fasted and fed conditions.

REVIEWER’S COMMENT:

1. Reviewer concurs. R

2. Aliskiren should be taken without food since the changes in rate and extent of
absorption are remarkable and may influence what is already a shallow dose-
response curve.

Y
PEARS THIS WA
AP ON ORIGINAL
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STUuDY SPP100A 2217 — AN OPEN-LABEL SINGLE DOSE STUDY ASSESSING THE EFFECT OF

AGE ON THE PHARMACOKINETICS OF SPP100.

STUDY INVESTIGATORS AND SITES:

REPORT # 2217
EDR VOLUME 6
STUDY DATES: June 22 — October 16, 2005

OBJECTIVES:
Primary Objective
o Toinvestigate the effect of age on the pharmacokinetic {PK) parameters of SPP100 {aliskiren)
Secondary Objective ‘

e To evaluate the safety and tolerability after a single oral dose of afiskiren in young and elderly

healthy subjects
FORMULATION:
Aliskiren 300 mg tablets (Batch No: X2991A, KN#6000937.006; Exp
Date: Not Provided)
STUDY DESIGN:

Design: This was an open-label, non-randomized, multiple-center, p:;tallel—group, single-dose study
in heatthy subjects.

A total of 60 healthy subjects between the ages of 18 to 45 years inclusive (n=38) and 265 years
(n=30) (65 to 74 years, n=15 and 275 years, n=15) were to be enrolled and matched by gender,
weight, and race. At least 28 subjects from each group, young and elderly, were required to complete
all study treatments and procedures.

-Each subject participated in a 21-day screening period, a baseline period (Day -1}, one treatment
period (dose on Day 1), and a study completion evaluation 168 hours after dosing.

Once eligibility was confirmed, each subject received a single, oral dose of 300 mg aliskiren (SPP100) ’

on Day 1 after a 10-hour fast, with blood samples abtained for up to 168 hours after dosing.

Subjects were admitted to the study center at least 24 hours prior to dosing and stayed until at least
the 48-hour PK sample was collected. Subjects refumed to the study center on an-ambulatory basis
for the remainder of the PK samples collection. Subjects had an end-of-study evaluation after the
168-hour PK sample was collected, prior to leaving the study center.

Criteria for inclusion: Male and female subjects from 18 to 45 years (inclusive) and 265 years of age
who were in good health as determined by past medical history, physical examinafion, vital signs,
ECG, and laboratory tests performed at screening. Female subjects of child bearing potential were
surgically sterilized, using a double-barrier local contraception, or postmenopausal. in addition, all
subjects provided written informed consent prior to parficipation in the sfudy.
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Subjects were excluded if they were smokers, used any prescription or over-the-counter
(OTC) drugs within 2 weeks prior to dosing (however acetaminophen was acceptable), had a
past medical history of clinically significant ECG abnormalities or a family history of a
prolonged QT-interval syndrome, a history of autonomic dysfunction, a history of acute or
chronic bronchospastic disease (including asthma and chronic obstructive pulmonary disease,
treated or not treated), or had any surgical or medical condition that might significantly alter
the absorption, distribution, metabolism or excretion of drugs or which may ]eopardlze the
subject in case of participation in the study.
During recruitment, informed consent review and baselme period, the subjects observed the
following restrictions:
e No strenuous physical exercise (e.g., weight training, aerobxcs football) for 7 days before
dosing until after the end-of-study evaluation.

¢ No alcohol for 72 hours before dosing until after the end-of-study evaluation.

¢ No grapefruit or grapefruit juice for 72 hours before dosing until after the end-of-study

evaluation.

¢ Intake of xanthine (e.g., caffeine) containing food or beverages were to be discontinued
48 hours before dosing. Consumption of such foods and beverages (i.e., coffee, tea, soda,
chocolate) was not permitted at any time while the subjects were domiciled. '

ANALYTICAL METHODS: _ ,
Plasma levels for aliskiren were assayed by LC/MS/MS detection with an LOQ of 0.5

ng/mL. assay validation was performed and is acceptable.

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

At each time of aliskiren determination in plasma, 5 mL of venous blood was drawn from a
forearm vein into lithium-heparin tubes. Samples were taken at the following time points:
pre-dose, and 0.25,0.5,1. 1.5, 2, 2.5, 3 4,6,8,12, 24,36, 48, 72, 96, 120, 144 and 168 hours

post dose.

Pharmacokinetic calculations
Pharmacokinetic evaluations: Aliskiren PK parameters calculated or observed in this study included

AUCqy, AUCp,, Crax frax tn. CradAUC, CUF, and Vd/F. Parameter calculations were preformed
using non-compartmental analysis. Statistical methods were used to evaluate differences in AUC and

Statistical Analysis

Aliskiren was highly variable with CV of AUC and C,,, in the range of 0.50 to 0.70. For the
selected sample size of 28 subjects per group, the power of detecting a statistical difference
between the two groups will reach 80% or higher when the true difference in mean PK
parameters is as high as 40% or 50% depending upon the true value of CV. '

Power of detecting a difference with N=28 subjects per group
Probability that 90% ClI for ratio of means does not contain value 1 _

Ccv Difference in means = Difference inmeans =  Difference in means =
30% . 40% 50%

0.50 65% 83% 93%

0.60 54% 72% . 85%

0.70 45% 62% 76%
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Statistical methods: The phamacokinefic parameters of afiskiren were compared between the two

age groups (265 years versus <45 years) based on log-transformed data using a linear model with age
group (elderly or young) as a fixed factor. Point estimate and the comesponding 90% confidence
interval for the ratio of means {elderly/young) were calculated for AUCy¢, AUCq and Crear.

RESULTS:

Number of subjects: A total of 57 healthy volunteers enrolled and 57 subjects completed the study
(28 young subjects (18 to <45 years) and 29 elderly subjects (16 subjects 65-74 and 13 subjecis =75

years).
Summary of Demographic Information

Young Elderly
Subjects Subjects Total

Parameter n=28 n=29 N=57
Age (years) :

Range 2444 65-83 24 - 83

Mean (SD) 34.3(6.62) 73.2 (5.69) 54.1 (20.59)
Gender (n, %) '

Male 9 (32.1%) 9 (31.0%) 18 (31.6%)

Female 19 (67.9%) 20 (69.0% 39 (68.4%)
Race (n, %)

Caucasian 13 (46.4%) - 15 (61.7%) 28 (49.1%)

Oriental 9(32.1%) 11 (37.9%) 20 (35.1%)

Other 6 (21.4%) 3 (10.3%) 9 (15.8%)
Weight (kg) . ) ’

Mean (SD) 65.16 (9.878) 64.37(11.141) 64.76 (10.453)
Height (cm) o '

Mean (SD) 165.7 (8.68) 160.8 (8.56) 163.2 (8.89)
BMI (kg/m?)

Mean (SD) 23.749 (3.2330) 24.833(3.1979) 24300 (3.2281)

APPEARS THIS WAY

ON ORIGINAL
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Pharmacokinetics

Pharmacokinetics: The pamary pharmacokinetic variables for aliskiren for the different age groups
are summarized in the table below.

Primary Pharmacokinetic Variables for the Evaluation of Age on Aliskiren Pharmacokinetics

Age Group Crax | - AUCg4q AUCg .y ty
18-45 years {ng/malL) {h) {ngelVmL) (ngetvmL ) {h)
N 28 28 28 28 28
Arithmetic Mean 3745 18 1560 1649 60.6
Geometric Mean  290.2 15 1312 1399 584
Median 2735 20 1300 1415 609
CV% 16 a7 626 60.9 26.3
Age Group Crax tnax AUCqq AUCy ty
65-74 years {ng/ml) (h) {ngeh/mL) {ngeh/mL ) {h})
N 16 16 16 16 16
Arithmetic Mean 4518 19 2410 2583 69.6
Geometric Mean 3510 14 2056 2204 687
Median 356.0 20 1984 2120 66.7
CV% 902 67.1 695 68.9 179
Age Group Crrax trax AUCg, AUCy ., t,
275 years (ng/mL) - (h) {ngeh/mL) (ngeh/mlL) {h)
N 13 13 13 13 13
Arithmetic Mean 604.1 20 2611 2814 69.7
Geometric Mean 33852 15 2020 2184 68.9
Median 2770 15 1995 2117 711
CV% 100.2 78.1 73.2 727 - 163

Relative to the age group of 18-45 years, the ratio of the arithmetic means for Cpax Was
1.2 for the 65-74 years group and 1.6 for the > 75 years group. Relative to the age group
of 18-45 years, the ratio of the arithmetic means for AUCy., was 1.6 for the 65-74 years
group and 1.7 for the > 75 years group. An increase in Aliskiren half-life of about 9
hours was observed in the 65-74 year and the > 75 year age group when compared to
the 18-45 year age group.

Relative to the age group of 18-45 years, the ratio of the geometric means for Crax was 1.2 for the 65-
74 years group and 1.4 for the 275 years group. Relative to the age group of 18-45 years, the ratio of
the geometric means for AUCg.., was 1.6 for both the 65-74 years group and the 275 years group.

inferential assessments were performed on elderly (265 years) versus young (<45 years) groups. The
summary of the analysis results of AUCqy, AUCq. and Crax for aliskiren is presented in the table
below. Aliskiren AUC,, values were 55% higher, AUC,,, values were 57% higher, and Cy, values
were 28% (in geometric means) higher for elderly subjects compared to younger subjects, although
the increase for C,, Was not statistically significant.
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Summary statistical analysis resuits of aliskiren pharmacckinetic parameters
f :
Ratio of Geomefric Means Cl for Ratio

Pharrnacpkinétic Parameter (Ederty:Young)

AUCg, (ngeh/mL) 155 (1.18, 2.05)
AUCq... (ngeh/mL) 157 (1.19, 2.06)
Crnax (ng/mL) 1.28 091, 1.79)

Young = Aliskiren 300 mg (age group18-45 years), Elderly = Afiskiren 300 mg (age group 265 years)

SAFETY:

Safety and tolerability: No serious adverse events (SAEs) were reported. A total of 13 subjects
(13517, 22.8%), 8 young subjects and 5 elderly subjects experienced adverse events (AEs). The
majority of AEs were mild in severity, and only five AEs were suspected {o be related to study drug, as
follows: Subject 5106 (diarrhea), Subject5122 (high lipase), Subject5152 (high amylase),
Subject 5163 (metallic taste in mouth), and Subject 5158 {lightheadedness).

No subjects had clinically significant ECG abnormalifies. Several subjects had vital signs that were out
of the normal range, however deviations did not warrant study discontinuation. All clinical labaratory
values that were slightly outside of the reference range were reporied as not clinically significant.

CONCLUSIONS:

e There was a 1.2 to 1.6 fold increase in the Cy,x and a 1.6 to 1.7 fold increase in
AUCy, in elderly subjects > 65 years of age.

* An increase in half-life of 9 hours (15%) was observed in the elderly group > 65
year age in comparison to the younger population (18-45 years of age).

e There was a 1.3 fold increase in Cpax When the elderly groups were compared to
each other and half-lives remained unchanged.

REVIEWER’S COMMENT: /

: / / /

2. The reviewer concurs.

APPEARS THIS WAY
ON ORIGINAL
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Stupy SPP100A 2229 — AN OPEN-LABEL, PARALLEL GROUP STUDY TO COMPARE THE
PHARMACOKINETICS AND PHARMACODYNAMICS OF A SINGLE DOSE OF SPP100
(ALISKIREN) BETWEEN HEALTHY SUBJECTS AND TYPE 2 DIABETIC PATIENTS.

/

STUDY INVESTIGATOR AND SITE:

REPORT # 2229
EDR VOLUME 6
STUDY DATES: June 4 — August 19, 2004

OBJECTIVES:
Primary Objective

« To compare the single dose pharmacokinetics of Aliskiren between healthy subjects and type 2
diabetic patients.

Secondary Objectives

« To compare single dose pharmacodynamics of Aliskiren between healthy subjects and fype 2
diabetic patients

e To evaluate safety and tolerability after single oral doses of Aliskiren in healthy subjects and type 2
diabetic patients.

FORMULATION:

Aliskiren 300 mg tablets (Batch No: X199FA, KN#6000937.006; Exp
Date: Not Provided)

STUDY DESIGN:

This was an open-label, non-randomized, singlecenter, and parallel-group single-dose study in
healthy and type 2 diabetic subjects. -

Two parallel groups, one healthy (n = 30), the oth‘ér type 2 diabetics (n = 30), (age, weight and race
matched) were enrolled in this study.

Each subject participated in a 21-day screening period, a baseline period (Day -1), one day treatment
period (Day 1) and a study completion evaluation 96 hours after the treatment.

Once eligibility had been confirmed each subject received a single oral dose of SPP100 300 mg
(aliskiren) on Day 1 with 96 h PK sampling. The study drug, SPP100, was given following a 10 hour
fast.

Subjects were admitted to the study site at least 12 hours prior to the dosing and were confined to the
clinic for at least 48 h samples and were advised to come back for the rest of the PK samples
collection. Subjects underwent a study completion evaluation at 96 h post-dose prior to discharge
from the study site.

Except for medication which may be required to treat adverse events, no medication other
than study drug was allowed from 14 days prior to the first dosing of study treatment until the
entite end of study evaluations had been conducted. Administration of concomitant
medication may require the subject to be replaced. Administration of acetaminophen was
acceptable but had to be documented in the eCRF. Decisions regarding replacements of
subjects requiring concomitant medication were discussed with the sponsor on a case-by-case
basis. The administration of any such medication (including over-the-counfer medications)
was clearly documented on the Concomitant medications / Significant non-drug therapies
eCRF page. ' ‘
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During recruitment, informed consent review, and baseline period, the subjects were informed

and reminded of the following restrictions:

e No strenuous physical exercise (e.g., weight training, aerobics, football) for 7 days before
the first dose in each phase until after the end of study evaluation.

¢ No alcohol for 72 hours before the first dose in each phase until after the end-of-study
evaluation.

e No grapeftuit or grapefruit juice for 72 hours before the first dose in each phase until after

the end-of-study evaluation.

¢ Intake of xanthine (e.g., caffeine) containing food or beverages must be discontinued
48 hours before the first dose in each period. Consumption of such foods and beverages
(i.e., coffee, tea, soda, chocolate) is not permitted at any time while the subjects are
domiciled. If a deviation occurs during the domicile period, it must be noted as
appropriate in the eCRF as a conunent.

Criteria for inclusion:

Healthy (group 1) and type 2- diabetic patients (group 2), male or female non-smoking subjects
between 30 and 75 years of age having provided a written informed consent before entering the study.
At screening, the subjects must be in good health as determined by past medical history, physical
examination, electrocardiogram, laboratory tests and urinalysis.

ANALYTICAL METHODS:

Analytes, media and methods: Plasma SPP100 was determined by a HPLC/MS/MS method. The
detection threshold of the assay is approximately 0.5 ng/mL.

Within-study assay validation was performed by analysis of QC samples together with the study
samples and seems acceptable.

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULAT[ONS AND
STATISTICAL ANALYSIS: N
Blood collection Blood sample of 5 ml. was collected at each of the following fime points info
lithium heparin tubes ( plasma in two tubes after centrifugations)
PK parameters: AUCy;, AUCpea,, Chax tmax v CmadAUC, CL/F and Vd/F. The primary
pharmacokinetic assessments were performed on Cax, AUCg¢and AUCq.,

PK evaluations: Non-compartmental analysis.

" Pharmacodynamic Assessments
The following pharmacodynamic assessments were assessed: active remin, plasma renin
activity (PRA), plasma angiotensin I and II and serum aldosterone on Day 1.

Statistical Analysis —

APPEARS THIS WAY
ON ORIGINAL
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The pharmacokinetic parameters of aliskiren were compared between the two groups based on log-
transformed data using a linear model with group as a fixed factor and matched pair as a random
factor. Point estimate and the coiresponding 90% confidence interval for the ratio of means (diabetic
patients/healthy) were calculated for AUC and Crax.

The pharmacodynamic variables and parameters were summarized by descriptive statistics.
Graphical methods were used to examine the trend over time.

Aliskiren is highly variable with a CV of AUC and C,,, in the range of 0.50 to 0.70. For the selected
sample size of 28 subjects per group, the power of detecting a statistical difference between the two
groups were to reach 80% or higher when the frue difference in mean PK parameters was as high as
40% or 50% depending upon the true value of CV. ’ '

Power of detecting a difference with N = 28 subjects per group .
Probability that 0% CI for ratio of means does not contain value 1

cv Difference in means Difference in means Difference in means
_ =30% = 40% = 50%
0.50 . 65% g 83% - 93%
0.60 54% 72% 85%
0.70 45% . 62% _ 76%
RESULTS:
Summary of demographic information
Demographic variable Type 2 Diabetic Patients (N=30) Healthy Volunteers (N=30)
. Age (years) mean 579£926 57285
range H-73 34-74
Height (cm) mean 162473 163.2 £9.04
range 149-180 147-183
Weight (kg) mean 7469119 T 7311108
range 56.4-108.6 55-110
Elbow breadth {cm) mean 69+053 . 6.79 06
range 57719 > 5783
Sex Male T 16 (533 %) ' 13 (43.3 %)
Female " 14(46.7 %) 17 (56.7 %)
Race Caucasian 6 (20.0 %)  6(20.0%)
Black 4(13.3%) ' 4 (13.3 %)
Other 20 (66.7 %) 20 (66.7 %)
Body frame Medium - 17 (56.7 %) 18 (60.0 %)
Large ’ 13 (43.3 %) 12 (400 %)

According to the sponsor: ‘
All type TI diabetic patients have taken one of the following medications listed below prior to
the study and continued this medication at a constant dose throughout the study for glucose
control:

Glipizide, Pioglitazone. Metformin, Glibomet, Glibenclamide, Metaglip, Gemfibrozil and
Rosiglitazone Maleate.

Note: Glibomet is a glyburide/metformin combination formulation and Metaglip is
a glipizide/metformin combination formulation. Neither medication is approved in
the U.S. Gemfibrozil is listed as a medication for glucose control; but is approved
in the US to treat hyperlipidemia.

188



Safety and tolerability:
All subjects who received at least one freatment were included in the safety and folerability evaluation.

Sixty (60) subjects were enrolled in the study and 60 (100%) subjects completed the study. There
were no sefious adverse events reported. In total, 7 of the 60 (12%) subjects reported a total of 17
adverse evenls. Two (3%) subjects reported multiple adverse events (12/17, 70%). All adverse events
were mild. Fifteen (88%) of the adverse events were determined by the investigator to be related fo
study treatment. The adverse events of headache and diarthea occurred with the highest frequency.

Maximum incidence (13/17, 76%) of adverse events was observed in the healthy volunteer group. The
type 2 diabetic patients group reported 4 (23%) adverse events and the healthy volunteer group
feported 13 (76%) adverse events. No adverse event required study drug discontinuation.

ECG
No clinically relevant ECG changes were observed in any subjects during the study.
Laboratory parameters

All 80 subjects had an out-of-range clinical laboratory test result (blood chemisiry, hematology, and/or
urinalysis) at some point during the study. The investigator did nof consider any of these values to be
clinically significant, nor did the results prevent any subjects from continuing in the study.

Vital signs

Of the 60 subjects enrolled, 20 subjects (14 of 30 diabetic patients and 6 of 30 healthy volunteers) had
an out-of-range vital sign at some point during the study. The investigator did not consider any of
these values to be clinically significant, nor did the results prevent any subjects from continuing in the
study.

Pharmacokinetics

Comparison of the arithmetic means indicated a slight difference in CL/F between healthy subjects
and type 2 diabetic patients. Healthy subjects had a 14% higher clearance than type 2 diabetic
patients. The increase in CL/F led to slight increases in Crax (13%), AUCq: (13%) and ty (10%) in type
2 diabetic patients relative to healthy subjects Alt differences observed were 15% or less. The Vd/E
was virtually identical between healthy subjects and type 2 diabetic patients. A similar observation was
evident for the median t,, All differences observed were 15% or less_The VA/F was virtually identical
between healthy subjects and type 2 diabetic patients. A similar observation was evident for the
median tmex. The primary pharmacokinetic parameters for statistical assessment were Crmax, AUCp+ and
AUCg. The table below confains the mean and descriptive statistics for the primary Aliskiren
phammacokinetic parameters statistically assessed in healthy subjects and type 2 diabetic patients
following administration of a single dose of 300 mg Aliskiren.

Mean and descriptive statistics for Aliskiren primary pharmacokinetic parameters in
heaithy subjects following administration of a single dose of 300 mg Aliskiren _

Cumax tmax AUCy AUC,. CUF tiz VdiF
(ng/mL) (h) (ngxh/ml) (ngxh/mb) {mb/h) (h) (mL)
N 30 30 30 30 - 30 30 30
Mean 348 1.97 1642 1783 234063 399 13118481
SD 236 1.77 1031 1114 137080 81 7699801
Min . = ,
Median 278 1.25 1255 1338 224178 390 11363105
Max — T
CV% 68.0 897 628 62.5 58.6 202 587
Geometric 283 1.32 1382 1505 199316 391 11242866
Mean .

Mean and descriptive statistics for Aliskiren in type 2 diabetic patients
following administration of a single dose of 300 mg Aliskiren
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Conx  tmax AUC,, = AUC,. CUF tn VdIF

(ng/mL) (h) (ngxh/mbL)  (ng x h/mL) (mL/) (h) (mL)
N .30 30 30 30 30 30 30
Mean 394 1.62 1859 2037 . 205284 440 12330453
SD 288 121 1106 1198 136706 114 6981790
Min —_—
Median 328 1.00 1614 1899 158080 ~ 407 9800120
Max —
CcV% 733 751 595 588 - 66.6 259 566
Geometric 322 1.22 1587 - 1739 172485 427 10625840

Mean

There were no statistical differences noted in the primary pharmacokinetic parameters (Cyug, AUCq
and AUCq ) of Aliskiren in healthy subjects and type 2 diabetic patients. The analysis of SPP100
pharmacokinetic parameters AUCs and Crax indicated that, in terms of geometric means, type 2
diabetic patients had about 14-16% higher values in AUC and C,, than the healthy volunteers.
These observed differences between two groups were not statistically significant {p-vatues all greater
than 0.30).

Ratio of geometric means and the comresponding 90% confidence intervals are summarized in the
betow.

Statistical analysis results of the SPP100 pharmacokinetic parameters between Type 2
diabetic patients and healthy volunteers

Parameter P-value of Ratio of geometric 90% Cl for the ratio
difference means (test/ref)

AUCo. 0.349 1.16 (0.89, 1.50)

AUCq 0.347 1.15 (0.89, 1.49)

Cmax 0.455 1.14 (085, 1.51)

Test group = Type 2 diabetic patients, Reference group = Healthy volunteers

Pharinacodynamics:

Both healthy subjects and type 2 diabetic patients showed an increase in plasma active renin following
administration of a single dose of 300 mg Aliskiren with a trend back towards baseline at-the 24 hour
observation. The effect appeared more prominent in type 2 diabetic patients compared to healthy
subjects. In contrast to plasma active renin, following the administration of 300 mg Aliskiren, both
healthy subjects and type 2 diabetic patients showed a decrease from baseline for PRA. This
decrease stayed virtually constant over the entire 24 hour post-dosing assessment. Angiotensin |
remained stable relative to baseline for both healthy subjects and type 2 diabetic patients over the 24
hour assessment period following the administration of 300 mg Aliskiren. Angiotensin Il remained
stable relative to baseline for healthy subjects and type 2 diabetic patients over a 12 hour period
following the administration of 300 mg Aliskiren. In healthy subjects the angiotensin il stayed constant
over the remaining 12 hour period of assessment. In type 2 diabetic patients angiotensin il rose to be

55% greater than baseline at the 24 hour assessment period. Both healthy subjects and type 2
diabetic patients showed a decrease from baseline for serum aldosterone.

The mean arithmetic AUCo.24 of the plasma active renin was 45% higher in type 2 diabetic
patients compared to healthy subjects. The mean AUCq.24 in healthy subjects was 1835 was
(mwL) compared to 2664 (mu/L) for type 2 diabetic patients. The CV of the AUCg.24 mean
values was high for both healthy subjects (136.6%) and type 2 diabetic patients (115.4%).

Mean plasma active rennin in healthy and type 2 diabetic volunteers following
administration of a single 300 mg dose of aliskiren
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Following the administration of 300 mg Aliskiren, both healthy subjects and type 2 diabetic
patients showed a decrease from baseline for serum aldosterone. In both healthy subjects and
type 2 diabetic patients, the greatest decrease was noted at 12 hours. At 12 hours, the mean
serum aldosterone was 37% of the baseline value in healthy subjects and 46% in type 2
diabetic patients. At 24 hours, the serum aldosterone had risen and was 73% of baseline value
and 76% in type 2 diabetic patients. The mean serum aldosterone was identical between
healthy subjects and type 2 diabetic patients at 24 h post-dosing of Aliskiren. There were no
major differences noted between healthy subjects and type 2 diabetic patients.

CONCLUSIONS: .
e There are no major differences noted in the pharmacokinetics of Aliskiren in healthy subjects and
type 2 diabetic patients. :
* A single 300 mg dose of aliskiren was safe and well tolerated by both healthy subjects and type 2
diabetic patients.

« Both healthy subjects and type 2 diabetic patients show an increase in plasma active renin
following administration of a single dose of 300 mg Aliskiren.

e There is no difference noted between healthy subjects and type 2 diabetic patients with respect to
PRA, angiotensin |, or serum aldosterone behavior.

e Both heaﬁhy subjects and type 2 diabetic patients show a decrease from baseline for plasma PRA
and serum aldosterone. Angiotensin | remains stable relative to baseline.

¢ In healthy subjects, the angiotensin II stayed constant over the 24 hour assessment period
while in type 2 diabetic patients, it increased from the 12 to 24-hour period.

REVIEWER’S COMMENT:
1. Reviewer concurs.
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STupY SPP100A 2210 — AN OPEN-LABEL, SINGLE DOSE, PARALLEL-GROUP STUDY TO
ASSESS THE PHARMACOKINETICS OF SPP100A IN SUBJECTS WITH IMPAIRED HEPATIC
FUNCTION IN COMPARISON WITH HEALTHY CONTROLS.

STUDY INVESTIGATOR AND SITE:

REPORT # 2210
VOLUMES in EDR, Section 6
STUDY DATES: July 6 — October 7, 2005
OBJECTIVES:
Primary objective
« To characterize the single-dose pharmacokinetics of 300 mg of aliskiren in subjects with stable
chronic liver disease in comparison to healthy controls with normal liver function.

Secondary objective

¢ To evaluate the safety and tolerability of a single 300 mg oral dose of aliskiren in subjects with
chronic liver disease.

FORMULATION:

Aliskiren 300 mg tablets (Batch No: X199FA, KN#6000937.006; Exp
Date: Not Provided)

STUDY DESIGN:

Design: This was a single center, open-iabel, parallel group, single-dose design in subjects with
stable chronic liver disease and healthy controls. Each subject participated in a screening period,
single treatment period and an end of study evaluation.

Hepatic impairment was defined by the Child-Pugh Clinical Assessment score: mild {score=5-6};
moderate (score= 7-9); and severe {score=10-15). The healthy conirol group for each group of
subjects with hepatic impairment was matched by age, gender race and weight. Healthy subjects with
nommal liver function and were matched 1:1 with each patient from each of the three groups of
patients with hepatic impairment by gender, race, age (t 5 years) and weight (+ 10 kg).

Subjects who satisfied all inclusion and exclusion criteria entered the study center on the evening of
Day -1 for verficafion of inclusion/exclusion criteria. Blood samples for evaluation of routine laboratory
tests were collected that evening. On Day 1 following a 10 hour fast, subjects received a 300 mg dose
of Aliskiren in the moming (0700-0830 h) and continued fasting for an additional 4 hours. A low
sodium breakfast was provided immediately foltowing the 4 hr. blood sample. Subjects remained on
the low salt (low sodium) diet during the first day of the study. Standardized meals were resumed 24
hours following the single dose of Aliskiren.

During recruitment, informed consent review, and baseline period, the subjects had to observe

the following restrictions:

e No strenuous physical exercise (e.g., weight training, aerobics, football) for 7 days before
dosing until after the study completion evaluation.

¢ No alcohol for 72 hours before dosing until after the study completion evaluation.

s Low salt (low sodium) dietary restriction should be strictly observed for 5 days prior to
the single dose of aliskiren.
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Intake of xanthine (e.g., caffeine) containing food or beverages had to be discontinued
48 hours before dosing. Consumption of these foods and beverages (Le., coffee, tea, soda
and chocolate) was not permitted at any time while the subjects were domiciled. If a
deviation occurred duning the domicile period, it had to be noted on the Comments CRF page.

There were no medication restrictions for subjects with hepatic impairment with respect
to prior prescription medications, OTCs, or vitamins.

Criteria for inclusion: Males or females between 18 and 70 years of age. Group 2, 3, 4 consisted of
patients with clinically diagnosed hepatic impairment and with a Child-Pugh Clinicat Assessment scare
of 5-6 (Group 2 - mild), 7-9 (Group 3 - moderate), 10-12 (Group 4 - severe). Group 1 consisted of
healthy subjects with normal fiver function and were matched 1:1 with each patient from each of the
three groups of patients with hepatic impaiwment by gender, race, age (£ 5 years} and weight (x 10 kg).

ANALYTICAL METHODS:
Plasma levels for aliskiren were assayed by LC/MS/MS detection with an LOQ of 0.5

ng/mL. assay validation was performed and is acceptable.

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND

STATISTICAL ANALYSIS: _
Pharmacokinetic evaluations: Blood collections for plasma Aliskiren determinaftons were collected
pre-dose, 0.5, 1, 2, 3,4, 6, 8 10, 12, 16, 24, 36, 48, 72, 96, 120 and 144 hours post-dose. Plasma
levels of Aliskiren were determined using LC-MS/MS, LOQ at 0.5 ng/mL. Phamacokinetic parameters
were calculated using non-compartmental methods and included AUCq.,, AUCps, Crax, tna tie CUF,
VdiF

Statistical Analysis —

The companison between the subjects in the hepatically impaired groups (Group 2, 3, and 4)
and the corresponding healthy controls was made for the pharmatokinetic parameters AUCq.
« AUCy, and C,;i, of aliskiren. A mixed effect linear model including Group (mild,
moderate, and severe), and Status (impaired, healthy) as fixed factors and Matched Pair
(nested m group) as a random factor was used for analysis. A 90% confidence mterval for the
ratio of the diseased over healthy for AUCq., AUCq, and Cpux was provided for each group
separately and for the pooled data, if appropnate.

Correlation between Child-Pugh score and PK parameters was explored graphically.

Aliskiren has a CV of approximately 0.60 (Cry,J. With a total of 18 subjects in each group, there is an
80% power to detect a stafistically significant difference between two group means that differ by 80%
or more.
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RESULTS:
Summary of demographic data:

Number of subject dosed: 32 Hepatic Impaired (N=16) Healthy Subjects (N=16)

Age (years) }
Mean 523 513
(SD) 6.60 893
Weight (kg)
© Mean 84 51 8303
(SD) 17.189 14.193
Height (cm)
Mean ) 1724 1726
(SD) 963 847
Gender
Male 1t 11
Female Co 5
Race
Caucasian . 12 12
Black 0 0
Other : 4 4
Pharmacokinetics

Pharmacokinetics: Table 1 and Table 2 contain the descriptive statistics of primary pharmacokinetics
obtained in heatthy subjects and those with hepatic impairment.

Table 1 Descriptive statistics for Aliskiren pharmacokinetic parameters in
: healthy subjects (grouped according to matched hepatically
impairment group)
Subject Group Cmax Tmax 112 AUCg.14q, . AUC(} CUF : VdiF
{Healthy) (ngimt) (h) {h) {ngxhimt)  (ngxhiml) ~  (mih) (i)
Mild N 6 6 6 6 6 6 6
Mean 258.2 06 46.6 1349 1415 244714 17557659
SO 133.8 0.2 114 600 619 95211 - 11185870
Median 263.5 0.5 413 1219 1274 : 239936 13994622
Moderate N 8 & 6 6 6 ‘ 6 6
Mean 1904 1.3 484 1203 1274 248038 17658556
S0 974 1.3 10.1 323 324 60242 6327247
Median 1740 1.0 453 1116 1196 /252278 17833046
Severe N 4 4 4 4 4 4 4
Mean 2207 28 579 1336 1425 263340 21882168
S 1742 15 27 588, 611 170190 13738461
Median 1915 30 576 1429 1543 194817 168249632
APPEARS THIS way
ON ORIGINAL
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Mean and descriptive sfatistics for Aliskiren pharmacokinetic

Table 2
parameters in hepatic impaired subjects
Subject Group Cmax Tmax e AUCgyg AUCL.) CuF VdfF
(Hepatic (nghmt} () ) {ng x himl) {ng x hml) {mik) (L}
Impeiment) ‘
Mid N 6 6 6 6 ] 6 ]
Mean 2670 12 522 1438 1547 267916 19645338
sD 113 14 15 1166 1231 125541 §9435%
Median 2415 05 56.6 1014 1114 269302 19789946
Moderate N ] & 8 6 6 6 6
Mean 2916 11 649 1506 1675 235869 22561745
S0 25820 10 120 944 1025 127663 15880639
Medisn 2450 08 62.9 1358 1512 206305 18101817
Severe N 4 4 4 4 4 4 4
Mean ms 11 86.1 1 1646 191854 23096450
SO 124.2 13 185 156 47 48411 4520559
Median 179.5 0.5 929 1262 1561 193833 21809195
Table 3 'Ratios of Geometric Mean Aliskiren Pharmacokinetic Parameters on
Day 1 in Hepatic Impaired Subjects Relative to Healthy Subjects
Ratio of geometric
means
Parameter Stratum {Hepatic vs. Healthy) 90% ClI for ratio P-value
AUCg. (ng./mL)  Miid 097 (0.63, 1.51) - 0912
Moderate .17 {0.75, 1.82) 0.541
Severe 124 (0.72, 2.13) 0.496
Alt 1.12 . (0.85, 1.48) 0476
AUC,; 4, (ng.bfml) Mild 0.95 (0.60, 1.49) 0.843
Moderate 1.10 (0.70, 1.74) 0.763
Severe 1.11 {0.64, 1.93) 0.749
All 105 (0.79. 1.39) 0.759
Cmax (Ng/mL} Miig 1.10 {063, 191} 0.767
Moderate 1.23 €0.71,2.14) 0515
Severe 124 {0.63, 2.45) Q.577
Alt 1.19 (0.84, 1.68) 0.388

The ratios of the geometric means of exposure (Crm and AUC) in subjects with mild, moderate and
severe hepatic impairment groups were all approximately equal to unity. For alf PK parameters, the
differences in geometric means were less than 20% when pooled across all subgroups of subjects
with hepatic impairment. In addition, there was na correlation between PK parameters and Child-Pugh

score. Confidence intervals for PK parameters were wide due to the variability of the data and the
small number of subjects.
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SAFETY: :
Safety and tolerability: Aliskiren was well tolerated in subjects with hepatic impairment and in heatthy
subjects. There were no deaths or serious adverse events reporied. Headache was the most
commonly reported adverse event. There were no subjects who had ECG ftracings with clinica
significant abnormalities. Aliskiren tended to decrease blood pressure 14 h after administration
although no patients/subjects developed symptomatic hypotension. Abnormal faboratory values at
baseline were consistent with hepatic disease and did not change following drug administration.

~ CONCLUSIONS: .
 Hepatic impairment has no significant effect on the pharmacokinetics of aliskiren following single
dose administration.

¢ Aliskiren is well tolerated in subjects with hepatic impairment and in healthy subjects without signs
of hepatic disease when administered as a single 300 mg dose.

REVIEWER’S COMMENT:

1. Reviewer concurs.

2. Note: Many drug abusers were identified in this study (pg 24 of study report where
they have positive testing for cocaine, amphetamine, benzos).

3. No Exp date for Aliskiren.

APPEARS THIS WAY
ON ORIGINAL

196



RACE - DESCRIPTIVE STATISTICS
EDR VOLUME Submission date March 31, 2006 (Appendix 3)

Various studies’ raw data were pooled together in order to obtain the pharmacokinetic
statements/conclusions —_ All data submitted
will be illustrated below.

FORMULATION:
Aliskiren ' 150 and 300 mg tablets (Batch No: vary; Exp Date: vary)

STUDY DESIGN:

Different studies with different designs were used to obtain the information required for
a particular race’s analysis. However, all studies used for the analysis were drug-drug
interaction studies. All subjects were in the fasted state. Reason for not using any other
studies was not provided.

ANALYTICAL METHODS:
Plasma levels for aliskiren were assayed by HPLC/MS/MS detection.

STATISTICAL ANALYSIS — The sponsor calculated mean Aliskiren Cpax and AUC g.y).

DATA SUBMITTED:
Pooled Mean AUC and CMAX for SPP100 Studies

Caucaslan=1
Black=2
Oriental=3
Other=4

Study Race __Subject IDCmax __AUC(O4) Study  Race  Subjedt IDCmax  AUCO-Y)

e
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N 2 AT 47
Mean 289 2283
sD 179 1228
Min -
Mo e
*wCvV 62% 54%
Geo Mean 248 1966
/
(’/
/
o 1 T e T 8o
.Mean 268 1889
SO 181 926
Min dy o
Med 217 1783.62
Max
%CV 68% 49%
Geo Mean 213 1691
Study Race Subject_ID Cmax AUC(0-1) Study Race Subject [0 Crnax AUC(0-1)
N 3 5 3
Mean 250 16568
SO 106 480
Min L] ?
Med 275 149504
e -y
%CV 42%
Geo Mean 23t 1607
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B4

N

Mean 1988

SO - .87 .

Min -y ams

Med 30t 1960.595

Max

%CV 44%

Geo Mean 1786
Race Cmax (range) AUC. (range)

CV% CV%

Caucasian 2681 — 1889 ( —_—
N=69 ' 68% -49%
. Black 289 7 —_— 2253 / J—
N=47 62% 54%
Oriental 250 7 — 1566 - -_—
N=5 42% 29% ]
Other 351 — 1986 ¢ . —
N=64 56% 44%
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CONCLUSIONS:

The sponsor’s conclusion is that the pharmacokinetics of aliskiren does not differ
significantly among different races and ethnicities (Blacks, Caucasian, Hispanics, and
Japanese). .

REVIEWER’S COMMENT:

1.
2.

3.

N

No statistical analysis was applied to the data collected in order to determine
equivalence between the groups.

The collection of the submitted data and the analysis performed was retrospective in
nature.

Rationale was not provided for the use of some studies versus other studies.

The reviewer does not concur with the conclusions made from the data generated in
this study regarding no PK differences between all four groups.

The “Other” category was later described as Hispanic; but no definition was
provided for that category.

The “Oriental” category was not defined either.

As a result, the only conclusions that can be made is that there’s no PK differences
between Caucasian and Black subjects only.

PPEARS THIS WAY
’ ON ORIGINAL
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GENDER - DESCRIPTIVE STATISTICS
EDR VOLUME Submission date March 31, 2006 (Appendix 2)
Various studies’ raw data were pooled together in order to obtain the pharmacokinetic

statements/conclusions _ o ) LAl
data submitted will be illustrated below. '

FORMULATION:
Aliskiren 300 mg tablets (Batch No: vary; Exp Date: vary)

STUDY DESIGN:
All studies were multiple dose drug-drug interaction studies. All subjects were in the
fasted state.

ANALYTICAL METHODS:
Plasma levels for aliskiren were assayed by HPLC/MS/MS detection.

STATISTICAL ANALYSIS — The sponsor calculated mean Aliskiren Cuax and AUC(oy.

DATA SUBMITTED:
Mala=1
Femaie=2 -
Studv Gender Sublect ID Cmax AUcCio-n Studv Gender Subiect {0 Cmax  AUC(0-6)
/,
7
(/’
,//’
g
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Mele=1
femejee?
MoK Pbadon Gurbedans iy Coar AlCio.6

Mglowt
FemaiaaZ
Study Gender Subject 0  Cmax AUC(o-1}

Study Gendar Subject ID

Chites Candar Syblact 10
e

Cmax

AuC(e)

Cmax  AUCI(D-H

P

35558?2

2

4 B

Al

— @
230
u2
o
2161

458%

idean Ratio% 0AF)

31%
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[T

Femaien2
Study Gender Subject ID Criax AUC{o-t)
N ] 07 107 -
Mean 53 1776
SO 145 816
Wi - -
Modian 23 1961.19
prasd .
ar 51% 4%
PK parameter Females (n=78) Males (n=107)
Cmax (range) - 368 —_ 253 . —
CV% 59% 57%
AUC,.¢ (range) 2330 ( — 1775
CV% 48% 46%
CONCLUSIONS:

The AUC of Aliskiren is 24% lower in males when compared to females.

REVIEWER’S COMMENT:
1. Weight adjustments did not seem to be made and no mention was made to that

effect. However, females seemed to have a Cp,, that was 45% greater than the
males and an AUC that is 31% greater than males.
The collection of the submitted data and the analysis performed was retrospective in
nature. :
Rationale was not provided for the use of some studies versus other studies.
Not all subjects in the above studies were utilized for this analysis and no rationale
was provided for not utilizing all the data available in these studies.
Subsequent e-mail (November 20, 2006) sent by the sponsor verifies that no weight
adjustments had been made in this analysis. Upon re-analyzing the data, the sponsor
found that no pharmacokinetic differences were observed between groups (see
below). '

SPP100A

3 Assessment of gender difference on K parameters X
(comparison results include both unadjustment and adjustment for weight)

. . . Ratio of
Arithmetic Standard Percent Geometric geometric 90% C1 for
Treatment N mean deviation difference mean means ratio

AuCtunadj(ng.h/mL) Male 107 1774.8 815 -23.82 1602.
Female 78 2329. 1322 2077.

.6
1
Cmaxunadj(ng/m) Male 107 253 144.3 -31.15 213.
1
-6

Parameters

0.77 (0.69, 0.87)

6
4 0.69 (0.59, 0.80)
Female 78 368.1 218 309.
AUCtAdj (ng.h/mb) Male 107 459.6 210. -10.46 415. 0.92 (0.81, 1.03)
Female 77 513.4 259 453.
22
.3

CmaxAdj (ng/mL) Male 107 65 36.9 -19.75 55.
Female 77 81 49.8 67.

AL N Uiy WO

0.82 (0.70, 0.95)

Note:

Py Ny

- Female is the Reference treatment. Male is the Test treatment being compared to Female.

. Adjusted data analyzed above are weight adjusted dose normalized PK parameter: (PK parameter) /(300/weight) .
. Percent difference = 100*(Test treatment mean - Reference treatment mean)/Reference treatment mean.

- Geometric means, ratio of geometric means, and 90% confidence interval for ratio of population means are

determined from an ANOVA model for the log transformed values with Treatment as fixed effect.

bioeq.sas 20NOV2006 (12:12) Page 1 of
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STtupY SPP100A 2343 — AN OPEN-LABEL, RANDOMIZED, SINGLE-DOSE, CROSSOVER,
REPLICATE STUDY TO DEMONSTRATE THE BIOEQUIVALENCE BETWEEN THE FINAL MARKET
IMAGE (FMI) TABLET OF ALISKIREN AND OVER-ENCAPSULATED TABLETS OF ALISKIREN.

STUDY INVESTIGATOR AND SITE:

REPORT # 2343
EDR VOLUME 6
STUDY DATES: October 5 — December 21, 2005
OBJECTIVES:
Primary objective:

+ To demonstrate the bioequivalence between the final market image (FMi) aliskiren tablet and
overencapsulated aliskiren tablets

Secondary objective:
¢ To assess the safety and tolerability of a single oral dose of aliskiren in healthy subjects

FORMULATION:
Test _ Aliskiren 150 mg FMI tablet (Batch No: 3765070.010/X101CB,;

Batch size: - Manufacture Date: 03/14/05) by Novartis

Reference Aliskiren 150 mg over-encapsulated tablet (Batch No:
3768785.004/X239 0903; Batch size: -— Manufacture Date:
06/19/03) by Novartis

Note: Biobatches are defined by the sponsor as the drug batches used in a definitive
bioavailability or bioequivalence trial.

STUDY DESIGN:

Design: This study employed an open-label, randomized, single-dose, four-period, replicate,
crossover design. Each subject participated in a 21-day screening period (Day -22 to Day -2), four
baseline periods (Days -1, 15, 29, and 43), four single-oral-dose freatment periods, and an end-of-
study evaluation. Each treatment period was 14 days in duration, comprised of a 7-day
pharmacokinetics (PK) assessment period and a 7-day study drug washout period. Subjects were
domicited from baseline of each treatment period through 168h post-dose.

At baseline (Day -1) for Period 1, each efigible subject was randomized to. receive, under fasting.
conditions, a single oral dose of 150 mg aliskiren either in the test formutation (overencapsulated
tablet) or the reference formulation (final market image [FMI] tablet) according to the randomization
scheme. Subjects received the afternate treatment during Penod 2, and the sequence for Periods 1
and 2 was repeated for Periods 3 and 4.

Each treatment period was 14 days in duration, which represented the interval in between
each study drug administration, including a 7-day PK assessment period and a 7-day washout
period. Subjects were domiciled from baseline of each treatment period through 168 hours
post-dose, totaling 32 domiciled days during the study (8 domiciled days/study periad).
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During the study, all subjects received each of the following treatments twice under fasting
conditions:

Treatment 1: Single dose of 150 mg SPP100 (aliskiren) FMI tablet [Reference]

Treatment 2: Single dose of 150 mg SPP 100 (aliskiren) overencapsulated tablets [Test]

Subjects who received the FMI tablet in Period 1 then received the overencapsulated tablet in
Period 2 and vice versa; Periods 3 and 4 merely repeated the sequence from Periods 1 and 2
(see table below). :

Treatment Period 1 Period 2 Period 3 Perniod 4
Sequence
A 1 2 1 2
"B 2 1 2 ' 1

Pﬁarmaookinetic assessments began prior to administration of study drug (pre-dose, Oh), and
continued post-dose at the following timepoints: 0.25, 0.5, 1, 1.5, 2,25, 3, 4, 6, 8, 12, 24, 36, 48, 72,
96, 120, 144 and 168 hours post-dose.

For Periods 1-3, subjects were discharged from the study clinic for a 7-day study drug washout
following the last PK assessment, after which they returned to the study clinic for the next baseline
period. For Period 4, following the last PK assessment, subjects underwent a routine end-of-study
safety evaluation and were then discharged from the study.

Duration of treatment: There were four single-dose treatment periods each comprising approximately
seven (7) days each (dosing and PK assessment period), followed by an additional seven (7) day
wash-out period (14 day interval between each drug administration).

Criteria for inclusion: Non-smoking male and female subjects, between 18 and 45 years of age
(inclusive), and in good health as determined by past medical histoty, physical examination, and
screening and baseline evaluations. Each subject had to give written informed consent prior to
participating, and female subjects must have been either surgically sterile, using double-barrier local
contraception, or post-menopausal.

Except for medication required to treat adverse events, no medication other than study drug
was allowed from 14 days prior to the first dose of study drug until all final study evaluations
had been completed. Administration of acetaminophen was acceptable, if necessary, but was
to be documented in the CRF. Decisions regarding replacements of subjects requiring
concomitant medication were to be discussed with the sponsor on a case-by-case basis. The
administration of any such medication (including over-the-counter medications and vitamins)
was to be clearly documented in the CRF.

¢ No strenuous physical exercise (e.g., weight training, aerobics, football) for 7 days before
dosing until after the study completion evaluation.

e No alcohol for 72 hours before dosing until after the study completion evaluation.
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All subjects had to fast for at least 10 hours prior to dosing and they were to continue fasting
for at least 5 hours thereafter on dosing days. No fluid was to be consumed from 2 hours pre-
dose until 2 hours post-dose on dosing days; thereafter, in addition to the fluid taken with
study drug, at least 200 mL fluid was to be consumed every 4 hours during waking hours on
dosing (and non-dosing) days. On dosing days, lunch and dinner were served at ~1200 and
1800, respectively, and a large snack was served at 2100; on non-dosing days, breakfast was
served in addition at 0800. Subjects followed a standard weight-maintaining diet while
domiciled and were to consume the entire contents of each meal. Meals were similar in caloric
content and distribution for all subjects on the days of dosing. On non-dosing washout days,
subjects were to follow similar guidelines with respect to meals as much as possible.

Intake of xanthine (e.g., caffeine) containing food or beverages had to be discontinued
48 hours before dosing. Consumption of these foods and beverages (i.e., coffee, tea, soda,
chocolate) was not permitted at any time while the subjects were domiciled.

ANALYTICAL METHODS:
Plasma levels for aliskiren were assayed using LC/MS/MS detection. The lower limit of

quantification (LOQ) was 0.5 ng/mL..

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:
Blood samples .
Blood collection for aliskiren determination: 3 mL sodium heparin tubes were used for whole
‘blood sampling at the following time points: pre-dose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12,
24, 36, 48, 72, 96, 120, 144 and 168 hours post-dose during each treatment period.

Pharmacokinetic evaluations: AUCy,, AUCq.., AUCqimax Crax, tic @nd tray Were evaluated.
PK parameters were determined using non-compartmental method(s) using WinNonlin
Enterprise (Version 4.0). ' )

Note: Three subjects (#5133, 5145, and 5147j had pre-dose Aliskiren concentrations (a total of seven
periods). The concentrations were below 5% of Cmax according to the sponsor and included in the PK

analysis.

Statistical Analysis

The statistical data analysis method for a replicate design is similar to that of a standard two

period crossover design in that information from the intra-subject comparison between two
~ formulations is combined for all subjects. With a replicate design, however, more precise

information on formulation comparison is available from each subject as a result of the

replicate dosing, and thus, fewer subjects are required for the study.

Log-transformed AUC and Cmax were analyzed by a linear mixed effects model, with fixed
effects from sequence, treatment, and period, and random effects from subject nested in
sequence. The resulting 90% confidence intervals of the appropriate freatment mean ratios
were used to evaluate the bioequivalence between the FMI tablet (reference formulation) and
the overencapsulated tablets (test formulation). According to established guidelines,
bioequivalence between formulations can be concluded for a PK parameter if the 90%
confidence interval for the ratio of means is contained within the range (0.80, 1.25).
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RESULTS:

Number of subjects: Planned: 56 subjects enrolled to complete with a minimum of 46, Actual: 58
subjects enrolled and 48 completed all four study periods.

All screening and first period baseline tests for smoking, alcohol, drugs of abuse, pregnancy,
Hepatitis B & C, and HIV were negative. Baseline tests at Periods 2-4 revealed a positive
pregnancy test for Subject #5119 (Period 4), and positive drug or urine cotinine screens for
Subjects #5117, #5130, and #5132. As a result, each of these four subjects was discontinued
from the study prior to full completion.

Subject 5124 was dropped from the study on day 32 due to neck pain not considered to
be due to study drug.

Subject #5102 was dropped from study at baseline Period 4 due to low hemoglobin (10.0
g/dL) and hematocrit (29.5%). The subject’s hematology parameters indicated a repeat pattern
of abnormalities noted at baseline Period 3, so the subject was discontinued from the study.

Subject #5114 was dropped prior to dosing in Period 2 due to the presence of urinary RBCs,
which were present at baseline and even slightly more elevated (5/HPF) the next day. This
subject was discontinued from the study and referred to his primary care physician.

Subject #5129 was discontinued from the study at baseline Period 2 due to elevated liver
enzymes (SGPT was 118 U/L; upper normal limit = 60 U/L). The repeat measurement the
following day was still elevated (112 U/L), and the subject was discontinued.

Subjects #5108 and #5137 withdrew consent (both did not show at baseline Period 3).

Two replacement subjects (#6114 and 6129) were enrolled into the study and were assigned to their
corresponding treatment as per the randomization list.

Protocol deviations included:

Several subjects (#5107, #5120, #5121, #5126, #5128, #5129, and #6114) had participated in
prior investigational studies within 4 weeks of dosing, which was an excluston criterion for
the present study. However. the date of last dose of drug in the other studies either met the
washout requirement or was very close to meeting study requirements (whereas the official
date of “last participation” may have been later due to follow up procedures, including follow
up phone calls and/or physical exams). The sponsor approved these sub_lects for enrollment.

Four subjects (#5125, #5127, #5148, and #5152) were screened outside the screening time
window (screeming physical exams were combined with the physical exam required at
baseline), but were approved by the sponsor to enroll in the study.

Subjects #5129 and #5152 were taking a multi-vitamins within 2 weeks of first study drug
administration (both subjects discontinued taking these 4 days prior to the first dose), and the
sponsor approved both subjects for study participation.

Pharmacokinetics
A summary of PK parameters of aliskiren after single doses of the 150-mg overencapsulated tablet

and of the 150-mg FM! tablet is given in the following table:

207



Treatment Lonax Crax AUCqq AUCg.o AUCy tmary
(h) (ngfmL}) {ng-h/mt.) {ng=h/mt} (ng-himL)
Median Mean £ SD Mean £ SD Mean £ SD Mean £ SD
{min; max) {CV %) {CV%) {CV %) (CV %)
Overencapsulated 15 9824855 508.3+4251 | 663.8+467.8 751+ 823
Tablet {0.28; 6.0) {87.0%) (71.0%) {70.5%) (109.6%)
EMi Tablet 10 1196+91.1 | 65463514 | 719.8 3894 717+802
(0.25; 6.2) {76.1%) (53.7%) (54.1%) {112%)
Geometric Mean
Ratio —
080 0.88 0.89 1.07
Overencapsutated —
Tablet - FMI {0.70, 0.90) (0.82, 0.96) (0.83,0.97) (0.85, 1.36)
Tablet (90% CI)

The 90% confidence intervals for the geometric mean ratios of the AUCs for the two aliskiren
formutations were within the bioequivatence range of 0.8—-1.25. The median tn was 1.5 h for the FiMi
tablet and 1 h for the overencapsulated tablet, with a similar range for both formulations. The point
estimate for the Cq, geometric ratio was within the range of 0.8-1.25, and the 90% Ct was 0.70-0.90.

A total of 58 subjects were enrolled, with 48 subjects completing all four treatment periods of
the study. All available PK data was included in the analysis.

Subjects #5114 and #5129 only completed Treatment Period 1. They were replaced by
Subjects #6114 and #6129 respectively. Subjects #5130 and #5132 only completed Treatment
Period 1, but they were not replaced. PK parameters were not derived for Subjects #5114,
#5129, #5130 or #5132, so they were not included in the statistical analysis of the PK
parameters.

Subjects #5108, #5117 and #5137 only completed Treatment Periods | and 2. and Subjects
#5102, #5119 and #5124 only completed Treatment Periods 1, 2 and 3, but none of these
subjects were replaced. PK parameters were derived for these subjects, so they were included
in the statistical analysis of the PK parameters.

SAFETY:
All subjects who received at least one treatment were included in the safety and tolerability
evaluation.
There was one event reported during the study, which, by definition, met the criteria of a sertious
adverse event as per Novartis intemal reporting procedures: Subject #5119 had a positive serum
pregnarncy test upon check-in for Period 4. The subject was immedialely discontinued from the study
and the event was appropriatety reported to Novartis Clinical Safety and Epidemitology on the Clinical
Trial Pregnancy form. Approximately six weeks later, the subject reported that she had electively
terminated the pregnancy. Novartis standard procedure defines fermination of a pregnancy, whether
elective, spontaneous or therapeutic, as a “medically significant” event that requires medical or
- surgical intervention. Hence, the termination of the pregnancy was reported as a serious adverse
event. The subject retumed to the study site post-procedure, at which time her foliow up serum hCG
results were negative. She had no complications and the event was considered fully resolved. The
relationship to study drug was deemed “not suspected” by the Investigator.

Overall, a total of 25 subjects experienced 48 total adverse events. By treatment, 17 subjects had
adverse events while taking the FMt tablet, and 15 while taking the overencapsulated tablet. By
inspection, there were no differences observed in the incidence of adverse events among the
treatments. The most frequently occurting adverse events were nervous sysfem disorders {eight cases
of headache reported by seven subjects and three of dizziness, reported by three subjects). Forty-one
of the 48 total adverse events observed during the study were mild in severily, five were moderate,
and two were severe. Twelve of the 48 events were suspected to be related to study medication.

One subject experienced diarrhea mild in nature (#5110) and not suspect of study drug.
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in addition to-Subject #5119, discussed above, one additional subject was prematurely dis::ontinued
from the study due fo an adverse event: Subject #5124 was dropped from the study on Day 32 due to
neck pain, which was not suspected to be related to study drug.

All but a few of the subjects had one or more abnommalities in serum chemistry, hematology, and/or
urinalysis during the study, with the exception of the three subjects described below, none of the
abnormalities were considered by the Investigator to be clinically significant. Many of the abnormalities
were isolated instances or were only of relatively minor deviation from normal.

Subject #5102 was dropped from study at baseline Period 4 due to low hemoglobin and hematocrit
values. Subject #5114 was dropped at baseline Period 2 due to the presence of RBCs in urine, and
#5129 was discontinued from the study also at baseline Period 2 for elevated liver enzymes.

Most of the subjects had one or more incidents of vital signs abnommalities during the study, about half
of which involved orthostatic changes in pulse (increase of > 20 bpm upon standing). There was no
pattern suggesting that the frequency of these instances was more prominent during any of the
treatment periods. Upon inspection, mean vital signs did not show any remarkable changes during
treatment.

Twenty-three subjects had - clinically insignificant ECG abnormalities during the study, with similar
incidence between the two treatment sequences.

CONCLUSIONS: -

According to the sponsor:

e Aliskiren FMI tablets and overencapsulated tablets are bicequivalent with respect to overall drug
exposure (AUCs).

« The rate of absorption ({4, is similar for the FMI tablets and the overencapsulated tablets.

+ The maximum concenfration during the absorptive phase is similar for the FM! tablets and the
overencapsulated tablets, as indicated by the point estimate for the C., geometric ratio being
within the range of 0.8—1.25 (90% CI = 0.70-0.90). .

« Aliskiren is safe and well tolerated when given as 150-mg single doses of either the FMI fabiet or
the overencapsulated tablet.

REVIEWER’S COMMENT:

1. In this study, the sponsor extended the fasting period post drug administration from
4 to 5 hours in order to eliminate any possibility of food interfering with the
pharmacokinetic results.

2. This over-encapsulated formulation was used in studies 2203 and 2204,

3." Demographics table has 10 subjects excluded from study; but in narrative they
replaced 2 making it 8 subjects excluded from study — table needs updating and not
sure if table is accurate with final subjects in study.

4. Sponsor states that there’s high intra-subject variability; but does not provide the
final calculations they obtained.
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STUDY SPP100A2209 — AN OPEN LABEL, NON-RANDOMIZED, PARALLEL-GROUP STUDY
TO CHARACTERIZE AND COMPARE THE SAFETY, TOLERABILITY AND PHARMACOKINETICS
OF MULTIPLE DOSES OF ALISKIREN ALONE OR IN COMBINATION WITH IRBESARTAN IN
SUBJECTS WITH MILD TO SEVERE RENAL IMPAIRMENT WITH THAT IN MATCHED HEALTHY
CONTROL SUBJECTS.

STUDY INVESTIGATOR AND SITE: / /

REPORT # SPP100A 2209
EDR VOLUME 6
. STUDY DATES: April 15,2004 — December 21, 2005

OBJECTIVES:

Primary

1. To compare safety and tolerability of multiple doses of aliskiren alone or in
combination with Irbesartan in subjects with mild to moderate renal impairment to
matched healthy control subjects.

2. To compare the safety and tolerability of multiple doses of aliskiren in severe renal
impairment to matched healthy control subjects.

Secondary

1. To compare pharmacokinetics of multiple doses of aliskiren alone or in combination
with Irbesartan in subjects with mild to moderate renal impairment with that in
matched healthy control subjects.

2. To compare pharmacokinetics of multiple doses of aliskiren in severe renal
impairment with that in matched healthy control subjects.

FORMULATION: ,
SPP100 300mg tablets (KN# 6000973.001, Batch#X1540603) by
Novartis
‘Irbesartan 300mg tablet (Aprovel®, EU/1/97/046/007 Batch# 201213) by
: Novartis
STUDY DESIGN:

. This was a single-center, open label, non-randomized, parallel group, and multiple dose
study consisting of two groups. Group 1 included male subjects with mild (n=6),
moderate (n=5) and severe (n=6) renal impairment defined as CrCL 50-80 mL/min, 30-
49 mL/min and < 30 mL/min respectively (17 subjects in total). Group 2 included 17
healthy subjects matched for age and weight with normal renal function (CrCL > 80
mL/min). Subjects were administered 300 mg aliskiren for 7 days and co-administered
300 mg aliskiren plus 300 mg Irbesartan for additional 7 days. Patients with severe
renal impairment and their corresponding healthy subjects did not participate in the co-
administration portion of the study with Irbesartan. Mild and moderate renal impairment
patients with their corresponding matched-healthy subjects did participate in the co-
administration portion of the study with Irbesartan.
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ANALYTICAL METHODS:

Aliskiren plasma and urine concentrations: samples were analyzed by a
HPLC/MS/MS method and was validated appropriately. The assay was linear over the
measured concentration range of 0.5 to 100 ng/mL with ¥ > 0.9963 with an LLOQ of 1
ng/ml..

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

Blood samples were collected for aliskiren:

Day 1, 7 and 14: at pre-dose, 0.5, 1, 2, 4, 6, 8 and 12 hours post—dose

Day 5, 6, 12, 13 and pre-dose.

Urine samples were collected:
Days 1, 7 and 14 at pre-dose and 0-6, 6-12 and 12-24 h post-dose.

Pharmacokinetic calculations

‘The following pharmacokinetic parameters were determined using non-compartmental
methOd(S): AUC0-24h; Day 1s AUCt-; Cmin,ss, Cavg,ss, Cmax, Day 15 Cmax, sS, tmax, Dayls CL/ Fa CLI‘,
and the accumulation factor (R).

Statistical Analysis — Log transformed aliskiren pharmacokinetic parameters AUC,
Cuax, and ~ Cpin were analyzed. The linear model used for the analysis included a
random factor for matched Pair (matched pair of subjects) and fixed factors Status
(mild, moderate, and severe), Day (Day 1 as single dose aliskiren, Day 7 as multiple
dose aliskiren, and Day 14 as multiple dose aliskiren with Irbesartan), and Group (renal
impaired and healthy control), together with interactions of Day x Group and Status x
Day x Group. The factor Pair was nested in Status.

SAFETY:

Monitoring and recording of all adverse events was performed throughout the study, at
pre-dose and at end-of-study. Other safety assessments included monitoring of
hematology, blood chemistry and urine parameters, periodic monitoring of vital signs
during treatment periods and performance of physical examinations and ECGs.

RESULTS:
Thirty-three males (all Caucasian) were enrolled and completed the study.

Pharmacokinetics
Multiple dosing of aliskiren in healthy and renally impaired subjects resulted in
increases in AUC.

Renal lmpalrment on Allsklren Pharmacokinetics

Aliskiren AUC was increased in the renally impaired population when compared to age
and weight-matched healthy subjects on day 1 of treatment and after multiple dosing.
Increases in AUC did not seem to correlate with severity of renal impairment.
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Table 1 Descriptive statistics of pharmacokinetic parameters on day 1 in healthy
subjects that are matched to renal impairment patients by renal
function category following administration of 300 mg aliskiren

Subject Sub-Group Subject ID "~ Cmax Tmax AUCgq,y
(ng/mL) h) (ng x WmL)
Healthy-Mild N 6 6 6
Mean 2122 23 7410
SD 1451 15 27155
Median. 193.5 20 703.4
Healthy-Moderate N 5 5 5
Mean 1340 21 7136
sD 492 18 299.1 -
Median 145.0 10 753.0
Healthy -Severe N 5 5 5
Mean 1352 14 5437
sD 370 15 2433
Median 136.0 - 10 530.6

Descriptive statistics of pharmacokinetic parameters on day 7 in healthy subjects
matched to renal impairment patients following administration of 300 mg aliskiren

Corraxss Traxss AUCT Crrinss CuUF Fluctuation®%  C,uy.,
(ng/mt) M) (ngxhfmi) (ng/mL) (mim) (ng/mL)
Healthy -Mild
N 6 6 6 6 3 3 6
Mean 204 23 1109.4 172 320551 396.6 47.0
sD 93.9 1.8 4773 7.2 174199 947 194
Median 190.5 2.5 1083.4 180 280996 388.8 452
" _Heatthy -Moderate
N 5 5 s 5 5 3 5
Mean 197.6 20 11658 200 261786 366.7 48.6
SO 46.9 1.8 1669 58 41161 816 7.0
Meadian 207.0 1.0 12010 20.7 249572 3606 50.1
Healthy -Severe
N 5 5 5 ' 5 5 5 5
Mean 3426 1.5 1575.7 159 357204 3980 657
Sb 3813 1.4 12615 78 281790 1914 526
Median 175.0 ~ 1.0 1130.5 18.2 265368 330.3 471
Table 2 Descriptive statistics of PK parameters on day 1 in renally impaired
subjects following administration of 300 mg of aliskiren
Subject Sub-Group Subject ID Cmax Tmax AUCgaq
. {ng/mL) (h) (ng x YmL
Mitd N 6 6 6
Mean 2156 23 1162.2
SD 1295 15 5715
Median 1775 20 961.6
Moderate N 5 5 5
Mean 4672 26 2068.7
sD 5833 19 21410
Median 213.0 40 1340.3
Severe N 6 [ 6
Mean 188.7 29 9824
SD 88.7 17 405.4

Median 191.0 4.0 937.9
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Descriptive statistics of PK parameters on day 7 in renally impaired subjects
following administration of 300 mg of aliskiren

C caxe T awces AUCT Crriuse CuF Fluctuation Cage
(ngfml) ®) (ng x himl) (ngfmL) (mih) *» {ng/mi)
Mild )
N 6 6 6 6 6 6 6
Mean 5457 1.58 2793.0 361 185814 488.1 116.7
sD 4302 128 24598 338 129766 2504 1025
Median 3680 1.00 1812 1 233 173479 399.1 756
Moderate
N 5 5 5 5 5 5 5
Mean 3504 1.92 24493 39.0 157753 289.7 1022
S0 2810 1.94 17424 133 66070 759 727
Median 2740 0.50 1767.6 328 169529 302.1 73.7
Sevece
N 6 6 6 [ [ 6 6
Mean 2001 2.7 16899 34.1 262254 231t 704
sO 1379 1.47 10155 16.0 201419 57.9 423
Median 1350 1.52 1399.3 330 219227 2359 58.3

Effect of Irbesartan on aliskiren PK
The Pharmacokinetics of aliskiren at steady state were not affected by co-administration
of Irbesartan in subjects with normal renal function or in subjects with mild to moderate
renal impairment.

Table 3 Individual and mean pharmacokinetic parameters of aliskiren on
day 14 in healthy subjects following administration of 300 mg
aliskiren and 300 mg of Irbesartan

Subject D Crugss Toamss AUCT Cuninss CUF Fluctuation Coages
(ngiml)  (h) (ng x h/mL) (ng/ml)  (mbLm) % (ng/mL)
Healthy -Mild
N 6.0 6.00 6.0 6.0 60 6.0 6.0
Mean 1422 0.76 944.6 18.1 384742 266 394
SD 1228 0.27 4415 72 186734 149 18.4
Median 97.0 0.77 930.8 16.6 332850 209 38.8
Heatthy -Moderate )
N 50 500 50 50 50 50 50
Mean 226.4 0.90 1053.3 171 362275 450 439
SD 1642 0.65 679.2 105 161860 149 283
Median 220.0 0.50 827.1 122 362735 482 345

Table 4 Individual and mean aliskiren pharmacokinetic parameters on day
14 in subjects with renal impairment following administration of 300
mg aliskiren and 300 mg of Irbesartan

Conaxss Tenacss AUCT Crminss CLIF Fluctuation%  Cavss
(ng/mlL) (h) (ng x {ng/mL}) {mLM}) (ng/ml)
h/ml)
Mild
N 6 6 6 6 6 6 6
Mean 249 1 4 .00 20108 37.7 181892 260 838
SD 122.7 1.79 10417 242 80726 100 434
Median 2175 4.00 1657 .8 328 183496 245 69.1
Moderate
N 5 5 5 5 5 5 5
Mean 316 .4 197 24093 439 163316 246 1004
SD 2973 1.86 1528.6 194 89428 114 637
Median 2120 085 2093.1 495 143330 215 872
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SAFETY:

There were 18 adverse effects reported including one death (Serious adverse effect).
However, it happened before randomization and the subject had not taken any study
drug. The remaining 17 adverse events were reported by 11 subjects during the study.
Fifteen of the 17 adverse events were mild in severity. Adverse events observed
included muscle tension (mild renal impairment group) and headache (severe renal
impairment group); which were moderate in severity. Ten adverse events were
suspected to be related to the study drug and 7 had no suspected relationship. The most
frequently reported adverse events in subjects with renal impairment were stomach pain
(moderate renal impairment) reported in one subject four times and headache (moderate
and severe renal impairment groups, two events in total). In healthy subjects the most
frequent adverse event was postural dizziness (two events). Of the 10 events reported in
the combined aliskiren and Irbesartan treatment group, all 10 events were mild, 8 were
suspected to be related to the study drugs. Five of the events occurred in the subjects
with renal impairment, and 5 in healthy subjects. There were no clinically significant
changes in vital signs, physical findings, ECG, or laboratory parameters. Of the
abnormal laboratory values in the renal impairment groups, most were present at
screening/baseline and were consistent with underlying renal disease. There were no
withdrawals from the study.

CONCLUSIONS: ,

This study had two distinct objectives: 1) drug-drug interaction between aliskiren and
Irbesartan and 2) the effect of renal impairment on aliskiren pharmacokinetics. The
sponsor recruited age and weight-matched healthy volunteers in order to compare them
to renal impairment patients with regards to aliskiren pharmacokinetic profiles when
administered alone and with Irbesartan. According to the sponsor, there were no
significant observed effects on aliskiren pharmacokinetic profiles by co-administration
of Irbesartan. In renal impairment patients, increase of AUC was observed; however,
the increase did not correspond to the severity of renal impairments. Thus, the sponsor
concluded this increased exposure was not caused by renal impairment but due to inter-
subjects variability and random error. Although, the renal clearance of aliskiren
corresponded with the severity of renal impairment, the influence of renal clearances on
whole body clearances of aliskiren were small and not affected by renal function
according to the sponsor. '

REVIEWER’S COMMENT:

The Pharmacokinetics of aliskiren in subjects with normal renal function at steady state
were compared to the pharmacokinetics of patients with renal impairment, Both Cmax
and AUC increased in the renally impaired population. —————— -
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StupY SPP100A2211 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN FUROSEMIDE (20 MG) AND
ALISKIREN (300 MG) WHEN GIVEN ALONE OR IN COMBINATION TO HEALTHY VOLUNTEERS

STUDY INVESTIGATOR AND SITE:

REPORT # SPP100A2211
VoLUMES in EDR, Section 6
STUDY DATES: May 15 — November 5, 2004

OBJECTIVES:

‘Primary

To investigate the potential for a pharmacokinetic interaction between aliskiren and
furosemide following once a day dosing in healthy volunteers.

Secondary
To assess the safety and tolerability of co-administration of aliskiren and furosemide in
healthy volunteers

FORMULATION: _

SPP100 300 mg tablets (Aliskiren, KN# 6000973.001, Batch
n0.X1540603, Exp. date: 06/2005) by Novartis :

Furosemide 20 mg tablets (Batch no. 3036306, Exp. date: 03/2007) purchased
by the investigator from the local pharmacy

STUDY DESIGN:

This was a single-center, open-label, multiple dose, cross-over study under fasted
conditions. Subjects were administered furosemide 20 mg for 3days followed by 3days
washout (Period ) then aliskiren 300 mg for 7days and Aliskiren 300 mg plus
furosemide 20 mg for 3days. Subjects were domiciled from the day prior to first
administration of drug to day 17 and were not permitted to take xanthine containing
‘food or beverages, alcohol, and cigarettes during that time. Breakfast was not provided
during drug administration periods. Subjects were fasted for at least 10 hr before the
administration of study drugs and continued to fast at least 4 hr after drug
administration.

ANALYTICAL METHODS:
Aliskiren plasma concentrations: samples were analyzed by a validated
HPLC/MS/MS method with an LLOQ of 0.5 ng/mL.

Furosemide plasma concentrations: was determined by a validated HPLC/MS/MS
meéthod with an established LLOQ of 5 ng/mL.
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PK SAMPLE COLLECTION/CALCULATIONS AND STATISTICAL ANALYSIS:
Blood samples were collected for aliskiren and furosemide concentrations at the
following time points during all treatments:

Aliskiren: Day 13 and 16: at pre-dose, then at 0.5, 1, 2, 4, 6, 8, 12, 16 and 24 hours
post-dose

Furosemide: Day 3 and 16: at pre-dose, then at 0.25, 0.5, 1, 1.5, 2,3, 4, 6, 8, 12 and 24
hours post-dose

Pharmacokinetic calculations : . _

The PK parameters AUCt, Cmin®, Cmax®, tmax®, for both aliskiren and furosemide
were calculated, using non-compartmental methods. Descriptive statistics of all
calculated PK parameters were determined.

Statistical Analysis — For both aliskiren and furosemide, log-transformed PK
parameters, AUC and Cp.™, were analyzed by a linear mixed effect model, with
treatment as a fixed factor and subject as a random factor. The resulting 90%
confidence interval of the appropriate treatment mean ratios were used to examine the
drug-drug interaction. Subjects that were withdrawn were not replaced.

SAFETY:

Monitoring and recording of all adverse events beginning after the first dose, pre-dose
and end-of-study monitoring of hematology, blood chemistry and urine parameters,
periodic monitoring of vital signs during treatment periods and performance of physical
examinations and ECGs. '

RESULTS: o

Twenty-two subjects were enrolled and 21 subjects (17 males and 4 females; 4
Caucasians, 1 Black and 17 other race) completed the study. Subject 5109 withdrew
informed consent after the first dose of furosemide.

Pharmacokinetics

Furosemide decreased aliskiren Cn. and AUC, however, the effect on AUC was less
than 10% and practically negligible. On the other hand, aliskiren co-administration did
reduce the AUC and Cpy of furosemide by 28% and 49%, respectively.
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Figure 1 Mean (SD) plasma concentration-time profile of Aliskiren 300 mg
monotherapy (Dayl3) and furosemide/aliskiren (20/300mg)
combination therapy (Day 16)
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Figure 2 Mean plasma concentration-time profile of furosemide 20 mg alone
(Day 3) and furosemide/aliskiren (20/300mg) combination therapy
(Day 16)
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Table 1
Statistical analysis results of the pharmacokinetic mteractmn

between SPP100 and furosemlde
Analyte Test treatment Reference Parameﬁer Raﬁo of 90% Cl for
means
(test/ref}
Aliskiren Aliskirent+furosemide Aliskiren AUC, a93 (084, 1.04)
Craax. 5= 0.80 {0.65, 0.97)
Furosemide Aliskirentfurosemide Furosemide AUC, a7z (0.64, 0.81)
Cruax.ss 0.51 {0.39, 0.66)
SAFETY:

There were no adverse-event-related dropouts (ADO) in this study. Fourteen (14) of the
21 subjects that received drug reported AEs. The most commonly reported AEs were
headache and dry mouth. The incidence of adverse events indicated that adverse events
were observed more frequently during aliskiren treatment (9 subjects) and aliskiren -
furosemide combination treatment (7 subjects) than the furosemide treatment (3
subjects). Seven subjects in the aliskiren monotherapy group reported nervous system
disorders. The number of subjects who showed gastrointestinal disorders was similar in
the aliskiren monotherapy (2), the aliskiren - furosemide combination treatment (2), and
the furosemide treatment (1). The majority of adverse events were mild in severity.
There was one severe adverse event. On Day 14 of the study, subject 5111 suffered a
headache, which was determined by the investigator to be related to the study treatment.
The subject was treated with one Tylenol (500 mg) on Day 14. On Day 16 of the study,
the subject suffered a headache again but it was moderate in severity, no headaches
were reported after Day 16. All of the adverse events were resolved by study
completion.

CONCLUSIONS:

Furosemide decreased aliskiren Cpax and AUC, however, the effect on AUC was less
than 10% and practically negligible. Aliskiren reduces the Cpax and AUC of furosemide
by 28% and 49%, respectively. The sponsor has proposed labeling precautions about
co-administration with furosemide that seem appropriate.

REVIEWER’S COMMENT:

1. The dose of furosemide used in the study was the minimal clinical dose of 20 mg.

2. On page 35, the title of Fig. 7-2 should be “Mean plasma concentration-time profile
of aliskiren alone (Day 13) and furosemide/aliskiren combination therapy (Day 16)”
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StupY SPP100A2214 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN LANOXIN (DIGOXIN) AND
ALISKIREN WHEN GIVEN ALONE OR IN COMBINATION TO HEALTHY VOLUNTEERS.

STUDY INVESTIGATOR AND SITE:

REPORT # SPP100A2214
VoLUMES in EDR, Section 6

STUDY DATES: November 15 — January 13, 2005

OBJECTIVES:

Primary

e To characterize the pharmacokinetics of Aliskiren following once a day dosing
alone or in combination with digoxin in healthy volunteers.

o To investigate the pharmacokinetics of digoxin alone or in combination with
Aliskiren in healthy volunteers

Secondary :
To assess safety and tolerability of co-administration of Aliskiren and digoxin in
healthy volunteers.

FORMULATION:

SPP100 300 mg tablets (Batch No. X199FA, Exp Date not provided) by
Novartis

Digoxin 0.25 mg tablets (Batch No. 14304, Exp. Date: 08/2006) were
purchased by the investigator from the local pharmacy

STUDY DESIGN:

This was a single-center, open, multiple-dose, two-period, cross-over drug-drug
interaction study under fasted conditions in 22 healthy male and female volunteers
between the ages of 18 to 45 years. Subjects were administered 300 mg aliskiren for 7
days followed by 10 days washout then digoxin 0.25 mg for 9 days followed by
aliskiren plus digoxin for 7 days. Subjects were confined to the study center for at least
24 hours before administration of study drug until 24 hours after the last dose for days 1
— 7 and 17 - 33. During the domiciled period, subjects were not permitted to take
xanthine containing food or beverages, alcohol, and cigarettes. Breakfast was not
provided except during the washout periods. Subjects were fasted at least 10 hr before
the administration of study drug and continued to fast at least 4 hr after administration.

ANALYTICAL METHODS:
Aliskiren plasma concentrations: samples were analyzed by a validated
HPLC/MS/MS method with a LLOQ of 0.5 ng/mL.
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Digbiin plasma concentrations: plasma digoxin were determined by a validated
HPLC/MS/MS method with a LLOQ of 0.2ng/mL.

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

Blood samples were collected for aliskiren and digoxin concentrations at the following
time points during all treatments:

Aliskiren: Day S, 6, 31, 32 pre-dose, and Day 7, 33: at pre-dose, 0.5, 1, 2, 4, 6, 8 12, 16
and 24 hours post-dose

Digoxin: Day 20-25, 28-32 pre-dose, and Day 26 and 33: at pre-dose, 0.5, 1, 2, 4, 6, 8,
12, 16 and 24 hours post-dose

Pharmacokinetic calculations

The PK parameters AUCt, Cmin®™, Cmax®, tmax®, for both aliskiren and digoxin were
calculated, using non-compartmental methods. Descriptive statistics of all calculated
PK parameters were determined.

Statistical Analysis — For both Aliskiren and digoxin, log-transformed PK parameters
AUC and Cmax were analyzed by a linear mixed effect model, with treatment as a fixed
factor and subject as a random factor. The resulting 90% confidence interval of the
appropriate treatment means ratios were used to examine the drug-drug interactions.
Subjects that were withdrawn were not replaced.

SAFETY:

Monitoring and recording of all adverse events beginning after the first dose, pre-dose
and end-of-study monitoring of hematology, blood chemistry and urine parameters,
periodic monitoring of vital signs during treatment periods and performance of physical
examinations and ECGs.

RESULTS:

Twenty-two subjects were enrolled and 19 subjects (16 males and 6 females; 11 Black,
6 Caucasians, and 5 other race) completed the study. Subject 5103 withdrew informed
consent, 5111 dropped out by protocol violation and 5121 discontinued due to abnormal
test value (QTc prolongation).

Pharmacokinetics
Aliskiren PK profiles were not affected by co-administration of digoxin and digoxin PK
profiles were not affected vise versa.
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Aliskiren

Figure 1 Mean Aliskiren concentrations in healthy volunteers when treated
with Aliskiren and combination therapy (with digoxin)
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erepresents the mean value of mono-therapy, — represents standard deviation of mono-
therapy. = represents mean value of combination therapy, X represents standard deviation of
combination therapy.

Table 1
Summary analysis results of Aliskiren PK parameters
Ratio of geometric means
Parameter (A+B:A) 90% CI for ratio
AUC, (ng.h/mL) ' 1.02 (093, 1.13)
Crmax . (NQ/mL) 0.98 (0.80, 1.19)
Treatment A = Aliskiren 300mg, Treatment B = Digoxin 0.25mg
Digoxin
Figure 2 Mean digoxin concentrations in healthy volunteers during digoxin

treatment alone and combination therapy (with Aliskiren)

-] 12 16 0 24
Time (1)

erepresents the mean value of mono-therapy, — represents standard dewviation of mono-

therapy, = represents mean value of combination therapy. X represents standard deviation of
combination therapy.

The difference in digoxin AUC between the monothefapy and co-administration with
aliskiren was about 15%, not of clinical significance.
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Table 2
Summary analysis results of digoxin PK parameters -

Ratio of geometric means
Parameter (AtBB) 90% ClI for ratio
AUC, (ng.vmL) 0.85 (0.75, 0.97)
Crax . (Ng/mL) 091 (0.84, 0.99)

Treatment A = Aliskiren 300mg; Treatment B = Digoxin 0.25mg

SAFETY:

There were no deaths or serious adverse events reported. One subject was discontinued
due to adverse effect (QTc prolongation at day 26 and 27 during combination therapy).
A total of 60 adverse events were reported by 17 subjects, of which 46 (77%) were
rated as mild, 14 (23%) rated as moderate, and none were rated severe. The majority of
adverse events (36/60, 60%) were indicated as not related to the study drug. Headache
was the most commonly reported adverse event. Other commonly reported events were
diarrhea, sore throat, and dizziness. The digoxin monotherapy had the highest
incidences of AEs (42%). '

CONCLUSIONS:

- This study is acceptable. There are no changes in PK profile of both drug in
combination or individual administration. It should be noted that one subject was
discontinued from study due to QTc prolongation during combination administration at
day 26 and 27.

REVIEWER’S COMMENT: -
1. The reviewer concurs. .
2. No expiration date or manufacturing date was provided for aliskiren.

APPEARS THIS WAY
ON ORIGINAL
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StupYy SPP100A2216 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN VALSARTAN AND ALISKIREN
WHEN GIVEN ALONE OR IN COMBINATION IN HEALTHY VOLUNTEERS.

STUDY INVESTIGATOR AND SITE:

REPORT # SPP100A2216
EDR VOLUME 6
STUDY DATES: February 03 — February 26, 2005

OBJECTIVES:

Primary _

To investigate the pharmacokinetic interaction between aliskiren and valsartan

following once a day dosing alone or in combination in healthy volunteers

Secondary

e To investigate the pharmacodynamic interaction between aliskiren and valsartan
following once a day dosing alone or in combination in healthy volunteers

e To investigate the safety and tolerability of co-administration of aliskiren and
valsartan in healthy volunteers '

FORMULATION: v
SPP100 300 mg tablets (Batch No. X095 0304) by Novartis

Valsartan 320 mg tablets (Diovan, Batch No. FOIIZWI, Exp. Date: 09/2006)
purchased by the investigator from the local pharmacy

STUDY DESIGN:

This was a single-center, open, two-period, multiple doses, cross-over drug-drug
interaction study under fasted conditions in 22 healthy volunteers. Subjects were -
administered 320 mg valsartan for 4 days followed by 3 days of washout then aliskiren
300 mg for 7 days followed by aliskiren plus valsartan for 4 days. Subjects were
confined to the study center for at least 24 hours before administration of study drug
until the end of study. Subjects were not permitted to take xanthine containing food or
beverages, alcohol, and cigarettes while domiciled. Breakfast was not provided during
the treatment periods. Subjects were fasted at least 10 hr before the administration of
study drug and continued to fast at least 4 hr after administration. blood samples to
determine plasma active rennin (total rennin concentration), plasma rennin activity
(PRA), aldosterone, angiotensin I (Ang I), and angiotensin I (Ang Il)were obtained on
study days 4, 14, and 18.

ANALYTICAL METHODS:
Aliskiren plasma concentrations: samples were analyzed by a validated
HPLC/MS/MS method with a LLOQ established at 0.5 ng/mL.
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Valsartan plasma éoncentrations:’ plasma valsartan were determined by a validated
HPLC/MS/MS method with a LLOQ established at 20 ng/mL.

PK SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

Blood samples were collected for aliskiren and valsartan concentrations at the
following time points during all treatments:

Aliskiren: Day 12, 13, 16, 17: pre-dose, and Day 14, 18: at pre-dose, 0.5, 1, 2, 4, 6, 8,
12, 16 and 24 hours post-dose

Valsartan: Day 2, 3, 16, 17: pre-dose, and Day 4 and 18: at pre-dose, 0.5, 1, 2, 3, 4, 6,
8, 12, 16 and 24 hours post-dose

Pharmacokinetic calculations

The PK parameters AUCt, Cmin®, Cmax®, tmax®, for both aliskiren and valsartan were
calculated, using non-compartmental methods. Descriptive statistics of all calculated
PK parameters were determined.

Exploratory pharmacodynamic assessments
« AR, PRA, and aldosterone (7 mL blood per time point): On days 4, 14, and 18:
predose, 1, 2, 4, 6, 12, 24 hours postdose

* Plasma Ang I and Ang II: (5 mL blood per time point): On days 4, 14, and 18:
predose, 6, 12, 24 hours postdose

« PD parameters: The primary pharmacodynamic variable to be used for assessment will
be the Cmax and AUCg,4 of PAR. Descriptive statistics will be provided for the
secondary pharmacodynamic variables.

* PD evaluations: descriptive PD analysis

Statistical Analysis — For all aliskiren and valsartan, log-transformed PK parameters
AUC and Cmax were analyzed by a linear mixed effect model, with treatment as a fixed
factor and subject as a random factor. The resulting 90% confidence interval of the
appropriate treatment mean ratios was used to test for any drug-drug interaction.

SAFETY:

Safety and tolerability assessments included the monitoring and recording of all adverse
events and of concomitant medications/significant non-drug therapies, routine
laboratory tests, ECG recordings, vital signs, and physical examinations during
screening and after the completion of the study.

RESULTS:

Nineteen subjects were enrolled and 18 subjects (13 males and 5 females; 6 Caucasians,
2 Black, and 10 other race) completed the study. Subject 5116 withdrew consent and
did not complete the study.
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Pharmacokinetics

Aliskiren AUC and Cpax were reduced by 26% and 28%, respectively, when co-
administered with valsartan. '

Figure 1

Mean (SD) Aliskiren Concentration (ng/mL)
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Mean aliskiren concentrations at steady state on Day 14 given alone
and on Day 18 given in combination with valsartan to healthy
subjects.
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Time (h)

Summary analysis results of aliskiren PK parameters

Table 1
Ratio of geometric means
Parameter (A+B:B) 90% Cl for ratio
AUC o4 {ng.h/mL) 0.74 (0.63, 0.85)
Cmax® (NgfmL) 0.72 (0.52, 0.99)

Treatment A = Valsartan 320mg, Treatment B = Aliskiren 300mg

Valsartan PK was not affected by aliskiren co-administration to the extent of being
clinically significant.

Figure 2

Mean (3D} Valsartan Concentration (meg/mL)

10 +

Mean valsartan concentrations at steady state on Day 4 given alone
and on Day 18 given in combination with aliskiren to healthy
subjects »

20 24

Time (h)

225



Table 2 Summary analysis resuits of valsartan PK parameters

Ratio of geometric means
Parameter (A+B:A) 90% Cl for ratio
AUCg 4y (ugh/ml) 0.86 {0.75,0.98)
Comax * (pg/mL) 0.88 {0.74, 1.04)

Treatment A = Valsartan 320mg, Treatment B = Aliskiren 300mg

Pharmacodynamics:

Aliskiren’s PK profile was affected by valsartan (Figure 1) however, the
pharmacodynamics of aliskiren as determined by PRA (Figure 3), did not change with
co-administration of valsartan. Active rennin in plasma was synergistically increased
(Figure 4) when valsartan was co-administered with aliskiren.

Figure 3 Mean PRA versus time following administration of valsartan alone
(Day 4), aliskiren alone (Day14), and the combination (Day 18)
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Figure 4 Mean plasma AR versus time following administration of valsartan
alone (Day 4), aliskiren alone (Day14), and the combination (Day 18)
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Aldosterone levels decreased following administration of either valsartan or aliskiren alone reaching
minimum values of 1.6-2 ng/dL (normal range 2-14 ng/dL) for up to 12 hours post-dose; the reduction
in aldosterone levels tended to be slightly greater following combination treatment.

226



The samples for Ang | and Ang !l were not collected and processed appropriately and the data were
therefore not analyzed.

Although the study was conducted in nommotensive healthy volunteers, blood pressure (supine,
systolic and diastolic) tended to be lower during combination treatment. The reductions in the systolic
blood pressure with the combination was statistically significant than either monotherapy (p < 0.05).

Figure 5  Mean aldosterone versus time following administration of valsartan
alone (Day 4), aliskiren alone (Day14), and the combination (Day 18)
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Table 3 Mean (SD) supine systolic and diastolic blood pressure at steady-
state following administration of aliskiren, valsartan and the
combination

Blood Pressure Valsartan Alone Aliskiren Alone Combination
Systotic 115(15) 116 (1) . 104 (16)*
Diastolic 63(11) 62 (7) 58 (10)

*p < 0.05 compares o either monotherapy

SAFETY:
There were no deaths or serious adverse events (SAEs) in this study. Subject 5116 was
discontinued from the study after Day 14 by withdrawing consent. The reason was due
to AEs (headache, diarrhea) that first occurred during period 1 (valsartan treatment).
" Seventeen subjects reported a total of 66 AEs, occurring from the evening before dosing
on Day | to the completion of the study. Of the 66 AEs, 2 (3%) occurred the evening
prior to dosing, 28 (42.4%) occurred during valsartan treatment, 23 (34.9%) during
aliskiren treatment, and 13 (19.7%) during the combination treatment. Forty-five.
(68.2%) AEs were rated as mild and 21 (31.8%) as moderate. Of the 66 reported AEs,
48 (72.2%) were suspected to be related to drug. Of the AEs suspected to be drug
related, 16 occurred during treatment with valsartan alone, 19 with aliskiren alone, and
13 with combination treatment. Diarrhea was the most frequently reported AE (7
occurrences, 10.6%). Six subjects reported diarrhea and each occurrence was study drug
related. Headache and loss of appetite were the next most frequently reported AEs (6
occurrences each, 9.1%). Six subjects reported loss of appetite and each occurrence was
. determined to be related to study drug. Four subjects reported headaches; 2 of the 6
occurrences were determined to be study drug related. Two subjects experienced nausea
and emesis during treatment with aliskiren and the combination. Headache occurred
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more frequently during treatment with valsartan and loss of appetite occurred more
frequently with combination drug treatment, while other AEs appeared to be equally
- distributed across treatments.

It should be noted that 14 subjects had at least one clinically non-significant abnormal
ECG reading during the study. There were 5 instances where the QT interval increased
to above 460 msec, and in 1 case over 490 msec. All of these prolongations occurred
while the subjects were receiving aliskiren only. No actions were taken because of these
readings.

CONCLUSIONS:

Although aliskiren AUC and Cga were decreased by co-administration of valsartan,
plasma rennin activity levels remained similar as with aliskiren monotherapy and
aldosterone level was suppressed when aliskiren was administered with valsartan. In
addition, relatively large inter-subject variability with aliskiren PK profiles was
observed. Thus, decreased PK profiles of aliskiren by valsartan were not considered to
be clinically significant.

REVIEWER’S COMMENT:

Valsartan clearly affects the pharmacokinetics of Aliskiren; but the changes (Cmax and
AUC are reduced by 28% and 26%, respectively) are of no clinical significance since
aliskiren has a shallow dose-response curve. However, when active rennin in plasma is
measured, the combination clearly results in higher active rennin levels and plasma
rennin activity with the combination is not any different than with aliskiren alone.
Aliskiren seems to reduce the PRA levels dramatically when both drugs are co-
administered in comparison to valsartan monotherapy. Active rennin levels are the
same for both monotherapies and increases when both drugs are co-administered.

APPEARS THIS WAY
ON ORIGINAL
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STUDY SPP100A 2218 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN AMLODIPINE AND ALISKIREN
WHEN GIVEN ALONE OR [N COMBINATION TO HEALTHY VOLUNTEERS

/

/

STUDY INVESTIGATOR AND SITE:

REPORT # SPP100A 2218

'EDR VOLUME 6

STUDY DATES: February 24, 2005 — May 11, 2005

OBJECTIVES:

Primary

¢ To characterize the pharmacokmetlcs of aliskiren following once a day dosing alone

or in combination with amlodipine to healthy volunteers.

e To investigate the pharmacokinetics of amlodipine alone or in combination with

~aliskiren in healthy volunteers.

Secondary
To investigate the tolerability of co-administration of aliskiren and amlodipine in
healthy volunteers.

FORMULATION: v

SPP100 300 mg tablets (Aliskiren, Batch no.X199FA) by Novartis

Amlodipine 10 mg tablets (N orvasc®, Batch no. 4QL274A, Exp. 10/2008)
purchased by the investigator from the local pharmacy

STUDY DESIGN:

This was a single-center, open label, two-period, randomlzed multiple-dose study. In
period 1, subjects were administered 10 mg amlodipine for 14 days followed by 7 days
of washout. In period 2, subjects were administered 300 mg aliskiren for 14 days
followed by co-administered 300 mg aliskiren plus 10 mg amlodipine for 14 days. The
subjects were admitted to the study center at least 12 hours prior to the initial dosing of
amlodipine for baseline evaluation, and discharged the following morning after dosing.

All subjects remained domiciled on PK sampling days 14, 35, and 49, until the last
blood sample was drawn.

ANALYT[CAL METHODS:
Aliskiren plasma concentration samples were analyzed by a validated and acceptable
HPLC/MS/MS method with a LLOQ of 0.5 ng/mL.

Amlodipine plasma concentration samples were analyzed by a validated and
acceptable HPLC/MS/MS method with a LLOQ of 0.5 ng/mL.
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PK SAMPLE COLLECTION/CALCULATIONS, AND STATISTICAL ANALYSIS:
Blood samples were collected for aliskiren and amlodipine at the followmg time points
for all treatments:

Aliskiren
Days 33, 34, 47, 48 at predose
Days 35 and 49 pre-dose, then at 0.5, 1, 2, 3, 4, 6 8, 10, 12, 16, and 24 hours post dose.

Amlodipine
Days 12, 13, 47, 48 at predose
Days 14 and 49 pre-dose, then at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, and 24 hours post dose.

Pharmacokinetic calculations
The following pharmacokinetic parameters were determined using non-compartmental
method(s): AUC,, Crin”, Cax ™, tmax > and CL/F. -

Statistical Analysis - For both aliskiren and amlodipine, log-transformed PK
parameters AUC, and Cra® were analyzed by a linear mixed effect model, with
treatment as a fixed factor and subject as a random factor. The resulting 90%
confidence intervals of the appropriate treatment mean ratios was used to examine the
drug-drug interactions.

SAFETY:

Monitoring and recording of all adverse events commencing after the first dose, pre-
dose time periods and end-of-study monitoring of hematology, blood chemistry and
urine parameters, periodic monitoring of vital signs during treatment periods and
performance of physical examinations and ECGs. -

RESULTS:

Twenty five subjects were enrolled and 18 subjects (10 female and 8 male, 1 Black and
17 other race) completed the study. Four subjects (5108, 5111, 5117 and 5121) were
~ discontinued due to protocol violations. Subjects 5112 and 5120 withdrew consent and
subject 5118 was lost to follow-up. There was one adverse effect related to study
withdrawal; subject 5121 had a positive pregnancy test on day 48 and was withdrawn
from study.

Pharmacokinetics v
Aliskiren - Exposure and plasma peak concentration of aliskiren were increased by
29% and 18%, respectively, by co-administration of amlodipine.
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Figure 1 Mean plasma aliskiren concentrations in healthy volunteers when
treated with aliskiren alone (Day 35) and then with combination

therapy (Day 49)
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Table 1

Mean and Descriptive Statistics for Aliskiren Pharmacokinetic Parameters in
Healthy Subjects on Day 35 and Day 49

Day 35 Aliskiren Alone
Descriptive Coax | Crin™” AUC, CUF
Statistics (ng/mL) (h) (ng/mL) (hxng/mL) (mL/h)
N 19 19 19 19 19
Mean 336 15 272 1809 206260
Sb 179 10 142 827 104538
Day 49 Aliskiren Combination Therapy with Amlodipine
'| Descriptive Crax® | Coia AUC, CUF
Statistics (ng/mL) ¢{h) (ng/ml) {h x ng/mL) (mt/h)
N 18 18 18 18 18
Mean 448 34 336 2470 159934
SD 318 19 17.8 1425 85366
Table2 ~  Summary analysis results of Aliskiren PK parameters -
Ratio of geometric means
Parameter {A+B:B) 90% Cl for ratio
AUC, 1.29 (1.07, 1.55)
Corax 1.18 © (0.83, 1.69)

Treatment A = Amlodipine 10mg/day, Treatment B = Aliskiren 300mg/day
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Amlodipiné - There were no observed effects on amlodipine PK when co-administered
with aliskiren.

Figure 2 Mean plasma amlodipine concentrations in healthy volunteers
during monotherapy and combination therapy
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Table 3 Summary analysis results of Amlodipine PK parameters
Ratio of geomefric means

Parameter {A+B:A) 90% CI for ratio

AUC, : 0.98 (0.92, 1.05)

Coax 0.98 (0.93, 1.05)

Treafment A = Amlodipine 10mg/day, Treatment B = Aliskiren 300mg/day

SAFETY:

There was no serious adverse effects reported during the study. Among 29 reported
adverse effects, 27 were mild and 2 were moderate. The most frequently observed
adverse effect by aliskiren monotherapy or combination therapy was headache.

CONCLUSIONS:

Aliskiren systemic exposure and peak plasma concentration were increased by 29% and
18%, respectively, by co-administration of amlodipine. However, inter-subject
variability was high and it was not possible to obtain statistical significance.
Amlodipine PK parameters were not affected by co-administration of aliskiren. The
combination of amlodipine and aliskiren was considered to be well tolerated and safe.

REVIEWER’S COMMENT:
/ / / /

— However, no dosage adjustment is required.
2. No expiration date was provided for Aliskiren.
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StUuDY SPP100A 2220 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN METFORMIN. AND ALISKIREN
WHEN GIVEN ALONE OR IN COMBINATION TO HEALTHY VOLUNTEERS

STUDY INVESTIGATOR AND SITE:

REPORT # SPP100A 2220
EDR VOLUME 6
STUDY DATES: December 03, 2004 — December 22, 2004

OBJECTIVES:

Primary

To investigate the pharmacokinetic interaction between aliskiren and metformin
following once a day dosing alone and in combination in healthy volunteers

Secondary : ‘

To investigate the safety and tolerability of co-administration of aliskiren and
metformin in healthy volunteers

FORMULATION:

SPP100 150 mg tablets (Aliskiren, 6000937.001 / X154 0603, Exp. Date
not provided) by Novartis

Metformin 1000 mg tablets (Glucophage®, NDC 60505-0192-0 / GN 7278,
Exp. Date not provided) purchased by the investigator from the
local pharmacy

STUDY DESIGN:

This was a single-center, open-label, multiple dose, 2-period, cross-over drug-drug
interaction study under fasted conditions. Subjects were administered 1000 mg
metformin for 4 days followed by 4 days washout then aliskiren 300 mg for 11 days
followed by 300 mg. aliskiren plus 1000 mg metformin for 4 days. Subjects were
confined to the study center for at least 24 hours before drug administration until the
end of study. During the domiciled period, subjects were not permitted to take xanthine
containing foods or beverages, alcohol, or cigarettes. Subjects were fasted at least 10 hr
~ before the administration of study drug and continued to fast for at least 4 hr after drug
administration.

ANALYTICAL METHODS:
Aliskiren plasma concentrations: samples were analyzed by a validated
HPLC/MS/MS method with a LLOQ established at 0.5 ng/mL.

Metformin plasma concentrations: plasma metformin were determined by a validated
GC/MS/MS method with a LLOQ of established at 15 ng/mL.
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PK SAMPLE COLLECTION/CALCULATIONS, AND STATISTICAL ANALYSIS:
Blood samples were collected for aliskiren and metformin concentrations at the
following time points during all treatments:

Aliskiren - Day 13, 14, 17, 18 at pre-dose
Day 15, 19: at pre-dose, then at 0.5, 1, 2, 4, 6, 8, 12, 16 and 24 hours post-dose

Metformin - Day 2, 3, 17, 18 at pre-dose
Day 4 and 19: at pre-dose, then 0.5, 0.75, 1, 1.5, 2,3, 4, 5, 6, 8§, 10, 12,216 and 24 hours
post-dose

Pharmacokinetic calculations
AUC,, Cuic”, Cuax™, tmax " for both aliskiren and metformin were calculated, using non-
compartmental methods.

Statistical Analysis —log-transformed AUC and Cmax were analyzed by a linear mixed
effect model, with treatment as a fixed factor and subject as a random factor. The
resulting 90% confidence interval of the appropriate treatment mean ratios was used to
test for any drug-drug interaction.

SAFETY:
Safety and tolerability assessments included the monitoring and recording of all adverse
events and concomitant medications/significant non-drug therapies, routine laboratory

tests, ECG recordings, vital signs, and physical examinations during screening and after

the completion of the study.

RESULTS:

Twenty two subjects were enrolled and 19 subjects (10 males and 9 females; 3
Caucasians, 16 Black) completed the study. Subject 5103 and 5122 withdrew consent
for reasons not related to any adverse events; which resulted in them not completing the
study.

Pharmacokinetics

Aliskiren AUC; and Cp> were reduced by 27% and 29%, respectively, by co-
administration of metformin. However, those differences were not statistically
significant since high aliskiren inter-subject variability was observed (20% and 40% for
AUC; and Cray>", respectively). '
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Figure 1 Mean aliskiren concentrations in healthy volunteers during aliskiren
monotherapy (day 15) and in combination with metformin (day 19)

g3 388883

- Msan Concentration {ngimL}

o 4 -] 1'2 16 20 T 24
Time (h)

« Represents the mean value of monotharapy (day 15), = represents standard deviation of mono-
therapy. = represants mean value of combination therapy (day 19). * represents standard deviation of
combination therapy.

Source: Appendix 4, Table 1 and Appendix 4, Table 2

Descriptive statistics for aliskiren PK parameters in healthy subjects on day 15 and day 19

Day 15 Aliskiren Alone

Descriptive Crnar™® toax™ Crun™® AUC,
Statistics (ng/ml) (D] (ng/mL) (h x ng/ml)
N 19 19 19 19

Mean 3294 15 364 22782

SD 228.1 17 : 214 1403.5
Median 256.0 06 _ 320 1898.9
Day 19 Aliskiren Combination with Metformin

Descriptive Crax ™ toax (o AUC,
Statistics (ng/mL}) {h) {ng/ml) (h x ng/ml)
N 19 19 19 19

Mean 2097 _ 15 307 1546.8

SD 945 15 15.7 7046
Median 1820 10 26.1 1301.6

Summary statistical analysis of aliskiren PK parameters
: Ratio of geometric means

Parameter (A+B:B) 90% Cl for ratio
AUC, 073 (0.64, 0.84)
Crmat 0.71 {0.56, 0.89)

Treatment A = metformin 1000mg, Treatment B = aliskiren 300mg o.d.

Metformin pharmacokinetics were lowered with aliskiren co-administration by 12%
(AUC;) and I1% (Cma). However, the 90% CI between monotherapy and
combination therapy were within 80 — 125% and considered not statistically significant.
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Figure 2

:
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Mean metformin concentrations in healthy volunteers during
metformin treatment alone (day 4) and in combination with
aliskiren (day 19) :
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24

« Represents the mean value of monotherapy (day 15). — represents standard deviation of mono-
therapy, = represents mean value of combination therapy (day 19),  represents standard deviation of
combination therapy

Source: Appendix 4, Table 3 and Appendix 4, Table 4

Descriptive statistics for metformin PK parameters in liealthv subjects on day 4 and day 19

Day 4 Metformin Alone

Descriptive Cra® tmax Con AUC,
Statistics {ng/mL) (h) {ng/mL) {(h x ng/ml)
N 21 2 21 21

Mean 1953 225 65.5 12528

SD 532 0.64 265 3222
Median 1860 200 60.8 13227

Day 19 Metformin Combination with Aliskiren

Descriptive Crar® toar Com' AUC,
Statistics (ng/ml) (h) {ng/mL) {(h x ngfmlL})
N 19 19 19 19

Mean 1715 162 764 10966

SD 378 0.81 316 2616
Median 1600 1560 624 10643

Summary statiétical analysis of metformin PK parameters

Ratio of geometric means
._Parameter {A+B:A) 90% Cl for ratio
AUC, 088 {0.80, 0.96)
_Com" 089 (0.80, 0.99)

Treatment A = metformin 1000mg, Treatment B = aliskiren 300mg od
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SAFETY:

A total of six subjects experienced adverse events while taking metformin alone, five
while on aliskiren alone, and eight while receiving both drugs. The most frequently
occurring adverse event was gastrointestinal (abdominal pain or discomfort, nausea,
diarrhea, vomiting) in nature. Four of the 26 total adverse events observed during the
study were moderate in severity, and the rest were mild. There were no serious adverse
events during this study. Thirteen of the 26 events were suspected to be related to study
-medications. ' '

Serum creatine kinase was elevated during treatment in Subjects 5105, 5114, 5115, 5121 and
3122, which was present at screening or baseline in all but Subject 5115. Subject 5105 was
discontinued from the study because of persistently elevated serum creatine kinase values. The
subject had an abnormally high serum creatine kinase at baseline (261 U/L; normal range = (-
200 /L), but it elevated to 2052 U/L on day 4, when the last dose of metformin was
administered. The subject’s laboratory values continued to be monitored, and serum creatine
kinase remained elevated at 2125 U/L on day 8 and 2940 U/L on day 9, when the subject was
discontinued from the study. On day 20, the value had returned to below its baseline level but
was still elevated (231 U/L) above the normal range. '

CONCLUSIONS:

Aliskiren AUC and C,,, were decreased by co-administration of metformin. Metformin
AUC and Cmax were lowered with aliskiren co-administration. However, they were
within the 90% CI of 80 — 125% and of no clinical significance.

REVIEWER’S COMMENT: : .

1. Expiration dates for either medication was not provided.

2. Sponsor states that the pharmacokinetic effects of metformin on Aliskiren are of no
clinical significance. However, metformin was administered at the low range of the
maintenance dose at 1000 mg per day (range 1000 to 2550 mg per day). Metformin
may have a more pronounced effect on the pharmacokinetics of aliskiren if taken at
greater doses. _ —

—_—

APPEARS THIS way
ON ORIGINAL
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STUDY SPP100A 2221 — AN OPEN-LABEL, MULTIPLE-DOSE STUDY INNORMAL HEALTHY
VOLUNTEERS TO EVALUATE THE PHARMACOKINETICS, SAFETY AND TOLERABILITY OF
SPP100 (ALISKIREN) AND RAMIPRIL (ALTACE®) ADMINISTERED ALONE AND IN
COMBINATION

STUDY INVESTIGATOR AND SITE: P

REPORT # SPP100A 2221
EDR VOLUME 6
STUDY DATES: November 28, 2004 — January 10, 2005

OBJECTIVES:

Primary

¢ To characterize the pharmacokinetics of aliskiren following once a day dosing alone
and in combination with ramipril in healthy volunteers v

¢ To investigate the pharmacokinetics of ramipril alone and in combination with
aliskiren in healthy volunteers

Secondary

To assess the safety and tolerability of aliskiren and ramipril co-administered in healthy

volunteers

FORMULATION: =~ =
Product KN / Batch Number
Aliskiren 150 mg tablet : 3765070.008 f X 198FA

by Novartis
Product - - Lot Number / Batch Number
Ramipal 2.5 mg tablet 1063626 / NDC 61570-111-01
Ramipnl 5.0 mg tablet 1067867 f NDC 61570-112-01
Ramipnl 10 mg tablet 1078921 f NDC 61570-120-01

Ramipril (Altace®) purchased by investigator.

STUDY DESIGN:

This was a single-center, open-label, multiple-dose, 3-period drug-drug interaction
study under fasted conditions. Forced titration was used to increase ramipril up to 10
mg as shown below. Period 1; subjects were administered ramipril 2.5 mg, 5 mg for one
day and 10 mg for 4 days followed by a 4 day washout. Period 2; Subjects were then
administered aliskiren 300 mg for 7 days. Period 3; subjects were administéred 300 mg
aliskiren plus ramipril through forced titration as in period 1. Subjects visited the study
center on a daily basis during treatment periods 1 and 2, and stayed in the study center
during treatment period 3 for drug administration and safety assessments.

ANALYTICAL METHODS:
Aliskiren plasma concentrations: samples were analyzed by a validated
HPLC/MS/MS method with a LLOQ of 0.5 ng/mL.
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Ramipril and ramipﬁlat plasma concentrations: were determined by a validated
LC/MS/MS method with a LLOQ of 0.1 ng/mL for both ramipril and ramiprilat.

PK SAMPLE_COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

Blood samples were collected for ahsklren and ramipril concentrations at the following
time points during all treatments:

Aliskiren - Day 15, 16, 21, 22: pre-dose
Day 17, 23: at pre-dose, then at 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours
post-dose

Ramipril and ramiprilat - Day 4, 5, 21, 22: pre-dose
Day 6 and 23: at pre-dose, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours post—
dose

Pharmacokinetic calculations
The PK parameters AUC;, Cin"» Crmax' and tmax” for aliskiren, ramipril and ramiprilat
were calculated, using non-compartmental methods.

Statistical Analysis —~ For aliskiren, ramipril and ramiprilat, log-transformed PK
parameters AUC; and Cmax™ were analyzed by a linear mixed effect model, with
treatment as a fixed factor and subject as a random factor. The resulting 90%
confidence interval of the appropriate treatment mean ratios was used to test for any
drug-drug interaction.

SAFETY:

Safety and tolerability assessments included the monitoring and recording of all adverse
events and of concomitant medications/significant non-drug therapies, routine
laboratory tests, ECG recordings, vital signs, and physical examinations during
screening and after the completion of the study.

RESULTS: .

Twenty one subjects- were enrolled and 17 subjects (11 males and 7 females; 13
Caucasians, 5 Orientals and 1 other) completed the study: Subject 5104, 5111 and 5115
withdrew consent for reasons that were not related to adverse events. Subject 5113 was
discontinued due to protocol violation.

Pharmacokinetics :

Aliskiren AUC, and Cmax were increased by 12% and 31%, respectlvelgl by co-
administration with ramipril. Tmax was increased by 29% as well and Cric>” by 26%.
However, those differences were not statistically significant since high inter-subject
variability was observed for Aliskiren (46% and 41% for AUC, and Cmax '
respectively) according to the sponsor.
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Figure 1

Mean aliskiren concentrations in healthy volunteers when treated
with aliskiren monotherapy and in combination with ramipril

o 4 8 12 16 ‘20 24

Time {h)
« represents the mean vaiue of mono-therapy, —- represents standard deviation of mono-therapy,

= represents mean vaiue of combination therapy, X represents standard deviation of combination
therapy.

Source: Appendix 4 Table 1 and Appendix 4, Table 2

Mean and descriptive statistics for aliskiren PK parameters in healthy subjects on day 17 and

day 23
Day 17 Aliskiren Alone :
Descriptive Crad™® trax”™ Crmn™ ' AUC,
Statistics {ng/ml ) (h) (ngfmt) (h x ng/ml )
N 17 17 17 17
Mean 296 127 2014 1522
SD 167 _ 149 7.55 613
Median 250 0.50 18.40 1275
Day 23 Aliskiren in Combination with Ramiptil
Descriptive Corax™ ™ Crn® AUC,
Statistics (ng/mL) (h) (ng/mL) (h x ng/mt.}
N 17 17 17 17
Mean 382 164 2547 1774
SD 187 155 10.80 864
Median 34 085 2220 1715
Summary analysis results of aliskiren PK parameters

Ratio of geometric means

Parameter {C+D:D) 90%. Cl for ratio
AUC, (ng.h/ml) 1.12 i (0.98, 1.28)
Cmax {ng/mL) 131 ' (1.06, 1.62)

Treatment C = Ramipril 10mg, Treatment D = Aliskiren 300mg

Ramipril AUC, was increased by 22% and Cma,(SS was decreased by 6% with aliskiren
co-administration. Ramiprilat Cg,>° was decreased by 15% with aliskiren co-
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administration. No change was observed in AUC;. The ratio between monotherapy and
combination therapy were within 90% CI and statistically not significant according to
the sponsor.

Figure 2 Mean ramipril concentrations in healthy volunteers during ramipril
monotherapy (day 6) and in combination with aliskiren (day 23)
35 4
30 1
'g. 25 -
f -390
g 15
[Z]
= 10 A
=
S
o@- e -4 o— - —a + .4.
a . 4 8 12 . 16 20 24
Time (h)
« represents the mean value of mono-therapy, — represents standard deviation of mono-therapy,

= represents mean value of combination therapy, X represents standard deviation of combination
therapy.
Source: Appendix 4, Table 3 and Appendix 4, Table 4

Mean and descriptive statistics for ramipril PK parameters in healthy subjects on day 6 and day
23

Day 6 Ramiprit Alone

Descriptive Crra™ S tma Crma™ AUC,
Statistics (ng/mt) o) (ngfmt) (h x ng/al)
N 20 20 20 20

Mean 23.89 055 0.0 2124

SD 9.87 0.13 00 9.74
Median 275 0.50 0.0 19.78

Day 23 Ramiprif in Combination with Aliskiren

Descriptive Cr™ tra™ Coea™ AUC,
Statistics (ngfmL) h) - {ngfmL) (hxng/ml)
N 17 17 17 17

Mean 2263 0.66 001 . 2581

S0 9.72 0.28 0.03 9.62
Median 20.70 050 . 00 2484

Summary analysis results of ramipril PK parameters

Ratio of geometric means
Parameter (C+D:C}) 90% Cl for ratio
AUC, (ng.h/mb) 122 {1.11, 1.34)
Crax™ (ng/mi) 094 {079,1.12)

Treatment C = Ramipril 10mg, Treafment D = Aliskiren 300mg
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Figure 3 Mean plasma ramiprilat concentrations in healthy volunteers during
' ramipril monotherapy and in combination with aliskiren
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« represents the mean value of mono-therapy, — represents standard deviation of mono—therapy
= represents mean value of combination therapy, X represems standard deviation of combination
therapy.

Source: Appendix 4, Table 5 and Appendix 4, Table 6

Mean and descriptive statistics for ramiprilat PK parameters in heaithy subjects on day 6 and
day 23

Day 6 Ramiprilat (Ramiprit alone)

Descriptive Crnax b Crin~ AUC,
Statistics (ng/mL) (h) (ng/mL) (h x ng/mt)
N ' 20 20 20 20 .

Mean 34.1 18 1.77 191

SD 134 0.4 0.46 42

Median 316 20 1.78 - 190

Day 23 Ramiprilat (Ramipril in Combination with Aliskiren) '
Descriptive Coac® trax . - Cran AUC,
Statistics (ng/mL) (h) {ng/mL) (h x ng/mL)
N 17 17 17 17

Mean 290 2.09 217 192

SD 12.7 0.48 0.59 50

Median 265 2.00 1.94 175

Summary analysis results of ramiprilat PK parameters

Ratio of geomefric means
Parameter - {C+D:C) 90% Cl for ratio
AUC, (ng.h/mL) 100 ' 095, 107)
Crax™® (ng/mL) 085 (0.76, 0.95)

Treatment C = Ramipril 10mg, Treatment D = Aliskiren 300mg

SAFETY:

There were no serious adverse events during this study. A total of 12 subjects
experienced adverse events while taking ramipril alone, seven while receiving aliskiren
alone, and nine while receiving both drugs. By inspection, there were no differences
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observed in the incidence of adverse events among the treatments. The most frequently
occurring adverse events were gastrointestinal, (abdominal pain, discomfort, vomiting,
-dry mouth) nervous system disorders (headache, dizziness), and respiratory/thoracic
disorders (cough, dyspnea, throat pain, sinus congestion).” Twenty-nine of the 47
(61.7%) total adverse events observed during the study were mild in severity, 17 were
moderate (36.2%), and one was severe (2.1%). Nineteen of the 47 events (40.4%) were
suspected to be related to study medications. There was a severe adverse effect reported
(menstrual cramp). There were no drop-outs due to adverse events.

CONCLUSIONS:

Aliskiten PK parameters were slightly affected by co-administration of ramipril
according to the sponsor. Aliskiren inter-subject variability was high leading to no
statistical difference according to the sponsor. Aliskiren did not affect the
pharmacokinetics of the metabolite or parental drug.

REVIEWER’S COMMENT:

1. Aliskiren AUC; and C,,>° were increased by 12% and 31%, respectively, by co-
administration with ramipril. T,y was increased by 29% as well and Cp,>° by 26%.
The 90% CI for Cpa® was clearly not within 80 — 125%. —_—

2. Changes observed in ramiprilat pharmacokinetics regarding a decrease in Cmax of
15% with aliskiren co-administration is of no clinical significance.

APPEARS THIS WAY
0N ORIGINAL
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STUDY SPP100A 2228 — AN OPEN LABEL, MULTIPLE DOSE STUDY TO EVALUATE THE
PHARMACOKINETIC DRUG-DRUG INTERACTION BETWEEN HYDROCHLOROTHIAZIDE AND
ALISKIREN WHEN GIVEN ALONE OR [N COMBINATION TO HEALTHY VOLUNTEERS

STUDY INVESTIGATOR AND SITE: /

4
'

/

Report# 2228 :
Volumes in EDR Section 6
STUuDY DATES: December 02, 2004 — December 20, 2004

OBJECTIVES:

Primary

To investigate the pharmacokinetic interaction between aliskiren and
hydrochlorothiazide following once a day dosing alone or in combmatlon to healthy
volunteers. :
Secondary

To assess tolerability of co-administration of aliskiren and hydrochloroth1a21de in
" healthy volunteers.

FORMULATION: .
Aliskiren 300 mg tables (Lot # X1540603, Exp. Date: 06/2005) by Novartis

Hydrochlorothiazide 25 mg tablets (Lot# 134806A, Exp, Date: 08/2007) purchased by
investigator from local pharmacy

STUDY DESIGN: ”*‘

This was a single-center, randomized, open-label, multiple-dose, two-period drug-drug
interaction study under fasted conditions. Period 1: subjects were administered
hydrochlorothiazide 25 mg for 4 days followed by a 4-day wash-out period. Period 2:
subjects were administered aliskiren 300 mg for 7 days followed by 300 mg of aliskiren
plus 25 mg hydrochlorothiazide for 4 days. Subjects were domiciled at least the day
before the first study day to the end of the study. .

ANALYTICAL METHODS:
Aliskiren plasma concentrations: Although the sponsor measured aliskiren plasma
concentrations, aliskiren bioanalytical report was not provided in this data set.

. Hydrochlorothiazide plasmé concentrations: Hydrochlorothiazide was determined by
a validated LC/MS/MS method with a LLOQ established at 2.0 ng/mL.

PK _SAMPLE COLLECTION/CALCULATIONS, PD ASSESSMENTS/CALCULATIONS AND
STATISTICAL ANALYSIS:

Blood samples were collected for aliskiren and hydrochlorothiazide concentrations at
the following time points during all treatments:

Aliskiren: Day 13, 14, 17, 18 at pre-dose
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