The metabolite profiles in plasma; feces and urine are shown in'Tables 3 to 6: The
major circulating metabolite found in human plasma was para-hydtoxy-sulfate -
metabolite after both routes of administration. Of lesser importance was.the N- O
desmethyl metabolite. Minor circulating metabolites were the N-desmethyl para- - )
Bydroxy-sulfate and ortho-hiydroxy-sulfaté metabolites. As plasma clearance of D
the metabolites of rosiglitazone was much slower than anUclpatcd with. Ll
quantifiable concentrations of radioactivity out to 21 days postdose; these: E

&

métabolites are: hkely 16 accumulate during reépeated-daily. dosmg with.

rosxghtazone _ b
Thie: predominant unnary metabolites were. the; para-hydmxy-sulfate (16-18% of ::;E
the.dose) and N-desmethyl para-hydroxy-sulfate: (18%) metabolites. In‘addition,
para-hydroxy- glucuronide metabolite was also excreted in significant amounts in %;;
the urine (3-4%). The fecal metabolites which were being excréted a week after tad
)

dosing were the N-desmethyl para-hydroxy (9-11% of the dose) and . para-
hydroxy (6-7%) metabolites, both almost certainly secreted in the bﬂe as their’

sulphate-and glucaronide conjugates:

APPEARS THIS WAY
ON ORIGINAL
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Table 1

Exuretion of Radicactivity (Expressed'as Percent of Dose) over 21 Days

Following Administration of ["C]Rosiglitazone:
(Protocol 49653/049)

Sample ‘Subject  Subject Subject Subject ‘Mean**  SD**

1 P 3 4

pib)
Urine

Faeces:

Total

69:2

24.7

94.0

3.04

836

3.63

5.60

206

*  Known non-compliance in sample collection occurred (Subject 3:

Day 9- I?),.;.Sﬁhjie'ct 4: Day 7y

**  Excludes Subject 2 (suspected poor compliance of sample collection

after both po. and i.v.)

APPEARS THIS WAY
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Table 2
Mean (SD) Plasma Pharmacokinetic Parameters for Rosiglitazone-and
‘Radioactivity following Single Oral (8 mg) and Intravenous-(2 mg as’1 Hour
Infusion) Doses of [*CRosiglitazone and Otal (8mg tablet) Doses of
Rosiglitazone to Healthy Male Subjects
(Protocol 49653/049):

Rosiglitazone: 'Rbsiglitazone' Rosiglitazone Radiolabel  Radiolabel.
Parameter:  (oral solution) (orul tablet) Gv)  (oralsolution)  (iv.)
8Smg 8 mg 2 mg

AUC(O4nfd 2902 29728 744 79400 20404
(ng.l/rdl) (548) @13y 142) 9787). 3054y

Cmax 2 564 603 136: 385 226
(ng/rL). 19 (332) @0y an) 43)

Troaxb 050 0.75 1060 500 600
() ©.50- 1.00y (0.75-1.00) (0.75-1.00) (4.00-6.00) (6.00 - 6.07)

Tia 4.65 4.06. 4,16, 133 121
(h)- , (1.51) a.:23) -€1.64) 28) ()

cL ND ND 278 ND ND
@/hy “(0.63),

Y's"s ND ND 15.1 ‘ND ND
@© @1

F(%) o4 002 XD . o
(5.7). (112

a Units for radicactivity ng-equivalents APPEARS THIS WAY

b Trnax expressed as median (rafnige): ON ORIGINAL
ND-= Not Determined.
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‘Table. 3

Nomenclature of Rosiglitazone, and:its Metabolites (Protocol 49653/049)

Metabolite. Short form identity
pamber:

‘phenoxyacetic-acid derivative
N-desmethyl-glucuronide (putative)
ortho-hydroxy-glucuromde
N-desmethyl-para—hydroxy-sulpﬁat¢
para-hydroxy:glucuronide
N-dcsmethyl-aﬂho-hy&roxy~sulphalc
N-desmethyl-para-hydroxy
ortho-hiydioxy-sulphate.
N-desmethyl-ortho-hydroxy.
Ppara-hydroxy-sulphate’
ortho-hydroxy
N-desmethyl
pard-iydroxy:
r@mghtazone
N-desmethyl-glucuronide: (putative)
N-despyridiny} (putative)

R GE GRS 000 s Wi

APPEARS THIS way
ON ORIGINAL

(where applicable’

SB number

SB-271258

SB—280789'

SB- ’743914
SB-332650
SB-244675
SB-237216
SB-275286
BRL-049553

-
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Table 5A. Excretion of radioactivity in the urine (expressed as % of administered radicactive dose} from
healthy male subjects following an oral dose (8 mg pfb) of [ 14 Clrosiglitazone.

| "Coltection | Subject | Subject | Subject | Subject [ Mean | SD-

000 0.00
543, | 082
661 | 106

3,2 141

152
151
2.08
132
0.58
0.49
a3t

0.24
04t
015
007

a.12

010
0.a7
007
0:21

32 0,08
027 0.07

Day3s | 006,

Lpsyso-n1 | % | 750
NG - Nk Collsciad ‘

APPEARS THIS WAY
ON GRIGINAL
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Table 5B. Excretion of radioactivity in the feces (expressed as % of administered radioactive dose) from

healthy male subjects following an oral dose (8 mg pib) of [ 14 Clrosiglitazone.

Colection | Subject | Subject | Subject | Subjéct | Mean

Period | 1 2 ‘3. 4

SD

| Préedose - | 0.06

Dayl | 2,56
Day2 | 315
Day3 428
Dayd 397
Days | 2.18:
Dayé 1.60-
Day? 1.29
Dayg 0.80
Day9 0.34
Day10 049
Dayll 041
Day1Z 0:34.
Day 13: 0.62
Day14. 0.32
Dayils 0.27

Day 18 053
‘ Day19 0.39
Day20° - 0.36
Day21l 0.31
Day28 0.16

Day36 0.09

0.31.

0.31

TOTAL
Days 031 21.58

6.74

N.C. - Not Colleéted
S.C. -: Sample.corabined with next collection period

N.S. - No Satiple.
¥ - Nosampleon day 18, data for days 16 and; 17 combined

APPEARS THIS WAY
ON ORIGINAL
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Table 6A. Excretion of radioactivity in the urine (expressed as % of administered radioactive dose) from
healthy male subjects following an intravenous dose (2 mg pib) of [ 14 C]rosiglitazorie.

| Collection. | Subject | Subject: | Subject | Subjeet | ‘Mean. | SD

o2

Day36 005

 TOTAL
| Dayg 0-21 ‘628 | sz
N.C. - Not Colkcted ’

APPEARS THIS WAy
ON ORIGINAL
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Table 6B. Excretion of radioactivity in the feces (expressed as % of administered radioactive dose) from

healthy male subjects followmg an intravenous dose (2mgpfb)of[ 14 C]ros:gmazone

Colection Sub}t:ef Subjt-ct ‘Sub m Subjw Mran: 5D
Perbodd |3 .2 . 3 | ‘g o
l’redeae ‘ 007 006

Day 1 18t 304..
Day2 564 | L2
Day 3 502 | 065
Duy 4 344 | 226
Day 5 342 | 119
Day 6 L
Day?

069 | 0T

046 | 020

2517 1 486

APPEARS THIS WAY
ON ORIGINAL
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REVIEWER'S COMMENTS FOR STUDY 049:

4mg tablet is clinical tablet formulation.
adioactivity excreted for extended period ; >21 days.

1.
2.R
3. CL and Vss estimates after IV are very close to POP PK estimates.

APPEARS THIS WAY
ON ORIGINAL
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PROTEIN BINDING (IN VITRO)
Protocol D92240/49653 Tssued August 1993

SB Répbit BE<1003/BRL:049653/1

Title: InVcshganon into'the binding of *C-BRL-49653 to rat, dOg and human’
plasma proteins in vitro:

Investigator: B: Smith

Study Center: Drug Discovery Department, SmithKline Beecham
Pharmagceuticals, The Frythe, Welwyn, Herts, UK

'OB]" ; "ﬁv ": ‘ To" :détéhttiné:' thb dc‘g'r”ce of pIasma'pi"oteiﬁ bi’n‘dit'l' g éf romghtazone in

Methods: Iri vitro - plasma protein bmdmg of “C-rosiglitazoné in
rat, dog, and human plasma (EDTA as antxcoagulant) and binding to human
serum albuminand. o -acid glycoprotein were catried out by ethbnum dialysis
in teflon cells:at 37°C for 4 hours in separate experiments. Samples were:
quanutawd by determination of radiochemical content using hqmd scintillation
counting.

In man, plasma protein binding of “C-rosiglitazone was catried out over a
concentration range of 0.3 t6 100 ug/mL, Only results in man are sumimarized.
Binding of “C-rosiglitazone (6 human seram albumiin and. o,-acid glycoproiein
were carried out at concentrations of 40-mg/mL and 0.6 mg/mL, respectively.

_Rggu_tg In homari plasma, the protein bmdmg of ! C-roslghtazone was: hlgh with
an overall 'mean 0£99.8% +0.03%, The protein binding was linear over the
concentration: rangeO. 3.. 100 ug/mL in human plasma. Rosi glitazone was highly
bound to human serum:alburin (99.8%), whereas, there was poot.association of:
"C-rosiglitazone with human o, -acid glycoprotein (23.2 - 34.4%)..

Congclusion: The plasma-protein binding in man was high and linear over a wide
concentration range (:3 to 100 ug/mL). Serum albumin appeared to be the'main

protein resporisible for the high protein binding of rosiglitazone in huma plasma.

ND

A 21-071/N-000 ~ Avandia/rosiglitazone ~ SmithKiine Beecham ~ 25-NOV-98
GI\CLINICAL PHARMACOLOGY.doc

Page 175 of 220




REVIEWER'S COMMENTS FOR STUDY D92240
1. Acceptable.

APPEARS THIS WAY
ON ORIGINAL
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BLOOD CELL PARTITIONING (IN VITRO)
Protocol D92242/49653 Tssued Augist 1993

SB Report BF-1001/BRL-049653/1

Title: Blood cell partitioning of “C-resiglitazone in male rat, dog and human
blood. | "

Investigator: B. Smith and $. E. Yeulet:

Stidy Center:: Drug Discovery Department,; SmithKline Be¢cham'
Pharmageuti¢als, The Frythe, Welwyn, Herts, UK

Objective: To estimate the in vitro blood cell partitioning of rosiglitazone in blood
frorn rat, dog &nd'man.

g thods: Blood sa.mplcs taken from rat, dog and man were
mken and a hematocnt was determined for each sample. Each blood sample was
incubated with *C-rosiglitazone at 37°C for 60 minutes. The-amount of
radioactivity i in: tnphcate aliguots of each blood and plasma sample were
quantificd by liquid scintillation counting,

In man; blood cell partitioning of 'i‘C;rOSiglitazone. (as free base) was carried out
over a concentration range of 0,03 to 30 ug/mL. Only Tesults in man‘are
snmmarized.

Results: In human blood, the blood:plasma ratio of “C-rosiglitazone was'similar
Between the four subjects’with individial mean ratio of 0.56,0.52, 0.57, and 0:60,
rcspecnvely The overall mean  was 0.57 {(£0.04). The majority of the drug was
present in thie plasma (at least 85%) The blood to plasma ratios in man appeared
to-be independent of concentration.

Conclusion: The mean blood:plasma concentration ratio of “C-rosiglitazone was
0.57 inman and was independent of concentration over the concentration range of
0.03 to-30 ug/mL). The majority-of the drug was present in, the plasma (at least

BEST POSSIBLE COPY
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REVIEWER'S COMMENTS FOR STUDY D92242:

1. AccocAPPEARS

APPEARS THIS Way
ON ORIGINAL
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PO INHIBITTION (IV VITRO)
Protoed] DO2226/496353 Tesued fb{y 1995

SB:Report BF- 10MYBRE-039633/ 1

:Ilﬂ.g An avitro nweaumtmn of the poidatial for tlmg friteractions avolving
‘BRL-:4%653 3 and: the: human cylochrome P450s 142, ZA6, 20948, 2C19. 2D6, 2E1,

3N ant A

luvestivator :iﬁ'-i‘!,-Balﬂwm:.

l’im‘!mwcuuceh.._ _l‘hc I*rylhc. Wclwyn, HCle Uh

eiive: T identify the cytochrome. P450: éﬂl‘}fm&i'b’ involved in: rosightazone
met&hﬂmm. to-determine the p’)tenuul of 4\\mghmront to inhibitthe human
‘eytochrome P450‘enzymes LA2, 2AG, 2098, 2C19, 2D6, ZET, 34 and 4A.

M :g m The. pmduc{s c:f mchmhsm were mvesmgnft‘d

tnhzhmo« of cyrochromie PASD related activitien by
‘using assays for caffeine. N.:«demz&hylm { 12 ,‘caunmm ;-hydmxylasc zZAb)
folbotamide by droxylase (2C9/8), Smephenytoin 4-bydroxylase (2C19),
bufuralal 1 hyth'myl‘m (23)6) Tauirc acid @-f hy dm\yhsc 2By »los[xmnc
oxidase. (3A) and lariric acid arhydroxylase (4A) in hnman liver microsomes in
{he abscnoc and prc nee of rosiglitazone (0.1 and 250 uM}. For each. ASEAY;
iteubations wene e Ht duplicaie with mrifcrosomes from thiee liv .
Adthtmnal mw}mm;m £ [*Clrosigli (10 0M) were performed with

: - 2B6, 209, 2E1, 26, and 3A4),

]ilcub'-l{ti were .mai} zed b)'

R;mltg Pyndmr; 1itig hydroxyhtwn and: N-dmncth} Tation were xdcnmsed as the
magor pmduct» of me stohﬁm it Immau lmr m;s:m\ome»  Rowigh uuoue c.mml
some inbibition of tolbummxdt h}dro).ylase (£9’8 3 but no eagmficam mhlbmon
Was, obsmxd withy all other enzZymes examined, Results with the selective P4
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inhibitors suggestcd that CYP2C9 and to a small extent CYP3A4 and CYP1A2:
contributed to the. metabohsm of ros1ghtazonc §1m1lar rcsults were: obscrvcd in
the P430 expressis
human lijtér‘r-nngros.omcs could ngt bq»,contnbu_tged t_o_ tbese Ihrcc, ,gnzymes or to. the.
P450 enzyimes CYP1AL,2A6, 2B6,.2D6, and 2E1, ‘as shown by the expressed
PAS0 activities.

Although: rosiglitazone appears to be a P450 substrate, the specific enzyme(s)
responsible for the majority of its metabolism have not been identified.
Furthermorc, romghtazonc did not s1gmf1¢antlv inhibit any-of’ P450 related
"cnzymc acnvit:cs tcsted W1th the excepuon of a ema]l cffcct on CYPZCB/S Taken

‘chmcally i gmﬁcant cytochrome P450 medxated dmg-dm g mterachons

Congliisions: The major P4S0 erizyme(s) responsiblé for the metabolism of
rosiglitazone in human liver 'microsonies could not be identified. Several human
P450 enzymes ‘were capable of metabolizing rosiglitazone-including CYP2C9,
IA2-and to a small extent CYP3A4, Rosiglitazone caused no significant: inhibition
of CYP1A2 2A6 2C19 2D6, QEI 3A and 4A.

&;)“] 1‘)"'\ e ‘“11‘3 \iv,f‘,?»

ON UH -Sr{i
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REVIEWER'S COMMENTS FOR STUDY D92226:

1. Acceptable.

APPEARS THIS way
ON ORIGINAL
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P430 INHIBITION (N VITRO),

_SB Report BRE-049653/RSD- 100CPZ/1

Title:: &
mvolved m the memtx:»hsm ot BRL--J%S 3

Iqiﬁ‘estiga‘ﬁi;‘. 8., Baldwin

tudy Cente: I)epartment of B:oiramformmon, Smuhmmc Beecham
Pharmaoeuﬁmls, The. Frythie, We lwyn. Herts, UK

petive: To :dcmny {be human cytoehrome P4S0 enzyni(s) m»olw,d in

7081 ;zhmzone metsbalism, and to determine the potcmml of rost bhtamm, to tnbibit

the: human éytochrome P450 enzyme CYP2CB.

mian liver tiicros v cromm\s mxm mxu‘ci mells

_Nﬁ Y ?"(.,8 ami C YP ("O-iii

in hursan

é&*m{:s'

lwcx nncxewmcb trom thrac hmmn hven, Thc mmmary potmhal of
reslglmmonc ofi Laxol mhvdroxvlasc (C\r lf"(:B) was mvesnga:zd usi n{: an assay

m1gh onc over a wnwmmhon tai) ge uf(l 5o 200 u‘d Thc pe:rocumgp ef
inhibition- of taxol Ga»hvdrowln»r. - by rosi ghtuone was de{enmnui and IC,,
valiies. mlcnlatc«L Tests for statistical atgmfn cance were. pc:formert n ung
SANINSIGHTE

Kggu;;g Rates of rosxghtumw h&*dmx}htxon and N—dcmethvlauon varied over
jS-fold ln 1he humaa hvcrv wﬁ:cd l’hc tormanou of i-hydrowz} and \ degmcrhf»l
fm'mntmn of thesc two membohtes were fouml m comime thh mxol
6o-hydroxylation (p<0.001) iri a bank of human hve_re and bolly metabolites were
produced by CYP’JL Arg,“ and, more mgmﬁ»am}y CYP (.8 SUPCTSONES:

BEST POSSIBLE COPY
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|

Rosiglitazone also had a moderate inhibitory effect on taxol. 6a-hydroxylase
activity, with amean IC,; of 18 uM. |

These data indicate that CYP2C8 is the predominant P450.enzyme responsible for
the major metabolic pathways of rosiglitazone, and rosiglitazone ‘has moderate

potential to inhibit CYP2C8. The implication of these results with respect to
predictifig possiblé drug-drug interactions with fosiglitazone is uncertaiti, a5

limited information exists regarding inhibitors or substrates of CYP2C8 in man, in.

Vivo,

Conglusions: CYP2C8 is primarily responsible for the hydroxylation-and N-
demethylation of rosiglitazone in human liver with minor contributions from:
CYP2C9. Rosiglitazoné is 4 moderate inhibitor of CYP2C8 activity in human

liver ficrosornes.

APPEARS THIS WAY
ON ORIGINAL

A 21-071/N-000 ~ Avandia/rosigiitazone ~ SmithKiine Beecham ~ 25-NOV-98
GACLINICAL PHARMACOLOQY .doc

ND

Page 183 of 220

T POSSIBLE COPY

g

gx\ﬁu‘j
SRS



REVIEWER'S COMMENTS FOR STUDY D96044.

1. Metabolism is 2C family.

APPEARS THIS WAY
ON ORIGINAL
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Appendix 3. POP PK Analysis Review
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Pharmacometrics Consult

NDA: 21-071

Rosiglitazone Maleate

(Avandia®)

Original Submission Date: 25 November 1999

Sponsor: SmithKline Beecham

Type of Submission: New Drug Application (1P) — Population

Pharmacokinetics Analysis of Rosiglitazone In
Patients with Type 2 Diabetes Mellitus

Primary Reviewer: Robert Shore

Medical Division: DMEDP (HFD-510)

Reviewer: Michael J. Fossler
Submissjon

The Pharmacometrics group was consulted by Dr. Robert Shore concerning the design and interpretation
of a population pharmacokinetics analysis undertaken by the firm in support of their NDA for rosiglitazone, a
thiazolidinedione proposed for the treatment of Type 2 diabetes mellitus.

St es

Data

The data for this analysis came from three Phase 3 studies in patients with Type 2 diabetes mellitus. Each
study is described in Table 1. Plasma concentration data for all subjects deemed to be evaluable for the
purposes of this analysis (data exclusion criteria will be described later) were formatted for mixed-effect
modeling, along with demographic data such as gender, weight, age, race, and alcohol and tobacco use.
For seach subject, the study the data were from, as well as the dosing occasion were also recorded.

Data were excluded from the analysis during the data set creation phase under the following criteria:

s Date/time of sample or dose event migsing;

¢ It the time of the dose was recorded to be at the exact same time as the sample, or was recorded to be
after the sample time;

¢ Doses reported after the last observed plasma concentration;

In addition, two patients from Study 024 were removed based on the fact that they used suifonylurea drugs
during the study (a protocot violation).

A total of 69 observations were excluded from the final dataset based on the preceding criteria. In
addition, an additional 34 observations in Studies 011 and 015 (where only trough and peak concentrations
were drawn) were found to be transposed (pre-dose concenirations were very high, post-dose
concentrations were very low or zero). These were left in, but the pre- and post-dose concentrations were
switched to conform with what was expected.
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Table 1 Description of studies used for the population analysis.

Study Design and sampling scheme # patients
randomlized/inciuded in pop.
PK analysis
45653/024 26-week, randomnized, double-blind, multi-center (65), placebo-
controlled parallel group study comparing 2 doses and 2 959/603

regimens (2 mg BiD, 4 mg gD, 4 mg BID, 8 mg qD) to placebo.
Two samples were taken at week 4, 1 prior to dosing and one
belween 0.5-2 hours post-dose. Atweek 12, one sample was
taken 3-5 hours post-dose, and one at week 26 belween & and
10 hours post-dose.
49653/011 26-week, randomized, double-blind, multi-center (43), placebo-  533/330
controlled parallel group study comparing rosiglitazone 2 mg
BID and rosiglitazone 4 mg BID to placebo. Samples were
taken just prior to dosing and 1 hour post-dose at weeks 4, 12,
and 26.
49653015 26-week, randomized, double-blind, multi-center (60), placebo- = 583/376
controlled parallel group study comparing rosiglitazone 1 and 2
mg BID in patients on background sulfonylurea therapy.
Samples were taken just prior to dosing and 1 hour post-dose
atweeks 4, 12, and 26.

The initial dataset was then randomly split, with 80% going to the model-building set, and 20% held as a
validation set. Characteristics of the patients in the modsi-building data set are shown in Table 2.

Table 2: Patient Demographics for the Model-building dataset.

Demographic Mean (Range) or Distribution

Age 35-80 ,
“Woight 27501 ~ APPEARS THIS way

Gender 642 men, 405 women ON GRININAY

Race White: 839, Black:131, Other.77

Tobacco Use 134 smokers, 913 non-smokers

Alcohol Use 698 drinking, 349 non-drinking

An oullier analysis was then performed on the existing data. ‘A baseline PK model was fit (without
covariates) and the weighted residuals inspected. Any observation with a weighted residual z|6] were
excluded from the combined dataset1. A total of 22 observations (0.42% of total) were excluded based on
this analysis. It was found that these concentrations were extremely high relative to other data, and so likely
represented erroneous measurements. Once the final PK model was developed, the model was re-run
with the outliers included to determine the impact their deletion had on any final conclusions.

Pharmacokinetic and Statistical Models

Based on previous Phase 1 data, a one-compariment model with first-order absorption was used for the PK
model, parameterized in terms of clearance (CL/f), volume of distribution at steady-state (Vss/f), and
absorption rate constant (ka).

Inter-individual variability for each parameter was modeled as a constant coeificient of variation mode!.
Residuai error was modeled as a additive/proportional model. Since, in 1the studies used for the analysis,
data were collected on several occasions, inter-occasional variability was also modeled to account for

1 This is quite conservative; generally, weighted residuals of = |3] are considered “large"
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within-subject changes in CL/f, Vss/f, or both occurring from one sampling occasion to another. The control
streams for both the basic and final models are located in the Appendix.

Covariate Analysis

An examination of the covariates listed in Table 2 was undertaken after the final form of the
pharmacostatistical model was established. Plots of post-hoc parameter estimates of Cl/f and Vss/f as a
function of each covariate were made in order to determine whether these factors would explain any
variability. Those covariates which appeared to explain variability in of CVf and/or Vss/A were added to the
population model in a linear fashion. A drop in the objective function of > 3.841 of the full model relative to
the reduced model was considered significant.

For the final model, the covariates which were shown above to influence the PK of rosiglitazone were
added in descending order of magnitude. The parameter was retained if its inclusion resulted in a 10 point
change in the objective function, as well as improvement in diagnostic plots (e.g., weighted residuals vs.
predicted concentrations).

Hesults
Base Model

Table 3 shows a summary of the results of the base model (without covariates). it was found that the inter-
subject variability for ka was consistently poorly-estimated throughout the building of the basic model. This
is most likely due to the fact that there were too few data points in the absorption phase. Therefore, the
value for ka was fixed to the mean value (5.37 hr ~ 'y based on the results of a sensitivity analysis which
showed that the model fit was not significantly affected by changes in ka above this value (Figure 1). The
other PK parameters are estimated with very good precision, as are their estimates of inter-individual
variability. Inter-occasion variability ranges belween 26 and 38%. Random residual variability is about 35%,
and is estimated with reasonable precision. Figure 2 shows a plot of the individual observed vs. predicted
values. Some bias is evident at the high end, which hopefully will be accounted for in the final model.

Table 3: Results Summary for the Basic PK model (without covariates)

Parameter Mean Interindividual CV%
{'precision) ('precision)
ka (hr') 5.37 (fixed) Not estimated
CLA (Lhr) 24(1.6) 33.3(10.2)
Vss/f (L) 17.6 (1.9) 29.7 (14.0)
YOV in CL at weeks 4, 12, 26 33.0 (18.4), 25.7 (29.9), 38.1 (18.3)
(' precision)
- ""Random Residual Error 34.5(9.5)
(*precision)
:?xpressed as %CV
expressed as % CV APPEARS THIS WAy
O N G R G l «; :!
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Figure 1: Sensitivity analysis for ka. The fit of the model is essentially unaffected for values of ka

above 5,37 hr'.
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Figure 2: Individual observed vs. predicted rosiglitazone plasma concentrations for the base model|.

The solid line is the y=x line,
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Final Model

Parameter estimates for the final model are shown in Table 4, Weight and gender were found to affect
rosiglitazone clearance and volume in a linear fashion, although the effects are quite modest. At a given
weight, clearance for women is about 6% lower than for men. Since weight also affects clearance, the net
mean gender difference in clearance between men and women is about 15%, with women having lower
values than men on average (Figure 3). However, about 21% of the men studied had clearance vaiues of 4
or greater, whereas virtually none of the women have clearances above 4 L/hr.
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A 21-071/N-000 ~ Avandia/rosiglitazone ~ SmithKline Bescham -~ 25-NOV-58 Page 190 of 220
GACLINICAL PHARMACOLOQY.doc




Table 4: Results Summary for the Final PK Model

Parameter Mean Interindividual CV%
('precision) ('precision)
ka (hr') 5.37 (fixed) Not estimated
[$] 5.23 (30.4) 23.2 (23.0)
0, 0.151 (13.1)
Vss =6, , 8,"'weight
0, 1.41 (19.6) 31.2 (11.7)
04 0.0127 (24.5)
Bs 0.942 (4.4)

Clmen = 93 + 04"weight
C'women = 95' Clmen

™OV in CL at weeks 4, 12, 26 33.8 (18.0), 26.4 (29.7), 38.5 (17.8)
~ (*precision)

""Random Residual Error 34.8 (9.2)
("precision)

"expressed as %CV
Mexpressed as % CV

Flgure 3: Distribution of individual post-hoc estimates of rosiglitazone clearance in men and
women. The mean clearance in men is 2.73 L/hr, in women: 2.31 L/hr; however, more than 20% of
the clearance values for males are 4 I/hr or above

- Froquancy (% of total)

- B e o iRt -\
%0 23 30 3E a9

Oral Cleavanc, Lit.

Despite the inclusion of these covariates, the fit of the final model (Figure 4) was not drastically better than
the base modet (Figure 2), although the drop in objective function between the base and fina! models
(197.95 points) is clearly statistically significant. Based on the magnitude of the effects of the covariates on
the pharmacokinetics of rosiglitazone, this is not an unexpected result.

Figure 5 shows the results of using the model results as priors and using Bayesian estimation to predict
individual concentrations for patients in the validation data'set. Good agreement between observed and
predicted was obtained.
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Figure 4: Individual observed vs. predicted rosigiitazone plasma concentrations for the final model.
The solid line is the y=x line.
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Inclusion of the deleted outliers had no discernable effect on the results (data not shown).

Concomitant Medication Analysis

hypoglycemics, analgesics, calcium channel blockers, hypolipidemics, Ace inhibilors, and steroid
hormones) was examined graphically using box-whisker plots. - No concomitant class of medication was

Revlewer Comments

1))

2)

The firm has performed a very thorough and complete population analysis for this compound.
Regarding the gender difference in the PK of rosiglitazone, it is interesting to note that in all of the

example, in Study 011, the mean change in glycohemoglobin in men after 26 weeks of therapy (4 mg
8ID) was ~0.3; that in women at the same dose was —1.1. At first glance, it appears unlikely that the
difference in clearance could explain much of this clinical observation, since the mean differences in

fact that more than 20% of the men studied in this PK analysis had rosiglitazone clearance values in the
range of 4-5 L/hr suggests that at least a portion of the men receiving this compound might be under-

Therefore, the reviewer asked the firm to supply plots from the major PK/PD studies (49653/011 and
/20} investigating the effect of clearance and AUC on the clinical efficacy of the compound in men and
women. Representative plots are shown below (Figure 6a-b). - Neither rosiglitazone clearance nor

may be more effective in women due to the fact that rosiglitazone binds with high affinity to PPARy

a given body weight, this may explain at least part of the gender differences seen in clinical efficacy.

The firm has included the following in their drug interaction labeling for rosiglitazone:

Concomitant Medications in Phase Il Clinical Trials: Results of the population

medications (oral hypoglycemics, analgesics, calcium channel blockers,
hypolipidemics, ACE inhibitors and steroid hormones) appear to alter the oral

Avandia.

for labeling purposes for the following reasons:

* The compounds are grouped by therapeutic class, rather than by a more meaningful classification
such as metabolizing isozyme. Thus, the results do not generalize to individual drugs, nor could

future as applying to compounds which were not even approved at the time the studies were
performed.
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Therelore, the reviewer will recommend that this statement be deleted.

Figure 8: Change in (a) hemoglobin A, or (b) fasting plasma glucose
from baseline to Week 26 as a function of rosiglitazone clearance in-men and women
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1
Population Pharmacokinetics in Patients with Type 2 Diabetes

and 405 wornen with type 2 diabetes (aged 35 to 80 years) showed that the
alcohol consumption. Both oral clearance (CL/F) and oral steady-state volume of

weight range observed in these analyses (50 to 150 kg), the range of predicted

rosiglitazone CL/F was shown to be lowsr (about —15%) in female patients as compared with
males. — The population mean CL/F of rosiglitazone for a

typical male weighing 84 kg was 2.48 L/h. The Vss/F in an 84 kg patient was 17.9 L. The inter-patient
variability in CL/F and Vss/F were 31% and 23%, respectively.

2) The following text on page 12 should be deleted;
A

Michael J. Fossler, Pharm.D., Ph.D.
Pharmacometrics

Division of Pharmaceutical Evaluation |1
Oftice of Clinical Pharmacology and Biopharmaceutics

CC: NDA 21-071(orig., 1 copy), HFD-850(Lesko, Ray Miller, Metz), HFD-870(M.Chen, Ahn, Fossler,)

2 The reason for this change is that , when both weight and gender are taken into account, the overall
clearance difference between men and women is about 15% (see Figure 3, above).
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Appendix:
Baslc Model NONMEM Control Stream

Final Model NONMEM Contro} Stream
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(A1

Basic Model NONMEM Control Stream
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Final Model NONMEM Control Stream

o e e e e e o e e e e e e e e e e e e e - e e = = -

ND
A 21-071/N-000 - Avandia/rosiglitazone ~ SmithKiine Beecham ~ 25-NOV-98
GACLINICAL PHARMACOLOGY .doc Page 198 of 220




APPEARS THIS WAY
ON ORIGINAL

A 21-071/N-000 ~ Avandia/rosiglitazone ~ SmithKiine Beec ~ - oy
GACLINICAL PHARMACOLOGY.doc ham -~ 25NOV-8e Page 199 of220




Appendix 4. PK/PD Analysis
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Food and Drug Administration

Center for Drug Evaluation and Research

Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation ] (HFD-870)
Pharmacometrics Group

Memorandum
To: Robert Shora
Hae-Young Ahn, Team Leader
From: Michael J. Fossler
Pharmacometrics
Date: 4/1/99
Re: PK/PD of rosiglitazone

This memo summarizes the relationship between the steady-state exposure of
rosiglitazone and its effect on hemoglobin Ay, and fasting plasma glucose. The three
studies use in the analysis are described in Table 1. The sponsor analyzed these data
by plotting the efficacy parameters of interest (Ahemoglobin A, Afasting plasma
glucose) as a function of post-dose plasma concentrations of rosiglitazone. At the
request of Pharmacometrics, the firm re-analyzed the data by using AUCss in place of
individual plasma concentrations, and looking at men and women separately. The
AUCss values for each subject were estimated using the population PK model developed
by the firm, which was previously reviewed by Pharmacomaetrics. The individual plots for
each study are shown below.

The foliowing points summarize the condlusions that may be drawn from the three
studies:

» Overall, there is a significant difference in response when the data are stratified by
sex, with women appearing to derive more benefit from the drug than men. As noted
in the review of the population PK analysis, the gender differences in PK explain very
litthe of this difference in efficacy.

s There is a weak relationship between exposure and clinical response in women, as
may be seen from the smooths' plotted on each graph. For men, this relationship
also holds, but is much weaker, in general.

» - The explanation for the lack of a strong concentration-response relationship is
unclear. Some possible explanations are:

1.. The effect compartment is not closely linked to the plasma;

2. The concentration-response curve is very steep, so that
consequently even minimal drug exposure results in maximal effect;

3. Unknown individual patient characteristics (degree of baseline insulin
resistance, compliance to diet and drug therapy. etc) are abscuring
the true relationship between drug exposure and efficacy.

' second order polynomia!
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Table 1: Description of studies used for the population and PK/PD analyses.

Study Design and sampling scheme # patlents included in pop.
PK/PD analysis
_ {men/women)
49653/024 26-week, randomizad, double-blind, multi-center (65), 296/186

placebo-controlled paralisl group study comparing 2 doses
and 2 regimens (2 mg BID, 4 mg qD, 4 mg BID, 8 mg qD) to
placebo. Two samples were taken at wesk 4, 1 prior to
dosing and one between 0.5-2 hours post-dose. At week 12,
ons sample was taken 3-5 hours posi-dose, and one at
week 26 between 6 and 10 hours post-doss.

49653011 26-week, randomlized, double-blind;, mufti-canter (43), 2171113
placebo-controlled paralle! group study comparing
rosiglitazone 2 mg BID and rosigiitazone 4 mg BID to
placebo. Samples were taken just prior to dosing and 1 hour
post-dosa at weeks 4, 12, and 26,

49653/020 This was a phase Hia, multicentre, double biind, paralel 1137229
group comparative study of two doses of rosigiitazons vs, {rosightazone arms only)
glibenclamids therapy (titrated 1o optimal effect over 12
waeks), sdministerad to patients with type 2 diabetes
medlitus. After a 8 week run-in (placebo for 4 weeks),
patients were randomly shocated to receive 52 weeks
treatment with glibenciamide, rosigitazons 2mg bd or
4mg bd. All patients had blood samples taken for PK
analysis after 4, 26 and 52 weeks of treatmant.

Plasma concentration of rosigitazone was measured pre-
dose and ¢. 60 minutes post dose.
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Figure 1: A HgbA,. vs. steady state rosiglitazone AUC in Study 011

Study 019
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Figure 2: A FPG vs. steady state rosiglitazone AUC in Study 011
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Figure 3: 4 HgbA,. vs. steady state rosiglitazone AUC in Study 020
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Figure 4: A FPG vs. steady state rosiglitazone AUC In Study 020
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Figure 5 : A HgbA,. vs. steady state rosiglitazone AUC in Study 024 Fasting plasma
glucose data from this study not available to reviewer
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Appendix 5. Formulation
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