Table 3. Summary of the steady-state TPV (TPV/RTV 500 mg/200 mg) pharmacokinetic parameters
comparing subjects with mild hepatic insufficiency to their matched controls
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Table 4. Summary of the steady-state RTV (TPV/RTV 500 mg/200 mg) pharmacokinetic parameters
comparing subjects with mild hepatic insufficiency to their matched controls
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Table 5. Summary of the single dose TPV (TPV/RTV 500 mg/200 mg) pharmacokinetic parameters
comparing subjects with moderate hepatic insufficiency to their matched controls
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Table 6. Summary of the single dose RTV (TPV/RTV 500 mg/200 mg) pharmacokinetic parameters
comparing subjects with moderate hepatic insufficiency to their matched controls
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Figure 1. Plasma tipranavir and ritonavir Cp2,, for subjects with mild or moderate hepatic insufficiency
and their matched controls following a single dose of TPV/r
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Figure 2. Plasma tipranavir and ritonavir C,a« for subjects with mild or moderate hepatic insufficiency
and their matched controls following a single dose of TPV/r
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Figure 3. Plasma tipranavir and ritonavir AUC for subjects with mild or moderate hepatic insufficiency
and their matched controls following a single dose of TPV/r
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Figure 4. Steady-state plasma tipranavir and ritonavir Cp12n for subjects with mild hepatic lnsuff' iciency
. and their matched controls
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Figure 5. Steady-state plasma tipranavir and ritonavir Crnax for subjects with mild hepatic insufficiency
and their matched controls
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Figure 6. Steady-state plasma tiprahavir and ritonavir AUC for subjects with mild hepatic insufficiency
and their matched controls
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SAFETY RESULTS: No new and unexpected safety issues were reported in the study. No subjects
discontinued trial drug due to an AE and no subject experienced a serious AE in this trial (See details
in Medical Officer’s review).

CONCLUSIONS AND DISCUSSION: Following a single dose of TPV/RTV 500mg/200mg in 9
subjects with mild hepatic insufficiency, the mean systemic exposure of tipranavir was comparable to
that of 9 matched controls. e.g., geometric mean ratios with 90% Cls for AUC, Crax and Cyyiq Were
0.89 (0.55, 1.45), 0.79 (0.44, 1.43) and 1.03 (0.62, 1.71), respectively. After 7 days of bid dosing, at
the steady-state, the mean systemic exposure of tipranavir in subjects with mild hepatic impairment
was higher than that of 9 matched controls and the ranges of 80% Cl were quite large, e.g.,
geometric mean ratios with 90% Cls for AUC, Cyax and Crin were 1.30 (0.88, 1.92), 1.14 (0.83, 1.56)
and 1.84 (0.81, 4.20), respectively. Similar change of ritonavir exposure was also observed
comparing mild hepatic insufficiency to healthy control. Dosage adjustment may not be warranted for
this group of patients based on the moderate tipranavir and ritonavir systemic exposure and safety
profiles observed in this study. There was insufficient data (lack of data at the steady-state) from
moderate hepatic insufficiency group to reach any conclusion. Decisions regarding dosing in this
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population will be made based on safety considerations as discussed in the Medical Officer's review.
Since liver is considered as the major organ to eliminate tipranavir from systemic circulation, for
anticipated safety concerns, tipranavir/ritonavir should be contraindicated for patients with severe
hepatic insufficiency. '
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1182.37

TITLE: A single-center, open-label, randomized, parallel, multiple dose comparison of the effect of
tipranavir 500 mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg twice a day for 11.5
days on the pharmacokinetic characteristics of zidovudine 300 mg in healthy volunteers

OBJECTIVES: To characterize the effect of two dose combinations of tipranavir/ritonavir (tipranavir 500
mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg twice a day) on the pharmacokinetics
of zidovudine and zidovudine glucuronide as well as the effects of zidovudine on the pharmacokinetics of
TPV/RTV in healthy volunteers

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, parallel, multiple dose study. A
total of 60 healthy subjects were evenly randomized to either 500 mg/100 mg TPV/RTV or 750 mg /200
mg TPV/RTV dose group. 54 subjects completed the study. The scheme of the study design’is shown
below:
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Study Day. .
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[+ = Blood samples for pharmacokinetic profile ‘
Biood sample for trough determination of TPV/RTV (8:00 PM)
= once daily dosing (8:00 AM)

twice daily dosing (8:00-AM and 8:00 PM)

_7
a #
i

b =
: ' DV = zidovudine, 300 mg _
l S PO %E\//RW = tipranavir/;itonavir admiinistration, 500 mg/100 mg and 750 mg/20f

The overall demographic characteristics of 60 subjects were as following: Male (46.7%) and female
(53.3%); White (86.7%) and Black (13.3%).

INVESTIGATOR AND STUDY LOCATION: . t

]

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Retrovil: 300 mg tablets.

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of
ZDV/GZDV concentrations on Days 1 and 13 prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 3, 4,
5, 6, 8, 10, 12 and 24 post dose, and for assay of TPV concentrations on Days 12 and 13 prior to
the dose (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12 post dose.

ASSAY: Plasma samples were analyzed for TPV by - C .
usina a validated hiah performance liquid chromatography T
) ], method. The calibration curve ranged from
— ¥ng/mbLto L ... .1 ng/mL. ZDV/GZDV concentrations were performed also by iC
1 using a validated high performance liquid chromatography C
: 3 method. The calibration curves ranged from —to
T 3 ng/mL for ZDV and from C. A ng/ml. for GZDV.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation
for Crax, Cpi2n and AUCy. 1o, were provided for TPV/RTV (with and without ZDV) and geometric
means and coefficients of variation for Cy,5,, Coen and AUC,. 12, were provided for ZDV and GZDV

135



(with and without TPV/RTV). The geometric mean ratios with 90% confidence intervals were
calculated between comparison groups.

PHARMACOKINETIC RESULTS:

Table 1. Summary of the sing_le-dose pharmacokinetic parameters of ZDV with and without TPV/RTV and
their geometric means with 90% confidence intervals

Geometric
Range Rénge
PK. - LAB . Mini- Med- Haxi- Lower Upper
© PARAMETER UN_IT TREATMENT DAY N wum ian muit Mean Limit Limit
AUC 0-12h h*ug/eib  ZDV WITH TPV BOOMG/RTV 10 13 29 1.49 1.83 1,13 2.06
ZDV WITHOUT TPV BOOMG/RTV 1 29 2.61 2,66 . 1.96 3.61
h*ug/mL  ZDV WITH TPV 75QMG/RTV 20 13 25 1.71 1.75 1.42 2.17
ZDV WITHOUT TPV 750MG/RTV 1 26 2.60 2.61 2'.03 3.35

1

¢6h ug/mL ZDV WITH TPV SOOMG/RTV 10 13 20 0,03 .03 0.02 0.04
2DV WITHOUT TPV SOOMG/RTV 1 29 0.03 \ 0.03 0.02 0.05
ug/mL 20V WITH TPV 7BOMG/ATY 20 13 25 Q,04 . 0,04 0.03 0.06
ZDV WITHOUT TPV 750MG/RTV 1 25 0,03 0.03 0.02 0.05
CHAX ug/mk 20V WITH TPV SOOMG/RTV 10 13 29 0.78 0.76 0.49 1.20
ZDV. WITHOUT TPV B00MG/RTV 1 29 2.12 1.98 1.18 3.28
ug/mL 2DV WITH: TRV 750MG/RTV 20 13 28 0.74 0.e1 0.569 .10
' 20V WITHOUT TPV 750MG/RTV 1 25 2,10 1.83 1.18 2,89

Table 2. Summary of the pharmacokinetic parameters of GZDV with and without TPV/RTV and their
geometric means with 90% confidence intervals

Geometrio
Range Range
PK LAB Mini- ‘Med- Maxi- Lower Upper
PARAMETER  UNIT TREATMENT DAY N mum ian mum Mean Limit Limit
AUG 0-12h hrug/mL  gZDV WITH. TPV SOOMG/ATV 1 13 29 16.10 15.00 12,138 18,56
¢ZDV WITHOUT TPV BOOMG/RT 1 29 16,33 14.75 12.06 18.04
h*ug/mL gZDV WITH TPV 750MG/RTV 2 13 25. 15.85 15.77 12.78 19.80
gZ0Y WITHOUT TPV 750MG/RT i 25 13.85 14.46 11.64 17.87
Céh ug/mL gzbv WITH TPV SOOMG/ATV 1 13 28 \ 0.24 \ 0.25 0.15 0.41
gZov WITHOUT. TPV SOOMG/RT 1 29 Q.16 0,17 0.11 0.25
ug/mb 9ZDV WITH TPV 750MG/RTV 2 13 25 0.34 0.31 0.20 | 0.48
QZDV WITHOUT TPV 760MG/RT 1 25 0.186 0.16 Q.09 0.30
CHAX ug/fmL g20V WITH TPV -5Q0MG/RTV 1 13 29 7.87 7.68 6.26 g.41
9Z0V WITHOUT TPV SQ00MG/RT 1 29 9.61 9.40 6.74 13.12
ug/mL gZbV WITH TPV 760MG/RTV 2 13 25 7.76 7.60 5.98 9.65
92DV WITHOUT TRV 750MG/RT 1 25 8.93 9.31 7.06 i2.29
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Table 3. Summary of the steady-state pharmacokinetic parameters of TPV with and without ZDV and their
geometric means with 90% confidence intervals

Geomeatric
) Range Range
PK LAB Mini- Med- Maxi- Lower Upper
PARAMETER ~ UNIT- ° TREATMENT DAY N mum ian mom- Mean timit Linit
AUC 0-12h  umoL TPV BOOMG. WITH.ZDV 13 29 814.77 850.76 867.53  1275.33
: TPV 500M@ WITHOUT ZDV 12 28 1009.41 1032.20 703.86  1518.70
umoL TPV 760MG WITH 2DV - 13 26 ¢ 1020.32 . 1974.87  1400.49  2784,82
: TPV 750MG WITHOUT ZpV 12 25 1988.79 1940.76  1287.02  2026,58
C12h umol. TRV S00MG WITH. 2OV 1B 29 / 24.66 23.76 12.36 45.66
TPV 500MG WITHOUT ZOV 12 20 35.41 30,92 15.66 61,08
umol, TPV 750MG . WITH Z0v 13 25 90,96 89.69 48,67 165.28
TRY 750MB WITHOUT ZOV 12 25 79,67 83,76 87.20 188.62
CHAX umoL TPV S00MG WITH ZDV 13 29 130.26 130.81 92.22 185,64 -
TPV 500M@ WITHOUT ZDV 12 29 153,60 150.66 110.387 206.65
umol - TRV 750MG WITH ZDV 18 26 258,98 261,89 205.15 933,06
TPV 7504G WITHOUT zOv 12 25 278,12 256.04 186.77 343.63

Table 4. Summary of the steady-state pharmacokinetic parameters of RTV with and without ZDV and
their geometric means with 90% confidence intervals

Geometric
Range Range
PK LAB Mini- Ned- Maxi-. Lower Upper
PARAMETER "UNIT TREATMENT DAY N oum ian mum Mean Limit Limit
AUC 0-12h h*ug/mL  RTV 100MG WITH ZDV 13 29 3.39 3.32 2.03 5.44
RTY 100MG WITHOUT zZoV 12 29 5.456 3.94 1.96 7.90
h*ug/mL  RTY 200MG -WITH.2ZbV 13 24 " 11,54 11.40- 6. 95 18.70
ATV 200MG WITHOUT 20V 12 24 14.36 13.862 8.185 22.40
C12h ug/mt RTV 100MQ WITH ZDV 13 29 0.02 0.02 0,01 0.04
RTV 100MG WITHOUT ZDV 12 2 / 0.03 0.02 0.01 0.05
ug/mk RTV 200MG WITH ZDV 13 24 0.10 0.12 0.05 0.28
RTV 200MG- WITHOUT ZDV 12 24 0.11 0.12 0.08 0.31
ChAxX ug/m RTV 100MG WITH ZDV i3 29 0.96 1.01 0.63 1.64
ATV 100MG WITHOUT ZDV 12 29 1.33 1.14 0.61 2.14
ug/mL ATV 200MG WITH 2OV 13 24 3.05 2.96 1.88 4.85
ATV 200MG WITHOUT 20V 12 24 3.15 3.08 - 1.83 5.18
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Table 5. Summary of geometric mean ratios and 90% confidence intervals for pharmacokinetic
parameters for the coadministration of TPV/RTV with ZDV

| TPV 500/RTV 100 m | | TPV 750 mg /RTV 200 mg |
N Ratio 90% CI N Ratio 90% Cl

ZDV Cinax 29 0.39 0.33-0.45 | 25 0.44 0.36-0.54
Cosn 29 0.89 0.81-0.99 | 25 1.25 1.08-1.44

AUCq.10n | 29 0.57 0.52-0.63 | 25 0.67 0.62-0.73

GZDV Crnax 29 0.82 0.74-0.90 | 25 0.82 0.73-0.92
Cosn 29 1.52 1.34-1.71 | 25 1.94 1.62-2.31

AUCo1on, | 29 1.02 0.97-1.06 | 25 1.09 1.05-1.14

TPV Crnax 29 0.87 0.80-0.94 | 25 1.02 0.94-1.10
Co12n 29 0.77 0.68-0.87 | 25 1.07 0.86-1.34

AUCy 0n | 29 0.82 0.76-0.89 | 25 1.02 0.92-1.13

RTV Crmax 29 0.89 0.77-1.03 | 25 1.17 0.82-1.68
Cot2n 29 0.91 0.72-1.15 | 22 0.92 0.76-1.11

AUCy.on | 29 0.84 0.73-0.98 | 25 1.09 0.69-1.72

Figure 1. ZDV Cpnax, Cpen and AUC.12, with and without TPV/RTV by subjects (Solid line represents
median value)
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SAFETY RESULTS: In general, consistent with other TPV trials, Gl events were the most frequently
observed AEs. There were no SAEs in the study (See details in Medical officer's review).

CONCLUSIONS AND DISCUSSION: The interaction of tipranavir with zidovudine was initially studied in
Study 1182.6 where TPV was found to decrease ZDV AUC and C,.x by 47% and 68%, respectively. This
study confirmed that coadministration of TPV/RTV with ZDV markedly decreased ZDV exposure, i.e.,
AUC 143% at TPV 500 mg/RTV 100 mg dose and AUC 133% at TPV 750 mg/RTV 200 mg dose.
However, zidovudine glucuronide exposure (Cpax and AUC) was not affected by the coadministraion of
TPV/RTV. Tipranavir exposure (Crax, Cpizn @nd AUC.12,) decreased about 13-23% when coadministered
with ZDV at TPV/RTV 500 mg/100 mg group, while tipranavir exposure decreased slightly 2-7% when
coadministered with ZDV at TPV/RTV 750 mg/200 mg group. Ritonavir PK was not affected by
coadministration of ZDV.

Zidovudine is renally eliminated with greater than 70% unchanged drug and the reminder is excreted as
the glucuronide metabolite, GZDV. Ritonavir is reportéd to have interaction with zidovudine likely due to
interaction with the glucuronyl transferase. Ritonavir is an UGT inducer and UGT is involved in the
metabolism of zidovudine. Other possible mechanism is that TPV and/or RTV induce transporters
involved in the renal excretion of ZDV and GZDV.

At the proposed clinical dose, 500 mg TPV/200 mg RTV, when co-administered with 300 mg ZDV, ZDV
plasma exposure is expected to have about 30-40% decrease based on the data from this study. The
clinical consequence of this interaction is not clear. The PK of either TPV or RTV is unlikely to have
changes at the dose level of 500 mg/200 mg when coadministered with ZDV.
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1182.41

TITLE: A single-center, open-label, randomized, parallel, multiple dose comparison of the effect of
tipranavir 500 mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg, administered daily on
three non-consecutive days and twice daily for 7 days, on the pharmacokinetic characteristics of efavirenz
600 mg a day in healthy adult volunteers

OBJECTIVES: To characterize the effect of fwo dose combinations of tipranavir/ritonavir (tipranavir 500
mg and ritonavir 100 mg or tiprnavir 7560 mg and ritonavir 200 mg) on the pharmacokinetics of efavirenz
(EVZ) 600 mg

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, two-dose, parallel group study
in healthy adult volunteers to investigate the pharmacokinetic interaction between tipranavir/ritonavir and
efavirenz. A total of 68 subjects entered the study and were randomized into two TPV/RTV dose groups
by 1:1 ratio. Subjects were scheduled to take both TPV and RTV for 10 days and EFV for 17 days.

Day 1: EFV 600 mg, single dose

Day 3: TPV 500 mg/RTV 100 mg or TPV 750 mg/RTV 200 mg single dose

Day 4: No drug

Day 5: TPV 500 mg/RTV 100 mg or TPV 750 mg/RTV 200 mg single dose plus EFV 600 mg single dose
Day 6: No drug

Days 7-13: EFV 600 mg QD

Day 14: TPV 500 mg/RTV 100 mg or TPV 750 mg/RTV 200 mg single dose plus EFV 600 mg QD

Days 15-21: 500 mg/RTV 100 mg or TPV 750 mg/RTV 200 mg BID plus EFV 600 mg QD

Day 22: No drug

The overall demographic characteristics of 20 subjects were as following: Male (66.2 %) and female
(33.8%); White (63.2%), Black (30.9%) and Asian (5.9).

INVESTIGATOR ANg STUDY LOCATION: T

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Sustiva: 200 mg capsules

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of EFV
concentrations on Days 1, 5, 13, 14 and 21 and of TPV/RTV concentrations on Days 3, 5, 14 and
21 prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12 and 24 post dose. Additional
samples for trough concentration were taken for EFV on Days 12 and 20 and for TPV/RTV on
Day 20.

ASSAY: Plasma samples were analyzed for TPV and ritonavir using a validated high performance
liquid chromatography [ J method. The
calibration curve ranged from ~— ng/mLto =— ng/mL. EFV concentrations were determined by a
validated high performance liquid chromatography T

,Jmethod. The calibration curve ranged from-~— pg/mLto — ug/mL.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation
for Cimax, Cpaan and AUCo..4, Were provided for efavirenz (with and without TPV/RTV) and
geometric means and coefficients of variation for Cpay, C1on and AUCy.42, Were provided for
tipranavir co-administered with RTV and with and without efavirenz. The geometric mean ratios
with 90% confidence intervals were calculated between comparison groups.
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PHARMACOKINETIC RESULTS:

Table 1. Geometric means of the single-dose and steady-state pharmacokinetic parameters of EFV,
alone and in combination with single-dose and steady-state TPV/RTV

| EFV in TPV/RTV 500/100 mg group| | EFV in TPV/RTV 750/200 mg group]
Day | n | Copun (umol) | Ciax(pmol) | AUCo an(pmol*h) | 0 | Copgn (MOI) | Cinax (wmol) | AUCq an(tmol*h)
1 331210 5.82 132.51 32 | 2.31 6.26 164.46
5 33 | 2.40 8.63 155.92 321249 8.64 161.34
13 28 | 4.63 10.37 154.84 28 | 4.38 10.44 148.05
14 28 | 4.82 12.27 172.36 28 | 4.66 12.73 170.88
21 24 | 4.44 10.73 151.94 22 1 3.93 10.92 143.07

Table 2. Summary of geometric mean ratios and 90% confidence intervals for single-dose and steady-
state pharmacokinetic parameters of EFV in combination with single-dose and steady-state TPV/RTV

TPV 500 mg/RTV 100 mg TPV 750 mg/RTV 200 mg
90% CI _ 90% CI
“Drug Name PK Number Number ' » o
" (Substrate) Parameter | Subjects Ratio | Lower  Upper ‘Sylvlljf.:c_t&. Ratio | Lower v Upper
: - Day 1{(EFV (sd) single dose). vs. Day 5 (EFV, TPV/RTV sd)
AUC 30 1.19  1.05 134 26 1.08 0:.98 1.20
Cinax 30 1.48 1.35 L.62 26 1.30 1.18 1.44
C24h 30 1.14 1.03 1.27 26 1.08 0.96 1.21
AUC! 30 1.04 091 1.18 26 0.92 (1)3; igg
i Cmax' 30 137 124 150" 26 1.19 . .
Bfavizons C24b} 30 101 090 112 | 26 0:95 . 0.84 1.07
Day 13 (EFV at (ss) steady state} vs. Day 14 (EFV at ss with sd TPV/RTV)
AUC 28 111 1.08 115 28 1.15 1.11 1.20
Cmax 28 1.18 1.12 1.25 28 1.22 115 129
C24h 28 1.04  1.00 108 | 28 107 _ 099 1.14
. Day 13 (EFV at s5) vs. Day 21 (EFV at ssand TPV/RTV atss)
AUC 24 .04 0.97 112 22 1.00 093 1.69
Cmax 24 1.09 099 1.19 - 22 1.12 0.98 1.28
C24h 24 102 0.92 1.2 4 22 0.94 0.84 1.04- .

*Diy 5 AUC, Cruax and C24h corrected for carryover efavirenz concentrations from Day 1
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Figure 1. Effect of single-dose TPV/RTV 500/100 mg or 750/200 mg (Day 14) on the steady-state EFV
pharmacokinetic parameters (Day 13) (Cp24n, Cmax @and AUCq.24n)
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Figure 2. Median steady-state plasma concentration vs. time profile of EFV alone (Day 13) and in
combination with steady-state TPV/RTV 500/100 mg or 750/200 mg BID (Day 21)
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Table 3. Geometric means of the single-dose and steady-state pharmacokinetic parameters of TPV and

RTV in combination with single-dose and steady-state EFV

P Tipranavir [
TPV/RTV 500/100 mg | TPV/RTV 750/200 mg
Day Coton (umol) | Cpay (umol) | AUCo.qan(umol*h) Cpizn (umoOl) | Crnax (pmol) | AUCo.qon(mol*h)
3 18.32 71.65 619.20 35.52 111.24 1069.84
5 16.00 66.14 559.83 31.86 101.63 991.24
14 4.55 42.30 265.40 22.47 79.27 736.24
21 7.71 92.59 511.61 44.69 182.60 1351.76
Ritonavir

. TPV/RTV 500/100 mg TPV/RTV 750/200 mg
Day Cptz2n (LG/MLI) Crax (Lg/mL) AUCqqon(ug/mL*h)|  Cppon (UG/MLI)  Crae (ug/mL) AUCq.qon(g/mL*h)
3 0.04 0.45 2.63 0.13 1.05 6.49
5 0.02 0.28 1.60 0.09 0.99 5.84

14 0.00 0.12 0.78 0.05 0.45 2.67
21 0.01 0.25 0.76 0.04 0.88 4.21

Table 4. Summary of geometric mean ratios and 90% confidence intervals for single-dose and steady-
state pharmacokinetic parameters of TPV/RTV in combination with single-dose and steady-state EFV

TRV 500 mg/RTV 100 mg TPV 750 mg/RTV 200 mg
90% CI 90% CI
| Drag Name PK Number Number
(Substrate) Parameter | Sabjects Ratio | Lower Upper. | Subjects Ratio | Lower Upper

Day 3(TPV/RYV (sd) single dose) vs. Day's (TPV/RTV and EFV sd dose)
AUC 24 092 0:81 1.04 26 0.93 0.79 1.10
Cmax 24 0.93 0.82 1.06 26 0.91 0.81 1.03
Cl12h 24 0.90 0.78 1.04 26 0.88 0.6%9 1.11

Tipranavir Day 3 (TPV/RTV sdj vs. Day 14 {TPV/RTV sd and. BFV at (ss).steady state)
AUC 21 043 035 0.52 25 g66  0.56 0.79
Cmax 21 0.61 0.51 0.72 25 0.69 0.58 0.83
C12h 21 023 016 0.33 25 0.64  0.52 0.7%
Day 3.(TPV/RTV sd) vs: Day 21 (TPV/RTV and EFV at g5)

AUC 19 0.86 071 .05 |} 19 1.30 1.1 .1.52
Cmax 19 1.35 1.14 1.60 19 1.62 1.42 1.84
Cl2h 19 0.39 024 061 | 19 1.38 0:95 1.99

Day 14 (TPV/RTV sd and EFV atss) vs. Day. 21 {TPV/RTV and EFV at g5)
AUC 18 1:.94 1.57 240 | 19 1.78 1.54 207
Cimax 18 217 1.75 2.69 19 2.14 1.81 2.54
C12h 18 1.71 1.10 2.67 . 19 1.92 1.47 2.5})

Day 3 (TPV/RTV sd) vs. Day 5 (TPV/RTV and EFV sd dose)
AUCT 22 .59 0.44 0.78 21 0.88 0.63 1.22
Cmax 22 0.60 0.46 0.177 21 0.88 0.68 1.14
Cl2h 22 0.57 0.34 0.96 21 0.74 0.45 1.22
Ritonavir Day 3{TPV/RTY sd) vs. Day 14 (FPV/RTV sd and EFV at ss)
AUC 12 0.24 0.14 0.42 25 043 0.31 0.60
Cmax 12 0.32 0.22 0.47 25 0.44 0.34 0.57
C12h 12 .07 0.01 0.36 | 25 0.44 0.27 0.72
Day 3 {TPV/RTV sd} vs. Day 21 (TPV/RTV and EFV at ss)

AUC 16 049 0.27 0.86 19 0.30 0.58 1.40
Cmax 16 0.67 0.39 1.13 19 1.02 0.71 147
Cl2h 16 0.21 0.09 0.48 19 0.51 0.25 1.03

Day 14 (TPV/RTV sd and EFV at s5) vs. Day 21 (TPV/RTV and EFV at 5¢)
AUC 7 1.53 0.63 371 20 1.84 1.41 2.39
Cmax 7 1.49 0.97 2.29 20 2.23 1.73 2.87
C12h 7 5.15 0.17 160.10. 20 0.92 0.57 1.47
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Table 5. Median ratios (90% Cls) of steady-state pharmacokinetic parameters of TPV and RTV after
administration of 500/100 or 750/200 mg BID alone (data from historic studies) and in combination with
steady-state EFV 600 mg QD

69

(069-089) (057-083)  (0.36-0.86)

097 Lo 0.97
(085~1.09)  (0.85-1.18)  (0:69-1.28)

SAFETY RESULTS: In general, both doses'of TPV/RTV were moderately well tolerated in this trial. No
new or unexpected safety issues were reported in the study.

CONCLUSIONS AND DISCUSSION: Efavirenz is metabolized extensively by cytochrome P450 3A4 and
2B6. EFV is also an inducer and inhibitor of CYP3A enzyme and can decrease the concentrations of
drugs that primarily depend upon CYP3A metabolism. Both tipranavir and ritonavir are substrates as well
as inducers of CYP3A. Ritonavir is also a potent inhibitor of CYP3A. Ritonavir increases the half-life and
trough levels of TPV when used together. Because TPV/RTV is recommended together, the
pharmacokinetic interaction of this combination with other HIV drugs is important to understand. This
study demonstrated that both single-dose and steady-state TPV/r (500/100 mg or 750/200 mg) did not
substantially affect the steady-state AUCq.12n, Cmax@nd Cpoan of EFV. Steady-state EFV markedly
decreased single-dose TPV AUC (500/100, -57%; 750/200, -34%), Cmax (500/100, -39%; 750/200, -31%)
and Cpq2 (500/100, -77%; 750/200, -36%) and single-dose RTV AUC (500/100, -76%; 750/200, -57%),
Chax (500/100, -68%; 750/200, -56%) and Cgq2n (500/100, -93%; 750/200, -56%). Steady-state efavirenz
decreased steady-state TPV AUC 31%, Cmax 21% and Cpizn 42% at the 500 mg/100 mg regimen,
respectively, based on the cross study comparison (Studies 1182.5, 1182.22, 1182.37 and 1182.46).
However, steady-state efavirenz had little effect on steady-state TPV AUC, Cpax and Cpqzy at the
tipranavir/ritonavir 750 mg/200 mg regimen by the cross study comparison (Studies 1182.5, 1182.22,
1182.37, 1182.46 and 1182.55).

The change of pharmacokinetic parameters of TPV was less pronounced in the RTV 200 mg group,
suggesting that inhibition of CYP3A by the 200 mg RTV partially counteracted the effects of CYP3A
induction by EFV. It is anticipated the effect of EFV on TPV/RTV 500/200 mg would be less than or
similar to that of EFV on TPV/RTV 750/200 mg. A dose adjustment of TPV/RTV will not be needed in the
presence of efavirenz.
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1182.42

TITLE: An open-label, randomized, parallel group study of the drug-drug pharmacokinetic interaction of
steady state tipranavir 500 mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg, both bid
for 13.5 days with single dose didanosine 400 mg (delayed release capsule EC beadlets) in healthy
volunteers

OBJECTIVES: To characterize the effect of two dose combinations of tipranavir/ritonavir (tipranavir 500
mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg twice a day) on the single-dose
pharmacokinetics of ddl as well as the effects of single-dose ddl on the pharmacokinetics of TPV/RTV in
healthy volunteers '

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, parallel group study. A total of

23 healthy subjects were enrolled and treated (11 in 500 mg/100 mg TPV/RTV and 12 in 750 mg /200 mg
TPV/IRTV dose group). The scheme of the study design is shown below:

bbb bbb b bbb bbb a o

q

B q
oAl 4 2.:I;3.l_ 4

Hiudy DY
Bic samples

o . Y - . ﬁ]e .

B - Biood samples for pharmacokinetic profile s
; * ~ Blood sample for trough deterrination of TPV/RTV {7:00 9:00 am)
) ; = ofnice daily dosing (#:60 - 9:00 am) . )
% qb = twice daily dosing {7:00 - 9:00 am and 7:00 - 9:00 pm}
= didanosine 400 ™mg )
§ ig:'mw = tipranvirfrifonavir administration (mg): 5007100 or 750/200
'3

All morning doses of medication were taken after an overnight fast. Breakfast was consumed one hour
after morning dose. No meal was permitted one hour before or after evening dose.

Due to adverse events, 5 of the 11 subjects in 500 mg/100 mg TPV/RTV dose groups and 1 of the 12 in
750 mg /200 mg TPV/RTV dose group completed the treatment (Please refer to Medical Officer's review).

The overall demographic characteristics of 23 subjects were as following: Male (78.3%) and female
(21.7%); White (100%).

INVESTIGATOR AND STUDY LOCATION: T
]

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Videx EC: 400 mg delayed release capsule EC beadlets

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of ddl
concentrations on Days 1 and 15 prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10,
12 and 24 post dose, and for assay of TPV concentrations on Days 14 and 15 prior to the dose (0
hour)and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12 post dose.

ASSAY: Plasma samples were analyzed for TPV by L i .
1 using a validated high performance liquid chromatography C
1 method. The calibration curve ranged from
— ng/mLto — ng/mL. ddl concentrations were performed also by C
1 using a validated high performance liquid chromatography T
1 method.
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PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation
for Crmax, Cp12n @and AUCq.1on were provided for TPV/RTV (with and without ddl) and geometric
means and coefficients of variation for Crax, Cpen and AUCq.12, were provided for ddl (with and
without TPV/RTV). The geometric mean ratios with 90% confidence intervals were calculated
between comparison groups.

PHARMACOKINETIC RESULTS:

Table 1. ‘Summary of the single-dose pharmacokinetic parameters of ddl with and without TPV/RTV

Day 1 Day 15
Mean (SD) Mean (SD)

-1 TPVIRTV| N Crnax Coen AUCo.qon | N Cinax Cosn AUCq.121
(mg/bid) (ug/mb) | (ug/mL) | (hr-pg/mL (ug/ml) | (ug/mL) | (hr-pg/ml
500/100 | 11 1.308 0.090 2.770 5 1.130 0.139 2.401

(0.728) | (0.074) | (1.237) (0.608) | (0.023) | (0.955)
750/200 | 12 1.470 0.129 3.224 1 1.145 0.170 3.183
(0.671) ](0.103) | (1.372) '

Table 2. Summary of the steady-state pharmacokinetic parameters of TPV with and without dd!

Day 14 Day 15
Mean (SD) Mean (SD)
TPVIRTV| N | Cax Cpi2n AUCq.121 N | Crax Coizn AUCq 124
{mg/bid) (emol/mL) | (umol/mL) | (hr-umol/mL) {umol/mL] (umol/mL)| (hr-pumoi/mL)
500/100 | 5 | 98.61 12.73 559.56 5 129.61 9.57 597.94
(26.39) (6.37) (117.29) (29.99) | (5.81) (77.89)
750/200 | 1 | 227.65 35.90 1520.57 1 202.50 31.15 1365.00

Table3 . Summary of the steady-state pharmacokinetic parameters of RTV with and without ddl

Day 14 Day 15
Mean (SD) Mean (SD)
TPV/RTV N Cmax Cp12h AUC0—1.’2h N Cmax Cp12h AUCO-12h
(mg/bid) (ug/ml) | (ug/mL) | (hr-ug/mL) (ng/ml) | (ug/mlL) | (hr-pg/ml)
500/100 | 5 | 047 0.00 1.71 5 0.52 0.00 1.78
(0.23) (0.00) (1.12) (0.35) (0.00) (1.13)
750/200 | 1 0.62 0.00 2.24 1 0.90 0.00 3.70
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Table 4. Summary of geometric mean ratios and 90% confidence intervals for pharmacokinetic
parameters for the coadministration of TPV/RTV with ddlI

| TPV 500/RTV 100 m | | TPV750mg /RTV200mg |
N Ratio 90%Cl |N Ratio 90% Cl
ddl Crnax 5 0.90 0.72-1.11 | - - -
Cosn 5 0.80 0.63-1.02 | - - -
AUCorn | 5 1.17 0.62-2.20 | - - -
TPV Conax 5 1.32 1.09-1.60 | - - -
Cotzn 5 0.66 0.31-1.43 | - - -
AUCo.on | 5 1.08 0.82-1.42 | - - -
RTV Crmax 5 0.86 0.26-2.81 | - - -
Cpizn 5 - - - - -
AUCo1n | 5 0.78 0.20-3.05 | - - -

Figure 1. ddl Cpax, Cpsn and AUCq.12, with (Day 15) and without TPV/RTV (Day 1) by subjects
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Figure 2. TPV Cpax Cpi2n and AUC. 12, with and without ddl by subjects
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Figure 3. RTV Cpax and AUC,.12, with and without ddi by subjects
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SAFETY RESULTS: Please refer to Medical Officer’s review.

CONCLUSIONS AND DISCUSSION: The interaction of tipranavir with ddl was initially studied in Study
1182.6 where enteric-coated didanosine AUC values were reduced by 33% at the TPV/r 250 mg/200 mg
dose level but there were no changes at the 1250 mg/100 mg and 750 mg/100 mg dose levels. In this
study, the interaction of dd! with co-administered TPV and RTV could not be evaluated for the group of
subjects that received TPV/RTV 750 mg/200 mg because early discontinuations provided only a single
subject on Study Day 15. For the group of subjects that received ddl in the presence of TPV/RTV 500
mg/100 mg early discontinuation also reduced the number of subjects on Study Day 15 from 11 to 5.
Results from the five completed subjects showed that AUC and C,.x of ddl were not significantly changed
with the coadministration of TPV/RTV, however the 90% confidence intervals were quite large indicating
the high degree of variability. While TPV AUC was not changed when coadministered with ddl, Cpax
increased about 30% and C,42, decreased about 30% with wide 90% Cls. Cna and AUC of RTV were not
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changed when coadministered with dd| but with wide 90% Cls. The changes of RTV Cy42, could not be
evaluated as concentrations were below limit of quantitation for all subjects on Study Days 14 and 15.
Thus this study failed to provide a definitive characterization of the interaction between ddl and TPV/RTV
due to inadequate number of subjects completed the study for data analysis. Further study may be
needed to fully characterize the extent of the interaction between ddl and TPV/RTV at the proposed dose
level, 500 mg/200 mg.

Appears This Way
On Original
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1182.44

TITLE: A single-center, open-label study in healthy volunteers to determine the effects of steady-state
TPV/r (500 mg/200 mg) on the single-dose pharmacokinetics of rifabutin 150 mg, and the effects of
single-dose rifabutin (150 mg) on the steady-state pharmacokinetics of TPV 500 mg (co-administered
with RTV 200 mg)

OBJECTIVES: To determine the effects of steady-state TPV/r (500 mg/200 mg) on the single-dose
pharmacokinetics of rifabutin (RFB) 1560 mg, and the effects of single-dose rifabutin (150 mg) on the
steady-state pharmacokinetics of TPV 500 mg (co-administered with RTV 200 mg)

SUBJECTS AND STUDY DESIGN: This was an open-tabel study conducted in healthy aduit subjects.
110 subjects were screened for the study and 24 subjects entered the study. Briefly, subjects received:

Days 1: RFB (150 mg) at 8 AM
Day 8-20 TPV/r (500 mg/200 mg) BID
Day 15: RFB (150 mg) at 8 AM

Medicines were allowed to be taken with food, except on pharmacokinetic sampling days.

The overall demographic characteristics of 23 subjects were as following: Male (83.3%) and female
(16.7%); White (91.7%), Black (8.3%), and Hispanic (8.3%).

INVESTIGATOR AND STUDY LOCATION: [
7

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Mycobutin: 150 mg capsules

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of RFB
and its metabolite, 25-O-desacytal-RFB concentrations prior to the dose (0 hour) and at 0.5, 1,
15,2,3,4,5,86, 8,10, 12, 24, 48, 72, 96, 120 and 144 post dose on Days 1-7 and 15-21. Blood
samples were collected for assay of TPV concentrations prior to the dose (0 hour) and at 0.5, 1,
1.5,2, 3, 4,5, 6, 8, 10 and 12 post dose on Days 14 and 15. i

ASSAY: Plasma samples were analyzed for TPV by - . )
1 using a validated high performance liquid chromatography T
1 method. The calibration curve ranged from
~ ng/mLto. — ng/mL. RFB and 25-O-desacetyl-RFB concentrations were performed by
L J using HPLC, — method.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation
for Cpax» Cp1z and AUCq... (or AUCq.12n) were provided for RFB and its metabolite, 25-O-desacetyl-
RFB with and without TPV/RTV, and for tipranavir co-administered with RTV with RFB. The
geometric mean ratios with 90% confidence intervals were calculated between comparison
groups.
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PHARMACOKINETIC RESULTS:
Table 1. Summary of RFB pharmacokinetics on study Day 1 (alone) and study Day 15 (RFB + TPV/r)

Pl

‘ . Geé. Harm.
PK Pavdmieter Day | Mean  SD Min _ Median  Max Mean __ Mean
Cipax (ng/mL) 1| 18032 91.60 T 15650 © 16203
' 15| 28380 7345 283.00 ¢ 27553
Cpipplagml) | 1| 5075 2332 4895 46.71
15 10326 2772 99.25 100.06
(heng/mL) L{ 2443 1241 2157 2217
15] 6630 1683 / 6206 6441
1 Tax () ©1 3.6 Lo 3.0 35
15 4.3 1.0 ~4.0 4.1
A (h-i) 11 0.02034 0.01525 0.01340 0.01679
15| 0.01098 0.00287 0.00975 0.01064
t1y2 () 1 471 . 2086 518 413 341
15 67.0 159 712 5.1 63.2
Tiast () 1 115.2 28.7 120.0 110.9
15 144.0 0.0 144.0 144.0
Cplast (ng/mL) 1 2.93 1.19 2.55 2.78
15 11.05 3.40 10.70 10.50
CIF (L/h) 1 73.7 316 69.6 67.7
15 24.0 5.7 24.2 23.3
V(L) 1 4442 1882 4368 4028
: 15 2276 591 . 2318 2188

Note: n = 20 subjects; Geo. Mean = geometric mean; Harm, Mean =harmenic mean
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Table 2. Summary of 25-O-desacetyl-RFB pharmacokinetics on study Day 1 (alone) and study Day 15

(RFB + TPVIr)
' : " Geo. Harm.
PK Pasameter | Day | Mean SD. Min _ Median . Max Mean Mean _
[Caax (g/mly | 1 20.68 9.29- 20.40 - 18.72
I 15 6217 18.88 56:10 59.83
Cpimeml) | 1| 609 335 491 5.40
' 15:]  43.70 11.80° 43.80 - - 4224
| AUCq-
: (heng/iiL) i 210 122 175 182
15 3878 957 3716 3775
 Trnax () 1 3.7 .0 3.0 - 36
15 5.9 1.2 / 6.0 5.8
A ) 1| 0.11489  0.04292 0.11301 0.10719
. | 15| 0.01112  0.00302 0.01007 0.01080
tad) H 6.9 2.8 6.1 6.5 6.0
. 15 65.9 14.2 68.9 64.2 62.3
“Tiast (B) 1 19.8 8.9 24.0 18.2
‘ 15 144.0 0.0 144.0 144.0
Cpilase (ng/ml) 1 3.40 0.95 3.28 3.27
15 8.71 2.62 845 8.32

Note: 11-= 20 slibjects; Geo. Mean = geometric mean; Harm. Mean = harmonic mean

Table 3. Summary of geometric mean ratios and 90% confidence intervals for RFB and 25-O-desacetyl-
RFB AUC, Cpax and Cpq2n when single-dose RFB was co-administered with steady-state TPV/r

PK Parameter n % Change Ratio 90% CI
REB(parent)

AUCp.. (heng/ml) 20 190 2.90 (2.59, 3.26)
C e (/ML) - 20 70 1.70 (1.49, 1.94)
Cpiop (ng/ml) 20 114 AL (1.90, 2.41)
25-0-desacetyl-RFB (metabolite) ,

AUCq. (heng/mL) 20 1971 20.71 (17.66,24.28)
Coae (ng/mL) 20 220 3.20 (2.78, 3.68)
Cpyon (ng/mlL) 20 683 7.83 (670, 9.14)
REB + 25-O-desacetyl-REB (parent + metabolite)

AUCq.00 (hepM) 20 . 333 ~ 433 (3.86, 4.86)
Cinax (WM) 20 86 1.86 (1.63,2.12)
Cpian (BM) 20 176 2.76 (2.44,3.12)

Note: Subjects 2002, 2009, 2015 and 2020 omitted
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Table 4. Summary of TPV pharmacokinetics on study Day 14 (alone) and study Day 15 (RFB + TPV/r)

Day Mean ‘SD  Min__Median  Max  Mean Memn |
1 14] 4003 1904 3881 To3515
15| 4506 1972 41.41 40.95
| Com @™ | 14| 14535 37m 141.13 140.64
[ 1 15] 14531 4396 143.68 139.69
1 AUCq:42h '
1 () | | 101 - 302 980 955
15 991 286 996 953
Tonax (@) 114 29 0.6 3.0 /28
151 27 0.3 3.0 / 26
% @ty 14| 0.1567 0.0528 0.1525 0.1486
' : 15| 01322 00457 0.1198 0.1253
tin(h) 14 49 1.6 4.5 47 4.4
15" 5.8 19 5.8 5.5 .52
| CUF (W) 141 691 o031 085 0.87
15 0.91 0.27 0.83 0.87
V(L) 14 6.01 1.46 6.08 5.85
15 7.14 1.57 7.33 6.95

' Note: n=21 subjects; Gen. Me’a‘n = geometric mean; Harm. Maican = harmonic mean

Table 5. Summary of geometric mean ratios and 90% confidence intervals for TPV AUC, C,,.x and Cpizh
when steady-state TPV/r was coadministered with RFB

PK Parameter | n % Change Ratio 90% CI_
AUChn (heuM) | 21 0 1.00 (0.96, 1.04)
Cmax (uM) 21 -1 0.99 (0.93, 1.07)
Cpion (HM) 21 16 1.16 (107, 1.27)

“Rote: Subjects 2002, 2009, 2015 omitted
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Figure 1. Effect of steady-state TPV/r on RFB and 25-O-desacetyl-RFB pharmacokinetic parameters
(Cpizh, Cmaxand AUC...)
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Figure 2. Effect of single-dose RFB on TPV pharmacokinetic parameters (Cp12n, Crmax and AUCq.121)
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SAFETY RESULTS:

Consistent with previous TPV trials, Gl-related AEs were the most frequently reported AEs in the study.
There were no deaths or serious adverse events reported in the study (See details in Medical Officer’s
review).

CONCLUSIONS AND DISCUSSION:

A single 150 mg dose of RFB increased the TPV C,, at steady-state by 16% while no effect on AUC and
Cmax. However, the steady-state TPV increased a single dose RFB's AUC, Cpax and Cp12 by 2.9-fold, 1.7-
fold and 2.1-fold, respectively. This change may attribute to inhibition of CYP3A4 mediated metabolism of
RFB by ritonavir. Modification of the RFB dosing in combination with TPV/r is required. However, the
effect of multiple dose of RFB on the steady-state PK of TPV/r was not studied. The concern is that RFB
is also a CYP3A and P-gp inducer and the multiple dose of RFB might shift the balance of induction and
inhibition towards more induction side thus reduce the TPV exposure.
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1182.45

TITLE: Relative bioavailability of 500/200 mg of tipranavir/ritonavir pediatric solution compared to 500/200
mg of tipranavir/ritonavir capsules following oral administration and bioavailability of 500/200 mg
tipranavir/ritonavir pediatric solution under the influence of food in healthy female and male subjects. An
open-label, randomized, single-dose, three-way crossover trial

OBJECTIVES: To determine the relative bioavailability of 500/200 mg of tipranavir/ritonavir oral solution
compared to 500/200 mg of tipranavir/ritonavir capsules following oral administration and to determine the
food effect on the bioavailability of 500/200 mg tipranavir/ritonavir oral solution

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, single-dose, three-way
crossover study conducted in healthy adult subjects. There were three treatments for each subject:
Treatment 1: TPV/RTV 500/200 oral solution (fasted), Treatment 2: TPV/RTV 500/200 oral solution (fed,
high fat breakfast) and Treatment 3: TPV/RTV 500/200 capsules (fasted). 57 subjects were enrolled for
the study and 30 subjects entered the study. There were seven days between treatments. 30 subjects
were randomized to one of the six treatment sequences in a balanced ratio.

For Treatment 2, the dose was taken within 30 minutes after high-fat breakfast.

The overall demographic characteristics of 30 subjects were as following: Male (60%) and female (40%);
White (100%).

INVESTIGATOR AND STUDY LOCATION: [
|

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation, oral solution, 100 mg/mL. Norvir: 100 mg soft elastic capsules, oral solution 80 mg/mL.

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of TPV
and RTV concentrations prior to the dose (0 hour) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 9,
1, 24,.48 and 72 hours post dose.

ASSAY: Plasma samples were analyzed for TPV by C :
1 using a validated high performance liquid chromatography L
I method. The calibration curve ranged from
— ng/mLto. — ng/mL.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation
for Crnax and AUC,_.. were provided for TPV and RTV. The geometric mean ratios with 90%
confidence intervals were calculated between comparison groups.
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PHARMACOKINETIC RESULTS:

Table 1. Summary of the pharmacokinetic parameters of TPV for subjects receiving TPV/RTV 500/200

mg capsule, oral solution fasted and in fed state (N=30)

AUGC,... (hr-ng/mL) Capsule (fasted) Oral Solution (fasted) | Oral Solution (fed)
Mean 451000 623000 591000
SD 93900 149000 145000
Geometric mean 442000 606000 574000
CV% of geometric mean 21.4 24.8 24.8
Cmax (ng/mL) Capsule (fasted) Oral Solution (fasted) | Oral Solution (fed)
Mean 52100 76800 54100
SD 12100 13600 10600
Geometric mean 50700 75600 563100
CV% of geometric mean 24.2 18.0 20.0

Table 2. Summary of the pharmacokinetic parameters of RTV for subjects receiving TPV/RTV 500/200

mg capsule, oral solution fasted and in fed state

AUC,... (hr-ng/mL) Capsule (fasted) Oral Solution (fasted) | Oral Solution (fed)
Mean 13300 14800 14200
SD 5160 5580 6280
Geometric mean 12400 13800 13300
CV% of geometric mean 37.9 39.7 37.5

Cinax (ng/mL) Capsule (fasted) Oral Solution (fasted) | Oral Solution {fed)
Mean 2610 3120 2060
SD 1000 1300 642
Geometric mean 2430 2890 1970
CV% of geometric mean 40.8 40.7 311

Table 3. Summary of geometric mean ratios and 90% confidence intervals

TPV AUC Crnax Comparison
0.73 (0.70, 0.77) 0.67 (0.62, 0.71) Capsule (fasted) vs. Oral solution (fasted)
0.95 (0.90, 1.00) 0.71(0.67, 0.76) Oral solution (fed) vs. Oral solution (fasted)
1.30(1.23, 1.36) 1.07 (1.00, 1.14) Oral solution (fed) vs. Capsule (fasted)
RTV AUC Crax Comparison
0.92 (0.83, 1.02) 0.86 (0.76, 0.97) Capsule (fasted) vs. Oral solution (fasted)
0.96 (0.87, 1.07) 0.70 (0.62, 0.79) Oral solution (fed) vs. Oral solution (fasted)
1.05 (0.94, 1.16) 0.81(0.72, 0.92) Oral solution (fed) vs. Capsule (fasted)
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Figure 1. Comparison of plasma tipranavir pharmacokinetic parameters for subjects receiving TPV/RTV
500/200 mg capsule, oral solution fasted and in fed state
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Figure 2. Comparison of plasma ritonavir pharmacokinetic parameters for subjects receiving TPV/RTV
500/200 mg capsule, oral solution fasted and in fed state
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SAFETY RESULTS: Neither unexpected nor severe séfety issues were reported in the study (See details
in Medical Officer’s review).

CONCLUSIONS AND DISCUSSION: Comparing the results following TPV solution administered under
fed and fasted conditions, the effect of high fat meal was minimal on AUC (geometric mean ratio: 0.95
with 90% Cl: 0.90, 1.00) but significant on Cpmay, about 30% decrease (geometric mean ratio: 0.71 with
90% ClI: 0.67, 0.76). Comparing the results following TPV capsule and solution administered under the
fasted condition, geometric mean ratios with 90% Cls for AUC and C,sx were 0.73 (0.70, 0.77), 0.67
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(0.62, 0.71), respectively, demonstrating that TPV solution is about 30% more bioavailable than TPV
capsule and that these two formulations are not bioequivalent (with ritonavir co-administration) under the
fasted condition.

Comparing the results following TPV solution administered under the fed condition to TPV capsule under
the fasted condition, geometric mean ratios with 90% Cls for AUC and C,.., were 1.30 (1.23, 1.36), 1.07
(1.00, 1.14), respectively. Considering the AUCq.1n and Cpa, 0f TPV capsule increased 31% and 16%,
respectively, with a high-fat meal, the calculated geometric mean ratios for AUC and C,.x comparing the
TPV solution to TPV capsule administered under the fed condition are 0.91 and 0.90, respectively.

The relative bioavailability study design (single dose) does not provide definitive results, as discussed
below.

TPV is a dual substrate of CYP3A and P-gp. The steady state concentrations of TPV depend on the net
effect (induction or inhibition) on CYP3A and P-gp. The capsule and solution formulations have different
excipients that may have different effects on CYP3A and P-gp (The capsule formulation has Cremophor
EL and solution formulation has vitamin E polythylene glycol succinate). Thus, it is difficult to predict
relative bioavailability of these two formulations at steady-state from single-dose data given the complex
enzyme/transporter interactions during absorption. It is necessary to evaluate the relative bioavailability of
the two formulations at steady-state.
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1182.46

TITLE: A single-center, open-label, randomized, parallel, multiple dose comparison of the effect of
tipranavir 500 mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg twice a day for 11.5
days on the pharmacokinetic characteristics of tenofovir disoproxil fumarate 300 mg in healthy volunteers

OBJECTIVES: To characterize the effect of two dose combinations of tipranavir/ritonavir (tipranavir 500
mg and ritonavir 100 mg or tipranavir 750 mg and ritonavir 200 mg twice a day) on the pharmacokinetics
of tenofovir disoproxil fumarate as well as the effects of tenofovir disoproxil fumarate on the
pharmacokinetics of TPV/RTV in healthy volunteers

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, parallel, multiple dose study. A
- total of 49 healthy subjects were evenly randomized to either 500 mg/100 mg TPV/RTV or 750 mg /200
mg TPV/RTV dose group. 47 subjects completed the study. The scheme of the study design is shown
below:

b b bbb bbbbbbag

TPV/RTV
TRV q
Studly Day zla]4t5|s|7!sl9l1.o.l11 12113114
PK Samples 1 1
- = Blood saniples for pharmacakinetic profile
* = Blood sample for trough derermination of TPV/RTV (7:00 - 8:00 pm)
q = once datly. dosing (7:00 - 8:00 am)
b = twice daily dosing (7:00~:8:00 am and 7:00-- 8:00 pm)
TEV = tenofovir disoproxil fumarate, 300 mg

TPVY/RTY = t(pranawr/rmonawr adrministration, 500 mag/100 mg and 750 mg/200 mg

Standard medium fat meals (500-682 Kcal, 23-25% calories from fat) were given at the time of or after
drug administration on PK sampling days (Days 1, 12 and 13).

The overall demographic characteristics of 49 subjects were as following: Male (53.1%) and female
(46.9%); White (100%).

INVESTIGATOR AND STUDY LOCATION: U
3

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Viread: 300 mg tablets.

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of
tenofovir disoproxil fumarate concentrations on Days 1 and 13 prior to the dose (0 hour) and at
05,1,15,2,3,4,5,86, 8, 10, 12 and 24 post dose, and for assay of TPV/RTV concentrations on
Days 12 and 13 prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12 post dose.

ASSAY: Plasma samples were analyzed for TPV by L
using a validated high performance liquid chromatography €
J “method. The calibration curve ranged from
T na/mLto — ng/mL. Tenofovir disoproxil fumarate concentrations were performed also
by - using a validated high performance liquid chromatography = [ J
1 method. The calibration curves ranged from [_ J
“ng/mL.
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PHARMACOKINETIC DATA ANALYSIS: Non-com
statistics of pharmacokinetic parameters such as ge
for Crmax, Cp12n and AUC,.15, were provided for TPV/
geometric means and coefficients of variation for C
tenofovir disoproxil fumarate (with and without TPV/RTV
confidence intervals were calculated between comparis

PHARMACOKINETIC RESULTS:

maxs C

partmental methods were used. Summary
ometric means and coefficients of variation
RTV (with and without tenofovir) and

pi2n and AUC,.o4n, were provided for

). The geometric mean ratios with 90%
on groups.

Table 1. Summary of the single dose pharmacokinetic parameters of TFV with and without TPV/RTV

Day 1 Day 13

Geometric means (CV%) Geometric means (CV%)
TPVIRTV| N | Crax Cpizn AUCq.24n Crnax Coin AUCq.24n
mg/bid) {ng/mL) (ng/mL) (hr-ng/mL) (ng/mL) {ng/mL) (hr-ng/mL)
500/100 | 24 | 291 (34.5) | 50.8(23.6) | 1606.54 (17.7)] 219 (20.1)| 54.2 (26.3) | 1575.48 (20.0)
750/200 | 23 | 318(38.4) | 53.0 (31.9) | 1685.08 (28.0) 196 (32.9)| 59.6 (21.3) | 1696.29 (19.4)

Table 2. Summary of the steady-state pharmacokinetic parameters of TPV with and without TFV

Day 12 Day 13

Geometric means (CV%) Geometric means (CV%)
TPVIRTV N Cmax Cp12h AUCO-12h Cmax Cp12h AUCO-12h
(mg/bid) (M) (nM) (hr-uM) (uM) (M) (hr-uM)
500/100 | 24! 84.15 (39.0) | 13.91 (87.9)| 547.9 (44.8) | 71.89 (35.4) | 11.14 (74.4) | 460.0 (41.1)
750/200 | 23| 143.40 (35.7)| 35.21 (85.4)] 1002.8 (45.5) | 128.50 (31.6)| 32.29 (81.6)] 925.0 (43.4)

Table 3. Summary of the steady-state pharmacokinetic parameters of RTV with and without TFV

Day 12 Day 13

Geometric means (CV%) Geometric means (CV%)
TPV/RTV N Cmax Cp12h AUCO-12h Cmax Cp12h AUC0-12h
(mg/bid) (ng/mi) (ug/mL ) (hr-ug/mL) | (ug/mL) (ng/ml) (hr-pg/mL)
500/100 | 24 | 0.569 (88.4) | 0.0354 (27.9)] 2.08 (80.6) | 0.369 (75.5)| 0.0363 (42.5) | 1.50 (78.6)
750/200 | 23 | 1.717 (72.2)] 0.0904 (98.5)| 6.962 (78.8) | 1.667 (60.9)]| 0.1006 (100.7)] 7.256 (71.4)
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Table 4. Summary of geometric mean ratios and 90% confidence intervals for pharmacokinetic
parameters for the coadministration of TPV/RTV with TEV

TPV/RTV 500/100 TPVIRTV 750/200
Ratio 90% ClI Ratio 90% ClI
TFV Cmax 0.77 0.68-0.87 | 0.62 0.54-0.71
Cp12n 1.07 0.98-1.17 | 1.14 1.01-1.27
AUCoo4, | 0.98 0.91-1.05 | 1.02 0.94-1.10
TPV Crnax 0.83 0.74-0.94 | 0.89 0.84-0.96
Cp1an 0.79 0.70-0.90 | 0.88 0.78-1.00
AUCqqz | 0.82 0.75-0.91 | 0.91 0.85-0.97
RTV Crnax 0.65 0.53-0.79 | 0.95 0.82-1.10
Cp12n 0.87 0.68-1.12 | 1.14 0.84-1.53
AUCqqn | 0.73 0.62-0.86 | 1.02 0.88-1.18

Figure 1. TFV Cpay, Cpi2n and AUC 4, with and without TPV/RTV by subjects (Solid line represents
median value)
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Figure 2. TPV Cpax, Cpiz2n and AUC.i2, with and without TFV by subjects (Solid line represents median
value)
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SAFETY RESULTS: In general, consistent with other TPV trials, Gl events were the predominant
observed AEs. There was no SAEs in the study (See details in Medical Officer's review).

CONCLUSIONS AND DISCUSSION:

This study demonstrated that the AUC and Cp12n of tenofovir disoproxil fumarate were not affected by the
coadministration of TPV/RTV at two dose combinations. However, Cp., of tenofovir disoproxil fumarate
decreased about 23% in the presence of TPV/RTV 500mg/100 mg and 38% in the presence of TPV/RTV
750 mg/200 mg, respectively. It is generally believed that the antiviral activity of tenofovir disoproxil
fumarate is associated with its AUC rather than its Cmax thus the interaction between tenofovir disoproxil
fumarate and TPV/RTV may not be clinically significant.

TPV exposures were decreased about 10 to 20% when coadministered with tenofovir disoproxil fumarate.
However the 90% confidence intervals mostly reside within 80-120% boundaries.
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1182.51 -

TITLE: An open-label randomized, parallel-group pharmacokinetics trial of tipranavir/ritonavir, alone or in
combination with RTV-boosted saquinavir (SQV), amprenavir (APV), or lopinavir (LPV), plus an optimized
background regimen, in multiple antiretroviral (ARV) experienced patients

OBJECTIVES: The primary objective was to determine the change in C.2, from Week 2 (average of Day
7 and Day 14) to Week 4 (average of Day 21 and 28) for the RTV-boosted SQV, APV, and LPV
regimens, after addition of TPV 500mg b.i.d. and RTV 100 mg b.i.d. on Day 14. The secondary objective
was to determine the effects of TPV/r as compared with 3 dual boosted PI regimens in highly treatment-
experienced HIV-1 infected patients.

SUBJECTS AND STUDY DESIGN: This was an open-label, randomized, parallel-group, multicenter
study with 4 regimens. Briefly, ARV highly experienced HIV-1 patients who were excluded from RESIST 1
and RESIST 2 and had three or more mutations in protease codons 33, 82, 84 or 90 and with a viral load
> 1000 copies/mL were screened for this study. Qualifying patients (315) were evenly randomized to
receive one of four treatment arms:

1. TPV/r (500 mg/200 mg b.i.d.) plus an optimized non-PI background regimen (OBR) from baseline
2. LPVIr (400 mg/100 mg b.i.d.) plus OBR from baseline with TPV/r (500 mg/100 mg b.i.d.) added at

Week 2

3. APV/r (600 mg/100 mg b.i.d.) plus OBR from baseline with TPV/r (500 mg/100 mg b.i.d.) added at
Week 2

4. SQV/r (1000 mg/100 mg b.i.d.) plus OBR from baseline with TPV/r (500 mg/100 mg b.i.d.) added
at Week 2 : :

Trough concentrations (C1,,) were determined for each Pl on Days 7, 14, 21, and 28 after baseline. The
primary PK endpoints were analyzed at Week 4. Safety and efficacy (e.g., viral load) were analyzed until
Week 24.

Of the 315 treated patients, 273 completed the study. The overall demographic characteristics of 315
subjects were as foIIowmg Male (93.3%) and female (6.7%); White (76.2%), Black (7.3%) and Missing
(16.5%).

Medications could be taken with or without food Intake with food was recommended to reduce the
potential for Gl adverse events.

INVESTIGATOR AND STUDY LOCATION: Multicenter trial with 100 participating centers worldwide

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Invirase or Fortovase: 200 mg soft gel capsules.
Agenerase: 150 mg capsules. Kaletra: 133.3 mg/33.3 mg capsules. Kaletra dose increased to 533
mg/133 mg if in combination with efavirenz or nevirapine.

PHARMACOKINETIC SAMPLE COLLECTION: Plasma samples for trough Pl concentrations
were collected on Days 7, 14, 21 and 28. In addition, selected sites participated in an optional
intensive PK sub-study at Weeks 2 and 4 when full 12 hour PK samplings were conducted at pre-
dose, 0.5, 1, 1.5, 2, 3,4, 5, 6, 8, 10, and 12 hours post-dose.

ASSAY: Plasma samples were analyzed for TPV, RTV, APV, LPV and SQV by [
J using a validated high performance liquid chromatography £
A method. The calibration curves ranged
from ng/mLto —  ng/mLfor TPV, — ng/mLto ~—  ng/mL for APV, ~ ng/mL to
— ng/mL for SQV, — ng/mLto —  ng/mL for LPV, and — ng/mL to — ng/mL for RTV.

—
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PHARMACOKINETIC DATA ANALYSIS: Non-compartmental PK analysis was conducted using
WinNonlin (v.3.1, Pharsight). The primary endpoints were C.,y, for Pls at Week 2 (average of Day
7 and Day 14) and at Week 4 (average of Day 21 and 28). AUC 21, Cnax and Cqap, of Pls at Weeks
2 and 4 were calculated from the intensive PK sub-study.

PHARMACOKINETIC RESULTS:

Table 1. Geometric mean ratio with 90% confidence intervals of PK parameters of lopinavir, saquinavir
and amprenavir with and without co-administration of tipranavir

T : — —— -
Substrate Drug AUC Ratio Cau Ratio un ] | ] ,
i ' (Tntensive PK) (Intensive PK) (ntensive PK) (TDM PK)
— ' e ' " 0.30 0.48
Lopinav 045 , 0.53 30
oA (0.32,0.63) (0.40, 0.69) (0.17,0.51) (0.40, 0.58)
n=21 n=21 n=21 n=69
quina .4 : k 18 0.20
Saquinavi 0.24 0.30 0. ,
i (0.19,0.32) (0.23,0.40) (0.13, 0.26) (0.16,0.25)
n=20 n=20 - n=20 n=68
: ' 0.45 0.44
Amprenay 0.56 0.61 45 |
pronsE (0.49, 0.64) (0.51,0.73) (0.38,0.53) (0.39, 0:49)
p=16 =16 n=16 n=T4

Table 2. Geometric mean with 90% confidence intervals of Cyy, of lopinavir, saquinavir and amprenavir
with and without co-administration of tipranavir

Cin geometric mean values ([1g / mL)!

n Before addition of TPVKA Afteraddition of TPV/r
69 5.34 . 2.59
: , (4.79, 5.:96) (2.11,3.18)
i ‘Saquinavir 68 0.46 : 0.093
v {0.36,0.58) (0.076, 0.114)
- Amprenavir v 74 1.83 - 0:80
- (1.67,2.01) (0.71, 0.90)

;T Trough values were included in the calculation of each geometric mean if thigy were obtained within 8-16 hours of previous
dose. Weeks 1 and 2 were combined 1o compare to Weeks 3 aiid 4 combined:

The sponsor reported a total of about 20% of protocol deviations related to PK trough sampling in the
study. However, these values were excluded in the trough concentration evaluation.
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Table 3. Geometric mean of AU(;12h, Crmax @and Cyz, of lopinavir, saquinavir and amprenavir with (Week 4)
and without (Week 2) co-administration of tipranavir

' Drug n AUC Cmax Cr
(geh/ mL) (ng /ml) (g /mL)
| Week? Weck4 Week2 Week4 Week2  Woek4
Lopinavir 21 88.6 39.7 9.99 5.96 5.83 1.72
Saquinavir 20 117 2.85 1.90 0.57 039 007
Amprenavir 16 303 17.0 5.68 3.46 1.64 0.73

Table 4. Geometric mean of AUC,z,, C,ax and C12n of tipranavir alone and in the presence of a boosted-PI

“Trearment TPVAUC' TPV Comy TPV Cuzs TPV Cus
(90% CL) n (ugsh /mb) (g /mL) (1g/mL) TDM?
L , o _ (g /mL)
TPViralone - 409 56 17 20
(2 weeks) 30 (368, 455) (51, 62) (14, 21) (18, 23)
. n:—“-él
TPV /r alone ' 410 56 17 23
(4 weeks) 29 (365, 461) (51, 62) (14, 21) (20, 25)
n=61
TPV/c + LPVA 558 68 31 29
(4 weeks) 20 (432, 720) (55, 85) (22, 43) (25, 35)
n=72
TPV/r+ SQVA 384 50 17 17
(4 weeks) 18 (318, 464) (42, 60) (13,22) (15, 19)
) =7l
TPV/r + APV A 607 78 29 23
(4 weeks) 16 (529, 696) (70, 87) 23, 35) (20, 25)
n=73
U values are shown as geometric means of ¢ach treatment:group. .
2 Therapeutic Drug 'Monito_'rix_lg
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Table 5. Geometric mean of AUC 1, Cax and Ci, f ritonavir with tipranavir and with dual Pls

‘RTV.  n RTV AUC* RTV Coax " RTV Cua
XV o (pgeh./mL) {pg / mL) (ug/ml)
- 2 Weeks ' ' '

TPV 200mg 30 5.32 1.04 011

, (4.56, 6.20) (0.88, 1.23) (0.08, 0.15)
¥ LPV 100mg 20 412 0.59 0.24

(3.39, 5:02) (0:47, 0.74) (0.19, 0.30)

1 SQVi 100mg 21 9.16 1.32 0.35 '

' (7.07, 11.88) (1.01, 1.73) (0.26, 0.47)

APV/ 100mg 20 2.67 044 0.14 ‘

3 , : (215, 3.30) (0.35, 0.56) (0.12, 0.16)

. 4 Weeks :

. TRV 200mg 30 4.70 0.95 0.11

: (3.87, 5.70) (0.79, 1.14) 0.08, 0.15)
TPVAPVA ~ 200mg 20 5.31 092  ~ 0.21

‘ (3:64,7.73) (0.61, £.38) (0.13,0.32)
TPVISQVi 200mg 19 6.88 1.27 0.13

, (5.13,9.23) (0.95, 1.69) (0.09, 0.18)
TPV/APV/ 200mg 17 3.43 0.75 0:09

_ o . (2.64, 4.46) (0.60, 0.93) (0.06, 0.13)

" "Values.are shown as geometric means of each treatmient group. i
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Table 6. Geometric mean with 90% confidence intervals of Cyay, Of ritonavir with tipranavir and with dual

Pls
RTV C Ratio of RTV Cp,
(ug/ mlL) Weeks 3 & 4 to Weeks 1 & 2
n Weeks I and 2 with: Weeks 3 and 4 RTV Dose ratio =2
KTV 100-mg with RTV 200 mg and TPV introduced
and TPV
6 028 0.33 118
(0.25,0.31) (0.27, 0.39) (1.00, 1.38)
68 042 0.21 : 0.50
© (0.37,048) (0.18, 0.25) (044, 0.58)
74 0.22 0.19 0.88
(0.19,0.24) (0.16,0.22) (0.76, 1.02)
" Weeks [ and 2 with  Weeks 3 and 4 with RTV Dose ratio =1
N RTV 200 mg RTV 200 mg and TPV unchanged
U Tipranavir 61 0.17 0.20 1.15
(0.14, 0.20) (0:16, 0.23)- (0.99, 1.33)

Figure 1. Lopinavir Cyz, alone and with TPV/r

LRV LPV/r+ TPV
Treatment
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Figure 2. Amprenavir Cq2n alone and with TPV/r

APV APVIr + TRV
Treatimerit

Figure 3. SaquinavirCyz, alone and with TPV/r

. Satuifavir Sk

pe
3.4
1

1.0

0.5 1

0:0

SQvir SQVIr + TPV
Treatment

SAFETY RESULTS:
Please see Medical Office’s review.
EFFICACY RESULTS:

Please see Medical Office’s review.
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CONCLUSIONS AND DISCUSSION:

Study 1182.51 was a preliminary PK study to investigate the potential drug interactions between TPV/r
and the other ritonavir boosted-Pls and to provide initial clinical data for this dual PI approach. All four
arms received the same total dose of RTV after Week 4,i.e., 200 mg b.i.d.

The co-administration of TPV/r at 500 mg/200 mg b.i.d. decreased LPV, SQV, or APV steady-state trough
plasma concentrations by 52%, 80% and 56%, respectively. This data were also consistent with the
results of the intensive PK sub-study where co-administration of TPV/r at 500 mg/200 mg b.i.d. decreased
LPV, SQV, or APV steady-state trough plasma concentrations by 70%, 82% and 55%, respectively, AUC
by 55%, 76% and 44%, respectively, and Cpay by 47%, 70% and 39%, respectively. TPV exposure
increased slightly in the dual-boosted groups co-administered with APV/r and LOP/r, but decreased
slightly when co-administered with SQV/r. RTV trough plasma concentration were similar in APV/r and
LPV/r groups with the addition of TPV/r. However RTV trough plasma concentrations in the SQV/r group
decreased by 50% with the addition of TPV/r. This decrease in RTV concentration might account for the
most dramatic reduction in SQV exposure with the addition of TPV/r. However, the mechanism underlying
the TPV/r-Pl/r interaction is not apparent. Possible explanation is that tipranavir is also a potent P-gp
inducer and the low dose of ritonavir cannot compensate the P-gp induction effect caused by tipranavir.
All the Pls studied in this trial are known dual substrates of CYP3A and P-gp and subject to high intestinal
first-pass effect. Thus the net interplay between intestinal CYP3A and P-pg may have caused lower
systemic exposure of these Pls when co-administered with tipranavir at the steady-state. The interaction
may also be due to changes in protein binding. It is possible that free concentrations of the Pls did not
change as much as the total concentrations.
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1182.52

TITLE: Double-blinded, randomized, dose optimization trial of three doses of tipranavir boosted with fow
dose ritonavir (TPV/RTV) in multiple antiretroviral drug-experienced subjects

OBJECTIVES: To determine an optimal dose combination of tipranavir and ritonavir that will be used in
subsequent Phase Ill trials.

SUBJECTS AND STUDY DESIGN: This was a double-blinded, randomized, parallel group, dose
optimization trial of three doses of tipranavir boosted with low dose ritonavir (TPV/RTV) in multiple
antiretroviral drug-experienced subjects. The doses were 500mg/100 mg, 500mg/200mg and 750mg/200
mg TPV/RTV BID. The primary efficacy endpoint was viral load reduction after two weeks of TPV/RTV
therapy, and the primary safety endpoints were proportions of patients reporting moderate or severe
diarrhea, any grade of vomiting, and any serious adverse events during the first 4 weeks of TPV/RTV
therapy.

The patient population of this study was treatment experienced in each of three classes of ARVs. They
had received at least 3 months of NRTIs, NNRTIs, and > two Pls, had a viral load of >1000 copies/mL,
and a genotype indicating at least one primary Pl resistance mutation, including 30N, 46l/L, 48V, 50V,

82A/F/LIT, 84V, or 90M with not more than one of 82L/T, 84V, or 90M.

216 subjects entered the study. Following genotypic screening, subjects were randomized to one of the
three blinded regimens, discontinued from their current Pl and administered TPV/RTV therapy for two
weeks while remaining on their other ARV medications (functional monotherapy). After two weeks, each
patient’s background ARV medications were optimized. The patients remained on blinded TPV/RTV and
optimized ARV therapy until the interim analysis identified the optimal TPV/RTV regimen.

The overall demographic characteristics of 216 subjects were as following: Male (84.3%) and female
(15.7%); White (76.4%), Black (23.1%) and Asian (0.5%).

Dose selection for this study was based on the resuits from four previous clinical trials (1182.2, 1182.3,
1182.4, and 1182.5) of TPV doses ranging from 250 mg to 1250 mg and TPV doses of 100 mg or 200
mg.

INVESTIGATOR AND STUDY LOCATION: Multicenter

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emuisifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Placebo capsules.

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of TPV
trough concentrations on Days 7 and 14 on all 216 subjects. A population PK sub-study at

. selected sites at Week 2 (Day 14) was performed (23 in the TPV/r 500/100 group, 24 in the TPV/r
500/200 group and 22 in the 750/200 group). For the sub-study, in addition to the morning trough
sample, three blood samples were collected per subject after administration of TPV/RTV on Day
14. A sampling strategy was used to distribute the collection of concentration-time data over an
interval that covered most of the absorption and elimination phases of drugs.

ASSAY: Plasma samples were analyzed for TPV by L
1 using a validated high performance liquid chromatography [
3 method. The calibration curve ranged from
— ng/mLto. — ng/mL.

PHARMACOKINETIC DATA ANALYSIS: NONMEM (version 5, ;[ J was
* used to evaluate the population pharmacokinetics of TPV in the study patient population.
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PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIP: The relationship between reductions in
HIV RNA viral load and TPV trough plasma concentrations for the three treatment groups was assessed
by comparing change in viral load on Day 14 relative to viral load at baseline with TPV trough

concentrations collected on Day 14.

PHARMACOKINETIC RESULTS:

Table 1. Summary Tipranavir Plasma Trough Concentrations on Study Days 7 and 14

[ - ' _ Tipranavir Cp Tipranavir Cp
8- 16 Hours Post-dose | 11.5 - 12.5 Hours Post-dose
Stidy Day Study Day
7 4 7 14
61 64 17 22
18.80 2029 18.41 20.99
o220 2102, | 2020 1968  |.
Nd ]
27 29 7 - ' 11
. 34 35 10 11
1 %< 20 uM 4 45 41 - 50
560/200_| N (patients) . 64 65 . 32 29
- |- Geo. Mean (UM) 31.85 27.49 29.33 25.14
|:Median. (UM) 3141 2047 27.19 31.01
Min-Max(@d) | L -
N<20uM 17 ' 15 10 5
N>20uM = 47 50 22 _ 24
% < 20 pM 27 23 31 17
7507200 {1 N:(patients) 59 62 29 22
Geo: Mean (M) 4250 33.06 44.07 42.11
L. Median (uM) 52.25 42,28 51.10 48.50
| Mih - Max (uM) L J
L I N<20pM. 10 14 4 , 4
N=20pM- 49 48 25 18
. 1% <20uM 17 23 14 18
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Table 2. Summary Tipranavir Pharmacokinetic Parameters Derived from NONMEM Population Modeling
™ o | T TPVir (mp |
_ Median (mif - max) ‘
[ T so0/100 5007200  750/200
| 72 69
| Coonam (UMY R 2375 33.75% 51.24°
A | Eime | me: T 4AsT
Com® 5096 | 61.81 87.24
[T ® 1 233 i 2,60 T 260
[AUCsu %MDY | 25170 508.05 817.02
- ) T B
Kahy T 07495 07493 0.7527
. | | C 1
Ke@mD T 0.1047 00811 0.0827
CL (L) T 184 139 152
| T 3
Vo T 17.83 1826 1835
| ¢ ) :
T — i 6.62 8.55 8.38

k¥ v .
Geometric mean.
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Figure 1. Tipranavir Plasma Trough Concentrations on Study Days 7 and 14

%}:517‘- -

T 200

160
- 120
- 80
- 40

g o
m
yo
£

200

160i ° ° ° o

4 o
120 § o ° o o, o oo 0 o o
o
80? 9:_:_&) g i o ° & ,‘CgO o o
40 o & %o o »°af-—n—(§'-3@e__n._
0' m°c;%° °oo _000 0?:%2:89 o
8 10 12 14 16
Time (h)

189



Figure 2. Tipranavir Plasma Trough Concentrations on Study Days 7 and 14 and Tipranavir Plasma
Concentrations for a subset of Patients Sampled over 12-hour Period after TPV/r administration on Day 14
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Figure 3. Ritonavir Plasma Trough Concentrations on Study Days 7 and 14 and Ritonavir Plasma
Concentrations for a subset of Patients Sampled over 12-hour Period after TPV/r administration on Day 14
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Figure 4. Observed (circles) and NONMEM Model-predicted Tipranavir Plasma Concentrations (lines) for
the Population
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PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIP ANALYSIS:

Table 3. Relationship of Change in Viral Load from Baseline to Day 14 and Tipranavir Trough Plasma
Concentration

» I v TPVirdose - =
| Changein [ _500/100 500/200 7507200
Viral TRV Cp (M) TPV Cp M) TPV Cp (uM)
Load <20 | »20 <20 >20 <20 >20
{Logig) N AVL | N 'AVL| N TAvE | N AVL| N _[AVL| N |AVL
000118 | 4 | 023 [77 1028 | 5 019 | 6 1024 4 1043 6 | 050
0 | 9 [ -040 ] 15 1060 5 [-0651 17 057) 1 1049 9 | -037
2to=1 4 15 | <142 | 12 5139 S 1AL73) 21 [-165 | 16 | 142 24 | 124
= L [ -2.20° 1 ]j20] o - 4 [ 2151 1 220 5 | -252
Note: The 20 uM cutoff was proposed by the applicant.
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Figure 5. Relationship of Change in Viral Load from Baseline to Day 14 and Tipranavir Trough Plasma
Concentration
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Table 4. Summary of Day 14 TPV Cirough» Fold-wild Type and Inhibitory Quotient by TPV/r dose

SAFETY RESULTS:

TPVir Statistic TPV Cmin (uM) | Fold-WildType |  Intubitory
(mng) | ‘ ' N} Quotient”
3007100 | 54 54
Mean 454 117.957
ISD 14.45. 138.247
Mia T | 3
“[Median 20.968 1.10 68281 |
[Max t S 1
Geo Mean 19.545 1.51 59.336
500/200 |n 55 55 55
Mean 36.493 3.73 153.091
SD 26.061 -13.35 175,908
|Min L - S
|Median 29.138 1.40 101.043
{Max’ L 1
Geo Mean 26:846G 1.54 80.158
750/200 [n 52 52 52
Mean 51.358 1.68 240.975
SD 41.429 1.74 256.861
Min _ L ]
Median 42284 1.00 132.253
IMax C 3
|Geo Mean 30241 1.23 113.168
EFFICACY RESULTS:

All three dose combinations studied were effective in reducing plasma HIV-1 RNA counts after 2 weeks of
TPV/r therapy. However, the TPV/r 500/100 dose was inferior to other doses. This dose did not sustain
viral load reduction to 24 weeks. The antiviral activity of TPV/r 500/200 and TPV/r 750/200 doses was
comparable and sustained at least 0.5 log4, at 24 weeks (See Dr. Zheng's Pharmacometric review and
the Medical Officer's review).

The safety results demonstrated a strong dose relationship. An increasing incidence of severe adverse
events, discontinuations as a result of adverse events were observed with increasing dose. TPV/r
750/200 dose was the least well tolerated of the three (See Dr. Zheng's Pharmacometric review and the
Medical Officer's review).
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CONCLUSIONS AND DISCUSSION: /

Tipranavir pharmacokinetic data demonstrated the two highest doses (750/200 and 500/200) adequately
achieved the preclinical target TPV trough concentration of 20 pM. There was decreased variability in the
drug concentration curves for the TPV/r 500/200 dose compared to either 500/100 or 750/200 doses
probably due to the balance of CYP3A induction and inhibition by tipranavir and ritonavir, respectively.
Combining efficacy, tolerability and PK data, TPV/r 500/200 dose seems to be the appropriate choice for
further study in Phase li clinical trials. However, a number of subjects may not achieve adequate
concentrations at this dose (See a detailed exposure-response discussion in Dr. Zheng's Pharmacometric
review).

The population pharmacokinetic portion of the report will be reviewed in a separate PPK study report.
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1182.55

TITLE: The pharmacodynamic/pharmacokinetic interaction of tipranavir and ritonavir with loperamide in
healthy volunteers :

. OBJECTIVES: The objective of the study was to determine if the co-administration of loperamide (LOP)
with tipranavir (TPV), ritonavir (RTV), or TPV plus RTV (TPV/r) caused a clinically significant change in
the respiratory response to carbon dioxide (CO,), defined as a 10% decrease in the area under the
pharmacodynamic effect/time curve or at least a 25% decrease in at least one pharmacodynamic time

“point.

SUBJECTS AND STUDY DESIGN: This was a phase |, randomized, open-label and parallel-group drug
interaction study conducted in healthy adult subjects. 128 subjects were screened for the study and 24
subjects entered the study. Briefly, all 24 subjects received LOP (16 mg) alone on Day 1 (9 AM). Subjects
were then randomly assigned to Group | (TPV 750 mg BID) and Group Il (RTV 200 mg BID). Days 2 and
3: no study drugs were administered. Days 4-8 and Day 9 at 8 AM: Group | received treatment with 5.5
days of TPV 750 mg BID, and Group || received treatment with 5.5 days of RTV 200 mg BID. Day 9: After
the TPV or RTV dose at 8 AM, LOP (16 mg) was re-administered (at 9 AM). Days 10 and 11: no study
drugs were administered. Day. 12 through the morning of Day 22: Group | and II subjects received 10.5
days of TPV 750 mg/RTV 200 mg BID starting on 8 AM on Day 12. Day 22: after the TPV/r dose at 8 AM,
LOP (16 mg) was taken by subjects in both Groups | and Il at 9 AM.

Study drugs could be taken with a light snack except on PK sampling days. Subjects were required to fast
for 12 hours before administration of the morning dose of study drug on the serial PK sampling days
(Days 1, 9, 21 and 22). Subjects fasted for an additional 4h after dosing on these days.

The overall demographic characteristics of 24 subjects were as following: Male (58.3%) and female
(41.7%); White (79.2%), Black (16.7%) and Asians (4.2%).

INVESTIGATOR AND STUDY LOCATION: [ J

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system (SEDDS)
formulation. Norvir: 100 mg soft elastic capsules. Imodium: 2 mg caplets.

PHARMACODYNAMIC ENDPOINTS: The primary endpoints for assessing the respiratory response to
LOP alone and after administration of TPV, RTV, and TPV/r were: 1. The maximum decrease in the mean
percentage baseline CO, response slope (observed at one of the examination time points during the 6-
hour re-breathing test); 2. The 0-to-6 hour AUC (AUCq¢,) for the percentage baseline CO, response slope
profile. The secondary endpoint was papillary response to LOP after administration of TPV, RTV or TPVIr,
. as measured by the ratio between the diameter of the pupil and the iris. The pharmacodynamic
measurements were conducted on Days 1, 9, and 22.

PHARMACOKINETIC SAMPLE COLLECTION: Blood samples were collected for assay of LOP
concentrations during each.period prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,
4.5,5,6,7,9, 11,12, 24, 36, 48 and 60 hours post dose on Days 1-3, Days 9-11 and Days 22-
24. Blood samples were collected for assay of TPV and/or RTV concentrations during each
period prior to the dose (0 hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 7, 8, 10, 12, 13,
24, 36, 48 and 60 hours post dose on Days 9-11, Day 21 (up to 12 hours postdose) and Days 22-
24. Additional trough samples were collected on Days 3, 6, 9, 12, and 13 prior to the morning
dose (at time 0).
ASSAY: Samples were analyzed for TPV ang RTV concentrations by L .

. » 2 using a validated hiah performance liquid
chromatography [ ~ . J, method. The
calibration curve ranged from — ng/mLto 7~ ng/mL. Loperamide and N-demethyl-

196



loperamide concentrations were performed by L

Jusing HPLC. — method. The calibration curve ranged from — pg/mLto ~— n»g/mL.
PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods were used. Summary
statistics of pharmacokinetic parameters such as geometric means and coefficients of variation

for Cmax, Cmin and AUCr were provided for loperamide and N-demethyl-loperamide (with and

without TPV and /or RTV), and tipranavir and RTV (with and without LOP). The geometric mean
ratios with 90% confidence intervals were calculated between groups.

PHARMACODYNAMIC RESULTS:

Table 1. Comparison of Mean AUC.¢, for the Percentage CO, Response Slope

Mean AUC.g; for the Percentage CO, P-value Geometric Mean Ratio

Response Slope (90% CI)

LOP Alone (Day 1) LOP+TPV/r (Day 22)
_(n=20) (n=20)

622.39 (31.329) 633.036 (38.578) 0.8444 101.6% (87.1%, 116.0%)
LOP Alone (Day 1) LOP+TPV (Day 9)

(n=10) (n=10)

623.593 (48.513) 633.617 (59.519( 0.838 99% (82.4%, 117.9%)
LOP Alone (Day 1) LOP+RTV (Day 9)

(n=9) (n=9) .

608.515 (45.135) 687.774 (59.259) 0.207 112% (94.7%, 132.6%)

Figure 1. Mean Percentage Baseline Ventilatory Slope (+2 SEM) for LOP Alone (Day 1) Compared with
LOP+TPV/r (Day 22)
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Table 2. Baseline Pupillary Response Mean + SEM Prior to LOP Treatment on Day 1 (LOP Alone), Days
9 (LOP + TPV or RTV) and Day 22 (LOP + TPV/r)

Mean Pupil-to-Iris Diameter Ratio (+ SEM)

LOP (Day 1) LOP+TPV/r (Day 22) P -value
(n=20) (n=20)
0.591 (0.016) 0.592 (0.015) 0.927
LOP (Day 1) LOP+TPV (Day 9)
(n=10) (n=10)
0.574 (0.029) 0.561 (0.027) 0.160
LOP (Day 1) LOP+RTV (Day 9)
(n=9) (n=9)
0.612 (0.015) 0.609 (0.016) : 1.000

Figure 2. Mean Pupil-to-Iris Diameter ration (+2 SEM) Over 6 Hours of Testing with LOP Alone (Day 1)
and LOP + TPV/r (Day 22)
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PHARMACOKINETIC RESULTS:

Table 3. Summary of Single Dose LOP Pharmacokinetics in the Absence and Presence of Steady-State
TPV, RTV or TPV/r

[LOP P Paramerer? | LOP sloe LOP+IDV | LOP +RIv LOP + TPVIr

: o {Day 1)2 Day Day 9y | (Day22)2
| finax () S Ae _ 6l 7.2
Cnm (ii.txégffmi;i : : S32 4 [ A5 I2
| (p_meifnﬂ;i} RS bt 28 £ 114 26
| AUC 0o (renimL) 583 20 1211 28.8
thepmcimL) 122.1 46.1 s 613
Jeumm 275 | 728 o 556
v 6951 sl | A 11394

1 Lansbide 7 (1 b woagse 03645 | oos213 G04883
L 5:::;.; 1 () 17.5 196 : 216 14.2
YA 15.45 20,73 14.05

Y Gednienmic mesn.
Z e,

Favivonte-fidin

Table 4. Summary of Geometric Mean Ratios and 90% Confidence Intervals for Single Dose LOP
Pharmacokinetic Parameters in the Absence vs. Presence of Steady-State TPV, RTV or TPV/r
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Table 5. Summary of N-demethyl-loperamide after a Single Dose of LOP in the Absence and Presence of
Steady-State TPV, RTV or TPV/r
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Table 6. Summary of Geometric Mean Ratios and 90% Confidence Intervals for N-demethyl-loperamide

Pharmacokinetic Parameters after a Single Dose LOP in the Absence vs. Presence of Steady-State TPV,
RTV or TPV/r
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Figure 3. Comparison of Loperamide Cyn.x after a Single Dose of Loperamide on Days 1, 9 and 22
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Figure 4. Comparison of Loperamide AUC< after a Single Dose of Loperamide on Days 1, 9 and 22
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Figure 5. Comparison of N-demethyl-loperamide Cr. after a Single Dose of Loperamide on Days 1, 9

and 22
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Figure 6. Comparison of N-demethyl-loperamide AUC- after a Single Dose of Loperamide on Days 1, 9
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Table 7. Summary of TPV and RTV Steady-State Pharmacokinetics (Coadministered as TPV/r) in the
Absence and Presence of Single —dose LOP

e
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Table 8. Summary of Percentage Change (Day 21 to Day 22), Mean Ratios and 90% Confidence Interval
for TPV and RTV Pharmacokinetic Parameters (Coadministered as TPV/r) in the Absence and Presence

of Single —dose LOP
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Figure 7. Effects of LOP on the TPV Pharmacokinetic Parameters Cp12n, Crmaxand AUCq.12,
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SAFETY RESULTS: No serious adverse events or deaths were reported during this study. No subjects
had AEs leading to discontinuation of study treatment.

CONCLUSIONS AND DISCUSSION: The primary comparison of the pharmacodynamic response
focused on the difference in response on Day 22 (combined effect of TPV/r with LOP) compared with the
response on Day 1 (effect of LOP alone). Co-administration of LOP with TPV/r did not cause clinically
relevant central CNS effects, as monitored by the respiratory responses of the AUC.¢, for the percentage
baseline CO, response profile or the difference between the LOP alone response profile and the
LOP+TPV/r response profile (Geometric mean ratio and 90% CI: 101.6% (87.1%, 116.0%)) . In addition,
the papillary response (pupil-to-iris diameter ratio) results supported the observation that there were no
CNS effects of coadministration of LOP+TPV/r.

The pharmacokinetic data demonstrated substantial changes in LOP exposure when LOP coadministered
with TPV, RTV or TPV/r. Coadministration of LOP with steady-state TPV (Day 9) or TPV/r (Day 22)
resulted in 63% and 51% decrease in LOP AUC, respectively, and 58% and 61% decrease in LOP Cyay,
respectively. However, coadministration of LOP with steady-state RTV (Day 9) resulted increases in AUC
(121%) and Cnax (83%). The effect of single-dose LOP on the steady-state pharmacokinetics of TPV in
combination with ritonavir was less substantial but the clinical relevance is unknown. For TPV, only trough
concentration was decreased 26% while Csx and AUC.12, remained unchanged. For RTV, trough
concentration, Cpax and AUC,.12n Were decreased by 30%, 28% and 22%, respectively. The exact
mechanism of LOP and TPV interaction is unknown at the moment. Possible explanations include: 1.
LOP is a known substrate of P-gp and P-gp plays.a significant role in LOP’s elimination. TPV may be a
potent P-gp inducer and the presence of low dose of ritonavir could not compensate the induction effect,
thus chronic administration of TPV or TPV/r reduced LOP's systemic exposure. 2. Physical and chemical-
based formulation interaction of TPV, ritonavir and LOP resulted in decreased absorption of LOP. The
dose of LOP used in this study was the maximum recommended daily dose, the clinical relevance of
decrease in plasma exposure of LOP is unknown.
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DM-04-1070

TITLE: Nonlinear Mixed Effects Modeling of the Steady-State Pharmacokinetics of Tipranavir for
Adult Healthy Volunteers and HIV+ Patients Receiving TPV/r 500 mg/200 mg bid

OBJECTIVES: To characterize the steady-state pharmacokinetics of tipranavir 500 mg bid
coadministered with ritonavir 200 mg bid to adults. In addition, the effects of the demographic
parameters HIV status, gender, race, age, and body weight on the population pharmacokinetic
parameters of tipranavir were investigated.

SUBJECTS AND STUDY DESIGN: Tipranavir plasma concentrations collected after at least 6
days of multiple dosing with TPV/r 500 mg/200 mg bid were pooled from studies involving HIV
positive patients with background antiretroviral therapy (Bi Protocols 1182.51 and 1182.52), and
healthy subjects (Bl Protocols 1182.05,1182.21, 1182.32 and 1182.44). The pooled study dataset
was comprised of 79.1% male and 20.9% female; 85% white, 11% black, and 4% other race. The
age of the study population ranged from 18 to 73 years (mean 41.7 + 11.0) and body weight
ranged from 47 to 123 kg (mean 75.3 + 13.3). There were 64.2% HIV+ patients and 35.8% HIV-
subjects. Nonlinear mixed effects modeling was performed on the pooled dataset using the
computer program NONMEM. Tipranavir concentration-time data were fit to a one-compartment
open model with first order absorption parameterized in terms of absorption rate constant (Ka),
apparent oral clearance (CL), and volume of distribution (V). Univariate analysis was initially
performed to determine the potential covariates, and intermediate and final models were built with
covariates included or removed. For each analysis step comparing the nested models, the
improvement in fit was mainly assessed by the change in the NONMEM minimum objective
function value, and by the examination of scatterplots of observed versus predicted (population
and individual) concentrations, and predicted concentration versus weighted residuals.

FORMULATION: Tipranavir: 250 mg soft elastic capsules, self-emulsifying drug delivery system
(SEDDS) formulation. Norvir: 100 mg soft elastic capsules.

PHARMACOKINETIC SAMPLE COLLECTION: A total of 1866 tipranavir concentrations from
187 individuals were included in the analysis. These concentrations were obtained according to a
fixed time sampling or a pseudorandom time sampling at the scheduled visits. These
concentrations were fairly well distributed over the 12-hour dosing interval.

Bl Protocol 1182.05: For this population pharmacokinetic analysis, the morning pre-dose sample
from Study Day 25 and the steady-state PK profile from Study Day 25 were used (TPV/r 500
mg/200 mg). A total of 11 subjects (8 females, 3 males) contributed 132 plasma tipranavir
concentrations (12 samples per subject: Day 25: predose, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12h
post-dose) to the tipranavir plasma sample population. The dates and clock-times of drug
administrations and blood sample collections were recorded in the CRFs and used in the
NONMEM analysis to describe the temporal component of the plasma tipranavir concentration-
time relationship.

Bl Protocol 1182.21: For this population pharmacokinetic analysis, morning pre-dose samples
from Study Day 19 and 20 and the steady-state PK profiles from Study Day 19 were used (TPV/r
500 mg/200 mg alone). A total of 23 subjects (12 females, 11 males) contributed 299 plasma
tipranavir concentrations (13 samples per subject: Day 19: predose, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10
and 12h post-dose; Day 20, predose) to the tipranavir plasma sample population. The dates and
clock-times of drug administrations and blood sample collections were recorded in the CRFs and
used in the NONMEM analysis to describe the temporal component of the plasma tipranavir
concentration-time relationship. v

Bl protocol 1182.32: For this population pharmacokinetic analysis, the steady-state morning

predose sample and PK profile from Study Day 7 for the control subjects were used. A total of 9
subjects (1 female, 8 males) contributed 108 plasma tipranavir concentrations (12 samples per
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subject: Day 7: predose, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12h post-dose) to the tipranavir
plasma sample population. The dates and clock-times of drug administrations and blood sample
collections were recorded in the CRFs and used in the NONMEM analysis to describe the
temporal component of the plasma tipranavir concentration-time relationship.

Bl Protocol 1182.44: For this population pharmacokinetic analysis, morning pre-dose samples
from Study Day 14 and 15 and the steady-state PK profiles from Study Day 14 were used (TPV/r
500 mg/200 mg alone). A total of 24 subjects (4 females, 20 males) contributed 309 plasma
tipranavir concentrations (13 samples per subject; Day 14: predose, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10
and 12h post-dose; Day 15, predose) to the tipranavir plasma sample population (Subjects 2002,
2009 and 2015 discontinued the study after the Study Day 14 12-h sample and no Study Day 15
pre-dose sample was available). The dates and clock-times of drug administrations and blood
sample collections were recorded in the CRFs and used in the NONMEM analysis to describe the
temporal component of the plasma tipranavir concentration-time relationship.

BI protocol 1182.51: For this population pharmacokinetic analysis only patients receiving TPV/r
500 mg/200 mg were included in the dataset. All patients had morning trough samples collected
prior to drug administration on Study Days 7, 14, 21 and 28 while a subset of patients had post-
dose PK profiles collected on Study Days 14, 28 and at Week 24/End of Trial (0.5,1,1.5, 2, 3, 4,
5, 6, 8, 10 and 12h post-dose). A total of 48 patients (2 females, 46 males) contributed 808
plasma tipranavir concentrations to the tipranavir plasma sample population (1 patient contributed
1 PK profile + troughs; 8 patients contributed 2 PK profiles + troughs each; 13 patients
contributed 3 PK profiles + troughs each; 2 patients contributed 2 troughs each; 3 patients
contributed 3 troughs each; 21 patients contributed 4 troughs each). The dates and clock-times of
drug administrations and blood sample collections were recorded in the CRFs and used in the -
NONMEM analysis to describe the temporal component of the plasma tipranavir concentration-
time relationship.

Bl Protocol 1182.52: For this population pharmacokinetic analysis only patients receiving TPV/r

500 mg/200 mg were included in this dataset. All patients had morning trough samples collected
prior to drug administration on Study Days 7 and 14 and a subset of patients had a maximum of
three post-dose samples collected according to the schedule listed below:

Sample Collection Window
: . __{howrs-after TPN/radininistration)
Month of Bixth Samplel |~ Sample2 | Sample 3
Tanuaty . 05-4 24 T 6-8
February - 1-15 3-5 7-9
[March 1.5-2 4-6 8-10
April T 05-1 2-4 6-8
May 1-15 3-5 7-9
Tine . 1.5-2 4-6 8-10
July ’ 05-1 2-4 6-8
August 1-15 3-5 7-9
September 15-2 4-6 8-10
October 05-1 2-4 6-8
November 1-1.5 3-5 7-9
December 15-2 4-6 8:-10

A total of 72 patients (12 females, 60 males) contributed 210 plasma tipranavir concentrations to
the tipranavir plasma sample population (25 patients had pseudorandom post-dose sampling).
The dates and clock-times of drug administrations and blood sample collections were recorded in
the CRFs and used in the NONMEM analysis to describe the temporal component of the plasma
tipranavir concentration-time relationship.
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PLASMA BIOANALYTICAL ASSAY: Plasma concentrations of tipranavir were determined by a
validated .[_ J methodat T J for BI Protocols 1182.05,
1182.21, 1182.32 and 1182.44 and a cross-validated method at T )

A for Bl Protocols 1182.51 and 1182.52. The unit of measure for plasma
tipranavir concentration was ng/mL. The limits of quantitation for the bioanalytical assayat L J

were ' T ~ 3 ng/mL (high range) and [, 1 ng/mL (low range). For the
bioanalytical assay at L 7 the limits of quantitation were T 7 1 ng/mL (Bl
1182.51)and [ 1 ng/mL (BI1182.52). The highest mean accuracy of QC samples was

13% and the highest precision of QC samples wasC ]

POPULATION PHARMACOKINETIC ANALYSIS: The software packaae NONMEM® (Nonlinear
Mixed Effects Model; Version V Level 2.1; double precision modules: 1
was used for the population pharmacokinetic analysis.

NONMEM describes the observed concentration-time data in terms of:

1. A number of fixed effect parameters, 8, which may include the mean values of the relevant -
base pharmacokinetic model parameters, or a number of parameters which relate the structural
model parameters to demographic and other covariates. ’

2. Two types of random effect parameters: (a) w? the variances of the interindividual variability
(n) within the population, and (b) o* the variances of the residual intraindividual variability (€) due
to random fluctuations in an individual's parameter values, measurement error, model
misspecification, and all sources of error not accounted for by the other parameters. The
population or average values of the parameters, 8, the interindividual variances, w?, and the
residual variance, 0, are estimated by NONMEM. Subject specific true values of n are obtained
by NONMEM by including the first order conditional estimation (FOCE) option on the
$ESTIMATION record (METHOD=CONDITIONAL). The INTERACTION and REPEAT options
also were included which take into account n-¢ interaction and repeating the search with initial
estimates that were the final estimates of the revised scaled transformed parameters from the
first search rescaled to 0.1, respectively. These parameters are empirical Bayesian estimates of
the individual's true parameters based on the population parameters and the individual's
observed concentrations.

Tabulations, statistical and graphical summaries were produced with WinNonlin Professional
v4.0 (Pharsight Corporation, Mountain View CA), SAS v8.02 (SAS Institute, Cary NC) and
S-PLUS v6.2 (Insightful Corp., Seattle WA).

Pharmacokinetic Model Building: A one-compartment open model with first order absorption was
evaluated as the base model. Individual subject pharmacokinetic parameters were described by
the following equations:

Ka=0, -e"
CL=§, "
V=6, "

where Ka is the first order absorption rate constant, CL is the apparent oral clearance, V is the
apparent volume of distribution, 8 is the population mean estimate (or typical value) of the
corresponding pharmacokinetic parameter, and ni's are the associated interindividual variability.
NONMEM library subroutine ADVAN2 TRANS2 was used.
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The intraindividual residual variability of tipranavir plasma concentration was estimated using a
proportional error model, as described by the following equation:

Cp, =Cp, - Q+¢,)

where Cp., is the observed value of the | plasma concentration of individual i; ~Cpj is the
predicted [ plasma concentration of individual i; and g; is a random variable which represents the
discrepancy between the observed and predicted ™ i concentration. ‘

The following criteria were considered to determine the best model:

1. The minimum objective function value (OFV) of the best model should be significantly smaller
than the alternative model(s) based on the maximum likelihood ratio (MLR) test.

The MLR test was applied when the test models fulfilled the nested full/reduced model definition.
A full model can be made equivalent to a reduced model by setting a parameter to a fixed value.
The change in OFV between the two nested models is approximately x2 distributed with degree
of freedom equal to the number of parameters which are set to a fixed value in the reduced
model. A decrease of 3.84 units in the OFV was considered statistically significant (p < 0. 05) for
addition of one parameter during the development of the model.

2. The observed and predicted plasma concentrations were more randomly distributed across the
line of unity for the preferred model.

3. The weighted residuals show less systematic distribution against covariates for the preferred
model.

Evaluation of Potential Covariates: Following the determination of the base population
pharmacokinetic model, potential covariates were examined to determine whether they improved
the overall fit and reduced variability in the model. These covariates included gender, age, body
weight, race and HIV status. Each covariate was added to the base model, and the resulting
univariate model was then compared to the reduced model for significant improvement in fit.
Covariates producing an improvement were then added to the base model as a group or as a
single entity in a stepwise manner. Remaining covariates comprise the final model. The
importance of each covariate included in the final model was then investigated by means of
backwards elimination. Each of the covariates included in the final model was removed, and the
resulting objective function value of the reduced model was compared to that of the full model.

Estimation of Individual-Specific Parameters: Individual-specific values of each pharmacokinetic
parameter were obtained by Bayesian analysis with the final model. The following steady-state
pharmacokinetic parameters could subsequently be calculated for each individual according to
the following equations based on compartment modeling theory.

v
; _0:693
142 Ke
AUC = Dose 1000

L _
-Ker

g = eI A M2 )

Ka - Ke Ke -(l—e )
¢ Dosed000 (1 1\ s

Cmm - Ka - D?SQ 1000 . :( l = ) e—Ke--t _[ 1 Kwr)‘ e—Kmr
V tKka—Ke) 1—e7 I—e
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POPULATION PHARMACOKINETIC RESULTS:
Base Model: |

A one-compartment model was fit the to the plasma tipranavir concentration-time data,
parameterized in terms of apparent oral clearance (CL, in L/h), apparent volume of distribution v,
in L), and absorption rate constant (Ka, in h'™"). Individual variability of each pharmacokinetic
parameter was described by an exponential error model. A proportional error model was found to
adequately describe the error in the data.

Figure 1. Base model: predicted population tipranavir Cp (PRED) vs. observed
tipranavir Cp (DV)
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Figure 2. Base model: predicted individual tipranavir Cp (IPRED) vs. observed
tipranavir Cp (DV)

‘ '0'::%%,” T — -i' s :‘3. e bj“ -~ | — T
0 40000 80000 - 120000 - 160000 200000
Obsefved TPV Cp (ngfil)

Note: The solid line represents the line of identity.

Figure 3. Base model: weighted residual (WRES) vs. observed tipranavir Cp (DV)
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Figure 4. Base model: individual weighted residual (IWRES) vs. individual
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Univariate Analysis:

Following the determination of the base population model potential covariates were examined to

determine whether they improved the overall fit and reduced variability in the model. These

covariates included gender, age, race, body weight, body surface area and HIV status.

Table 1. Univariate analysis of the potential covariates for tipranavir pharmacokinetic parameter

typical values

OV

“Eqtiations Used Change
m
. . QFV*
Ka=6k: CL= 8y V=0 | 36978.976 v/a
CL= 8ci(i+8cpsrCBSA), 36947 457
| where CBSA= -1 +(BSA/LT3) . -31.119
' CL= "6y - (1% Beipr (CHT), 36948457 '

1 -30:139

36974 081‘
4495

36975.574 |

CL ecz Bfackfb] Blﬂbk

crL= .Bci:Dowers for Others . -3.002
K= i - {1+ Oy - HIV) - 36976:985 | -1591

| €5= 8- (1 8cice (CAGE), 36973286
Lo A _ lwherte CAGE= -1 +(AGE/4Q) -0.296.
Ut el ¥ WIKG | L= 6c- {1+ 9o (CWT); -36935.453 | _33.004
V="=8p- (1+ Beyr (CHT) (o U2)

* Companing 1o 1he base thless InGearad,
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Final Model Building:

Based on the univariate analysis results, significant covariates were added to the base model to

assess their effect on clearance and volume of distribution. The full fixed effects models were

built by eliminating or adding the significant covariates sequentially. A covariate was included in
the full model if it improved the overall fit and reduced variability. Model 10 was considered as the
final model with all remaining covariates evaluated by means of backwards elimination.

Table 2. List of models in the multivariate analysis of the potential covariates for

tipranavir pharmacokinetic parameter typical values

Equafions Used GFV | Clunge
e o
i - . . oFV-l-
v K= 0x 36578576 | -
RS HIR)- (05 CAGEY (4 627 CFF) (485 Sy o[ 36931447 | —
(,_;_-.(fu,g’g' .mr.)-.(uogiflc,{ag).(quf .CWT)~(1+B§-S§x) 36943.029. 11.5(82
' to
No. 1)
- CLEly (14 65  CAGE) (1 +0F -CHT)- (14657 - Sex) 36934.649 (3{302
No. 1)
-1 36931.447 0
(to
No.1)
(£67 .cwD)
= .
Q+Ei - HF): Q465" -CIFT) 36931.612 0.165
36935453 3.841
=0 (14 85 HIV) - ({+ 657 - CHT) | 36943.634 12_0(23
No. 5)
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Table 2. List of models in the multivariate analysis of the potential covariates for
tipranavir pharmacokinetic parameter typical values (continued)

GFV | Chiange
in
OFV"
| 36911207}
HV) BT oW, | aeovs2a7 | -s0s
(65 CRT)- (65" - HIV)- (487 - Sex).
0 (O IV 08O 36908240 | 1.993
=6F(1+9;7"’ CHIVY: ({485 -Sex)
2. a4 95 | CHT) - (1+ 855y || 36906844 -1.3(96
Whits . o Blick . Oikerc t
r =00 0" 0% No. 10)
I S8 HIV): 1G5 - Sex)
Tz o I v '
36918.193 | 9953
i ) (to
. - No. 10)
. o Vs (1407 ~Sex)
13K, '
' 36932715 | 24.475
(to
No. 10)
CL [HIV, 36930.264 | 22.024
WIKG (to
L . No. 10)
:V :sH_]‘EI(, Vi B+ 95“ - Sex)

Table 2. List of models in the multivariate analysis of the potential covariates for
tipranavir pharmacokinetic parameter typical values (continued)

[Ro. [Para- | €o- Equations Used OFV | Change
metér |, variate in
3 OFV®
E _
ST A IS ——p— 39919:204 | 10.964
wike | CL50a U+l - HIV)- (kg -CFT) o
L N - No. 10)
o | v=8-0+6" BV
- 167 | Ks i =6 .
© e T [EN, P g WIRW T Jp" 36508230 | -0.010
: WIRG g HOF - HIP)«(118g  -CHT) (to
i - No. 10)
- L — :
v ?E\x, V=8, (1+07 HIV)- (1+08F . CAGE)
+AGE

Note: Newly added of removi

alicized ind vadained,

e rarfables

*Comparing to flie:preceding mddel inlessiindicated in parenthesis.

b Final popaiation PK model
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. Table 3. Structural population mean parameters of the final model

Fixedto0
- Tixedto 0 | il
- ‘ 0:445:

v estiriiate Rines-160.

Table 4. Magnitude of interindividual variability

| Final Bstimate o® NHCE

1 @i | 0284 533
2 T | 0105 324
3 o | od1 143

1: SqCire f0of of o i < SD) ties 100 sed 28 %CY. e
b SRSE (% Relalive SE), stafidard ecror-of the parametét estimate divided by-the paruneter-estimate times 100,

Table 5. Magnitude of residual variability

R Fmal Estimate g” | = (%CV) v ~ %RSE"
0-12 ) 0.0810 | 285 8.0
fo” (16.SD) tihés 100, and expressed as %CV. ’

ve SE), stanidard erfor of the parimeter estimate divided by thie patameter estinnate times 100.
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Figure 5. Final model: population predicted tipranavir Cp (PRED) vs. observed
tipranavir Cp (DV)
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Figure 6. Final model: individual predicted tipranavir Cp (IPRED) vs. observed
tipranavir Cp (DV)
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Figure 7. Final model: weighted residual (WRES) vs. observed tipranavir Cp (DV)
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Figure 8. Final model: individual weighted residual (IWRES) vs. individual
predicted tipranavir Cp (IPRED)
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-Population analysis demonstrated that tipranavir apparent oral clearance (CL) can be significantly
affected by body weight (p < 0.001) and HIV status (p < 0.005). Body weight caused the more
prominent linear increase (75.7%) in CL, whereas HIV+ patients exhibited a mild increase
(18.8%) in CL when compared to HIV- subjects. Apparent volume of distribution (V) was
moderately increased in HIV+ patients (44.5%, p < 0.001) and in males (32.3%, p < 0.001). Since
HIV+ patients exhibited not only higher CL, but also larger V, they tended to have lower tipranavir
concentrations when compared to HIV- subjects. The covariates age, gender or race were shown
to have no or little effect on the clearance of tipranavir and no effects of age or body weight were
shown on the volume of distribution of tipranavir.

The final population model can be best expressed by the following equations:

Ka (') = 0.499

éL {L/h)= 0.9;1.?- (1 + 0188 [HIV]) » (1 + 0.757 « CWT)
where HIV = 0 for HIV- subjects or 1 for HIV+ patients
and CWT = =1 + [Weighs (Kg)/ 70].

7 (L)=5.35~ (1 +0.445 [HIV]) « (1 + 0.323 [Gender])
where HIV = 0 for HIV- subjects or I for BIV+ patients
and :.Gende-r = @ for females or 1 for males.

Tipranavir Steady-State Modei-Derived Pharmacokinetics:

Table 6. Summary of the NONMEM model-derived pharmacokinetic parameters for female and
male HIV+ patients and HIV- subjects.

“ HIV: patients HIV- subjects

Phinistacokinefie parameter Females Males Females Males
L MN=14)  (N=106)  (N=25) N =42)
Chonim (WM). 30.94 3163 4326 31297
Crmax (V) 92.33 75.87 114.71 90.08
Triax () 29 2.9 3.0 29
AUC 15 (hopND 792.8 681.0 1005.3 781.8
CL (L/B) ’ 1.05 1.22 0.83 1.06
VL) o 7.7 0.2 53 70
tin () 6.0 4.8

5.5 6.0 47 48
Ka®h 0.5142 0.5291 0.4406 0.4780
Ke@®h S 0.1354 0.1200 0.1560 0.1510

Note: Pharnacokinetic pardmetersare reported as géometric mean, except 4y, which i5 reported as the arithmetic mean
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CONCLUSIONS:

In conclusion, the steady-state population pharmacokinetics of tipranavir 500 mg bid co-
administered with low-dose ritonavir 200 mg bid can be adequately characterized by a one-
compartment model with first order absorption. Body weight, HIV status and gender were
identified as covariates that may affect the steady-state pharmacokinetics of tipranavir. The
population pharmacokinetic analysis suggested the mean systemic exposure of tipranavir was
stightly lower for HIV-1 infected subjects compared to that of HIV-1 negative subjects. However,
this observation does not change conclusions of studies conducted in healthy volunteers.

COMMENTS:

The pharmacokinetic sample collection and the population pharmacokinetic analysis are
acceptable.

RECOMMENDATION:
The population pharmacokinetic analysis suggested the mean systemic exposure of tipranavir
was slightly lower for HIV-1 infected subjects compared to that of HIV-1 negative subjects.

However, this observation does not change conclusions of studies conducted in healthy
volunteers. -
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U00-3175
Title: In vitro metabolism studies of tipranavir (Study conducted by Pharmacia & Upjohn, Inc.)

OBJECTIVES: To characterize metabolite profiles observed upon incubation with human liver
microsomes and hepatocytes and to identify CYP enzymes involved in the metabolism of tipranavir in
human liver microsomes

METHODS: Tipranavir metabolism with human liver microsomes: A human liver microsomes bank
prepared from 25 human individuals was used in the study. Incubations were conducted in the presence
of 1 mg/mL human liver microsomal protein in a final volume of 0.5 mL in 100 mM potassium phosphate
buffer (pH 7.4), and 1 mM NADPH for 30 minutes at 37°C. The addition of the cofactor NADPH
generating system (5 units ICDH, 10 mM NADP+) started the reaction. The final concentration of [°H]
tipranavir was 100 uM (3.67 pCi/mL). The reaction was terminated by the addition of an equal volume of
acetonitrile containing 1% TFA followed by centrifugation. Supernatants were analyzed directly by HPLC
b ]

Tipranavir metabolism with human hepatocvtes: Human hepatocytes were isolated from a freshly
preserved human liver obtained from the C 3 using established
protocol. Incubation mixtures of tipranavir with human hepatocytes were of 2 mL total volume containing
25 uM (3.6 uCi/mL) of [°H] tipranavir, and a cell density of 2X10° cells/mL. Incubations were conducted at
37°C in a humidified cell incubator at 5% CO,. At selected time points cells were sedimented by
centrifugation. Supernatants were analyzed directly by HPLC T

RESULTS:

In vitro biotransformation of tipranavir

Several metabolites of tipranavir were observed and partially characterized by

J. Among those were oxidized (M+16) and desaturated (M-2) metabolites, a
glucuronide conjugate of the parent drug, and a metabolite (PNU-143070) formed via
sulfonamide N-S bond cleavage of the parent drug. There appeared to be no single major
metabolite that dominated the metabolite profiles.
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Figure 1. Proposed In Vitro Metabolic Pathways of Tipranavir
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Identification of major CYPs involved in Tipranavir metabolism in humans

The metabolism of tipranavir was studied in human liver microsomes. In a correlation study, the
rate of tipranavir metabolism appeared to be correlated with testosterone 6p-hydroxylase activity,
an indicator of CYP3A4 (r=0.93) but poor correlation to other CYPs, e.g., CYP1A1/2, CYP2A,
CYP2C9/10, CYP2D6, CYP2E1 and CYP4A.

Table 1. Correlation of Tipranavir Metabolism Rate to Cytochrome P450 Enzyme Marker
Substrate Metabolism Rates

Cytochroma P450 Iscform ) Activity Correlation Coefficient

P450 14172 ' 7-Ethoxgresorufin O-dealkylation =4 0.146
P450 142 ’ Caffeine 3-demethylation r= 40,140
P450 24 ' Coumarin T-hydroxylation r = + 0:580

P450 2C9/10 Tobutamide methylhydroxylation r=+ 0,126
P460.2C19 . S-Maphenytoin. 4"-hydroxylation t = « 0,020
P450 2D6. Déx&rém_e&l)orphan Q-demethylation re-0.161

P450 2E1 _ Chlorzoxazone 6-hydroxylation r= 4+ 0.076
P450'SA | Testasterons 6p-iydroxylation ‘ = +0.530
P450 4A ] Lauric acid 12-hydroxylation r =+ 0.042

CONCLUSIONS:

This study showed that CYP3A4 appeared to be the CYP enzyme responsible for the oxidation of
tipranavir in human liver microsomes as evidenced by the correlation analysis. The sponsor
further conducted the inhibition study in human liver microsmes with ketoconazole. Co-
administration of ketoconazole at concentrations of 1 pM or 5 uM inhibited the metabolism of
tipranavir (50 uM) by 90% and 95%, respectively. The sponsor also confirmed that CYP2D6 was
not involved in the metabolism of tipranavir by incubating tipranavir with cDNA-expressed human
CYP2D6.

The sponsor may need to confirm the lack of involvement of other major human CYPs, e.g.,
CYP1A2, CYP2C9, CYP2C19 using either respective specific chemical inhibitors in human live
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microsomes or cDNA-expressed systems similar to the experiment that the sponsor did with
CYP2D6.

U03-3576

Title: In vitro evaluation of tipranavir as an inhibitor of human cytochrome P450; Determination of
ICsp and K; values

OBJECTIVES: To determine K; values for the inhibition of CYP1A2, CYP2C9, CYP2C19 CYP2D6 and
CYP3A4 by tipranavir and to assess the drug interaction potential of tipranavir

METHODS: The CYP450 isoform specific substrates used were phenacetin (CYP1A2),
diclofenac (CYP2C89), (S)-mephenytoin (CYP2C19), bufuralol (CYP2D6), testosterone (CYP3A4)
and midazolam (CYP3A4). Each CYP substrate was incubated with human liver microsomes in
the presence of various concentrations of TPV (inhibitor). Human liver microsomes used in the
study were characterized for CYP450 isoform enzyme activities, microsomal protein
concentrations and spectrally apparent CYP450 concentrations. All incubations were carried out
at 37°C. An ICs, value for each CYP isoform was determined to optimize inhibitor concentrations
for K;determination. The IC5, value was determined by incubating substrate at one concentration
(the apparent Ky, for that probe substrate) in the presence of seven inhibitor (TPV or positive)
concentrations. Incubations without inhibitors were included as 100% activity values. The
tipranavir concentrations used were 0, 0.07, 0.21, 0.62, 1.85, 5.56, 16.67 and 50 uM for all

incubations.

Table 1. Summary of assay conditions and substrate concentrations for ICs, determination

CYP Isoform CYPIA2 | CYP2C9 | CYP2CI9 | ‘CvPD6 |  C¥P3ad
Substrate Phenacetin [Diclofenac S-Mefghenytoin Bufuralol | Testoéterone
{Substrate Concentration] 40 5 40 - 7.5 60
(uM)* ,

Solvent for Substrates Ethanol Water Ethanol Water Methanol
'_Metabolite Mazitored { APAP® | 4-OH.D® 4-OH-M? I-OH-B* 6-B-OB-T*
HLM? Concentration | 0.5 | 005 0.4 0.5 0.2
{(migrmv)

|Phosphate Buffer (mM) 100 100 100 100 100
Incubation Time (min) 20 10 30 20 6

*Substrate values-are the 4ppatent Ko values detenmined in house. Up to two-fold vadation in K., have been noted and
found accepiable as indicated in reference (4).

b APAP, acetaminophen;

‘4’-OH-D, 4"-hydoxydiclofenac;

“4-0OB-M, 4’-hydroxymephenytoin;

* 1-OH-B, 1-hydroxybufuralol;

£ 6-B-OH:T, 6-betahiydroxytestosteronc;

SHLM, human liver microsotses.

223



Table 2. Incubation concentrations (uM)

of isoform-selective inhibitors (positive controls) for ICs,
determination

' CYP Tsdfd@' CYPIAZ | CYP2CY cvects |- (:Yf‘zbﬁ &mm ]
Substrate Phenacetin I Diclofensc. S—Méphenytoin | Bufuralol Testosterone
g C or Midazolam
© Inhibitor : Furafyl[me Ef:i.S.'u_l.‘[",apjhz=:,naz‘o_1_e- Tranylcypromiﬁne'” Quinidhe Ketoconazole
) v ‘ » Inhibitor Concénumioné ( ;;M) |
1 10.00 | 3.00 5000 3:00 3.00
2 3.33 1.00 16.67 1.00 1.00
3 _Lu 0.33 5.56 0.33 0.33
4 037 0.11 185 0.11 0.11
5 _::0;12 0.037 0.61 0.037 0.037
6 0.04 0.012 021 0.012 0.012
7 0:01 0:004 0.069 0.004 0.004
8 0 0 0 0 0

K; values were then generated using five different tipranavir concentrations combined with five
different substrate concentrations for each isoform selective substrate. K; studies for each CYP
isoform were conducted on two separate occasions. Incubations with isoform selective CYP450

inhibitors were also included as positive controls in the study (see Table 2).

Table 3. Summary of tipranavir concentrations (uM) for K; determi_nation

- i « - ‘ - o
CYP Isoform CYI:’ 1A2 -CYP2C9 CYP2C19 CYP2D6 | CYP3A4 CYP3A
Probe Substrate [ Phenacetin | Diclofenac® Mephenytoin® Bufuralol® | Testosterone | Midazotam
Probe Sub P
L]
Tipranavir (WM) } _
Teo ‘ .00 12.
Concentration 1 | 5000 1.20 12.00 50.00. 1000 2
JConcentration2 {2500 0.60 6.00 25.(30 oo oot
Tconcentration 3 | 12,50 0.30 3.00 12.50 0.63 o
Concentration 4 | 3:13 0.08 0.75 3.13 .0 .0.
‘ 0
Concentration 5- 0 _ 4 ‘ 0
71 stosterone or-midazolam as the subsirate.

T CYP3 AL assay usidg either te ;
b K, determinations were repeated.on:two separate occa »
repiicate» assay were the same as used in‘the ﬁrs‘t rf:ph‘cate e)fcgpl i
substrates (the concentration of ‘tipranavir used is mdlcated:mgnren es;::) : pd pro
(8)-mephenytoin (0, 2.5, 10, 20 and 40 uM) and bufuralol (0, 3.75, 15, 30 an :

ate occasions, The tipran

avir concentrations used in 'the second
for the. incubations with the following probe
henacetin (0, 3.75, 13, 30 and 60 uM),
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Table 4. Summary of assay conditions and substrate concentrations for K; determination

[ovpoforn | CYPIAZ | cypaco | cveacio [ cvpems.| cypsas | cypiag
Substmte S Pheﬁafcetin ' Diclofenac , Mei)heﬁytoin“‘ Bufuralol | Testosterone | Midazolatn
Substrate ] 120 15 1200 | 225 180 | 15
Concentration, A -

Substrate 1 a4 s 40° 75" 60> 5"
Coneentration, B~ 1

Substrate. 1 2 2.5 20 375 | 30 25
C'on'cemration,c_ i ‘ o

Substrate o2 | s 12 2.2 18 L5
Congentration, D - _

Substrate 8 1 8 1 1s | 12 1
Concetration, B | -

Solvent for Subs'l:l‘a’ﬁasj - Ethanol Water Meéthanol Water Methanol | Acetonitzile
|Metabolite Monitored | APAP® | #-OH-D° | #-OH:M' | I-OH-B®| 6-B-OHT" | I-OH-M
{HEM Conc. (mgfml)| 0.5 0.05 08 0.25 0.2 0.1
|Phosphate Buffer | 50 100t | 50 50 100 50
(mM) , ,

Incubation time (min) 20 10 30 10 6 5
¥(8)-Mephetytoin was utilized for the seooﬁd K| experimént and was solubilized in 50 % methagol: 50% acetonitrile

Vv): .
s'Sul):ish-at,(-: values in:bold are the apparent K, valoes determined in house. Up to two-fold variation in K, bave been
noted anid: found acceptable as:indicated in reference (4).
**The second K; expétimient uséd a 50 UM substrate: (testosterone) concentration, a'5 minute time point and 50 mM
potassium phosphate buffer, pH: 7:4: concentration.
APAP, acefaminophen;
“4-OH-D, 4’-hydroxydiclofenac;

4"-OH-M, 4"-hydroxymephenytoin; /
& 1°-OH-B; 1"-hydroxybufurolol;
b6-B-OH.T, 6-betahydroxytestosterane;
"17-OH-M; 1"-hydroxyimidazalam.
VHLM, Human liver microsomes; )
*Thie second experimient for the K; deterniination for inhibition of the isoform CYP2C9 used a 50 mM potassiua
phosphate buffer, pH 7.4

The K; values were fitted using the following competitive inhibition equation:
V= Vinax # [S]/ (Kn o (14 [IJV/K) + [S])

The inhibition of testosterone metabolism by tipranavir exhibited curvilinear kinetics and
consequently, the data was analysed using 3-site model (developed by [ YJ
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RESULTS:

The [1] value used for [I}/K; values calculation was 95.4 uM (57.5 pg/mL) achieved at a dose of
TPV/RTV (500 mg/200 mg) BID at steady-state.

Table 5. Tipranavir ICsp, K; and proposed [I)/K; values for the major human CYPs

cypaso ICs* v K;® (v s | - DI —[
L o oo i ] Potential
CYP1A2 | >50 24.2 39 | 'Likef,,
1 (31.7, 16.6)
CYP2C9 0.26 023 | 4148 Likely —'
- (0.18, 0.27)
CYP2C19 2.7 53 18.0 Likely
. | (5.1,5.4)
CYP2D6 16.3 6.7 142 Likely
B (8.5,4.8)
CYP344 2.3 0.88 108.4 Likely
(Test)? 0.56,1.2) | .
CYP3A4 (Mid)* N.D.f 1.3 73.4 Likely
(1.3, 1.3)

hverg Ky v e o RS o ottt s b
' ; lues repo ucs.calculated from Grafit software based o ion 3.3.4:
t port ies caley al n equation 3.3.4:
.I;dsito-ﬂer?ne) Wh_ere the K‘ was calcalated from Grafit Softwire Based ona }sifcqmdd 1 2' ex_cept e
1 vidudf values shown: In par¢nihesis. el (oation 3.3.4:2) ()
i [I],"n?ranavir. 'Cmew. <oncentration -of 95.4
in clifiical study 1183:51 I{2).
: Test, testosterone as'the substrate.
: Mid, midazofam as the substrate,

N:D., Not determined,

1M based on a 500 mg BID dese (co-administered Wlth 200 mg of ritonavif

CONCLUSIONS:

The K; values determined in this study are in agreement with K: values obtained in a previous study
conducted by Pharmacia & Upjohn, Inc. (contracted to. C J study report # U00-3194) with K;
values of 13.6, 0.331, 19.2, 1.50-and 2.94 uM for CYP1A2, CYP2C9, CYP2C19, 2D6 and 3A4,
respectively. The CYP activity markers were 7-Ethoxyresorufin O-dealkylation (CYP1A2), Tolbutamide
hydroxylation (CYP2C9/10), S-Mephenytoin 4'-hydroxylation (CYP2C19), Dextromethorphan O-
demethylation (CYP2D6) and Testosterone 6B-hydroxvlation (CYP3A4/5). The potential of tipranavir as
mechanism-based inhibitors was also investigated by L 7 by pre-incubated human liver
microsomes with tipranavir and NADPH for 10 min. After this 10-min pre-incubation period, an aliquot of
treated-microsomes was added to an incubation containing the marker substrate. The incubation was
then carried out to measure the residual marker P450 activity. Tipranavir showed little or no capacity to
function as an irreversible inhibitor of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4.

As [IJ/K; ratios are greater than 1, drug interactions involving above-mentioned major human CYPs are
considered likely. So the sponsor needs to conduct follow-up in vivo evaluation to confirm or rule out the
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drug interaction potential for tipranavir with CYP1A2, CYP2C9, CYP2C19 and CYP2D6. Other factors
that need to be taken into the consideration in the in vivo study design are the co-administration of
tipranavir with low dose of ritonavir and for CYP2C enzymes, tipranavir may also be an inducer as itis a
CYP3A inducer. '
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U02-3440
TITLE: Evaluation of permeability characteristics of tipranaVir with Caco-2 and MDCK cells

OBJECTIVES: To determine the permeability of tipranavir across the Caco-2 cell monolayer, to
characterize its transport mechanism by examining the effect of efflux pump inhibitors and excipients on
the permeability, and to confirm that tipranavir is a substrate for P-gp using wild type and MDR1
transfected MDCK cell lines

METHODS: Caco-2 celis were grown as monolayers on polycarbonate filters T

1" and cultured for 21-25 days in HBSS or HBSS supplemented with BSA
culture medium. The permeability studies were initiated by adding cell culture medium containing test
compound ([**C] tipranavir at 8.2 uM and inhibitors) to either the apical (apical to basolateral transport) or
basolateral (basolateral to apical transport) side of the monolayer. Samples were taken from the opposite
side of the cell monolayers and replaced with fresh medium at discrete time intervals. Inhibitors of efflux
pumps were added to both sides of the monolayers (throughout) unless otherwise specified. The
concentrations of tipranavir were analyzed by a liquid scintillation counter.

MDCK cell lines (wild type and MDR1 transfected) were grown as monolayers on polycarbonate filters
L 3 :rand cultured for 5-8 days in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum, 100 U/mL penigiliin, and
100 pg/mL streptomycin, and addition of colchicine for MDR1-MDCK cells. All permeability experiments
were performed as described for Caco-2 cells. :

Permeability coefficient (Pc) was calculated according to the following equation: Pc = dA/(dt:S-C,), where
dA/dt is the flux of test compound across the monolayer (nmole/sec), S is the surface area of the cell
monolayer (0.33 cm?), and C, is the initial concentration (M) in the donor compartment. The permeability
coefficient values are expressed as cm/sec. The permeability directional ratios (PDRY) defined as the ratio
of permeability from basolateral to apical direction to permeability from apical to basolateral direction.

RESULTS:

Table 1. Permeability of tipranavir across Caco-2 cell monolayers in the presence of P-gp
substrate/inhibitors

comysa | oA paes | P BeA |
T _ 1 %) - (%)

v Miannitol 7 049+006 ) 933 0.31 +0:02 953 0.6

- Tip;anawr:ir b(TPVY) 1 0.48% = 0.05 52.6 3.14 & 0-24' 98.4 59

TPV + Digoxin 30uM 0.48 +0.02 98.0 2.81 +0.12 98.5 5.9

TPV + Quinidine 160 M 0.78 £ 0.20 92.1 0.98 +0.12 87.5 13

TPV + Verapamil 100 uM 2.01 +£0.08 94.6 1.68 +0.16 91.0 0.8

: TPV + Verapatnil 20(); uM 3.08 +0.20 92.8 1.46 = 0.04 88.3 0.5

TPV +1LY335979'1.0 H#M 0.61 +0.05 92.0 0.69 + 0.08 89.6 1.1

Propmoipl 33.1+1.28 834 326 +1.12 90.3 1.0
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Table 2. Permeability of tipranavir across Caco-2 cell monolayers in the presence of HIV Antiretrovirals

.+ Drug with Perm AtoB | Mass Perm BoA | Mass

- 025% (wiv) BSA 10° (emvsec), - |Balance (%]  10° (cfséc) Balance (%) TOR

: Manmtol N ' 049 ;.o.os_' C 933 | 0311002 953 05

‘ Tlpranawr TPV 1 oaseo os | s26 314024 | osa ‘ 59
TPV 3 w_il_thnonav_xr throughout 128 +0.06 94.6 330009 - 94.1 %6
TPV +Ruforavir 0.2, pg/ml. 1 os7+000 | 962 341£018 : 954 6.0
:’I‘PZV + Rutonavir 2:s1g/mL 0.55+0.02 970 326+0.11 921 " 59
TPV +BILR355 078 £0.13 975 237 £0.53 97.4 3.0
TPV + Nevtr;pme ‘ 064 = 0»04 96.6 205« 0.1§ 86.1 3.2
P;gpzﬁno_lgl | 331=x128 ‘ 84 [ 26s112 ‘ 903 Lo

Table 3. Permeability of tipranavir across Caco-2 cell monolayers in the presence of Vitamin E TPGS and

Cremophor EL
Drirg with Perm. Ato B Mass Perm. B 10 A Mass

0:25% (wiv) BSA 10°cmisey  [Batatce (%) 10%(cmssecy  |Balance ()|  EPR
Maﬁnimi 0491006 933 0.31+0.02 953 0.6
Tipranavir (TfV) . 0482005 926 | 3.14:024 | o984 59
TPV+ 0.01% Vitamin ETPGS |  0.8420.04 ' 96:9 1.59%0.15 97.2 19
TPV-+ 0.02% Viamin ETPGS | 1.1320.10 94:8 0.96 % 0,07 762 038
TPV+ 0.36% CremophorEL | 1.9+ 0.07 95.8 126+ 0.08 96.0 11
TEV + 0,55% Cremoptior EL 1.17£0.06 95.8 1.21£0.20 957 1.0
Propranolol 33.1+128 LEB; " 326x1.12 90.3 1.0

Table 4. Permeability of tipranavir across wild-type MDCK and MDR1-transfected MDCK cell monolaygrs

; Mass 1 Mass
i ir wit - Perm. B to A
Tipranavir with P&x;m_, A ance o Balance | PDR
0.25% (w/v) BSA 107 (cm/sec) %) 107 (em/sec) (%)
MDCK Wild Type : 0.6 0.0 97.2 08+0.1 92.2 1.3
MBCK MDR-1 0.2+ 00 96.2 30£03 99.6 15.0
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CONCLUSIONS:

Data from Caco-2 cells indicated that tipranavir had a low Pc value, much lower than that of
propranolol which is completely absorbed in humans after oral administration. The basolateral to
apical permeability (secretory direction) was greater than the apical to basolateral permeability
(absorptive direction), suggesting that tipranavir is a substrate of apically located efflux pumps
(e.g., P-gp). Data also demonstrated that P-gp inhibitors such as quinidine, verapamil and
LY335979 could inhibit the efflux of tipranavir thus increase tipranavir absorption from apical side
of cells. Ritonavir also showed some inhibitory effect, but the effect was not significant. The
insignificant effect of ritonavir could be due to the limitation of low solubility of ritonavir in cell
medium. Cremophor EL, which is currently used in the SEDDS formulation, markedly increased
the tipranavir apical absorption, suggesting it may have a similar effect in vivo. Data from MDCK
wild type and MDR1-transfected MDCK cell lines confirmed that tipranavir is a substrate for P-gp.
These data along with the fact that tipranavir is also a CYP3A4 substrate, inhibitor and inducer
suggests that tipranavir may be subject to the complex enzyme-transporter interplay in its
absorption, distribution, metabolism and elimination.
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U03-3213

TITLE: In vitro protein binding of tipranavir in mouse, rat, rabbit, dog, and human plasma and in
4% human serum albumin, 0.7% a1-acid glycoprotein, and 6% fetal bovine serum

OBJECTIVES: To determine the protein binding of tipranavir in mouse, rat, rabbit, dog, and
human plasma and in 4% human serum albumin, 0.7% a1-acid glycoprotein, and 6% fetal bovine

serum

METHODS: Dialysis method was used to determine the extent of tipranavir protein binding in
various matrices. Briefly, Telflon dialysis cells and dialysis membranes T Jwith a
12,000-14,000 molecular weight cut-off were used. It was determined that TPV protein binding
was achieved by 6 hour at 37°C, so the experiment was performed with a 6 hour-incubation time
at 37°C. 1 mL of spiked matrix was added to one side of each dialysis cell. The other side of
dialysis cell was filled with 1 mL of a solution containing 0.1 M sodium phosphate buffer (pH= 7.4)
and 0.5% sodium chloride. Each test condition was studied using five dialysis cells within the
same experiment. At the end of the incubation, each side of each dialysis cell was sampled.
Tipranavir concentrations were determined by a method. The lower limit of
quantitation was ~ ng/mL.

The percent unbound was calculated as follows:
% unbound = 100 X Cyytter/ Cprotein
wher Cyyer and Cproein Were the post-dialysis concentrations in the buffer and protein solutions.

RESULTS:

Table 1. Percent tipranavir protein binding (mean+SD) in several matrices

TPV | Mouse Ruit Rabbit Dog Human 4% 0.07% 6%

eV plasma plasma plasma plasma plasta HSA. AAG FBS
2 NT b NT NT NT : 99,882
NT NT NT £0.008

10 ’ 99.930 | 99.974 99.974 99.963 99.980 99.975 93.594 NT

+0.003 +0.009 +0,002 #0.004 | +0.005 +0.005 +1.342

99.928 | 99.962 99.965 99.952 99.974 ‘ 99.961 75.351 96.298”

201 10003 | 0009 | 20005 | w0005 | 20001 | 0011 | 2446 | 20234

O Zooos | 20000 | so00s | soow | soeer | Boml ame |

00 | 20000 | Zooor | soses | sooss | oo | 9% 1w | oar
CONCLUSIONS:

TPV protein binding is very high (ca. 99.9% at 20 uM) in mouse, rat, rabbit, dog and human
plasma. TPV binds to both human serum albumin and a-1-acid glycoprotein. The extent of
binding seems concentration independent because the degree of binding is similar over a wide
concentration range from 10 to 100 uM. This result was consistent with tipranavir in vitro protein
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binding data determined by Pharmacia & Upjohn, Inc. previously (Study report U00-3139). An ex
vivo protein binding study conducted by Pharmacia & Upjohn, Inc. demonstrated that there was
similar extent of binding in healthy subjects vs. in HiV+ patients over a concentration range of 9 to
82 uM.

Figure1. Tipranavir (PNU-140690) plasma protein binding in clinical samples

a  Norm
- HIV+
. =] L
0 O o .
° a°* . % - .
Po%e o oo
d:l’% o Oe .. a
d% a o
. .00— T ". T L Tt —T T T 1 1 ¥ T T T
° 0 2l5 50 75 100

Total PNU-140690 Plasma Conc, uM

Note: The sponsor also conducted a study to determine the partitioning of tipranavir into human
red blood cells using ["*C]-tipranavir (Study report U04-3110). They found that tipranavir's RBC
partitioning was very low over the TPV blood concentration range from 6 to 30 pg/mL.
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TITLE: Dissolution Data for Tipranavir SEDDS 250 mg Capsules

BACKGROUND: To improve bioavailability, tipranavir was formulated as an immediate release
soft gelatin capsule containing a lipid-based self-emulsifying drug delivery system (SEDDS).

- When exposed to an aqueous environment, such as the Gl tract, the SEDDS capsule-fill solution
forms and maintains a highly dispersed colloidal system (fine emulsion). The dissolution test for
tipranavir SEDDS 250 mg capsules is essentially a dispersion test that measures the rate and the
extent of emulsification of the SEDDS formulation. The dissolution test procedure was developed
and optimized with regards to apparatus, paddle speed, dissolution medium, pH of the medium,
bath temperature, sample preparation and HPLC analysis. The proposed dissolution method
below is acceptable (It was reviewed prior to the NDA submission in IND 51,979).

METHODS:

The proposed dissolution method for tipranavir SEDDS 250 mg capsule is as follows:

Apparatus USP Il (paddles) with a volume of . T_ ]

Rotation Speed ~— rpm

Temperature C ]

Medium L 1 phosphate buffer dissolution medium L ]

Sampling Times 60 minutes (single-point); 15, 30 45 and 60 minutes (dissolution profile)
Analytical Method HPLC with UV detection at. [, |

SPECIFICATION:

The original proposed dissolution specification for tipranavir SEDDS 250 mg capsule was Q = L 1
dissolved in 60 minutes. The applicant agreed to change the specificationto Q=" J

RESULTS:

Table 1. Mean (%RSD) Dissolution Profiles for Six Pivotal Clinical Batches of tipranavir SEDDS
250 mg capsules '

, Average % Dissolved

| Time (miinutes) | PD-2149 | PD-2190 | PD-2196 | PD-2197 | PD-2208 | PD-2297
15 30 29 46 32 16 34
" 9% RSD 58.2 54.5 65.7 98.5 61.6 66.1
30 86 87 93 88 74 92
% RSD 101 74 152 11.2 12.0 12.5
45 93 93 102 98 36 102
% RSD 1.5 4.7 9:4 4.7 6.0 4.9
60 95 93 102 57 88 101
% RSD 62 36 6.3 32 58 33
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Figure 1. Mean Dissolution Profiles for Six Pivotal Ciinical Batches of tipranavir SEDDS 250 mg

capsules
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Avetage % Dissolved
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0 . - - - - - T -
15 30 45
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CONCLUSIONS: The dissolution results are acceptable.

Note:

—o—-PD-2149

—u— PD2190
— PD:2196
—x—PD-2197
~x—PD-2208
 —e— PD-2297

Tris was selected as base to enhance the solubility of tipranavir in the lipid based formulation and
to emulsify the vehicle on exposure to water. In early formulation development stage, a two-fold
enhancement of the oral bioavailability was observed in humans with a 300 mg tipranavir
experimental SEDDS formulation containing - = tris compared to the biocavailability of a SEDDS
formulation containing no tris. In the current proposed to-be-marketed SEDDS formulation, The
tris levels were found to decrease over time. Under room temperature storage conditions, the tris

levels were down from ~
profile remains same unless the tris level is below

Dissolution of Bulk Solutions with Various Tris Levels ’

———

/-

Average % Dissolved
)
o

Time (minutes)

__ atrelease to about = after two years. However, the dissolution
(See figure below).
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Executive Summary

Tipranavir (TPV) is a non-peptidic protease inhibitor (Pl) being developed for use in patients with
human immunodeficiency virus (HIV) who are treatment experienced and need new treatment
-options. The worldwide prevalence of drug resistance in HIV-positive treatment-experienced
patients and the frequency of drug resistance in treatment-naive patients are both increasing. As
a result of its favorable resistance profile, TPV provides a new therapeutic option for many
patients whose viral isolates demonstrate Pl resistance.

Exposure response analyses were conducted using the data from a dose-finding study (Study 52,
N=160) and two pivotal studies (RESIST 1 and RESIST 2; N=291).

Population pharmacokinetic analysis was conducted on the data obtained from study 52. Three
tipranavir/ritonavir (TPV/RTV) treatment arms were included in the study: TPV/RTV 500 mg/100
mg, TPV/RTV 500 mg/200 mg, and TPV/RTV 750 mg/200 mg. The relationship between model
predicted tipranavir trough concentration (C.y,) or inhibitory quotient (IQ) and virological
responses at week 2 or week 24 was examined. At week 24, patients had a positive virological
response if they had at least 1 log viral load reduction. The probability of having at least 1 log
reduction at week 24 is associated with log10 1Q. The phase 2 study showed that odds ratio
associated with log10 1Q was 5.94 (90% confidence interval (Cl): 2.40-14.77, p<0.0001).
Increasing inhibitory quotient in patients with low inhibitory quotient could increase patient's
chance to response to TPV treatment. In addition, the association between incidence of grade 3/4
ALT elevation and model predicted TPV C, was also examined by logistic regression analysis.
The incidence of grade 3/4 ALT elevation is related to tipranavir exposure (log2 TPV C,). The
logistic regression analysis showed that the odds ratio associated Wlth log 2 TPV C;in, was 1.96
(90% confidence interval (Cl): 1.15-3.37, p=0.01).

Consistently, phase 3 studies also showed that probability of response to tipranavir treatment is
associated log10(1Q). In addition, concomitant enfuvirtide (ENF) use significantly increases the
patient’s probability of responding to the tipranavir treatment. The odd ratios associated with
log10(IQ) and ENF use are 4.24 (90% Cl: 2.52-7.12) and 2.98 (90% CI: 1.73-5.186), respectively.

The range of IQ values obtained from phase 3 studies was wide after the fixed dose, suggesting
that the probability of response in individual patient is not predictable unless 1Q is measured. To
maximize the likelihood of individual's response, individualized dose strategy shouid be
considered as an optional alternative to the fixed doses treatment.

RECOMMENDATIONS:
This application has been reviewed and recommendations are made in three areas: 1) Labeling
changes; 2) Phase IV committeemen; and 3) pediatric studies.

1. Labeling changes:

The exposure response analysis of phase 2 and phase 3 studies consistently demonstrated

. that the probability of a patient's response to tipranavir/ritonavir treatment is related to
inhibitory quotient. However, due to the variability in pharmacokinetics of the drug and
infected virus, the range of resulting inhibitory quotient are wide, which results in
unpredictable virological response for individual patient. In addition, phase 3 studies showed
that ENF use significantly increases the probability of patient’s response to tipranavir/ritonavir
treatment. This analysis suggested that dose increase could be considered for patients who
have low IQ therefore fail the treatment. On the other hand, for patients who have high 1Q but
can not tolerate the conventional dose, dose reduction could be considered.

The examination on Qs in patients with different number of key mutation, presented in following
table, indicated that when number of key mutation increases, the median IQ decreases, implying
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by above analysis that the probability of response to treatment decreases, especially when

number of mutation is greater than 2.

Median IQ in patients with different number of key mutations in RESIST-1 and RESIST-2

# of Key Mutations at Amino 0 1 2 3 4
Acids 33, 82, 84, 90
# of subject 9 77 195 9 1
Median 420 164 81 29 15

Based on the results of exposure response analysis, labeling changes are recommended in three

sections of the proposed label: CLINICAL PHARMACOLOGY Section, INDICATION AND
USAGE, and DOSAGE AND ADMINISTRATION.

The proposed languages are as follows:
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Pharmacodynamics

The median Inhibitory Quotient (IQ) determined from 301 highly treatment experienced patients
was about 75 (inter-quartile range: 29-189), from pivotal clinical trials 1182.12 and 1182.48. The
IQ is defined as the tipranavir trough concentration divided by the viral ICs, value, corrected for
protein binding. There was a relationship between the proportion of patients with a 21 logs,
reduction of viral load from baseline at week 24 and their IQ value. Among the 206 patients
receiving APTIVUS/ritonavir without enfuvirtide, the response rate was 23% in those with an 1Q
value < 75 and 55% in those with an IQ value 2 75. Among the 95 patients receiving
APTIVUS/ritonavir with enfuviritide, the response rates in patients with an 1Q value < 75 versus
those with an 1Q value = 75 were 43% and 84%, respectively. These IQ groups are derived from
a select population and are not meant to represent clinical breakpoints.

( | )

2. Phase IV commitment:

N—_—
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3. Pediatric studies: Studies in adults have indicated that fixed dosing strategy might not be
the best approach to maximize benefit and to avoid unnecessary risk. The sponsor
should utilize the study(ies) of TPV/RTV in pediatrics for exploring optimal dosing
strategies.

Jenny J Zheng, Ph.D.
Pharmacometrics Reviewer
Office Clinical Pharmacology/Biopharmaceutics,

Joga Gobburu, Ph.D.
Team Leader in Pharmacometrics group
Office Clinical Pharmacology/Biopharmaceutics,
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Study number: 1182.52

Title: Double-blind, randomized, dose optimization trial of three doses of tipranavir boosted with
low dose ritonavir (TPV/RTV) in multiple antiretroviral drug-experienced subjects

Objective: The purpose of this trial was to identify the dose combination of TPV and RTV in
highly treatment-experienced HIV-positive patients that was optimal for both efficacy and safety
and that could be used in subsequent Phase Il trials.

Study Design: This trial was a Phase llb multicenter, double-blinded, randomized, dose
optimization study of three TPV/r doses (500 mg/100 mg, 500 mg/200 mg, and 750 mg/200 mg)
administered BID. Entry requirements included HIV-positive males or females of 18 years of age
or older; treatment with at least 3 months of NRTIs and NNRTIs; treatment with at least two Pls; a
VL of at least 1000 copies/mL; and a genotype screening of at least one per-protocol protease
mutation with more than one of the 82 L/T, 84V, or 90M mutations. After screening, qualifying
patients were randomized to one of the three blinded regimens, discontinued from their current
Pl, and administered TPV/r therapy for 2 weeks while remaining on their current background ARV
therapy. After the 2 weeks of functional mono-therapy, background ARV medications were
optimized and each patient remained on blinded TPV/r and optimized ARV medications for the
remainder of the trial, which was a maximum of 32 weeks. The primary efficacy endpoint was
median change from baseline in VL during 2 weeks of functional mono-therapy. The primary
safety endpoints were incidences of moderate or severe diarrhea, any vomiting, and any SAE up
to Week 4.

Sampling scheme:

Trough plasma samples were collected at day 7 and 14. In subgroup, except the planned trough
concentrations additional three plasma samples were collected between 0.5-2 hours, 2-4 hours,
and 4-8 hours.

Viral load was measured at prescreening (day -28 - day -14), baseline (day 0), day 3, 7, 10, 14
and week 4, 8, 16, 24 and 32. CD4 cell count was measured at prescreening, baseline, week 2,
4, 8, 16, 24 and 32.

Phenotyping assessments using the Antivirogram were tested at visit 1, 6, and 12.

Adverse effect was documented at week 4, 8, 16, 24 and 32.

Central laboratory tests including hematology, blood chemistry, urinalysis and liver chemistry was
conducted at pre-screening, baseline, and week 4, 8, 16, 24 and 32. Additional liver chemistry
tests were conducted at day 3, 7, 10, and 14 after commence of treatment.

RESULTS: A total of 216 patients were evenly distributed among the treatments for
demographics, previous treatment experience, baseline VL, and CD4+ cell count.

Pharmacokinetics:

The sponsor conducted population pharmacokinetic analysis using NONMEM. The relationship
between reductions in RNA viral load at day 14 and TPV trough piasma concentrations were
compared across the three doses. The inhibitory quotient, the ratio-of TPV plasma trough
concentration to the protein-adjusted TPV ICs, was also calculated. The protein adjusted TPV
ICso is calculated as (measured ICsp/reference 1Csp) x0.058x3.75 (OM), where 0.058 OM is the
mean |Csp of wild type HIV virus and 3.75 obtained from in vitro test is the fold change in ICs,
when plasma was added in the test which is used to account for reduced susceptibility of virus to
the drug due to protein binding. The use of reference ICs; is to control the variation in ICso
measure across different batches of tests. The population pharmacokinetic study showed that
one compartment model would be appropriate to describe the data. The summary of tipranavir
pharmacokinetic parameters derived from NONMEM analysis is shown in Table 1.
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Table 1. Population Pharmacokinetic Results

omMm*

Mean
(min-max)
500 mg/100 mg | 500 mg/200 mg T/r | 750 mg/200 mg T/r
Tir
N 69 72 69
Crrough (OM) . 21.80 33.92 44.51 5
AUCss (h*OM) 451.70 | 598.05 l 817.02
CL (L/h) 1.84 | 1.39 | 1.52 |
C J
V(L) . 1783 | 18.26 | 18.25 ?
Tz c 6.62 | 8.55 | 8.38 ]
o ]

% With Cyougn>20 42% 86% 100%

* The preliminary 20 uM TPV trough target represented more than 10 times the protein-adjusted

IC90 for Pl resistant clinical viral isolates.

The relationship between changes in viral load from baseline at week 2 and TPV plasma
concentration is summarized in Table 2.

Table 2. Viral Load Reduction vs Plasma Concentrations

TPV/r dose

Change 500/100 500/200 750/200
in viral TPV Cp (UM) TPV Cp (M) TPV Cp (uM)
load (log)

N VL N VL N VL N VL N VL N VL
>0 to 4 1023 |7 (028 |5 (019 6 | 024 4 0.43 6 | 0.50
1.18
-1t0 0 9 (-043[15]|-060| 5 |-062]| 17 |-0.57 | 1 -049 | 9 |-0.37
-2 to -1 151014 112|139 | 5 |-1.73| 21 |-165] 10 | -1.42 | 24 | -1.24
' 2
<-2 1 220 1242 0 - 4 |-215| 1 220 | 5 | -2.52

A similar analysis was also conducted for inhibitory quotient (1Q). The results are shown in Table
3. It appeared that the viral dose reduction at week 2 was associated with 1Q. The sponsor
concluded that 1Q of below 30-50 was associated with a significantly reduced antiviral response

after 2 week therapy.
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Table 3. Viral Load Reduction vs Inhibitory Quotient

TPV/r dose (mg
Inhibitory 500/100 500/200 750/200 Total

Quotient N AVL N AVL N AVL N AVL
<5 3 0.05 2 0.28 2 -1.62 7 -0.19

>5 10 30 9 -0.60 10 -0.10 5 -1.01 24 -0.25
>30 to 50 10 -0.57 3 -1.06 4 -0.81 17 -0.49
>50 to 100 10 -1.23 12 -1.30 8 -1.29 30 -0.128
>100 to 150 9 -0.98 10 -0.78 7 -0.58 26 -0.92
>150 13 -1.10 16 -1.55 24 -1.23 53 -1.23
Total 54 -0.87 53 -0.98 50 -1.14 157 -1.05

Efficacy:

The efficacy analysis showed that ail doses achieved a >0.5 log10 median reduction in VL at 2
weeks and efficacy was sustained through 24 weeks. The efficacy results are presented in Table
4. The TPV/r 500 mg/100 mg dose consistently showed less VL reduction than the TPV/r 500
mg/200 mg or TPV/r 750 mg/200 mg doses. As shown in the table, there were 29 (45%), 30
(48%), and 40 (67%) subjects had greater than 1 log viral load reduction at week 2, indicating that
viral load reduction is dose dependent.

Table 4. Summary of Results of Study 52 - (LOCF*, NCF*)

Study  Treatment Patients Baseline Median Percent (%) Percent (%) Percent (%)
entered / Median VL VL achieving undetectabl  undetectabl
completed log1o change >=1 logio e (<400 e (<50
24 weeks copies/mL (log1o drop copies/mL)  copies/mL)
copies/m
L
TPV/Ir
500mg/100mg 73/72 4.49 -0.85 43.1 19.4 2.8
at2 TPVIr
weeks  500mg/200mg 72/69 4.57 -0.93 46.4 20.3 NA
TPV/r
750mg/200mg 71/69 4.53 -1.18 63.8 18.8 14
TPVIr
500mg/100mg 73/72 4.49 -0.25 31.5 , 329 247
at 24 TPV/r
weeks  500mg/200mg 72169 4.57 -0.55 40.3 375 20.8
TPVIr
750mg/200mg 71/69 4.53 -1.07 45.1 38.0 21.1

*LOCF: last observation carry forward
NCF: non-completer considered as failure

Safety:

In study 52, 90.3% of the 216 treated patients reported 1 or more AEs during the study. Adverse
events, regardless of causality, were observed in the following percentages of patients in the
following systems according to MedDRA: gastrointestinal system (69.4%), infections and
infestations (46.8%), general system (36.6%), nervous system (33.8%), skin and subcutaneous
tissue (25.9%), and musculoskeletal and connective tissue (24.1%). For individual types of AEs,
the most frequently reported AEs (>10% of all patients), regardless of causality, were observed in
the following percentages of patients: diarrhea (38.4%), nausea (30.1%), headache (19.4%),
fatigue (16.2%), vomiting (15.3%), and pyrexia (11.6%). All other individual types of AEs,
regardless of causality, each occurred in <10% of patients.

Approximately 90% of patients in each of the 3 treatment groups had AEs, regardiess of
causality; thus, there was no overall relationship between dose and percentages of patients with
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AEs. In a similar manner, the percentages of patients with individual AEs did not demonstrate a
clear relationship with dose. However, the treatment groups did differ in the percentages of
patients reporting vomiting and pyrexia. Vomiting was reported by 21.1% patients in the TPV/r
750 mg/200 mg BID group, 15.1% in the TPV/r 500 mg/100 mg BID group, and 9.7% in the TPV/r
500 mg/200 mg BID group. Pyrexia was reported by 15.3% patients in the TPV/r 500 mg/200 mg
BID group, 14.1% in the TPV/r 750 mg/200 mg BID group, and 5.5% in the TPV/r 500 mg/100 mg
BID group. '

Of the 216 treated patients in Trial 1182.52, 64.4% reported 1 or more AEs (MedDRA) that were
considered by investigators to be related to TPV/r. Adverse events, considered to be drug-related
and reported by the highest percentages of patients (>20% of patients), were observed in the
gastrointestinal system (69.4% of patients). The most frequently reported individual types of AEs
(>10% of patients), considered to be related to TPV/r, were observed in the following percentages
of patients: diarrhea (31.5%), nausea (23.1%), and vomiting (11.6%). All other individual types of
drug-related AEs each occurred in <10% of patients.

For all types of drug-related AEs combined, there appeared to be no relationship to TPV/r dose.
Nausea was the only specific event that may have had a relationship to dose. It showed an
inverse relationship with dose, with the highest percentage of patients reporting this event in the
TPV/r 500 mg/100 mg BID group (28.8%), compared with 23.6% in the TPV/r 500 mg/200 mg
BID group and 16.9% in the TPV/r 750 mg/200 mg BID group. Of those patients who had drug-
related AEs, 83.5% experienced these events during the first 4 weeks of study therapy.

Severe AEs were reported by 26.9% of patients and showed a clear relationship to dose: 39.4%
in the TPV/r 750 mg/200 mg BID group, 23.6% in the TPV/r 500 mg/200 mg BID group, and
17.8% in the TPV/r 500 mg/100 mg BID group. The severe AEs consisted of 62 individual types
of AEs, and only 3 types occurred in 2% or more of all patients: diarrhea (4.2%), nausea (2.8%),
and hyper-triglyceridemia (2.3%). None of the individual types of severe AFs exhibited a
relationship to study dose, perhaps because patient numbers for each type of AE were small. Of
the patients who had severe AEs, 46.6% of these events occurred during the first 4 weeks of
study therapy.

Discontinuations due to AEs showed a direct relationship to dose: 15.5% in the TPV/r 750
mg/200 mg BID group, 9.7% in the TPV/r 500 mg/200 mg BID group, and 5.5% in the TPV/r 500
mg/100 mg BID group.

Liver toxicity was a concern in Study 1182.52. It appears that the grade 3 or 4
elevations in ALT were dose dependent: 5.5% in the TPV/r 500 mg/100 mg
group, 11.1% in the TPV/r 500 mg/200 mg group, and 21.2% in the TPV/r 750
mg/200 mg group.

Conclusion:

Safety analyses demonstrated a dose relationship with higher frequency of severe adverse
events, discontinuations due to adverse events and DAIDS Grade 3 or 4 ALT elevations
observed with increasing dose. The TPV/r 500 mg/200 mg dose was identified as the optimal
combination in terms of efficacy, safety, and PK characteristics for use in highly treatment-
experienced patients, and was chosen for further study in Phase Il clinical trials.
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3 FDA'’s Analysis on Study 52

Based on the review of Study 52, it appears that the viral load reduction was dose dependent. In
addition, it was also found that the occurrence of severe adverse event, discontinuation due to
the adverse event and the grade 3/4 ALT elevation was dose dependent. in order to quantitatively
understand the relationship between tipranavir exposure and viral load reduction or adverse
event, more specifically, incidence of grade 3/4 ALT elevation, the FDA reviewer conducted
exploratory analyses. The FDA's analysis was conducted in steps as follows:

1. A population pharmacokinetic model was developed so that the individual exposure can
be estimated.

2. The association between TPV exposure and virological response at week 2 and 24 was
examined. The exposure measures include model predicted trough concentration (Crin)s
AUC, and inhibitory quotient (IQ). IQ is defined the same as the sponsor defined above.
Since predicted Cpin and AUC are expected to be highly correlated, only the analyses
using Cpin @s exposure were presented. The reason for using C,, instead of AUC is that
the results obtained from this study could be compared with results for the phase 3
studies since trough concentrations were also collected from two phase 3 studies.
Virological responses are viral load reduction from baseline at week 2 and responder at
week 24. Responder is defined as the subjects who had at least 1 log viral load reduction
at week 24,

3. The relationship between TPV C.;, and grade 3/4 ALT elevation, grade 3/4 AST elevation
and GGT was examined.

4. A dose of 200 mg ritonavir (total daily dose of 400 mg) was used in the pivotal studies,
which is higher than typical ritonavir booster dose of 100 mg. Since people may believe
that the higher incidence of liver enzyme elevation may at least in part be due to the use
of higher ritonavir dose. To understand dose related liver enzyme elevation, ritonavir and
tipranavir Cyi, observed from this trial were compared across doses.

1. Population Pharmacokinetic Analysis:

NONMEM analysis was conducted on the concentration data the sponsor provided. A one-
compartment model was used in this analysis. Since two ritonavir dose levels, 100 mg and 200
mg were used to boost tipranavir level, the effect of ritonavir dose on TPV exposure was
evaluated. The estimated parameters from population pharmacokinetic (PPK) analysis are
presented in Table 5. The observed concentrations and predicted population concentration vs
time is presented in Figure 1 and the goodness of fit of this model is presented in Figure 2.

pears This Way
On Original
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Table 5. Summaries of PPK analysis

Parameters Estimate Standard error

CL/F (L/h) 1.48 0.25
V/F (L) 214 4.93

Ka 0.835 0.145

Ritonavir effect on TPV CL/F at 0.847 0.167

100 mg relative to 200 mg

CV% on CL 41% 0.035
CV%onV 39% 0.34

Residual variance 0.158 0.0204

As indicated by the results shown in Table 5, higher ritonavir dose (200 mg vs 100 mg) further
reduced tipranavir apparent clearance (CL/F), by only 15%. Tipranavir apparent clearance when
100 mg ritonavir was co-administered about 85% of apparent CL. when 200 mg ritonavir was
coadministered. Figure 2 indicated that model can reasonable describe the data which was quite
variable. The individual concentrations were reasonably predicted, which is important for next
analysis in which individual predlctlons were used to correlate with viral load reduction and liver
enzyme elevation. .

il. Exposure vs Virological Response

Viral load reductions within the first two weeks across doses are presented in Figure 3. The dose-
dependent viral load reduction was evidenced by the separation of three mean curves. The
association of model predicted Cn, and 1Q with viral load reduction at week 2 were presented in
Figure 4 and 5, respectively. The points in each figure represent the observations of each
individual and dash line is the local mean obtained from lowess function in Splus. It appears that
the there is a week trend between viral load reduction at week 2 and C, but the 1Q seems to be
more informative to describe the viral load reduction at week 2. Viral load reduction at week 2
was further correlated with log10(IQ) by linear regression. The analyS|s showed that log10(IQ)
explains about 20% of variability in viral load reduction at week 2 (R?=0.21). This model
suggested that observed maximal viral load reduction was about -1.7 and 1 log viral load
reduction at week 2 needs an 1Q of about 160. The model also suggested that the dose at which
the patient could have IQ of 200 might be robust since 1Q of 200 was at the relatively fiat region of
dose response curve. However, based on the exposure data, at dose of 500 tipranavir/200 mg
ritonavir, there were about 28% patients who reached |Q of 200, suggesting that the dose of 500
mg tipranavir/200 mg ritonavir was not optimal at least at individual patient level.

This trial was continued up to 32 weeks. The probability of having success treatment at week 24
in related to log10(IQ) was analyzed by logistic regression analysis. Responder is defined as
subjects who had at least 1 log viral load reduction from baseline at week 24. The logistic
regression analysis, as shown in Figure 6, showed the odds ratio associated with log10(inhibitory
quotient) is 5.95 (95% CI: 2.34-14.77). Solid line represents the model predicted probability of
success. According to the rank of IQ, patients are divided into 4 groups (0-25 percentile, 25 -50
percentile, 50-75 percentile, 75-100 percentile). The observed response rate at the median IQ in
each group is shown as a symbol in the plot. The analysis showed that the probability of having 1
log viral load reduction at week 24 is associated with |Q value. Increasing |Q could increase the
probability of being a responder.

. Exposure vs Toxicity

An exploratory analysis was first conducted to explore any dose related side effects such as
changes from baseline in cholesterol, triglyceride, ALT, GGT, and AST. The local mean of those
markers across the time course and dose levels were graphically presented in Figure 7-11. [t
appears that treatments cause cholesterol and triglyceride increase, but the increase did not-
appear to be tipranavir dose related. For liver enzyme abnormality, it appears that the elevations
of ALT, GGT and AST are tipranavir dose dependent, especially for ALT and GGT. The
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association of liver toxicity with tipranavir exposure was focused on ALT since the preliminary
-analysis indicated SGOT elevation was not significantly associated with tipranavir exposure and
GGT was not believed to be a good marker for liver function.

The proportion subjects who experienced severe adverse events, discontinuation rate, and grade
3/4 elevation of liver ALT during treatment with 500/100 TPVIRTV, 500/200 TPV/RTV, and
750/200 TPV/RTV are shown in Table 6. An apparent dose-response relationship was observed
for those events. However, the logistic regression analysis did not demonstrate a significant
association between incidence of severe adverse event and tipranavir trough concentration.
Neither did discontinuation rate, indicating that the severe adverse event may not directly related
to systemic exposure.

Table 6. Percent of subjects with severe adverse event, discontinuation and grade 3/4 ALT
elevation across treatments

500/100 500/200 750/200
TPV/IRTV TPVIRTV TPV/IRTV
Severe AE 17.8% 23.6% 39.4%
Discontinuation due to AE 5.5% 9.7% 15.5%
Grade 3/4 ALT 5.5% 11.1% 21.2%

The association of liver enzyme elevation with TPV Crin was furthered examined. Total of 210
subjects was included in safety analysis. A logistic regression analysis was conducted between
the incidence of grade 3/4 ALT elevation and predicted log2(TPV C,y,). One unit change in the
log concentration represents 1-fold increase in the drug concentrations. The analysis results
showed that the odds ratio associated with 1092(Crin) is 2.40 (95% CI: 1.43-4.02, p=0.000686),
suggesting that when TPV C.;, doubles, the odds of having grade 3/4 ALT abnormality increases
by 140% (Figure 12). The solid line represents the regression fit. The grade 3/4 ALT elevation
rates observed in 5 concentration groups (0-20 percentile, 20-24 percentile, 40-60 percentile, 60-
80 percentile, 80-100 percentile) at the median concentration in each group are presented as
symbols to assess the goodness-of-fit.

Even though the logistic analysis showed that the incidence of grade 3/4 ALT elevation was
related to tipranavir exposure, the assessment of ritonavir effect on the ALT elevation was also
necessary since ritonavir dose was not constant across treatments. To understand whether dose
dependent higher incidence of grade 3/4 ALT elevation is more related to tipranavir or higher
dose of ritonavir, the following analysis were conducted.

Ritonavir and tipranavir trough concentrations, which are defined in this analysis as the observed
concentrations between 9 and 15 hours after the dose, at day 14 are compared across
treatments in Study 52. The time window was used to account for the fact that not every trough
concentration was collected at exactly 12 hours. Day 14 was selected to minimize the induction
effect of tipranavir, assuming that steady state was achieved by day 14. The median ritonavir
concentrations are 0.09620g/mL (n=40), 0.2810g/mL (n=56), and 0.217 ag/mL (n=47),
respectively for dose level of 500/100 TPV/RTV, 500/200 TPV/RTV, and 750/200 TPV/RTV. The
median tipranavir concentrations are 17.46 Og/mL (n=60), 21.26 Og/mL (n=63) and 30.75 Og/mL
(n=56), respectively.

The comparison of incidence of ALT elevation between treatment of 500mg/200 mg TPV/RTV
and 750 mg/200 mg TPV/RTV suggested that the increased ALT elevation in higher tipranavir
arm most likely resulted from increased tipranavir exposure instead of ritonavir, because ritonavir
exposure was lower in 750mg/200mg arm. However, since both ritonavir and tipranavir exposure
are higher in 500 mg/200 mg TPV/RTV arm than in 500 mg/100 mg TPV/RTV arm, it is difficult to
assess if the higher incidence of ALT toxicity in 500 mg/200 mg TPV/RTV arm as compared with
500 mg/100 mg TPV/RTV is more related to tipranavir or ritonavir.
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To further characterize the relationship between ALT elevation and tipranavir or ritonavir
exposure, logistic regression analyses were conducted using the data pooled from three arms.
The ALT data were available from 216 subjects. Tipranavir and ritonavir trough concentrations at
day 14 were available from 179 and 143 subjects, respectively. Therefore, the ALT, tipranavir and
ritonavir trough concentration from 143 subjects are pooled for the analyses.

The logistic regression analysis was conducted between incidence of grade 3/4 ALT abnormality
and observed log2 tipranavir trough concentration. The analysis showed that the odds ratio
associated with log 2 tipranavir trough concentration was 1.96 (95% confidence interval (Ch):
1.15-3.37, p=0.01), suggesting that when tipranavir trough concentration doubles, the odds of
having grade 3/4 ALT abnormality was increased by 96%. The estimated odd ratio in this analysis
is slightly different from the analysis above. The potential reason could be that 1) observed
tipranavir concentration rather than predicted tipranavir concentration was used in this analysis.
The predicted concentrations presumably are more precise than observed concentrations
because observed trough concentrations were obtained from a time window, the samples
collected at time other than 12 hours were considered as samples collected at 12 hours after the
dose. In contrast, the predicted concentrations are the concentration at exactly 12 hours after the
dose for every subject. 2) The number of subject in this analysis was 143, but was 210 in above
analysis.

The similar analysis was conducted between incidence of grade 3/4 ALT abnormality and
observed ritonavir trough concentrations. The odd ratio associated with ritonavir trough
concentration is 1.37 (95% Cl: 0.98-1.22, p=0.065). However, when both tipranavir and ritonavir
trough concentration were included in the model, the significance of tipranavir remained not
changed but the significance of ritonavir decreased with p value changed from 0.065 to 0.72,
indicating the incidence of grade 3/4 abnormality was not likely related to ritonavir, or was weakly
related at most.

The ritonavir trough concentration after 500/200 mg TPV/RTV treatment was also compared with
the reported ritonavir trough concentration after Kaletra treatment in which 100 mg ritonavir was
used. The median ritonavir concentration was 0.281 Og/mL after 500/200 mg TPV/RTV treatment
in Study 52, which is slightly lower than 0.315 (range: 0.087-1.697) Og/mL, the median ritonavir
trough concentration after Kaletra treatment (Canta et al J Antimicrob Chemother 55(2), 280),
indicating that higher incidence of liver toxicity are more likely resulted from tipranavir use.

Iv. CONCLUSION

1. One compartment model can be used to describe pharmacokinetic of tipranavir.

2. Tipranavir exposure increased by about 15% when the dose of boosting agent, ritonavir,
was increased from 100 mg to 200 mg.

3. There is a weak relationship between TPV Cni, and viral load reduction at week 2.

4. Qs a better predictor of virological response to the TPV treatment, compared to Cpy.

5. The probability of having at least 1 log reduction at week 24 is associated with log10 IQ.
The odds ratio associated with log10 1Q was 2.17 (90% confidence interval (CI): 1.46-
3.22, p<0.0001). Increasing inhibitory quotient in patients with low inhibitory quotient
could increase patient's chance to response to the treatment.

6. The incidence of grade 3/4 ALT elevation is related to tipranavir exposure (log2 TPV
Crmin)- The logistic regression analysis showed that the odds ratio associated with log 2
TPV Cpin was 1.96 (90% confidence interval (Cl): 1.15-3.37, p=0.01).
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Analysis on Phase 3 Studies:

The exposure response analysis was also conducted for 2 phase 3 studies, RESIST 1 and
RESIST 2. Please refer to Dr. Bhore's statistic review for the details of study design. Data used
in the following analysis are obtained from the sponsor’s submission on December 29, 2004.
Specific data set for TPV concentrations, baseline I1Cs, and efficacy are as follows:

TPV concentration data:
N_000\2004-12-29\crf\datasets\analysis datasets\PK data\1182_0012
N_00012004-12-29\crt\datasets\analysis datasets\PK data\1182_0048

Baseline IC50 data:
N_000\2004-12-29\crt\datasets\analysis datasets\resistance\datasets\base.res

Efficacy data:
N_000\2004-12-29\crt\datasets\analysis datasets\efficacy\1182_0012\datasets\FDA datasets\master
N_000\2004-12-29\crt\datasets\analysis datasets\efficacy\1182_0048\datasets\FDA datasets\master

R Tipranavir Trough Concentration (TPV Cn)

Participants in the RESIST trials had TPV C;, determined at Weeks 2 and 4 (both RESIST
trials), Week 16 (RESIST 2 only) and Week 24 (RESIST 1 only).

There are total of 620 subjects with TPV C, including 143, 223, 253, and 1 with 1, 2, 3, and 4
measures, respectively (n=257 from RESIST 1 and n=362 from RESIST 2). The median TPV C,
calculated for the subjects who had more than 1 sample was used to represent tipranavir
exposure for the subject. The distribution of median TPV C;, in 620 subjects from phase 3 v
studies is presented in Figure 14. TPV Cy,, ranged from 1.34 to 113.93 Og/mL and with median
of 22.01 Og/mL. Since TPV C,;, were measured more than 1 occasions in 477 subjects, which
allows the intra- and inter-subject variability estimates. A linear mixed effect model was used to
estimate inter- intra- subject variability. It has been estimated that the inter-subject and intra-
subject variability are 50% and 47%, respectively. Noted that in this analysis, observed TPV C.s
from week 2 to 16 or 24, were used. Samples may not be collected at the exact 12 hours after the
dose, therefore, the intra-subject variability may include the deviation due to uncontrolied
sampling time.

ll. Baseline ICs

There are 356 subjects with 1Csq baseline value including 142 and 151 from RESIST 1 and
RESIST 2, respectively. The distribution of corrected baseline ICs, as defined above, is
presented in Figure 15. As shown in the figure, corrected ICs values widely distributed and can
be described by a log-normal distribution.

lll. Inhibitory Quotient (1Q)

1Q values were calculated as a ratio of average TPV C.,, if more than one Cr;, were available for
the subject, to corrected baseline ICs,. Among the 291 subjects who had calculated 1Q, 91
subjects received TPV with enfuvirtide (ENF) and 200 subjects received TPV alone.

IV. Logistic Regression Analysis on Predictors for Responder

Logistic regression analysis was conducted to examine the predictors for responder, who are
defined as patients with at least 1 log viral load reduction at week 24. At first, the predictors,
including TPV Cpn, corrected baseline 1Cs, IQ, number of key mutation, number of FDA
mutation, and ENF use were tested by including only one predictor in the model. The results are
presented in Table 7. The results show TPV C;, corrected baseline I1Cs;, log10(IQ) and ENF are
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significantly associated with probability of being responder at week 24. The number of key
mutation is a better predictor than FDA mutation in predicting response. -

Table 7. Univariate Analysis on Predictor for Responder at Week 24

model __intercept slope p
1 Log10(TPV Cpin -8.91+2.25 2.00+0.515 <0.0001
2 Log10(Corrected ICsp -0.989+0.217 -1.18+0.266 <0.0001
3 Inhibition quotient -3.04+0.525 1.41+0.25 <0.0001
4 Key mutation 0.36510.364 -0.339+0.202 0.09
5 FDA mutation 0.0848+0.367 -0.088+0.103 0.39
6 ENF -0.554+0.147 1.07+0.261 <0.0001

Multi-variate analyses were conducted to further evaluate the predictors of response and the
results are presented in Table 8. The analysis suggested that both log10(IQ) and ENF use are
the predictors of response. After including log10(IQ) and ENF use in the model, the number of
key mutations is no longer a predictor for response. There are total of 195 subjects with 2 key
mutation including 65 subjects received TPV with ENF and 130 received TPV alone. The analysis
in this sub-population (model 4 in Table 8) showed that log10()Q) and ENF use are still
significantly related to response, indicating that the number of mutations itself can not explain the
difference in response in those patients. In HIV treatment, genotyping is more commonly used
than phenotyping due to the cost and time required to receive test results. Attempts have been
made to examine if genotyping, e.g. the number of mutation could replace phenotyping e.g.
corrected ICs to predict response. The resuits of model 5 and 6 suggested that after including
TPV Crin and ENF in the model, both number of FDA mutation and number of key mutation did
not provide extra information on predicting response, indicating that phenotyping as measured as
corrected ICs did provide information which genotyping can not provide.

Table 8. Multiple Variates Analysis

model intercept slope p
1 Log10(Cin)+ -10.45+2.39 Chin: 2.17£0.541 <0.0001
log10(corrected ICs) ICsp: -1.23740.272 <0.0001
2 Log10(IQ)+ENF -3.457+0.565 | 1Q: 1.445+0.264 <0.0001
ENF : 1.094+0.279 <0.0001
3 Log10(IQ)+ENF +key -3.079+0.757 | 1Q: 1.40%0.27 <0.0001
mutation ENF : 1.13£0.28 <0.0001
Key mutation: -0.17+0.23 =0.46
4 ENF +log10(IQ) in -3.358+0.676 | ENF :1.315+0.322 <0.0001
subjects with number 1Q: 1.389+0.334 <0.0001
of mutation 2 (n=195) ,
5 Log10(Cpin)*+ FDA -2.10+0.82 Chin:1.48+0.54 <0.0001
mutation+ENF ENF :0.86+0.28 =0.0019
FDA mutation: -0.11+0.11 =0.48
6 Log10(Cpin )+ key -1.67+0.82 Crmin:1.44£0.54 <0.0001
mutation+ENF ENF :0.93+0.28 =0.001
Key mutation: -0.45+0.22 =0.12

Based on above analysis, the final model for predicting responder at week 24 includes log10(IQ)
and ENF use. The results are presented in Figure 16. The lines represent the model predicted
response and associated 90% confidence intervals and the symbols represent observed
response rate in 6 groups, corresponding to 0-10 percentile, 10-25 percentile, 25-50 percentile,
50-75 percentile, 75-90 percentile, and 90-100 percentile of IQ values in the patients. The odd
ratios associated with log10(IQ) and ENF use are 4.24 (90% Cl: 2.52-7.12) and 2.98 (90% Cl:
1.73-5.16), respectively. The analysis indicated the response rate is related to inhibitory quotient.
Increasing inhibitory quotients can increase response rate when tipranavir was used with or

249




without ENF. ENF use significantly increased response rate, e.g. at an inhibitory quotient of 100,
the predicted response rate is increased from 36% when TPV is given alone to 63% when given
concomitantly with ENF. After the fixed doses of 500 mg tipranavir/ 200 mg ritonavir, patients with
low inhibitory quotient had low response rate especially when ENF was not used. The number of
responder and the response rate in four groups of patients: ENF use+1Q>100, ENV use +IQ<100,
no ENV use +IQ>100 and no ENV use +1Q<100, are presented in Table 9. In this observed data,
it showed that when inhibitory quotients were greater than 100, 54% of patients responded to
TPV alone and 73% (34/45) of patients responded to TPV+ENF. When inhibitory quotients are
less than 100, 21% of patients responded to TPV alone and 52% of patients responded to
TPV+ENF.

Table 9. Number of Responder and Response Rate in Relation to ENF use and 1Q Values

ENF use | 1Q >100 or | Responder non- Total umber of patient Response
not responder (responder + non- rate
responder)
Yes Yes 33 12 45 73%
No 24 22 46 52%
No Yes 50 42 92 54%
No 23 85 108 21%

Expert opinion on what a desired target 1Q should be. From exposure response perspective, a
target of 1Q value of 100 is reasonable since it is approaching to the flat region of exposure
response curve, which would increase the robustness of target. At the selected dose of 500
mg/200 mg tipranavir/ritonavir dose, the percent of patients who reached arbitrary selected target
1Q of 50, 100, and 150 which associated different probability of having 1 log vial reduction at
week 24 are shown in Table 10. It shows that only about half of patients reached 1Q of 100 after
the fixed doses of 500 mg/200 mg tipranavir/ritonavir.

Table 10. Total of 281 Subjects with IQ Value and Key Mutation <3

Target IQ Probability of having 1 log viral reduction | % subject above target
at week 24
150 70 38%
100 63 48%
50 52 70%

Since 1Q is related to the patient's response to the treatment, it is interesting to examine the 1Q
distribution after the fixed doses of 500 mg/200 mg tipranavir/ritonavir. The distribution of I1Q in
RESIST 1 and 2 studies is presented in Figure 17. It shows that IQ values are very variable and
ranged from 0.885 to 2852 and median of 93.29, suggesting that at fixed doses the patient's
response was not predictable unless [Q was calculated. The wide range of 1Q after the fixed dose
also suggested that individualization of TPV dose might be an optional alternative to the fixed
dose regimen.

IQ values from combined RESIST 1 and 2 studies are divided into 5 groups according to their
number of key mutation and presented in Figure 18 and Table 11. It shows that 1Q values
dramatically decreased when number of key mutation is increased. Even though only 9 and 1
subjects with number of key mutation of 3, and 4, the IQ values are low, suggesting that at the
current dose of 500 mg/200 mg TPV/RTV, the likelihood of having successful treatment in patient
infected with virus with more than 3 key mutations is minimal.
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Table 11. 1Q values in Patients with Different Number of Key Mutation

# of mutation 0 1 2 3 4

# of subject 9 77 195 9 1
Median 420 164 81 " 29 15
min-max 29-2852 10-1585 1-1476 13-138 NA

V. Conclusion:

It has been consistently demonstrated by phase 3 studies that the response of patient to
the treatment of 500 mg/200 mg TPV/RTV is related to 1Q value.

ENF use significantly increases the patient’s probability of responding to the tipranavir
treatment.

Phenotyping is more informative than genotyping in predicting virological response.

1Q values widely ranged after the fixed doses of 500 mg/200 mg TPV/RTV, suggesting
that the response is unpredictable unless TPV Cnin and baseline ICs;, are measured and
so that IQ be calculated.

Individualized dose strategy should be considered as an optional alternative to the fixed
doses treatment.

Appears This Way
On Original
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Figure 1. The Observed and Predicted Population Concentrations vs Time for Three Dose Levels:
750/200 TPV/r, 500/200 TPV/r, and 500/100 TPV/r
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log(viral load)

Figure 3. Viral Load Reduction in First Two Weeks
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Figure 5. Viral Load Reduction at Week 2 vs Inhibitory Quotient (Cn/corrected 1Cs)
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Figure 6. Probability of patients achieving at least one log viral load reduction increases with
higher inhibitory quotient.
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Figure 7. Cholesterol changes from baseline after tipranavir treatment at three dose levels: 500
mg Tipranavir/100 mg ritonavir; 500 mg Tipranavir/200 mg ritonavir; and 750 mg Tipranavir/200
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Figure 8. Triglyceride changes from baseline after tipranavir treatment at three dose levels: 500
mg Tipranavir/100 mg ritonavir; 500 mg Tipranavir/200 mg ritonavir; and 750 mg Tipranavir/200
mg ritonavir
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Figure 9. ALT changes from baseline after tipranavir treatment at three dose levels: 500 mg
Tipranavir/100 mg ritonavir; 500 mg Tipranavir/200 mg ritonavir; and 750 mg Tipranavir/200 mg
ritonavir
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Figure 10. GGT changes from baseline after tipranavir treatment at three dose levels: 500 mg
Tipranavir/100 mg ritonavir; 500 mg Tipranavir/200 mg ritonavir; and 750 mg Tipranavir/200 mg
ritonavir

100
]

— TPVIr750/200
— TPV/r 500/200
— TPVIr500/100

80
|

GGT Changes

[4] 50 100 150 200
) Days

256



Figure 11. SGOT changes from baseline after tipranavir treatment at three dose levels: 500 mg
Tipranavir/100 mg ritonavir; 500 mg Tipranavir/200 mg ritonavir; and 750 mg Tipranavir/200 mg
ritonavir
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Figure 12. Probability of Patients Having a Grade 3/4 ALT Elevation vs. TPV Cmins
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Figure 13. Range of Ritonavir and Tipranavir Trough Concentrations at the 3 Dose Levels in -
Study 52.
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Figure 15. Distribution of Baseline ICs, in RESIST 1 and 2 Studies (n=356)
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Figure 16. Viral Response at Week 24 vs |Q and ENF in Combined RESIST 1 and 2 Studies
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Figure 17. Distribution of log10(IQ) in Combined 2 Phase 3 Studies
Min=0.885, median=93.293 and Max.= 2852.069
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Figure 18. I1Q Distribution in Patients with Different Number of Key Mutation
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Appendix:
Additional figures generated for Study 52 and the 2 phasé 3 studies are included in this section.
Study 52:

Viral load reduction rate during the two weeks mono-therapy was calculated using nonlinear
mixed effect model by NONMEM. The model is described by the equation below:

ViralLoad = BaseVL * exp(—Rate o Time)

BaseVL and Rate for each individual was estimated. The viral load observations and population
prediction and the goodness of fit are presented in Figure 1 and 2. In figure 1, open circles are
observations and solid line is the population prediction.
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The viral load decay rate across treatments is presented in Figure 3.

Figure 3.
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The correlation between viral load reduction at week 2 and l0og10(Crin) was explored by linear
regression analysis and the results are shown in Figure 4. Red dashed line represents fitted line
and black dash represents the local mean by lowess function in Splus. It shows that there is a
very weak relationship between log10(C.,) and viral load reduction at week 2 (R2=0.O4) .
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Correlation between viral load reduction at week 2 and log10(1Q) was also examined by linear
model and the results are shown in Figure 5A and 5B. The results indicated that inhibition

Trough Concentration in ug/mL

quotient explains about 20% variability in viral load reduction at week 2 but Cmin explains only

4%.

262



Figure 5A: x in log10 scale
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The correlation between viral load reduction at week 24 vs log10(Cmin) is even weaker (Figure
6). Only 2% of variability in viral load reduction at week 24 can be explained by Cmiri.

Figure 6.
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2 Phase 3 studies (Study 12 and Study 48):
The correlation between viral load reduction at week 24 and log10(IQ) was examined by linear

model and results is shown in Figure (R2= 0.12). In figure 7A, x axis is in log10 scale and in
figure 7B, x axis is in normal scale. Solid line is mode! fitted line and dash line is local mean

obtained from lowess function from Splus.

Figure 7A:

Figure 7B:
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The figures for assessing goodness of fit of the final model for the 2 phase 3 study was presented
in Figure 8.
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To examine the distribution of log10(IQ), a QQ plot was generated and shown in Figure 9. It
shows that it is reasonable to assume that log10(IQ) is normal distributed.
Figure 9:
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4.3 DPEIll Division Director's Concurrence on PMCs

From: Lazor, John A

Sent: Tuesday, June 21, 2005 5:11 PM

To: Zhang, Derek Yuanchao; Reynolds, Kellie S

Subject: RE: NDA 21-814 Aptivus (tipranavir) Post Marketing Commitments
Sensitivity: Confidential

Concur. These are studies that BIPI has proposed, completed, or are ongoing.

From: Zhang, Derek Yuanchao

Sent: Tuesday, June 21, 2005 4:44 PM

To: Lazor, John A

Cc: Reynolds, Kellie S

Subject: NDA 21-814 Aptivus (tipranavir) Post Marketing Commitments
Importance: High

Sensitivity: Confidential

John,

We need your official concurrence to the clinical pharmacology related PMCs for NDA

21-814, See attached list. Thanks,

Derek
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4.4 OCPB Filing/Review Form

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

General Information About the Submission

Information Information

NDA Number 21-814, 21-822 Brand Name APTIVUS

OCPB Division (1, Il, lll) DPE lil Generic Name Tipranavir

Medical Division HFD-530 Drug Class HIV protease inhibitor

OCPB Reviewer Derek Zhang Indication(s) HIV infection

OCPB Team Leader ) Kellie Reynolds Dosage Form Capsule and oral solution

Dosing Regimen 500 mg/200 mg ritonavir

b.i.d.

Date of Submission December 21, 2004 Route of Administration Oral

Estimated Due Date of OCPB Sponsor Boehringer Ingelheim

Review

PDUFA Due Date June 22, 2005 Priority Classification Priority Review

) May 3, 2005
Division Due Date

Clin. Pharm. And Biopharm. Information

“X" if included { Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed

STUDY TYPE

>

Table of Contents present and
sufficient to locate reports, tables, data,
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