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2.2 Pharmacologic Class, Scientific Rationale, Intended Use, and
Potential Benefits

2.2.1 Pharmacologic Class

ABT-378/ritonavir is a peptidomimetic inhibitor of both the HIV-1 and HIV-2 proteaises.
Inhibition of HIV protease prevents cleavage of the gag-pol polyprotein resulting in the

production of immature, non-infectious virus,

2.2.2 Scientific Rationale

2.2.2.1 HIYV Disease Cousiderations

Human immunodeficiency virus (HIV) infection is a chronic disease with an invariably
fatal outcome if untreated. HIV, both directly and indirectly, mediates the destruction of
CD4 cells with a profound disturbance of cellular immunity. Untreated, the disease

* almost always results in characteristic obportunistic infections such as Prenmocystis -
carinii pneumonia, toxpplasmosis, opportunistic fungal infections, Kaposi’s sarcoma, and
disseminated mycobacterial infections. In its terminal phase, the nearly complete
depletion of effective cellular immunity allows for unchecked viral growth and a rapidly

downward clinical course,

Although the natural history can be long, including years of clinical latency, it is not a
disease of indolent pathology but a consumptive, destructive process involving

prodigious rates of viral turnover, The HIV life cycle is characterized by a prolific
replication rate (>10" particles per day) and a high mutation rate, the latter a consequence
of an inherent error rate of 3x10° in reverse transcription.'

© 2.2.2.2 Therapeutic Considerations .

Given the fapid turnover of HIV, intervention with potent drugs that significantly
interrupt the replication cycle can produce dramatic changes in the natural progression of
HIV. This has been demonstrated with the introduction of HIV protease inhibitors (PL)
into clinical practice in the mid-1990s, and the subsequent declines in HIV morbidity and
mortality. > By the same token, failure to adequately suppress viral replication permits
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the rapid selection of drug resistance mutations, viral rebound, and the resumption of

disease progression.

These viral dynamics also dictate that effective inhibition of replication requires the
continuous presence of suppressive drug concentrations.’ Since mutational escape is
driven by ongoing replication, it is not surprising that the degree of yiral suppression
predicts the durability of response.® Using conservative assumptions for the daily viral
production rate, a missed dose early in therapy that allows concentrations to fall below
the effective drug concentration required for 50% inhibition of in vitro viral replication
(EC,,) for 8 hours would result in production of more than 3x10° virions under the
conditions of high selective pressure. Although the consequences of missed doses
diminish later in therapy when viral load is decreased, the cumulative toll of persistent
viral replication under these conditions virtually guarantees the eventual emergence of

drug-resistant virus.

These considerations argue that for protease inhibitors, which are lipophilic compounds
that do not undergo intracellular metabolism, plasma trough concentrations are critical to
antiviral activity.” In the context of combination therapy, the pharmacokinetics of
individual drugs may be less apparent but no less important, as corroborated by evidence
that ongoing replication persists even during “potent” combination treatment.® The need
for maximizing protease inhibitor trough levels is further supported by the varying levels
of adherence seen in the clinical setting, with higher trough levels providing 2 margin of
esror for inevitably erratic doses, Substantial evidence has accumulated relating virologic
" failure with suboptimal protease inhibitor drug levels.>'* The need to maximize drug
levels must, however, be balanced by considerations of tolerability, toxicity, and pill
burden, as poor drug adherence resulting from these therapeutic issues will ultimately
defeat superior pharmacokinetics. The concept ofa therapeutic margin can thus be
defined as the range of drug exposures over which highly suppressive antiviral activity
and acceptable tolerability coexist. Drugs with & poor, narrow, or wide therapeutic
margin can be represented schematically by Figures [, 2, and 3, respectively:
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At present, 5 protease inhibitors have been approved for the treatment of HIV infection:
saql.iinavir (Invirase™ and Fortovase™), ritonavir (Norvir™), indinavir (Crixivan™),
nelfinavir (Viracept™), and amprenavir (Agenerase™)."** While these compounds are
highly potent i vitro, all have poor and/or highly variable bioavailability owing to high
clearance. Despite frequent administration of high doses, drug levels only modestly '
exceed estimated in vivo inhibitory concentrations. At their indicated doses. the mean
trough plasma levels of these drugs are in the range of 1- to 6-fold the protein binding-
corrected EC;, for wild-type HIV.? There is wide variabﬂitf in cytochrome P450 3A
isoform (CYP3A) across subjects and the dispersion (coefficient of variation) of
minimum observed plasma concentration (C,,) is larger than that of any other
pharmacokinetic variable. Furthermore, adherence to medication and timing of dosing

are invariably less than perfect. Thus, in the clinical setting, drug levels of these agents
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are within the dose-response range for antiviral activity against wild-type HIV. Although
pharmacokinetic modulation of existing protease inhibitors with ritonavir can improve

their ratio of C,, to ECy, with corresponding improvement in antiviral activity,?

substantial increases in overall drug exposures may be associated with increased toxicity.

Thus the available protease inhibitors are hampered by either fimited bioavailability or
pooi-to-narrow therapeutic margins, as defined above. These suboptimal characteristics
are reflected in current clinical experience, where it has become clear that the durability
of response to highly active antiretroviral therapy (HAART) is far from optimal. In
clinical trials of protease inhibitor-based regimens, response in approximately 2/3 of
subjects are obtained after 24 weeks, but diminish subsequently.* The experience of
clinicians and data such as these have dampened the initial enthusiasm for protease
inhibitors, and point to the need for drugs with wider therapeutic margins.

2.2.23 ABT-378

The critical objectives for the development of a new HIV protease inhibitor were
twofold: (1) a high C,/ECs, ratio, significantly greater than that of available agents, and
(2) a highly acceptable safety and tolerability profile, ABT-378 tias approximately
10-fold greater in vifro potency than ritonavir, resulting in an ECy, of approximately

0.1 uM for wild type HIV in 50% human serum. Pharmacokinetic studies in animals
demonstrated relatively unremarkable bioavailability of ABT-378 when dosed alone.
Coadministration of ABT-378 with ritonavir, however, substantially improved the
pharmacokinetic profile-of ABT-378, as a consequence of potent inhibition of CYP3A-
mediated metabolism of ABT-378 by ritonavir.*** Based on these early preclinical
results, the goal of achieving a high C,;,/EC;, ratio seemed likely, and clinical

development was initiated. -
2. 2 3 Intended Use
ABT-378/r1tonav1r is mdlcated in combmatlon with other antlretrowral agents for

treatment of HIV-infection.
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2.2.4 Potential Clinical Benefits

Results observed in this clinical program have shown ABT-378/ritonavir at the

400 mg/100 mg BID dose to be very well-tolerated and highly effective in suppressing
viral replication among both antiretroviral-naive and antiretroviral-experienced
HIV-infected subjects. The major therapeutic benefits associated with ABT-378 400
mg/ritonavir 100 mg therapy in HIV-infected subjects are outlined below.

Benefits

e DPotent antiviral activity, as reflected by:
o High response rate in both treatment-naive and treatment-experienced subjects
e High response rate it subjects with high viral load and low CDj cell count
¢ Durability of virologic response, shown through 72 weeks in 2 phase II studies
» Immunalogic improvement, as reflected by increased CD, cell count in all treatment
populations
e Dosing convenience
¢ coformulated ABT-378 and ritonavir
¢ low pill burden of 3 capsules twice daily
o food recommendation permits dosing with meals
* availability of an oral solution
o Overall favorable tolerability

Overall, the therapeutic benefit/risk ratio is very favorable and reflects the wide
therapeutic margin provided by ABT-378/ritonavir when administered at a dose of 400

mg/100 mg BID.

ABT-378/ritonavir answers an unmet medical need in the therapy of HIV-infected
subjects, and provides substantial therapeutic benefit with relatively little risk.
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2.3 Commercial Marketing Experience

ABT-378/ritonavir is not currently commercially available anywhere in the world. -
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2.3.1 General Pharmacolegy

The humar immunodeficiency virus (HIV) protease is a constitutive enzyme that
processes viral proteins essential for the maturation of infectious virions. Protease
inhibitors block viral maturation and are active in acutely and chronically infected cells.
The introduction of HIV protease inhibitors into combination antiretroviral regimens has
led to a dratatic decline in the morbidity and mortality associated with HIV infection, '™
Combination regimens including a protease inhibitor lead to profound and sustained
suppression of viral replication.** At present, five protease inhibitors have been approved
for the treatment of HIV infection: saquinavir (Invirase™ and Fortovase™), ritonavir
(Norvir™), indinavir (Crixivan™), nelfinavir (Viracept™), and amprenavir
(Agenerase™).5!' While all of these compounds are highly potent in vitro, each of the
currently available protease inhibitors is limited by one or more properties that affect its
use in HIV-infected subjects. These limitations include moderate or poor oral
bioavailability, high protein binding, significant side effects, frequent high doses, and

inconvenient dosing schedules with strict dietary requirements,

ABT-378 is a novel peptidomimetic HIV protease inhibitor with approximately 10-fold
greater in vifro potency than ritonavir, The ECs, (effective drug concentration required
for 50% inhibition of in vifro viral replication) of ABT-378 for wild type HIV in 50%
human serum is approximately 0.1 uM. Pharmacokinetic studies in animals have
demonstrated relatively unremarkable bicavailability of ABT-378 when dosed alone.
Coadministration of ABT-378 with ritonavir, however, substa'ntially improves the
pharmacokinetic profile of ABT-378,"*" These pharmacokinetic properties are
attributable to the rapid cytochroime P450 3A isoform (CYP3A)-mediated metabolism of

ABT-378 and its inhibition by ritonavir, Based on these early preclinical results, the
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development program for ABT-378/ritonavir was designed to evaluate the safety and

antiviral activity of ABT-378 coadministered with ritonavir as a pharmacokinetic enhancer.

ABT-378/ritonavir at the proposed registrational dose has been or ifs curren:tly being
evaluated in 28 clinical studies conducted worldwide in which 2628 HIV-infected subjects
have received ABT-378/ritonavir. Results have shown the combination to be effective in
producing profound and sustain‘ed suppression of viral repl'ication. In addition, the

combination has been demonstrated to be well tolerated among both antiretroviral-naive

and antiretroviral-experienced HiV-infected subjects,

To investigate ABT-378 for possible ancillary pharmacologic activity, this compound was
evaluated in a battery of receptor binding and ion transport assays as well as in functional
assays for the central nervous (CNS) and cardiovascular (CV) systems. In the in vive
functional studies, ABT-378 was co-administered with ritonavir to enhance ABT-378
exposure and to mode! the combined effects that might be expected during clinical

administration. A summary of the tests performed and results obtained are listed in

Appendix A.

ABT-378, in the absence of serum proteins, was evaluated in various receptor and ion
channel binding assays at concentrations of 0.3, 1, 3, and 10 uM. The most notable
effects of ABT-378 occurred at the 10 pM concentration which reduced the binding of
reference radioligands 47% to 54% of control at the L-type calcium channel, 62% of
control at the sodium channel site 2 and 47% of control at the chloride.ionophore.

Inhibitions of less than 15% occurred in all potassium channels assays and at the

muscarinic M; receptor site.™

ABT-378 was evaluated for interactions at certain classes of potassium (K') channels by
membrane potential, cation efflux and radioligand binding assays, ABT-378 (0.1 nM to

1 uM) did not alter the membrane potential in a smooth muscle cell tine (A10) indicating
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that it had no effect on the K+ channels expressed in this cell line. ABT-378 (10 pM to 10
M) also failed to displace the binding of f125l]0harybdotoxin to rat brain-derived
membranes indicating that it had no interaction with the voltage-gated K7 channels or
calcium-activated maxi-K+ ;;hannels labeled by [125chl1arybdotoxit1. In a preliminary
study to assess effects on calcium-activated maxi-K+ channel function, ABT-378 (1 nM to
10 pM) did not inhibit ionomycin-stimulated 86RbY influx into C6 glioma cells and did not

alter the basal levels of 86Rbt influx into C6 glioma cells. s

The cL:)rnbined administration of ABT-378 and ritonavir was evaluated for poténtial central
nervous system (CNS) effects in tests of locomotor stimulation/depression, motor
coordination, hypnotic potentiation, pro-convulsant and anticonvulsant activity, and
nociceptiori. Effects on rectal temperature were measured and the gross physiological,
behavioral and toxic effects were assessed in a preliminary observation test. ABT-378 and

ritonavir were administered orally in combination as follows: 10 and 5 mg/kg, 30 and 15

mg/kg, 100 and 50 mg/kg, and 300 and 150 mg/kg of ABT-378 and ritonavir,

respectively. 16

The co-administration of ABT-378 (10 mg/kg, p.o.) and ritonavir (5 mg/kg, p.o.) had no

: é&'ect in the preliminary observation test in mice, The dose combinations of 30 mg/kg, p.o.
and 15 mg/kg, p.o. as well as that of 100 mg/kg, p.o. and 50 mg/kg, p.o: of ABT-378 and:
ritonavir, respectively, producéd loss of traction, stereotypies (cﬁewing) and ptosis in one
of four mice examined, The dose combination of 300 mg/kg, p.o. and 150 mg/kg, p.o. of
ABT-378 and ritonavir, respectively, produced loss of traction, stereotypies (chewing) and

ptosis in two of four mice examined as well as slight sedation and hypothermia.

In the dose range tested, the co-administration of ABT-378 and ritonavir had no effects on
locomotor activity of rats or motor coordination of mice, and had no clear effects in the

hot plate test in mice, tail-flick test in rats or on rectal temperature in mice. The co-
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administration of ABT-378 and ritonavir at 300 and 150 mg/kg, p.o., respectively,
significantly increased barbital-induced sleep in mice. The dose combinations of 10 and 5
mg/kg, p.o., as well as of 30 and 15 mg/kg, p.o., significantly increased the effects of .

ethanol in mice, but no clear effects were observed at the [arger dose combinations.

The co-administration of ABT-378 and ritonavir significantly decreased electroshock
theeshold in mice in a non-dose related manner at the dosing combinations of 10 and 5
mg/kg, p.o., 100 and 50 mg/kg, p.o., and 300 and 150 mg/kg, p.o. The dose combination
of 30 and 15 mg/kg, p.o. did not have a significant effect on electroshock threshold.” In
contrast, the latency and number of convulsions induced by pentylenetetrazol in mice were
unaffected by the combined administration of ABT-378 and ritonavir, with the exception

that the dose combination of 300 and 150 mg/kg, p.o. tended to increase the number of

tonic convulsions.

The cardiovascular profile of ABT-378 co-administered with ritonavir was evaluated in

rats instrumented with telemetry transmitters,”’ Conscious male rats were dosed by oral
gavage with sither vehicle or a fixed combination (2:1) of ABT-378 and ritonavir of 105, .
30:15, or 100:50 mg/kg, respectively. The dose combination of 1(5:5 mg/kg had no effect
on heart rate or blood pressure, but dose combinations of 30:15 and/or 100:50 mg/kg
produced mild, sustained decreases in heart rate. In the vehicle treated animals, heart rate
was elevated by 6-7% at 6 hours after dosing whereas heart rate was reduced by 8% in
animals receiving the 100:50 1ﬁg/kg dose combination, These negative chronotropic

effects were observed at peak plasma concentrations of 6.08 £ 0.73 pg/ml of ABT-378
and 2.34 % 0.75 pg/mL of ritonavir (6 hour time point).

In a second cardiovascular study, pentobarbital-anesthetized male beagle dogs were
instrumented to measure both myocardial function and hemodynamic parameters.” ABT-
378 (2, 6 and 20 mg/kg) and ritonavir (1, 3 and 10 mg/kg) were intravenously infused at a

fixed 2:1 ratio in one group while vehicle was infused in a second group. Each of the 3
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dosing combinations was administered over a 30 minute time period for a total infusion
pratocol time of 90 minutes. Intravenous infusion of the low dose combination
(2:1 mg/kg, respectively) produced little or no cardiovascular response. After
adrni'nist.ration'of the 6:3 mg/kg dose combination, there were statistically significant
reductions in blood pressure and heart rate. However, these changes (which occurred at
plasma concentrations of 11,95 + 0 .92 and 3.68 + 0.38 Lig/mL, respectively) were modest
and are not considered to be physiologically relevant. Administration of the 20:10 mg/kg
dose combination produced marked and suséained decreéses in blood pressure (-12%
systolic and -32% diastolic), heart rate (-43%), and left ventricular contractility (dP/dt
max, -30%). The decrease in contractility was accompanied by increases in central venous
and left ventricular end-diastolic pressures. These negative chronotropic and inotropic
responses were obsefved at peak plasma concentrations 0f33.37 +1.15 and 17.45+0.64
pg/ml, respectively. The responses were largely maintained for a 60-minute post-infusion
period (final plasma concentrations of 21.75 + 1.33 and 8.33 & 0.82 pg/mL). It should be
noted that plasma levels of sodium pentobarbital were rising in parallel with administration
of ABT-378/ritonavir, possibly due to inhibition of CYP3A4 mediated metabolism by
ritonavir. The plasma concentrations of sodium pentobarbital were elevated from a
control value 0f35.6 £2.1 to 49,1 & 4.0 jig/mL at the end of the final infusion period.

Therefore, elevated plasma levels of peﬁtobarbital could have been a factor in the etiology

of these responses.

To address the possible contribution of anesthesia and/or increased pentobarbital levels to

" the cardiovascular responses noted above, a third cardiovascular study was performed in
conscious beagle dogs chronicﬁl[y instrumented with telemetry transmitters for
measurement of systemic arterial pressure and heart rate.”” The experimental design was a
randomized, 7-way crossover using oral administration of 2:1 fixed dose combinations of
ABT-378 and ritonavir. The seven freatment groups were 3:1.5, 10:5, 30:15, 100:50, '
0:50, 100:0, and O:OImg/kg, p.o. of ABT-378 and ritonavir, respectively, In this study,
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neither mean arterial pressure or heart rate was altered at doses up to and including
100:50 mg/kg, p.o. Following administration of the highest dose combination, plasma
concentrations of ABT-378 and ritonavir reached a Cpax of 23.47 £ 1.62 and 23,00 £
2.93 pg/mL at a Tmax of 4.0 % 0.7 and 3.7 £ 0.6 hours, respectively. Thus, the combined
administration of ABT-378 and ritonavir produced no cardiovascular eff‘ecfs in conscious
beagles at plasmé concentrations in excess of those achieved by the end of the protocol in

the anesthetized dog study.

Finally, as a follow-up investigation of one incident of ventricular tachycardia observed in
a phase I clinical study (M97-650), a fourth.cardiovascular study was performed in
pentobarbital-anesthetized beagle dogs instrumented to measure blood bressure, heart rate
and electrocardiographic indices.”" Intravenous infusion of ABT-378 and ritonavir at
10:1.5 mg/kg over 60 minutes produced modest decreases of 6 +2% and 16 £ 3% in
mean arterial pressure and heart rate, respectively. The PR interval was increased by 13 £
4% at the end of the infusion, while QTc (Bazett’s formulz) was unaffected. These
modest hemodynamic and electrocardiographic effects were associated with plasma
concentrations of 10.17 + 0.64 mg/mL and 0,93 £ 0.15 plg/fnL of ABT-378 and ritonavir,
respectively. When the infusion rate was increased to deliver additional ABT-378 and
ritonavir at a dosing ratio of 20:1.5 mg/kg over a subsequent 60 minutes, mean arterial
pressure and heart rate were significantly decreased by -14 £ 2% and -37 £ 2%, '
respectively, These effects were accompanied by a significant increase in PR interval of
37 + 6%, while QTc interval was unchanged. Plasma concentrations of 2241 £2.91 1L
g/mL and 1.30 £ 0,28 pg/mL of ABT-378 and ritonavir, respectively, were achieved by
the end of this 20:1.5 mg/kg infusion. The prolonged PR interval may be related, in whole

or in part, to the decrease in heart rate.19 In addition, the electrocardiogram was

monitored for ventricular ectopic beats and none were seen.



ABT-378/ritonavir
Application Summary
General Pharmacology

In summary, ABT-378 was found to increase barbital and ethanol sleep times as well as

~ decrease electroconvulsivé shock threshold in gnice when administered with ritonavir at
doses (10 and 5 mg/kg, p.o., respectively) which likely yielded plasma concentrations (low
M) near therapeutic, Only modest, if any, effects on other CNS, CV, receptor of ion
channel functions were found at therapeutic to super therapeutic doses/plasma

concentrations. These results suggest that CNS and CV adverse effects are not likely to

be prominent in clinical studies.
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6. Overview: General Pharmacology Profile of Abbott-157 378 (1-29)
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1.0 Overview

Abbott-157378 (ABT-378), 2 novel peptidomimetic, is a:potcnt and specific HIV
protease inhibitor. Compared with ritonavir and other currently available inhibitors,
ABT-B‘]é demonstrates approx.imatciy a ten-fold greater in vitro pétency against the wild-
type enzyme (K ~ 1 pM) and markedly improved efficacy against common clinical
mutant (so-called “resistant™) isolates, ECs(Q values in the presencé of 50% human serum
are between 0.1 uM for wild-type up to 1 uM against mutant isolates. Co-administration

- of ABT-378 with ritonavir, which acts as a pharmacokinetic enhancer by blocking
CYP3A4 mediated metabolism, results in elevated and prolo-ngcd serum levels of ABT-

378 that support a twice a day dosing regimen.

To investigate ABT-378 for possible ancillary pharmacologic activity, this compound
was evaluated in a battery of receptor binding and jon iransport assays as well as on
functional assays for the central nervous (CNS) and cardiovascular (CV} systems. In the.
in vivo functional studies, ABT-378 wa-s co-administered with ritonavir (ABT-538)to
enhance ABT-378 exposure and to model the combined effects that might be expected
via co-administration clinically. A summary of the tests performed and results obtained

are listed in the Table starting on page 7. .

ABT-378, in the absence of serum proteins, was evaluated in various receptor and ion
channel binding assays at concentrations of 0.3, 1,-3, and 10 uM. The most notable
effects of ABT-378 accurred at the 10 uM concentration which reduced the binding of
reference radioligands 47% to 54% of control at the L-type calcium channel, 62% of
control at the sodium channel site 2 and 47% of control at the-chloride ionciphore.

Inhibitions of less than 15% occurred in all potaésiurn channels assays and at the

muscarinic M, receptor site.l
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ABT-378 was evaluated for interactions at certain classes of potassium (K+) channels by .
membrane potential, cation efflux and radioligand binding assays. ABT-378 (0.1 nMto
L pM) did not alter the membrane potential in a smooth muscle cell line (A10) indicating
that it had no effect on the K+ channels expressed in this cell line, ABT-378 (10 pMto
10 UM) also failed to displace the binding of [125I]c%;a:ybdotoxin to rat brain-derived
membranes indicating that it had no interaction with the voltage-gated K+ channels or
calcium-activated maxi-K+ channels labeled by {125[]charybdotoxin. Ina preliminar}:
study to assess effects on calcium-activated maxi-K+ channel function, ABT-378 (1 nM
to 10 M) did not inhibit ionomycin-stimulated 86Rb+ influx into C6 glioma cells and

alone did not alter in the basal levels of 36Rb+ influx into C6 glioma cells.2

The combined administration of ABT-378 and ABT-538 was evaluated for potential
 central nervous system (CNS) effects in tests of locomotor stimulation/depression, motor
coordination, hypnotic potentiation, pro-convulsant and anticonvulsant activity, and
nociception. Effects on rectal temperature were measured and the gross physioclogical,
behavioral and toxic effects were assessed in a preliminary observation test. ABT-378
and ABT-538 were administered orally in combination as follows: 1Q and 5 mg/kg, 30
and 15 mg/kg, 50 and 100 mg/kg, and 300 and 150 mg/kg of ABT-378 and ABT-538,

respectively.3

The co-administration of ABT-378 (10 mg/kg, p.o.).and ABT-538 (5 mg/kg, p.o.) had no
effect in the preliminary observation test in mice, The dose combinations of 30 mg/kg,
p.o. and 15 mg/kg, p.o. as well as that of 100 mg/kg, p.o. and 50 mg/kg, p..o. of ABT-378
and ABT-538, respectively, produced loss of traction, stereotypies (chewing) and ptos.is
in one of four mice examined. The dose combination of 300 mg/kg, p.o. and 150 mg/ke,

p.o. of ABT-378 and ABT-538, respectively, produced loss of traction, stereotypies
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(chewing) and ptosis in two of four mice eXamined as well as slight sedation and

hypothermia.

In the dose range tested, the co-administration of ABT-378 and ABT-538 had no effects
on locomotor activity of rats or motor coordination of mice, and had no clear effects in
the hot plate test in mice, tail-flick test in rats or oft rectal temperature in mice. The co-
administration of ABT-378 and ABT-538 at 300 and 150 mg/kg, p.0., respectively,
s:amficantly increased barbital-induced sleep in mice. The dose combinations of 10 and
5 mcfkg, p.0., as well as of 30 and 15 mg/kg, p. o significantly increased the effects of

ethanol in mice, but no clear effects were observed at the larger dose combinations.

The co-administration of ABT-378 and ABT-538 significantly decreased electroshock
threshold in mice in a non-dose related manner at the dosing combinations of 10 and 5
mg/kg, p.o., 100 and 50 mg/kg, p.o., and 300 and 150 mgrkg, p.o. The dose combination
of 30 and 15 mg/kg, p.o. did not have a significant effect on electroshock threshold. In
contrast, the latency and number of convuisions induced by pentylenetetrazol in mice
were unaffected by the combined administration of ABT-378 and ABT-538, with the
exception that the dose combination of 300 and 150 mg/kg, p.o. tended to increasé the

number of tonic convulsions,

The cardiove;séular profile of ABT-378 co-administered with ABT-538 was evaluated in
rats instrumented with telemetry transmitters.4 Conscious male rats were dosed by oral
gavage with either vehicle or a fixed commbination (2:1) of ABT-378 and ABT-538 of
10:5, 30:15, or 100:50 mg/kg, raspectively. The dose combination of 10:5 mg/kg had no
effect on heart rate or blood pressure, but dose combinations of 30:15 and/or 100:50
mg/kg produced mild, sustained decreases in heart rate. In the vehicle treated animals,
heart rate was elevated by 6-7% at 6 hours after dosing whereas heart rate was reduced by

8% in animals receiving the 100:50 mg/kg dose combination. These negative
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chronotropic effects werg observed at peak plasma concentrations of 6.08 £0.73 pg/mL
of ABT-378- and 2.34 + 0,75 pg/mL of ABT-538 (6 hour time poiat). '

In a second cardiovascular study, pentobarbital-anesthetized male beagle dogs were
instrumented to measure both myocardial function and hemodynamic parameters.4
ABT—378'(2, 6 and 20 mg/kg) and ABT-538 (1, 3 and 10 mg/kg) were inttavenously
infused at a fixed 2:1 ratio in one group while vehicle was infused in a second group.
Each of the 3 dosing combinations was administered over a 30 minute time period for a
total infusion protocol time of 90 minutes. Intravenous infusion of the low dose
combination (2:1 mg/kg, respectively) produced little or no cardiovascular response.
After administration of the 6:3 mg/kg dose combination, there were statistically
significant reductions in blood pressure and heart rate. However, these changes (which
occurred at plasma concentrations of 1195 % 0 .92 and 3.68 # 0.38 pg/mL, respectively)
were modest and are not considered to be physiologically relevant. Administration of the
20:10 mg/kg dose combination produced marked and sustained decreases in blood
pressure (-12% systolic and -32% diastolic), heart rate (-43%), and left ventricular
contractility (dP/dt max, -30%). The decrease in contractility was accompanied by
increases in central venous and left ventﬂcuiar end-diastolic pressures. These negative
chronotropic and inotropic responses were observed at peak plasma concentrations of
33.37 £ 1.15 and 17.45 + 0.64 pefml, respectively. The responses were largely
maintained for & 60-minute post-infusion perod (final plasma concentrations of 21.75 %
1,33 and 8.33 £ 0.82 pg/mL). It should be noted that plasma evels of sodium
pentobarbital were rsing in parallel with administration of ABT-378:ABT-538, possibly
due to inhibition of CYP3 A4 mediated metabolism by AB‘T-SBS. The plasma
concentrations of sodium pentobarbital were elevated from a control value of 35.6 £ 2.1
to 49.1 + 4.0 pg/mL at the end of the final infusion period, Therefore, elevated plasma

levels of pentobarbital could have been a factor in the etiology of these responses.
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To address the possible contribution of anesthesia and/or increased pentobarbital levels to
the cardiovascular responses noted above, a third ca:dit;‘}ascularvstudy was performed in
conscious béagle dogs chronically instrumented with telemetry transmitters for -
measurement of systémic arterial pressure and heart rate.# The experimental design was a
randomizeéd, 7-way crossover using oral administration df 2:1 fixed dose combinations of
ABT-378 and ABT-538. The seven treatment groups were 3:1.5, 10:5, 30:15, 100:50,
0:50, 100:0, and 0:0 mg/kg, p.o. of ABT-378 and ABT-538, respectively. In this study,
neither mean arterial pressure or heart rate was altered at doses up to and including
100:50 mg/kg, p.o. Foﬂowing administration of the highest dose combination, plasma
concentrations of ABT-378 ;md ABT-538 reached a Cma’.‘ of 23.47 £ 1,62 and 23.00 £
2.93 pg/mL at a Tmax of 4.0 £ 0,7 and 3.7 0.6 hours, respectively. Thus, the combined
administration of ABT-378 and ABT-538 produced no cardiovascular effects in

~ conscious beagles at plasma concentrations in excess of those achieved by the end of the -

protocol in the anesthetized dog study.

Finally, as a follow-up due-diligence investigation of one incident of premature
ventricular contractions observed in an éarly clinical trial, a fourth cardiovascular study
was performed in pentobarbital-anesthetized beagle dogs instrumented to measure blood
pressure, heart rate and electrocardiographic indices.5 Intravenous infusion of ABT-378

. and ABT-538 at 10:1.5 mg/kg over 60 minutes produced modest decreases of 6 +2% and
16 + 3% in mean arterial pressure and heart rate, respectively. The PR interval was
increased by 13 + 4% at the end of the infusion, while QTc (Bazett's formula) was
unaffected. These modest hemodynamic and electrocardiographic effects were associated
with plasma concentrations of 10.17 + 0.64 mg/mL and 0.93 + 0.15 [.tg,;/mL of ABT-378
and ABT-538, respectively. When the infusion rate was increased to deliver additional
ABT-378 and ABT-538 at 4 dosing ratio of 20:1.5 mg/kg over a subsequent 60 minutes,

mean arterial pressure and heart rate were significantly decreased by -14 + 2% and -37 £
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2%, respectively. These effects were accompanied by a significant increase in PR
interval of 37 4 6%, while QTc interval was unchanged. Plasma cpnccntrations of 22.41
+2.91 pg/mL and 1,30 + 0.28 pg/mL of ABT-378 and AiST—SSS, respectively, were
achieved by the end of this 20:1.5 mg/kg infusion. The prolonged PR interval may be
.rclsited, in whole or in part, to the decrease in heart rate. In addition, the .

electrocardiogram was monitored for ventricular ectopic beats and none were seen.

Tn summary, ABT-378 was found to increase barbital and ethanol sleep times as well as

" decrease electroconvulsive shock threshold in milce when administersd with ABT-538 at
doses (10 and 5 mg/kg, p.o., respectively) which likely yielded plasma concentrations
(low M) near therapeutic. Only modest, if any, effects on other CNS, CV, receptor or
jon channel functions were found at theripeutic to super therapeutic doscs/pl.asma

conceatrations. These results indicate a minimal risk for marked adverse effects of this

compound in clinical studies.
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3.0 Description of Studies

3.1 Receptor Binding and Ion Transport Assays

ABT-378 was evaluated in various binding [muscarinfc M3, Ca channel (L and N types),
K channel (ATP sensitive, voltage dependent, Ca dependent), Na channel (sites 1 and 2)

and Cl ionophore] and ion transport. [basal activity: Ca channel L-type, Na channel]
[stimulated activity: Ca-ATPase, L-type Ca channel, Na channel, Na-K-ATPase, Na;'Ca
antiport, Na/H antiport, Na/K/Cl cotransport] assays. ABT-378 was evaluated in these
assays at concentrations of 0.3, 1, 3, and 10 uM. The most notable effects of ABT-378
occurred at the 10 uM concentrﬁtion.‘ The 10 WM concentration of ABT-378 reduced the
binding of reference radioligands 47% to 54% of control at the L-type Ca channel, Gé%
of control at the Na channe] site 2 and 47% cif contp_oi at the Cl ionophore. Inhibitions of

less than 15% occurred in all K channels assays and at the muscarinic M; receptor site.l

The effects of ABT-378 on the functional activity of K+ channels was studied by

evaluating changes in membrane potential in a rat smooth muscle A10 cell line. ALQ

cells are known to express ATP-sensitive K+ channels and caicium-activated K+
channels. Changes in membrane potential were assessed using the bis-oxonol dye

DiBAC(4)3. ABT-378 did not alter membrane potential in a smooth muscle cell line

(A10) within the concentration range of 0.1 nM to 1 uM (n=3).2

Interaction of ABT-378 with [125I]cha:ybdotoxin‘binding sites was evaluated using rat
brain-derived membranes. [1257]Charybdotoxin binds with high affinity (pM) to
calcium-activated K+ channels including the maxi-K'+ subtype and various K+ channels

including the Shaker family of voltage-gated channels (Ky 1.2, KV 1.3). ABT-378 failed

to displace the binding of [1251]charybd6toxin within the concentration range of 10 pM
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to 10 pM (n=2). These results indicate that ABT-378 had no interaction with the voltage-

gated K+ channels or caleium-activated K+ channels labeled by [125T]charybdotoxin.2

86Rb+ influx stimulated bry:the calcium i.onophorc ionomyecin in rat C6 glioma c_:ellé was .
used in a preliminary study to measure the interaction of ABT-378 with the calcium-
activated maxi-K+ channels. ABT-378 did not inhibit ionomycin-stimulated cation

influx into C6 glioma cells within the concentration range of 1 nM to 10 uM (n=1). In

contrast, charybdotoxin inhibited cation influx with an ICs0 value of 11 nM. ABT-378
(1 uM) alone did not alter in the basal levels of 86Rb+ influx into C6 glioma cells. These
results indicate that ABT-378 does not modulate calcium-activated maxi-K+ channel

‘function.z
3.2 Central Nervous System

The combined administration of ABT-378 and ABT-538 was evaluated for potential
central nervous system (CNS) effects in tests of locomotor sﬁmulationfdepression, motor
coordination, hypnotic potentiation, proconvulsant and anticonvulsant activity, and
nociception. Effects on rectal temperature were measured and the gross physiclogical,
behavioral and toxic effecfs were assessed in a preliminary observation test (Trwin).3

32.1 Preliminary Observation Test (Irwin) in the Mouse

Behavioral modifications, neurotoxicity symptoms, pupil diameter and rectal temperature
were recorded according to standardized observation grid adapted from that described by
Irwin (Psycho,oharmac&lagy 13:222-257, 1968). Four micé were used per dose group

and observed in comparison with a vehicle control group. Observations wers performed

at 15, 30, 60, 120 and 180 min. after dosing and also at 24, 48 and 72 hrs, after dosing. A
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propyleneglycol-ethanol (95%-5%) vehicle was used for p.o. administration. ABT-378
was administered at doses of 10, 30, 100 and 300 mg/kg, p.o., immediat:ly after ABT-
538 at doses of §, 15, 50 and 150 mg/kg, p.0., rcspcctivély. No changes from control
were observed at 10:5 mg/kg dose combinatien. Loss of traction, stereotypies and ptosis
were observed in 1 of 4 mice at dose combinations of 30:15 and 100:50 mg/kg, p.o., for
up to 30 and 60 min. after dosing, respectively. Similar effects along with slight sedation
and slight hypothermia were observed at the highest dose combination of 300:150 mg/kg,

p.0.; these effects were apparent up to180 min. after dosing.
3.2.2 Activity Meter (Locomotor Activity) Test in the Rat

Rats were placed in covered, darkened, activity meter cages (40 x 25 x 25 cm), each
equipped with two photo cell assemblies placed at the ends of the cage. The number of
crossings by each animal (one per cage) from one photo cell to another was recordéd by
computer at 10 min. intervals for 30 min. beginning 60 min. after dosing. A
propyleneglycol-éthanol (95%-5%) vehicle was used for p.o. administration. ABT-378
was administered at doses of 10, 30, 100 and 300 mg/kg, p.o., immegiiately after ABT-
538 at doses of 5, 15, 50 and 150 mg/kg, p.o., respectively (n = 10 per group). The
propyleneglycol-ethanol vehicle slightly, but significantly decreased locomotor activity.
The four dose combinations of ABT-378 and ABT-538 did not clearly affect lccomotor
activity as compared with the vehicle. Caffeine (16 mg/kg, p.o.), a reference stimulant,
non-significantly increased locomotor activity by 22% and chlorpromazine (16 mg/kg,
p.c.),  reference sedative, significantly decreased activity by 71% (p<0.001); they were
administered in a 0.2% hydroxypropylmethylcellulose (EPMC) vehicle.
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3.2.3 Rotarod (Motor Coordination) Test in the Mouse

Mice were placed on a rod (diameter: 3 cm) rotating at a speed of 18 turns per min. The
number of animals that dropped off the rod within three minutés was counted and the
drop-off time recorded. The dose combinations of ABT-378 and ABT-538 of 10:5,
30:15, 100:50, and 300:150 mg/kg, p.0., (n = 10 per group) administered 60 min. before
the test did not affect rotarod performance as compared with the propyleneglycol-ethanol
vehicle. The reference standard diazepam (8 mg/kg, p.o., in 0.2% HPMC) significantly
decreased drop-off ime 97% (p <0.001). -

3.2.4 Barbital Interaction (Sleep Duration) Test in the Mouse

Mice were injected with barbital sodium (200 mg/kg, i.p.). The latency and duration of
sleep, indicted by a loss of ﬁghting reflex, were recorded during a 6 hour period

_ thereafter. The dose combinations of ABT-378 and ABT-538 of 10:5, 30:15, 100:50, and
300:150 mg/kg, p.o., (n = 10 per group) were administered 60 min. before barbital
sodium. Sleep duration was significantly increased (73%, p <0.05) at the dose
combination of 300:150 mg/kg, p.o., as compared with the propyleneglycol-ethanol
vehicle. The reference standards caffeine (16 mg/kg, p.o., in 0.2% HPMC) completely
abolished sleep whereas diazepam (4 mg/kg, p.o., in 0.2% HPMC) significantly increased
sleep duration 233% (p < 0.001). ' '

3.2.5 Ethanol Interaction (Sleep Induction) Test in the Mouse

Mice were injected with a non-sleep-inducing dose of ethanol (3000 mg/kg, i.p.). The

latency and duration of sleep, indicted by a loss of righting reflex, were recorded during a
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3 hour period beginning 60 min, after dosing witﬁ the ABT-378 and ABT-538
combination (n = 10 per group). The propylcncglycol-cthanol vehicle induced sleep
when administered with ethanol. The dose combinations of 10:5 and 30:15 mg/kg, p.o.,
of ABT-378 and ABT-538 significantly (p <0.01 and p <0.05, respectively) increased
sleep time as compared with the pmpylencglycol-etha;nol vehicle. No significant effects
were observed at the highcr‘doéc combinations, although a similar tendency was apparent
at the 100:50 mg/kg, p.o., dose combination. The reference standard diazepam (B mg/ke,
p.0., in 0.2% HPMC) induced sleep (p <0.01). ' |

3.2.6 Electroconvulsive Shock (ECS) Threshold

To test for proconvulsant and anticonvulsant activity, mice wérc administered ECS via
temporal electrodes. In treatment groups of 15 mice, animal numnber one was exposed to
20 mA of ECS and obscfved for the occux:mt;ce of tonic convulsions. If he did not
convulse, animal numbcr. two was éxposed to 30 mA of ECS, etc. Oncé the first tonic
convulsion was observed, the intensity of the ECS was decreased by 5 mA for the next
animal. The ECS intensity was then decreased or increased by 5 mA from animal to
animal depending on whether the animal corwﬁlsed or not. The maximum intensity giveﬁ
was 95 mA. The results were represented as the mean ECS intensity administered and as
percent change from control. A po'sitive pe.rccnr. change indicated an anticonvulsant
effect and a negative percent change indicated a proconvulsant effect. The number of
deaths after ECS was also recorded. The propyleneglycol-ethanol vehicle significantly
(135%, p <0.001) increased the ECS threshold administerad 60 min. before the test. The
dose combinations of ABT-378 and ABT-538 of 10:5, 100:50, and 300:150 mg/kg, p.o.,
administered 60 min. before the test significantly decreased ECS threshold (50%, p
<0.001, 25%, p <0.01 and 47% p <0.001, respectively) as compared with the
propyleneglycol-ethanol vehicle; The dose combination of 30:15 mg/kg, p.0., had no
effect on seizure threshold. The reference standard RO 15-4513 (64 rfagfkg, p.0., in 0.2%



Abbott-157378 (ABT-378)
R&D/99/560

HPMC) decreased seizure threshold (18%, p < 0.03) and the reference standard diazepam
(8 mg/kg, p.o., in 0.2% HPMC) increased ECS intensity from control 154% (p < 0.001).

3.2.7 Pentylenetetrazol (PTZ) Induced Seizure

Mice were administered PTZ (i20 mg/kg, s.c.). The occurrence anci latency of clonic
convulsions, tonic convulsions and deaths were noted duﬁng a 30 min. observation
period.. The number of convulsions and deaths were expressed as either 4 positive percent
antagonism (anticonvulsant) or negative percent antagonism (proco:{vulsant) effect (u =
10 per group). The propyleneglycol-ethanol vehicle administered 60 min. before the test
antagonized PTZ induced tonic convuléigné and death in all mice and clonic convulsions
in 80% of mice. The dose combinations of ABT-378 and ABT-538 of 105, 30:15,
100:50, and 300:150 mg/kg, p.o., administered 60 min. before PTZ did not clearly affect
the number of convulsions and deaths as corﬁpared with the propyleneglycol-ethanol
vehicle, however, the dose combination of 300:150 mg/kg, p.c., tended to increase the
number of convulsions. The reference proconvulsant standard RO 15-4513 {64 mg/ke,
p.o., in 0.2% HPMC) significantly decreased clonic convulsion and death Iatencic;.'s (p<
0,05 and 0.01, rcspéctively). In contrast, diazepam (8 mg/kg, p.o., in 0.2% HPMC)

completely antagonized the PTZ-induced convulsions and death.
3.2.8 Hot Plate (Nociception) Test in the Mouse

Mice were place on a hot metal plate (54°C) surrounded by a Plexiglas cylinder (height:
13 cm; diameter; 19 cm). Latency to the first foot-lick and to the first jump were
measured, If no response was made within 120 seconds, the test was terminated. The
maximum score for foot licking was 30 seconds (n = 10 per group). The
propylenegiycol-ethano! vehicle administered 60 min. before the test did not affect the

foot-licking or jump latencies. The dose combinations of ABT-378 and ABT-538 of
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10:5, 30:15, 100:50, and 300:150 mg/kg, p.o., administered 60 min. before the test were
without significant effect on foot-licking or jump latencies as compared with the
propylenegtycol-ethanol vehicle. The reference standard morphine (64 mg/kg, p.o., in

0.2% HPMC) significan‘tly increased foot-licking latency 175% (p < 0.001).

3.2.9 Tail-Flick (Nociception) Test in the Rat -

The tail of the rat was heated by means of 2 thermal light source. The latency to tail
withdrawal was measured (n = 10 per group). If no response was made within 30

" seconds, the test was terminated: The propyleneglycol-ethanol vehicle administered 60
min. before the test did not affect tail—ﬂigk latency. The dose combinations ABT-378 and
ABT-538 of 10:5, 30:15, 100:50, and 300:150 mg/kg, p.o., administered 60 min. before
the test were without significant effect tail-flick latency as compared with the
propyleneglycol-ethanol vehicle. The reference standard morphiné .(128 mg/kg, p.o., in
0.2% HPMC) incrgased tail-flick latency 388% (p < 0.001).

3.2.10 Rectal Temperature Test in the Mouse

Mice were measured for rectal temperature before treatment and assigned te temperature
" matched groups (n = 10 per group). Rectal temperatures were measured again at 30, 60
and 120 minutes after the dose combinations of ABT-378 and ABT-5338 of 10:5, 30:15,
100:50, and 300:150 mg/kg, p.o. The propyleneglycol-ethanol vehicle slightly, but
significantly (p<0.001) decreased rectal temperature at all time periods. The dose
combinations of ABT-378 and ABT-538 did not affect rectal temperature as compared
with the propyleneglycol-ethanol vehicle. The reference standard chlorpromazine (16
mg/kg, p.o., in 0.2% HPMC) significantly (p <0.001) decreased rectal temperature by a

mean of 3.0 to 4.3°C from 30 to 120 min. after dosing.
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3.3 Cardiovascular Profile

3.3.1 Hemodynamic Evaluation by the Oral Route in Conscious Rats*

Conscious male rats (225 - 270 gms, n=6/group, 4 groups) wete dosed by oral gavage
with either vehicle or a fixed combination (2:1) of ABT-378:ABT-538 é.t doses of 10:5,
30;15, or 100:50 mg/kg, respectively. In addition to monitoring mean arterial pressure
and heart rate, blood samples were taken at 3, 45 and 6 hours post dosing for the
determination of plasma drug levels. ABT-378:ABT-538 had no effect on heart rate or
blood pressure at the low dose, but produced mild, sustained decieases in heart rate after
the 30:15 mg/kg dose. A similar response-was observed after the dose combination of
100:50 mgl/kg. In the vehicle treated anitnals, heart rate was elevated by 6-7% at 6 hours
after dosing whergas heart rate was reduced by 8% in animals receiving the 100:50 mg/kg
dose combination. These negative chronotropic effects were observed at peak plasma

concentrations of 6.08 + 0.73 mg/mL of ABT-378 and 2.34 +.0.75 mg/mL of ABT-538
(6 hour time pointj.

3.3.2 Myocardial Function and Hemodynamic Parameters After

Intravenous Dosing in Anesthetized Dogs*

Pentobarbital-anesthetized male beagle dogs (9.4 to 11.1 kg, n=6/grot'1;—); 2 groups) were
instrumented to measure both myocardial function and hemodynamic parameters. ABT-
378 (2, 6 and 20 mg/kg) and ABT-538 (1, 3 and 10 mg/kg) were intravenodusly infused at
a fixed 2:1 ratio in one group while vehicle was infused in a second group. Each of the 3
dosing combinations was administered over 2 30 minute time pericd, for a total infusion
time of 90 minutes, which was follchd by a 60-minute recovery period. Blood samples

were taken at 15-minute intervals throughout the pratocol for correlation of plasma drug
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levels with functional effects, The low dose combination of 2:1 mg/kg produced little or
no cardiovascular response. After admidistration of 6:3 mg/kg there were statistically
significant reductions in blood pressure and heart rate, However, these changes (which
occurred at plasma concentrations of 11.95 0.92 and 3.68 +0.38 ug/mL, respectively)
were modest and are not considered to be physiologically relevant. Administration of the
20:10 mg/kg combination produced marked and sustained décreases in blood pressure
(-12% systolic and -32% diastolicj, heart rate (-43%), and left ventricular contractility
(dP/dt max, -30%). The decrease in contractility was accompanied by increases in central
venous and left ventricular end-diastolic pressures. These negative chronotropic and
inotropic responses ware observed at peak pIasma concentrations of 33.37 = 1.15 and
17.45 £ 0.64 pg/mL, respectively. The responses were largely maintained for the 60-
minute post-infusion period (final plasméiconcentrations of 21,75 + 1.33 and 8.33 + 0.82
pe/mL). It should be noted that plasma levels of sodium pentobarbital were rising in
paralle] with administration of ABT-378:ABT-538, possibly due to inhibition of
CYP3A4 mediated metabolism by ABT-538. For example, the plasma concentrations of
sodium pentqba:bital were elevated from a control value of 356x2.1 pé/mL t0 49.1 %
4,0 pg/mL at the end of the final infusion period. Therefore, elevated plasma levels of

pentobarbital could have been a factor in the etiology of these responses.

3.3.3 Hemodynamic Evaluation by the Oral Route in Conscious Dogs*
Beagle dogs (9.6 to 11.7 kg, n=7/group) were chronically instrurnented with telemetry
transmitters for the measurement of systemic arterial pressure and heart rate. The
experimental design was a randomized, 7-way crossover using oral administrgtion of
2:1 fixed combinations of ABT-378:ABT-538. The seven treatment groups were 3:1.5,
10:5, 30:15, 100:50, 0:50, 100:0, and 0:0 mg/kg, p.o. of ABT-378:ABT-538,
respectively. Blood samples were taken at 1,2, 3, 6 and 23 houts post dosing for

correlation of plasma drug levels with any hemodynamic effects. ABT-378:ABT-538 did
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not alter either mean arterial pressure or heart rate at doses up to and including 100:50
mg/kg, p.o. It should be noted that emesis was routinely seen following administration of -
50 mg/kg, p.o. of ABT-538 (alone or in combination), but not with 100 mg/kg, p.o. of

ABT-378 by itself, Followirig administration of the highest combination dose, plasma
~ concentrations of ABT-378 and ABT-538 reached a Crax of 23.47 & 1.62 and 23.00 =

2.93 pug/mL at a Tpax of 4.0 £0.7 and 3.7 £ 0.6 hours,. respectively.

3.3.4 Effect on Electrocardiographic End-Points in Pentobarbital-
Anesthetized Dogs®

Pentobarbital-anesthetized beagle dogs (6.9 to 9.0 kg, n=5/group, 2 groups) were-
instrumented to measure blood pressure, heart rate and Lead I electrocardiogram (ECG).
PR and QTc (QT corrected for heart rate, Bazett’s formula) intervals were obtained from
the ECG. Blood samples were taken at 15-m“'inute intervals to correlation drug plasma
levels with any observed effects, Intravenous infusion of ABT-378:ABT-538 at 10:1.5
mg/kg over 60 minutes produced modest decreases of 6 + 2% and 16 + 3% in mean
arterial blood pressure and heart rate, respectively. The PR interval was increased by 13
+ 4% at the end of the infusion, while QTc was unaffected. These modest hemodynamic
and EGC effects were associated with plasma concentrations of 10.17 + 0.64 pg/mL and
0.93 + 0.15 ug/mL of ABT-378 and ABT-538, respectively. When the infusion rate was
increased to deliver ABT-378:ABT-538 at the dose ratio of 20:1.5 mg/kg over a
subsequent 60 minutes, mean arterial blood pressure and heart rate were significantly
decreased by -14 + 2% and -37 1 2%, rcsPeétEVely. These effects were accompanied by a
significant increase in PR interval of 37 + 6%, while QTc was essentially unchanged.
Plasma concentrations of 22.41 + 2.91 pg/mL and 1.30 + 0.28 pg/mL of ABT-378 and
ABT-538, respectively, were achieved by the end of this 20:1.5 mg/kg infusion.‘ These

results indicate that plasma levels of approximately 10:1 pg/mL of ABT-378:ABT-538
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were associated with minor hemodynamic and ECG effects in tie anesthetized dog.
Higher plasma conccnfrations of 22:1 pg/mL produced modest reductions in mean
arterial pressure. Marked, significant reductions in heart rate, as well as increases in PR
interval were also observed at these plasma levels. The prolonged PR interval may be’
related, in whole or i part, to the decrease in heart rate.6 No premature ventricular
contractions were noted during a careful review of all experimental tracings. In addition,
ventricular repolarization, as indicated by the QTc interval, was not lengthened by either
dose tested. Therefore, it was concluded that infusion of ABT-378:ABT-538 was not
associated with any ECG changes consistent with the development of ventricular ectdpy

at the plasma concentrations achieved in this study.

3.3.5 Summary of the Cardiovascular Effects

Plasma concentrations of 5 to 10 pg/mL of ABT-378 in combination with 2 to 3 pg/mL
of ABT-538 resulted in either modest or no cardiovascular effect in the four
cardiovascular models employed. Higher plasma concentrations did produce
cardiovascular effects in the pentobarbital-anesthetized dog, but were without effect in
the conscious dog. Administration of ABT-378 with ABT-538 did not affect QT¢ or

produce ventricular ectopic beats.
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2.5.2  Toxicology

Abbott-157378 (ABT-378; lopinavir), an inhibitor of the human immunodeficiency virus
protease (HIV-1 protease), is being developed as an antiviral agent. ABT-378 is tenfold
more active in vitro than Abbott-84538 (ritonavir), arother HIV protease inhibitor, but
ABT-378 exhibits poor oral bioavailability. However, coadministration of ABT-378 with
ritonavir has produced sustained plasma concentrations in rats and dogs. The
pharmacokinetic enhancement results from potent inhibition by ritonavir of the
cytochrome P450-mediated metabolism of ABT-378. A 2:1 ratio of ABT-378/ritonavir
was used in most studies based on preliminary work; but other ratios are also effective in
maintaining ABT-378 levels. To assess the toxicity profile and safety of the 2. I ratio of
ABT-378 and ritonavir or ABT-378 alone, the following preclinical toxicity studies have
been completed:

Summary of Completed Toxicity Studies

Type of Study Study Species/Test System

Singledose = Oral and LV. acute toxicity studies Rats & mice
Oral acute toxicity study (ABT-378 alone) Rats

Repeated dose Two-week oral toxicity studies " Rats & dogs
Two-week oral toxicity study Neonatal rats
Four-week oral toxicity study Juvenile rats
Three-month oral toxicity studies Rats & dogs
Three-month oral MTD study Mice
Three-month oral studies with Dogs
impurities/degradants : y
Six-month oral toxicity studies Rats & dogs
Nine-month oral toxicity study ' Dogs’

Reproduction Fertility & embryonic development (Seg I) Rats
Embryonic & fetal development (Seg [1) Rats & rabbits
Pre- and postnatal development (Seg 1II) Rats

Mutagenicity Bacterial reverse mutation assay” Bacteria (Ames)
Mouse Iymphoma forward mutation Mouse lymphocytes
In Vitro Cytogenetics® Human [ymplocytes
In Vivo Mouse micronucleus Mouse bong marrow

a. Assays were also conducted with ABT-378 containing hzgh levels of impurities
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Section 5.2.1, (Overview of Toxicology Studies) summarizes the findings of these
completed studies. In addition, two-year carcinogenicity studies in rats and mice are in
progress and the reports are scheduled for November, 2001.

Three different formulations (liquid, semi-solid and soft elastic capsule, SEC) were used in
the preclinical toxfcity studies in conjunction with the stage of the formulation
development. The major excipients in the liquid formulation were propylene glycol and .
sthanol (95:5, v/v), while the semi-solid formulation included glycerides, ethanol and
polyoxylene 35 castor oil (cremophor). The SEC formulation differs from the semi-solid
formulation by substituting glycerides with oleic acid. Recently, propylene glycol was
used to replace ethanol in the SEC formulation. It should be noted that the soft elastic
capsule (SEC) formulation for the ABT-378/ritonavir combination gives similar AUC
values as the liquid or semi-solid formulations in both rats and dogs, and toxicity
evaluations are based on drug exposures (AUC values) regardless which formulation was
used in the study. The SEC formulation was used in the later preclinical studies and has
been used in the clinical trials. Furthermore, a twice daily dosing regimen of ritonavir and
a3:1 ratio of the combination were used in the six-month dog study in an effort to further

maximize drug exposure to ABT-378.

ABT-378 alone or in combination with ritonavir was found to be non-mutagenic and
‘non-clastogenic when tested in three ir vifro and one in vivo mutagenicity assays.
Available data also indicate that ABT-378/ritonavir combination is not a specific
reproductive or developmental toxin in rats or rabbits. Repeated dose toxicity studies in
rodents and dogs have identified liver, thyroid, blood, spleen and kidney as the tafget
organs. Target organ toxicities along with gastrointestinal distress in dogs are discussed
in the following sections. In addition, tabular summaries for individual studies are

appended at the end of this section.

The ABT-378/ritonavir combination has been found to present minimal toxicology risk

based on extensive toxicity testing up to nine months in dogs and six months in rats. In

addition, it is nongenotoxic and is not & selective developmental or reproductive toxin, On

the basis of this information, administration of ABT-378/ritonavir combination up to a
recommended clinical dosage of 400/100 mg bid (mean AUC values for
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ABT-378/ritonavir are approximately 160/9 ug-l_lr/rnl in subjects) is unlikely to pose a
toxicity risk to humans,

2.52.1 Effects of ABT-378/Ritonavir Combination on the Liver

2.5.2.1.1 Mouse

A three-month oral maximum-tolerated dosage study was conducted in mice at dosages of
’O, 20/10, 60/30 and 200/100 mg/kg/day. Hepatic toxicity observed in mice given 200/100
mg/kg/day (458/62 pigehr/ml) was characterized by increased hepatic enzymes (ALT, AST,
GGT) and liver weights and histopathological changes (cytoplasmic vacuolation, necrosis,
subacute inflammation and hepatocytomegaly). Elevations of cholesterol and triglyceride
levels were also noted at this dosage level, Increased liver weights and cholesterol levels
oceurred at a dosage of 60/30 mg/kg/day. No signs of toxicity were seen in the dosage
group of 20/10 mg/kg/day with corresponding mean AUC values of 43/3. pgehr/ml,

2.52.1.2 Rat

ABT-378/ritonavir combination was administered to adult rats by oral gavage for two
weeks to six months. Hepatic changes in rats included increased cholesterol levels and
elevated liver enzyme activities (ALT, ALP, GGT) and histopathologic lesions such as
multinucleated hepatocytes, hepatocytomegaly, single cell necrosis and histiocytosis,
These changes were observed at 50/25 mg/kg/day (mean AUC values of 73/8 pgehr/ml)
for six months. Ultrastcuctural evaluation of the liver revealed lysosomal inclusions in
hepatocytes and minimal increase in smooth e.ndoplasmic reticulum. Histopathologic
alterations had not resolved in rats during the one-month of recovery. Due to an increase
in sérum ALT levels in male rats receiving 10/5 mg/kg/day, the no-hepatotoxic-effect
dosage level in rats when administered for six months was considered to be less than
10/5 mg/kg/day (ABT-37S/ritonavir), resulting in mean AUC values of approximately

18/1 pgehr/ml,

ABT-378/ritonavir combination was administered to neonatal rats (3-4 days old at the
start of treatment) at dosages of 0, 10/5, 20/10 and 40/20 mg/kg/day for two weeks and to
juvenile rats (16 days old at the start of treatment) at dosages of 0, 10/5, 30/15 and
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100/50 mg/kg/day for four weeks. Changes in the liver (hepatocytomegaly) along with
increases in liver weights, cholesterol levels and liver enzymes (ALT, GGT) of juvenile
rats at dosages of 100/50 mg/kg/day which attained group mean AUC values of
approximately 172/10 pigshr/ml were generally similar-to those observed in adult rats at
the same dosages and similar drug exposures. However, significantly higher drug’
exposures (AUC values) were evident in neonates compared with adult rats at similar
dosage levels. Less toxicity was seen in neonates relative to adults at similar drug
exposures. A dosage level of 40/20 mg/kg/day (group mean AUC values of

140/13 Ligehr/ml) for two weeks in neonates produced only increased liver weights, but no
microscopic findings in the liver or any other organs. Therefore, on the basis of drug
exposures, neonates appear to be less sensmve to the toxicity produced by
ABT-378/ritonavir combination when comp'lred with adult rats.

25213 Dog

ABT-378/ritonavir combination was administered by oral capsules to dogs for two weeks
to nine months. Dogs appeared to be less sensitive than rats to the hepatotoxic effects of
the ABT-378/ritonavir combination. Although elevated liver enzyme activities (ALT,
AST, ALP) and hepatocellular changes were seen in dogs, such changes were only
observed in dogs receiving dosages of 70/35 - 100/50 mg/kg/day (mean AUC values of
189/65 gehr/ml) for three months or dosages of 45/15 mg/kg/day or greater for six
months and achieving plasma exposures of approximately 206/53 pugeh/ml. An increase
in liver enzyme activities (ALP, ALT) and cell swelling in the liver occurred in dogs
receiving 25/8 mg/kg/day (mean AUC values of 76/11 pgehr/ml) for six months. The
hepatocellular changes seen in dogs appeared to be reversible after a one-month recovery
period. A dosage of 10/3 mg/kg/day (mean AUC values of 25/3 pigehr/ml) for the
ABT-378/ritonavir combination did not produce liver toxicity in dogs when treated for six
months. In a nine-month study, only elevations in ALP and increased relative liver
weights, but without any histopathologic changes were seen in dogs receiving dosages up
to 50/20 mg/kg/day (mean AUC values of 78/39 pigehr/ml). This indicated that increased
treatment duration from six to nine months did not change the toxicity profile of

ABT-378/ritonavir combination in dogs.
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There are sensitivity differences in liver toxicity between rats and dogs. The
recommended therapeutic dosage for ABT-378/ritonavir combination is 400/100 mg bid
and the mean AUCs are approximately 160/9 pigehe/ml. Hepatotoxicity with
histopathologic changes is produced in rats at lower exposures (approximately

73/8 pgehr/ml), while exposures producing mild liver change in dogs are similar to the
mean clinical exposures, Phase II clinical trials revealed that slight increases in ALT or
AST occurred in 6-13% of subjects receiving dosages up to 400/200 mg bid of
ABT-378/ritonavir combination (mean AUC values of 220/24 ugehr/ml) for up to 48
weeks, and some of the subjects with ALT or AST elevations had positive baseline
hepatitis serologies. Therefore, the rat appears to be an overly sensitive animal model for
the evaluation of ABT-378/ritonavir combination-induced hepatotoxicity.

Elevated GGT observed in repeated dose studies was limited to rodents only, and no
increases in total bilirubin or urobilinogen were noted int rodents or dogs. Although
elevations of GGT (>5x ULN) without increases in either total bilirubin or urobilinogen
were noted in approximately 26% of subjects given dosages up to 400/200 mg bid for up
to 48 weeks, the isolated GGT elevations in some subjects may have been due to hepatic
induction in the presence of nevirapine and was not considered to be clinically relevant.
Furthermore, GGT testing can easily be monitored in humans during therapy.

Although no safety margin can be demonstrated in long-term toxicity studies in rats or
dogs, effects in humans are generally milder and easily monitored. Therefore, it is our
opinion that the proposed clinical dosage of this drug combination (400/100 mg bid) does

not represent an undue risk in humans.
2.5.2.2  Effects of ABT-378/Ritonavir Combination on the Thyroid

Mild but dose-related hypectrophy of follicular cells in the thyroid glan& along with
decreased serum thyroxine (T,) levels and elevated serum thyroid stimulating hormone
(TSH) were observed in adult rats that received ABT-3 78/ritonavir combination for two
to 26 weeks at dosages of 50/25 m/kg/day or greater (mean AUC values of

65/14 pgshe/ml or more). Neonatal and juvenile rats appeared to be less sensitive to the
thyrmd change produced by ABT-378/ritonavir than adult rats, No thyroid change was
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seen in neonatal rats receiving 40/20 mg/kg/day (mean AUC values of 140/13 pgehe/ml)
for two weeks, and thyroid change occurred in juvenile rats only when the dosage was up
to 100/50 mg/kg/day (mean AUC values of 172/10 pgehe/ml) for four weeks. All changes
were reversible following a one-month recoverj( peribd. No effects on the thyroid gland
were observed in any of the mouse or dog studies up’to nine months of treatment.

Similar results have been seen in rats with ritonavir alone and other compounds, especially
those that affect the hormonal balance between the thyroid and pituitary. Typically,

* compounds that inhibit the syathesis of thyroid hormones (e.g., thiouracil) or those that
increase the metabolism of thyroid hormones (e.g., phenobarbital) result in reduction of
serum thyroid hormone followed by a compensatory increase in serum TSH and ultimately
lead to hypertrophy and even hyperplasia of the thyroid gland. In some cases in which
pronounced effects are observed, long-termqadministration to rats can lead to neoplasia of
the follicular cells. However, with ritonavir administered alone for two years in rats, '
similar effects were observed but did not progress to thyroid neoplasia, In addition, in
phase I and phase II clinical studies no effects on thyroid-related hormones have been
reported in any subject/patient receiving ABT-378/ritonavir combination at dosages up to
400/200 mg bid for-48 weeks. Therefore, the effects on thyroid seen in rats would not

indicate any increased risk to humans.

2.5.2.3 Effects of ABT-378/Ritenayvir Combination on the Erythron

Decreases in erythrocytic variables (erythrocyte count, hematocrit, hemoglobin) along
with an increased incidence and/or severity of anisacytosis (erythrocytes of variable size)
and poikilocytosis (erythrocytes with abnormal shapes) were observed in adult rats treated
with ABT-378/ritonavir combination at 50/25 mg/kg/day or higher (mean AUC values of
approximately 65/14 pigehr/ml or more) for three to six months. Erythrocyte
morphological changes in rats persisted through the one-month recovery period. Similar
erythrocytic changes also occurred in one female dog that received dosages of

45/15 - 60/20 mg/kg/day (mean AUC values of approximately 205/53 pgehr/ml) for six
months. Erythrocytic changes were not detected in mice that received the drug
combination at dosages up to 200/100 mg/kg/day (mean AUCs = 458/62 ngehr/ml) for
three months or in dogs given the drug combination at dosages up to 50/25 mg/kg/day

(mean AUCs = 78/39 jugehr/ml) for nine months.
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Anisocytosis reflected the presence of microcytes/spherocytes and large
polychromatophilic erythrocytes in the peripheral blood. Poikilocytosis was caused by
circulating acanthocytes. To determine if the effects were immune-mediated, a direct
immunoglobulin assay (direct Coomb’s test) on RBCs was performed. Results were
negative, supporting the contention that alterations in erythrocytes were physically
induced by imbalances in lipid/cholesterol in the RBC membrane. It has been reported
that acanthocytosis can occur in humans or animals with liver disease due to alteration of
cholestero! and phospholipid content in the erythrocyte membrane. Rats and dogs
receiving the drug combination had liver changes, thus, the acanthocytosis was probably a
secondary effect of the liver alteration. The lack of reversibility of the morphologic
changes in erythrocytes after a one-month recovery period is not stirprising considering
the circulating life span of erythrocytes is approximately 100 days.

Although elevations in clotting times (APTT) were noted in rats in the three- or six-month
repeated dose studies, no clinically meaningful effects on clotting times or erythrocytic
parameters have been reported in phase II clinical studies in which HIV-infected subjects
received the ABT-378/ritonavir combination at dosages up to 400/200 mg bid for up to 48 -

waeks,

2.52.4  Effects of ABT-378/Ritonavir Combination on the Kidney
and Spleen

No kidney changes were observed in rat or dog studies with durations through six months
ar in dogs treated for nine months. Changes in kidney (microvesicular cytoplasmic
vacuolation) occurred anly in mice that received a combination dosage of

200/100 mg/kg/day (mean AUCs = 458/62 pgehr/ml) for three months, Changes in spleen
(histiocytosis and increased spleen weight) were limited to rats receiving combination
dosages of 50/25 mg/kg/day or higher (mean AUCs of 73/8 pgehr/ml or greater) for six
months. Since no similar effects on the kidney were observed in any of the rat or dog
studies and changes in spleen were limited to rats only, these changes were not considered
relevant to humans, Furthermore, tests for renal finction are routinely conducted in all
phases of clinical testing. To date, no effects on kidneys or spleen have been reported in

any clinical studies,
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2.5.2.5 Effects of ABT-378/Ritonavir Combination on the
Gastrointestinal Tract and Associated ECG Changes

The most sensitive indication of toxicity in dogs that received ABT-378/ritonavir
combination was gastrointestinal (G} distress cbnsisging of emesis, diarrhea and/or loose
stools. Dosage-related GI distress occurred generally within 1-2 hours after dosing at all
dosages tested in the repeated dose studies. In the three-month toxicity study, moderate
to severe GI distress occurred in dogs receiving the high dosages of

70/35-100/50 mg/kg/day (mean AUCs = 189/65 jigehr/ml), subsequently hypokalemia,
hyponatremia, hypochloridemia and variable blood acid-base imbalances were observed in

the affected dogs. Subsequently, the following electrocardiographic changes were seen in
six male (#3001, 3003, 3005, 3007, 3009 and 3011) and one female (#3006) dogs during

the treatment period of the study.

ECG Changes in Individual Dogs

Changes in Electrocardiograius

) Triggerad ventricular First degree
Day in Study Prominent U wave  Fusion of T &U waves extrasystoles atrioventricular
: block
19/20 3003, 3003, 3007, 3005, 3009 3006 3005
' 3009, 3011, 3006
29 s - - -
40/41 - . - -
54153 3005, 30[1 - - -
82/33 3001Y, 3005, 3011 3001 - -

117 - - -

ECGs were measured, but no abnormalities were seen
Dog #3001 was found dend on Day 72, EKGs were oblaited [rom this dog on Day 64,
Near the end of the 1-month recovery period

As aresult of T and U waves merging, the Q-T interval appeared to be increased in this dog.
J

/A0 ot

Among those affected, dogs #3006, 3007 and 3009 died or were euthanized between
Study Days 21-26. In general, anorexia, weight loss, acid-base, electrolyte and
fluid-balance alterations that included alkalosis, hypochloridemia and hypokalemia were

noted prior to death.
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Prominent U waves were the primary ECG changes seen in the affected dogs. The
occurrence of large U waves as well as T wave flattening are typical ECG abnormalities
related to hypokalemia. Although hypokalemia (< 3.5 mEq/L) was not observed during
the treatment period for all the affected dogs, it has been reported that ECG changes
associated with hypokalemia correlate poorly with serum potzissium levels. Total serum
potassium levels may best reflect skeletal muscle potassium, but it may not correlate well-
with myocardial potassium, Therefore, the factors most critical for the arrhythmogenic
mechanism of hypokalemia remain uncertain and/or difficult to determine. Abnormalities
on electrocardiograms seen in these dogs were interpreted by a veterinary cardiologist to
be refated to serum chemistry changes such as hypokalémia rather than direct cardiotoxic

effects.

Since the cardiac effects seen in the three-month dog study appeared to be secondary to

. changes in plasma electrolyte concentrations attributed to gastrointestinal disturbances
(emesis, abnormal stools and anorexia), early and aggressive dietary supplementation
including oral administration of PEDIALYTE® and BIO-SERVE?® liquid diet were
conducted in the subsequent six-month study in dogs. The results from this study
indicated that with early and aggressive dietary supplementation in dogs,
ABT-378/ritonavir combination in the SEC formulation at dosages up to 60/20 mg/kg/day,
producing similac plasma exposures (mean AUC values = 264/50 pgehr/mb), did not cause
any electrocardiogram (ECG) or electrolyte changes and no early deaths occurred. This
further indicates that the ECG changes seen in the previous three-month study were
related to hypokalemia and/or other electrolyte changes rather than direct cardiac events.
Early and aggressive dietary supplementation conducted in the six-month study appeared
to minimize the life-threatening electrolyte imbalances and subsequent ECG changes in the
previous three-month study, Furthermore, there were no ECG changes seen in dogs that
received the drug combination for nine months. On the basis of these observations, it is
unlikely that humans are at risk to the ECG changes that occurred in the three-month dog

study.
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2.5.2.6  Effects of ABT-378/Ritonavir Combination on the Testis

Testicular degeneration, generally classified as minimal or mitd, was observed in dogs that
received the drug combination at dosages of 10/3 to 60/20 mg/kg/day (mean AUC values
of 20/2 - 206/53 pgshr/mi) for six months. Features-of the degeneration included loss of
germ cells, germ cell degeneration and tubular vacuolization. The incidence and severity
of testicular degeneration did not appear to be related to dosage or to correlate with the
systemic drug exposures. In addition, no testicular changes were seen in dogs receiving

' the drug combination for nine months at dosages up to 50/25 mg/kg/day (mean AUC
values of 78/39 pigehr/mi). Bilateral testicular degeneration was also noted in male dogs
receiving ritonavir alone at dosages of 50 mg/kg/day (mean AUC =64 pgshr/ml ) or
greater for six months or longer, Based on'the lack of a dose response and the absence of
similar findings in dogs exposed to higher plasma exposures for a longer treatment period,
the toxicological significance of the changes seen in dogs in the six-month study is
unknown. These changes might have been spontaneous lesions rather than produced by

the drug combination.

2.5.2.7 Effects of ABT-378/Ritonavir Combination on Serum
Cholesterol and Triglycerides

Elevations in serum cholesterof levels were seen in mice and rats, and an increase in
triglyceride Tevels was limited to mice that received the drug combination. No effects on
cholesterol or triglycerides occurred in dogs receiving the drug combination for up to nine
months. Increases in cholesterol and triglycerides occurred in mice receiving 2
combination dosage of 100/50 mg/kg/day (mean AUCs = 292/29 pgshr/m) for two weeks
or dosages of 2 60/30 mg/kg/day (mean AUCs = 121/12 ptgeht/ml) for three months,
Increased cholesterol levels were evident in juvenile rats réce’wing dosages of 2 30/15
mg/kg/day (mean AUCs > 62/3 pgehr/ml) for four weeks and in adult rats given dosages
of > 50/25 mg/kg/day (mean AUCs of 65/7 - 73/8 pigehr/ml) for three or six months. The
elevations of cholesterol levels were considered possibly secondary to hepatic effects.

Elevations in serum cholesterol (> 300 mg/dL) and triglyceride (> 750 mg/dL) levels also
oceurred in 10 - 25% of patients receiving the drug combination at dosages up fo
400/200 mg bid in the phase I[ clinical studies, No mechanism can be ascribed at present



Abbolt-157378 1t

Taxicology NDA Summary
R&ED/OO/ 164

to these changes seen in humans. However, triglyceride and cholesterol testing can

generally be monitored in humans during therapy.

2.5,.2.8 Single Dose Toxicity

ABT-378 alone or in combination with ritonavir at a 2:1 ratio has a low order of acute
toxicity in rodents by the oral route but is more toxic when administered as an intravenous
injection, Increased acute toxicity following intravenous administration is most likely
related to considerably higher peak plasma concentrations following a bolus dose. ABT-
378 alone or in combination with ritonavir at a 2:1 ratio exhibited only transient clinical
signs (decreased activity, ataxia, dyspnea, increased salivation and/or squinting) when
administered orally to rats and mice at moderate doses (20/10 - 1250/625 nig/kg_ for mice
and 78/39 - 1250/625 mg/kg for rats) in acute toxicity studies. No deaths occurred in rats
or mice given the highest feasible single combination dose that could be given orally (i.e.,
1250/625 mg/kg), and no deaths or histopathologic changes occurred at the highest
feasible single oral dose of 2500 mg/kg for ABT-378 alone (corresponding to a group
mean AUC value of 45 pgehr/ml). '

A summary of single dose acute toxicity studies in rats and mice is given below.

Summary of Single Dase Acute Toxicity Studies

Species  Route Sex ALD (mg/kg)'  NOEL (tng/kg)” Report No,
Mouse Oral Combiued >1230/623 <20/10 R&D/96/458
Rat . Oral Combined - > 1250/625 39/20 _ R&D/96/456
Rat Oral® Combined > 2500 100 - R&D/96/669
Mause LV. Male >62.513 <1,0/0.5 R&D/96/459

Female >62.5/11.3 2.0/1.0 :
Rat v " Male 31.3/15.6 3.9/2.0 R&D/96G/437
Female 31.3/15.6 1.0/0.3

4. ALD = approximately lethal dose (ABT-378/rilonavir combination)
b. NOEL = no-observed effect level (ABT-378/ritonavir comblaation)

c. ABT-378 alone
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2.5.2.9  Repeated Dose Toxicity

2.52.9.1 Rat

The repeated dose toxicity of ABT-378/ritonavir combination has been assessed in rats in
studies ranging in duration from two weeks to six months of oral administration. Studies
in neonatal and juvenile rats have also been conducted, Tabular summaries for individual
studies to indicate treatment-related changes in survival, body weight gain, clinical signs,
hematology, clinical chemistries, organ weights and anatomic pathology are appended at
the end of this section. In addition, a summary of repeated oral dose toxicity studies in

rats is given in the following table.

Summary of Repeated Toxicity Studies in Rats

Species/ Group  Duration Dosages NTED" Target Report No.
. Strain Size (weeks)  (mg/kglday)®  (mg/kg/day) Organs
Rat/ 10M, 10F 2 0, 10/5, 30715, 30/15 Liver, thyroid, R&D/96/300
Crl:CD"BR 100/50 splecn ]
Ray/ 15M, 15F 13 (4-wk 0, 10/5, 50/25, 10/5 Liver, thyroid, R&D/96/574
Crl;CD®BR recovery) 150/75 RBC
Rat/ 20M, 20F 26 0, 10/5, <10/5 Liver, (hyroid, R&D/97/720
Crl:CD®BR 50/23,100/50- spleen, RBC ‘
150/75° _
Neonatal Rat/  10M, 10F 2 0, 10/5, 20/10, 40/20 Liver (T liver R&D/98/307
Cil:CD®BR 40420 weight only)
Juvenile Rat/  10M, 10F 4 0, 10/3, 30/15, 30/15 Liver, thyroid R&D/98/375
Crl:CD®BR 100/50°

ABT-378/ritonavir combination

a.
b. NTED = No-toxic-effect-dosage o
c¢. The dosage for the high dose group was lowered [rom 130/75 mg/kg/day to 100/50 wg/kg/day an

Day 11 for females and on Day 99 f{or males because of toxicily.

Repeated dose toxicity studies in rats have identified liver, thyroid, blood, and spleen as
the target organs. Target organ toxicities and the minimum average plasma exposure
(AUC) for ABT-378/ritonavir at which each occurs are shown in the table below.
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_ Summary of Target Organ Toxicities iu Rats.
Organ  Toxicily Treatment  AUC (pgelir/mul),
Duration  ABT-
378/rilonavic®
Liver  Hepatocellular changes 2 weeks® 1210
Hepalocellular changes, T Clol, GGT, ALT : 4-weels® 172/10
Hepalocellular changes, T Chol 13 weeks 65/7
Hepatocellulac changes, T ALP, AST, ALT, GGT, Chiol 26 weeks 7378
Thyroid  Hypertrophy of follicular cells, 4 T,, T TSH 2 weeks® 121/10
4 weeks"® 172/10
13 weeks 63/14
. 26 weeks 7313
Erythron  Morphologic changes in RBC,  RBC, Het, Hb 13 weeks 65/14
' 26 weeks 73/8
Spleen  Histiocytosis, T spleen weight 26 weeks 73/8

a. Values represented the average values of mean AUC values obtained ondilferent sampling days.
b. No hepatoceltular or thyroid changes wete seen in neonatal rals at mean AUC values of

~ 140/13 pgehr/inl, f
¢.  Juvenile rat study,

2.52.92 Dog

The repeated dose toxicity of ABT-3 78/ritonavir combination has been assessed in dogs in
studies ranging in duration from two weeks to nine months of oral administration. Tabular
summaries for individual studies to indicate treatment-related changes in survival, body
weight gain, clinical signs, hematology, clinical chemistries, organ weights and anatomic
pathology are appended at the end of this section. In addition, a summary of repeated oral.
dose toxicity studies in dogs is given in the following table.
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Summary of Repeated Toxicity Studies in Dogs
Species/  Group Size  Duralion Dosuges NTED" Target Report No.
Strain (wecks) (ug/kg/day)®  (mg/ke/day) Organs
Dog/Beagle M, 3F 2 0, 30725 None R&D/90/243
52.5,15/7.5,
30/23 : :
Dog/Beagle d4-6M4-6F 13 (4-wk 0, 10/5, 30/15, 10/3 Liver R&D/96/675
recovery)  70/35-100/50¢
Dog/Beagle dM, 4F 26 0,10/3, 25/8, 10/3 Liver, teslis R&D/97/752
45/15-60/20°
Dog/Beagle  4M, 4F 39 0, 10/3, 50/25 . Liver(Mliver R&D/99/124
23/12.5, 50/23 wt,, ALP)

ABT-378/ritonavir combination
NTED = No-loxic-effect dosage
The high dosage was lowered [rom [00/50 mg/kg/day to 70/35 mg/kg/day on Day 30 due to loxicity.
The high dosage was lowered from 60/20 mg/kg/day to 45/15 mg/kg/day on Day 91 due ta toxicity.

RO o m|

No toxicity was noted in dogs receiving dosages up to 50/25 mg/kg/day (mean AUCs =
155/66 pgehr/inl) for two weeks, Repeated dose toxicity studies with a treatment
duration of three to nine months in dogs have identified liver, blood and testis as the target

organs. Target organ toxicities and the minimum average plasma exposure (AUC) for
ABT-378/ritonavir at which each occurs are shown in the table below.

Summary of Target Organ Toxicities in Dogs

Organ Toxicity ' Treatnent AUC (pgelu/iul},
Duration  ABT-
, 378/ritonavirt
Liver  Hepatocellular changes, T ALP, AST, ALT 13 weeks 189/65
Hepatocellular changes, T ALP, AST, ALT 26 weeks - 206/33
T liver wt, ALP" : 39 weeks G8/19
Erythron Morphologic changes in RBC, ¥ RBC, Het, Hb 26 weeks 206/33
Testis  Loss of germ cells, germ cell degeneration & lubuhr 26 weeks 202

vacuolization
n. ~ Values represenied the average values of mean ALC values obtained on different sampling days.
b. No histopathology changes were seen in dogs receiving ihe high-dosage (50/25 mg/kg/day; mean
AUCs = 78/39 pgehr/ml) for nine months,

2.5.2.10 Special Toxicity Studies

Tabular summaries for individual special toxicity studies to indicate treatment-related
changes in survival, body weight gain, clinical signs, hematology, clinical chemistries,
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organ weights and anatomic pathology are appended at the end of this section. In addition,
a summary of these special studies in mice and dogs is given in the following table.

Summary of Special Studies

Species/ Group Duration Daosages ;NTEDl’ Target Report No.
Strain Size {weeks) (ng/kg/day)®  (mglkg/day) Organs
Mouse/ 10M, LOF - L3¢ 0, 20/10, 60/30, 20/10 Liver, kidney  R&D/97/301
Crl:CD-1 . 200/100
Dog/Beagle  4M, 4F 134 0, 30/15 - Liver R&D/98/371
' (T liver wt.)
Dog/Beagle  dM, 4F 13¢ 0, 30/13 - Liver (T liver  R&D/99/093
: wt, ALP)
Dog/Beagle  4M, 4F 134 g, 50/25 - Liver (T AL, R&D/00/030
ALT)

ABT-378/ritonavir cownbinalion -

NTED = No-toxic-effect dosage

An oral maximum-tolerated dosage study to establish dosage selection for a chronic bioassay,
The studies were designed to assess the loxicily of increased levels of impurities and degradation

products in the drug formulations.

PR om

A three-month oral maximum-tolerated dosage study in mice has identified liver and
kidney as the target organs. The toxicity seen in the three-month dog studies of the drug
formulations with increased levels of impurities and degradation products was limited to
increased liver weights and/or increased ALT and ALP values. Target organ toxicity and
the minimum average plasma exposure (AUC) for ABT-378/ritonavir at which each

occurs are shown in the table below.

Summary of Target Organ Toxicities

“Organ  Toxicily Treatment AUC (sgehe/ml),
Duration . ABT-
' 378/cilonayir®
Liver Hepatocellular changes, T ALP, AST, GGT, Chol, Trig I3 wecks  Mice: 438/62
1 liverwt. , T ALP 13 weeks  Dogs: 82/30
TALP, ALT 13 weeks  Dogs: 87/15
Kidney  Microvesicular cytoplasmic vacuolation I3 weeks  Mice: 458/62

a. Values represented the mean AUC values of males and females.

2.5.2,10.1 Justification of Drug Impu rities and Degradation Products

Table 4 and Table § in Section 5'.2._1. (Overview of Toxicology Studies) list the various
impurities and degradation products which could occur in bulk drug or formulations of
ABT-378 and ritonavir at levels >0.2 %, their proposed specification levels in bulk drug or
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formulations and the potential maximum amount which could be exposed assuming ABT-
378/ritonavir use at the proposed clinical dosage of 400/100 mg bid. All of these related
substances have been included as impurities in bulk lots of drugs-or as degradation
products in formulations tested in separate repeated dose toxicology studies in dogs.

There was no evidence that the presence of these impurities and degradation products
increased the level of toxicity in any of these studies. Furthermore, target organs have
generally been the same in all studies indicatidg that these related substances did not
change the toxicity profile of the parent compounds. In addition to testing in subchronic
toxicity studies in dogs, two /i1 vitro mutagenicity tests (Ames and cytogenetic assay) have
also been conducted with several different lots of ABT-378 and ritonavir containing
varying amounts of related substances, No mutagenicity was detected in any of these

studies.

All of the identified impurities and degradation products are closely related to the parent
compounds and gerierally differ by only slight modifications to the structure. Available
data have revealed that these related substances do not alter the toxicity profile of the -
parent compounds, and these related substances will occur only at low concentrations
resulting in a dosage of no more than 0.08 mg/kg/day in humans. Therefore, the levels of
these related substances are considered to represent no undue risk to humans.

Loss of propylene glycol due to migration of propylene glycol from the capsule fill to the
capsule shell and formation of propylene glycol-fatty acid esters on storage duetoa’
chemical reaction of propylene glycol with oleic acid in the solvent system have been
noted in ABT-378/ritonavir combination soft gelatin capsules (SGC Formulation B2),
‘Approximately 74% of propylene glycol-esters formed in the formulation has been
confirmed to be propylene glycol-oleate. The rate of propylene glycol loss is
approximately 0.18 mg/g per month. Propylene glycol-fatty acid esters are predicted to
go to approximately 45 mg/g (10 mg/g as propylene glycol equivalent) after two years at
5°C. Propylene glycol-fatty acid esters are predicted to go to approximately 27 mg/g

(6 mg/g as propylene glycol equivalents) after three months at 25°C,

The 21 CFR, 172.856 states that propylene glycol mono- and di-esters of fats and fatty
acids may be safely used in food providing they are produced from edible fats/fatty acids
and/or oleic acid derived from total oil fatty acids, as well as they are used in amounts not
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in excess of that reasonably required to produce their intended effect. In addition, an
ABT-378/ritonavir SGC formulation (lot 61003-16) containing total estimated propylene
glycol-esters of up to 23 mg/g including approximately 17 mg/g propylene glycol-oleate
has been tested in a nine-month dog toxicity study.?' Furthermore, a placebo formulation
(lot ES00825) containing approximately 107 mg/g p:fopy!ene glycol-oieate (estimated tevel
of total propylene glycol-esters is approximately 145 mg/g) and ABT-378/ritonavir SGC
formulation (lot 61003-16) were tested in a recently completed two week monkey study,*®
These formulations are also being used in an ongoing two-year carcinogenicity study in
rats. Based on the data generated from the nine-month dog study and two-week monkey
study, as well as the in-life data from the two-year rat study, no toxicity associated with
the levels of propylene gly;:ol~esters or propylene glycol-oleate has been noted in the
tested animals, Therefore, the safety risks to lumans associated with the presence of
propylene glycol-esters at levels up to approximately 135 mg/g including 100 mg/g
propylene glycol-oleate in the SGC formulation are considered to be negligible.

2.52.11 Reproduction Studies

ABT-378/ritonavir combination was tested for potential reproductive hazards in separate
studies covering all phases of the reproductive process. Tabular summaries for the
individual segment I, 11 and III studies are appended at the end of this section, In addition,
the summaries of reproduction studies in rats or rabbits are given in the following table.

" Summary of Reproduction Toxicity Studies

Species/ Oral Dosage  Study

Strain Group Size  (mg/kg/day) Type Endpoint NTED (mg/kg/day)  Report No;
Rat/ 24M, 24F 0, 10/3, Segl Fertility & 100750 ' R&D/9T/382
Cil:CD@BR 30/15, 100/50 embryonic (AUFCs=114/3

development  pgelu/inl)
Rat/ 24F 0, 20/10, Sez Embryonic &  50/25 (AUCs=64/9  R&D/97/335
Cil:CD®BR ' 50/25, 100/50 fetal pgehr/ml)
development
Rat/ 25F @, 20/10, Segll Pre-& 40/20 (estimated R&D/IR/3LS
Crl:CD®BR 40/20, 80740 postnatal AUC for ABT-378 =
- development 35 pgefu/ml)
Rabbit/ New 19-20F - 0, 30/i3, Segll  Embryonic & 80/40 (AUCs=90/9  R&D/97/3G5
Zealand 50123, 80/40 fetal pael/iml)
White development

NTED = No-toxic-effect dosage for reproductive or developmental toxicity (ABT-378/ritouavir)
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There were no effects on male or female rat reproductive capabilities at dosages up to
100/50 mg/kg/day (mean AUCs = 114/8 pigehr/ml which is approximately 71% of that
achieved with the recommended therapeutic dose of 400/100 mg bid, AUCs =

160/9 ugehe/ml), the highest dosage level tested in the segment I study. In the segment II
study in rats, the drug combination was given during'the period of organogenesis. Fetal
toxicity in rats was observed at a maternally toxic dosage (100/50 mg/kg/day, AUC
116/16 pgehr/ml) and was characterized by reduced fetal viability, reduced fetal weight,
delayed skeletal ossification and an increased incidence in skeletal variations (14" ribs and
27 presacral vertebrae). The fetal changes were considered as developmental variations.
In a segment II study in rabbits, maternal toxicity including reductions in food
consumption, decreased body weight gain and emaciation was cbserved only at a dosage
of 80/40 mg/kg/day (mean AUCs = 90/9 pgehe/ml which is approximately 56% of that
achieved with the recommended therapeutic dose), the highest dosage tested in the study.
However, no developmental toxicity, including teratogenicity was observed in this study.
In a segment Il study, the drug combination was given during late gestation through
weaning. Findings were limited to a reduction in pup survival during lactation, which was
noted at the high dosage of 80/40 mg/kg/day (estimated AUC value for ABT-378 = 95
pigehr/ml which is approximately 59% of that achieved with the recomiended therapeutic

dose) that also produced a slight degree of transient maternal toxicity (diminished body

weight gain and food consumption).

Although some devélopmental toxicity was observed at maternally toxic dosages, no drug-
induced malformations were observed and ABT-378/ritonavir combination exhibited no

evidence of being a specific reproductive or developmental toxin.
2.5.2.12 Mutagenicity Studies

ABT-378 alone or in combination with ritonavir has been tested in three in vitro and one
i vivo mutagenicity assays. Tabular summaries for individual studies are appended at the
end of this section. In addition, the summaries of these studies are given in the following

_ table.
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Summary of Short-Term Mutagenicity Studies
Test System Endpaint Concenlralion or Dosage Result Report No.
Bacteria - Ames Reverse mulation  100-10,000 pg/plate (+/- 89)  Negative R&D/96/439
Bacleria - Alnes Reverse mutation  100-3,000 pg/plate Megalive R&D/98/303
(+/- 59), witlL lugh uupunt)
levels
Bacteria - Aines Reverse mutation  100-3,000 pgfph[e Negalive R&D/98/389
(+/- §9), wille higlt new .
lnpurity levels
Bacteria - Ales Reverse mutation  30-5,000 pg/plaie Negalive ~R&D/99/HLT
(+/- 89), with related
substances
Manuualian czll Chromosome [-10 pg/ml (- 8§9) Negative  R&D/96/440
human [ymphocytes  aberralion 3-30 pg/ml {+ 89)
(in vitro)
Mawnmalian cell Chromosome 3-30 g/l (- 59), Negative ~R&D/98/304
human lymphocytes  aberralion 20-30pg/ml (+ 89)
(it vitra) with high impurity levels
Marumalian cell Chromosome 10-30 pg/mi (- 89), Negative ~R&D/98/645
Luuman lymphocytes  aberration 10-30 pg/inl (+ 89)
(in vitra) with high nesy impurity
levels
Mammalian cell Chromosome 10-50 pg/ml (- 89, 4-fu), Negalive R&D/99/148
hwman lymphocytes  aberration 2-5 pgfmd (- 89, 24=hr),
(it vitro) 5-30 pg/inl (+ 59) with
relaled subslances
Mouse bone marrow  Micronuclei 623, 1250, 2500 ing/kg/day ~ Negative R&D/96/520
(in vive) (ABT-378 alone);, 39/78,
781156, 156/313 mg/kg/day
(ABT-S‘?S!ntom\ ir)
Mammalian cells Forward mutation  1-20pg/ml (- §9) Negalive R&D/96/773
L5178Y mouse 25-120 pg/m! (+ 59)
lymphocytes {in
vifro)

No evidence for mutagenic or clastogenic effects was detected in any of the above listed

tests. Ames tests and in vifro cytogenettcs in human lymphocytes on a lot of ABT-378 or
ABT-378/ritonavic combination formulation containing high levels of impurities and
degradation products were also negative.

2.5.2.13 Conclusion

ABT-378 alone or in combination with ritonavir at a 2:1 ratio has a low order of acute
toxicity in rodents by the oral route but is-more taxic when administered as an intravenous
injection. ABT-3 78 alone or in combination with ritonavir was found to be non-
mutagenic and non-clastogenic when tested in three i viiro and one in vivo mutagenicity
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assays. Available data also indicate that ABT-378/ritonavir combination is ot a specific

reproductive or developmental toxin in rats or rabbits.

The most significant target organ for toxicity in the preclinical toxicity studies has been the
liver. Hepatic changes, including hepatocytomegaly; multinucleated hepatocytes, single
cell necrosis and/or cytoplasmic vacuolation were observed in rodents. Cytoplasmic
vacuolation, single cell necrosis, bile accumulation and cell swelling were the hepatic
changes seen in dogs. These changes were generally accompanied by increasesin ALT,
AST, ALP or GGT, but also by increases in holesterol and triglycerides on occasion.
Increases in cholesterol levels were limited in rats and mice, and an increase in
triglycerides oceurred in mice only. The hepatocellular changes seen in dogs appeared to
be reversible after a one-month recovery period, but the occurrence of multinucleated '
hepatocytes and hepatocyte lysosomal inclusions in rats persisted through the one-month
recovery period. Based on drug exposures, there are differences in liver toxicity between
rats and dogs. 'Alth'ough no safety margin can be demonstrated in long-term toxicity
studies in rats or dogs, effects in humans such as slight increases in ALT or.AST values
are generally milder and easily monitored. Therefore, it is our opinion that the proposed
clinical dosage of this drug combination (400/100 mg bid) does not represent an undue
risk in humans. The lower incidence of hepatic complications in the clinical studies than in
the preclinical toxicity studies is consistent with humans being at reduced risk relative to

- rodents and dogs

Rats are generally more sensitive to endocrine effects than humans and this has been
confirmed with drugs such as phenobarbital, with respect to the thyroid gland. The
ABT-378/ritonavir combination has not produced any thyroid-related effects in dogs and
no effects on thyroid-related hormones have been observed in human studies. Kidney
changes reported in the three-month mouse study appear to be an exacerbation of a
species-specific spontaneous change and has no relevance to man. Changes in
erythirocytes appear to be a secondary effect subsequent to liver alterations. These
changes have been monitored in routine clinical workups and have not been reported in
the clinical trials. Mild testicular degeneration in dogs receiving ABT-378/ritonavir
combination for six months did not appear to be dose-related or correlated with systemic
exposure, and no festicular effects were seen in dogs given the combination for nine
months, Based on the lack of a dose response and the absence of similar findings in dogs
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exposed to higher plasmia exposures for a longer treatment period, the changes are judged

to have been spontaneous rather than drug-related.
i : :

Studies conducted in neonatal (3-4 days old at the start of treatment) or juvenile (16 days
old at the start of treatment) rats indicated that the toxicity profite of ABT-378/ritonavir
combination is similar in neonatal, juvenile and adult rats. On the basis of drug exposures,
neonates appear to be less sensitive to the toxicity produced by ABT-378/ritonavir

combination when compared with adult rats.

Clinical trials have demonstrated.increased triglyceride (> 750 mg/dL) and cholesterol

(= 300 mg/dL) levels in subjects administered the ABT-378/ritonavir combination. No
effects on triglyceride or cholesterol levels were reported in any of the preclinical studies
in dogs. Elevations in triglycerides occurred in mice only while cholesterol elevations in
mice and rats were considered to be possibly secondary to hepatic effects. No mechanism
can be ascribed at present to cholestercl or triglyceride changes seen in humans. However,
triglyceride and cholesterol levels are routinely monitored in humans during therapy and
the degree of elevations observed to date do not represent an unacceptable safety risk.

The pharmacokinetics of ABT-378 and ritonavir after multiple oral doses of the
combination appeared to be nonlinear in rats‘dr dogs. In general, Cpax and AUC values
increased less than proportionately with increasing dose. Female rats generally exhibited
higher AUC values of ABT-378 and ritonavir than male rats. However, in dogs there
were no consistent sex-related differences in mean plasma drug exposures. AUC values of
both ABT-378 and ritonavir were quite variable between dogs of the same sex and dosage
group. Due to the possibility of non-linear pharmacol{inetics, consideration needs to be
given to both dosage and plasma exposure when projecting the safety, in humans, of ABT-
378 in combination with ritonavir. '
The identified impurities and degradation products in the bulk drugs or the combination
formulations have been tested in three-month toxicity studies in dogs and two in vilro
mutagenicity studies. None of these related substances was found to alter the toxicity

profile of the parent compouads.

It is our conclusion that considering the patient population to be treated with the
ABT-378/itonavir combination, an appropriate battery of tests and studies have been
conducted and none of the findings preclude the approval for this drug combination for the
treatment of AIDS patients at a recommended dosage of 400/100 mg bid.
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Tabulated Summary

Acute Rodent Toxicity Studies of Abbott-157378/ritonavir Combination
or Abbott-157378 Alone |
{Abbott Study Nos. TA96-218, TA96-219, TD96-220, TD96-221

and TA96-315)
Species Route Sex LD ALDY ANOEL®
i (mg/ks) (mglks)
Mouse Oral Combined - >1250/623 <20/10
Rat Qral Conbined - >[250/625 39/20
Rat Oral Combined - >23500 100
{A-157378 alone)
Mouse LV, Male - >62.5/31.3 <1.0/0.5
Female - >6G2.5/31.3 2.0/1.0
Rat LY. Male - 31,3/15.6 3.92.0
Female - 31.3/13.6 1.0/0.5
a.  LDsy = median lethal dose
b. ALD = approximately lethal dose
¢.  ANQEL = no-observed eflfect level
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‘Two-Week Oral Toxicity Study of Abbott-157378 in Combination

with Abbott-84538 in Rats

(Abbott Study No. TA96-079)

Dosage (mg/kg/day)

Extra-medullary
erylhropoiesis (F)

A-157378/A-84538 0/0 1075 30/15 100/30
Rats/Sex/Group 105 | 10(5) 10 (3) 10 (5)
Dealhs ' 1° 0 o . 0
Body Weight Gain - No treatment-related differences
Food Cousumplion - (NTD) I ¥ (F, transient)
Clinical Signs -
Mean Plasma Drug
AUC (ugehr/ml) i
Day 3
A-157378 :
Males - 16.7 L8 . 1072
Females - 24,5 57.2 134.2
A-84538
Males - 0.7 id 6.9
Females - 1.7 5.2 13.3
Ophthaimoscopy -
Plasma Thyroxine (To)| - NTD 4
Plasmma TSH - T
Urinalysis -
Hematology - [ T Retic (F) | T Retic, P1t (M), APTT (M),
- T Poikilocytosis
Clinical Chemistry - 4 Na, €L, T TP, Alb (M), Glob,
| Organ Weights - T Liver, T Spleen T Liver, Thyroid, T Spleen (F)
(£
Anatomic Pathology - NTD Spleen: . Liver - Hepatocytomegaly

Thyroid - Hypertrophy of follicular
epithelium, reduced follicular diameter
Spleen - Extra-medullary
erythropoiesis (F)

Conclusion;

Drug-related tissue changes were observed in blood (reticulocylasis), liver
(hepatocylomegaly), spleen (extra-medullary erythropoiesis) aud thyroid
(hyperteaphy) at £00/50 mg/kg/day. Similar, although milder or less frequent
changes, were observed at 30/15 mg/kg/day in the blood, spleen and liver,
hosvever, at (his dosage the findings were not judged to be {oxicologically
meaningful. ‘Based on these findings the no-toxic-ellect dosage for Lvo weeks of
exposure was 30/13 my/ky/day (A-157378/A-84538),

: Five rats/sex conslituted a salellile group for plasma drug level delerminations.
" Morphologic findings were compatible with a dosing accident.
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Two-Week Oral Toxicity Study of Abbott-157378/Abbott-84533
(Ritonavir) Combination in Neonatal Rats
(Abbott Study No. TA98-069)

Abbolt-[57178/Abbatt- 0/0 10/35 20/10 40/20
84538 Dosage (mg/kg/day)"

Abbolt-157378/Abbott- 0/0 35/117 70435 140/70
84538 Dosage (mg/m%day)®

Neonatal Rats/Sex/Group™ | 1D 10 10 )
Deaths 0 [M® _ 0 C AN
Body Weight Gaiu - no treatinent-related dilfereuces

Clinical Signs - (NTD)

Mean Plasmia Drug

AUC (pgehr/ml)

Abbatt- Males - 59.5 77.3 129.7
157378 Females - 56.0 64.2 149.6
Abboit- Males - 53 5.9 12.5
84538 Females - 4.6 7.3 13.9
Hematology - NTD

Clinical Chemisiry -

Organ Weights - - 1 absolute and relative liver

Anatomic Pathology - NTD

CONCLUSION: Allhough mean liver weighls were increased for all drug-trealed groups,

there were no microscopic allerations to explain the welght changes,
Therelore, the highest dosage, 40/20 mgfkg/day, was considered the no-
observable-adverse effect dosage in Lhis study.

placebo formulation.

an e

concentrations.

a. A pediatric formulation conlaining Abbolt
* administered fo the drug-treaied rat pups.

Estimated surface area [or a 30 g rat pup
Rals were 3-4 days old at the start of trealinent.
Each group contained an additional 3 ar 15 satellile pups per se:

e, None of the deaths were considered drug-relaled.

is 0.0086 m*,

-157378 and Abbott-84538 ina 2:L.ralio was
The pups in the conlrol group (0/0 mg/kgfday) received

x for determination of plasma drug
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Four-Week Oral Toxicity Study of Abbott-157378 in Combination

with Ritonavir (Abbott-84538) in Immature (Juvenile) Rats 7
(Abbott Study No. TA98-022)

Organ Weights

Anatowic Pathology
Gross Findings

Microscopic Findings

A-157378/A-84538 0/0 10/3 30/15 100/50

Dosage (ing/kg/day)"

A-157378/A-84538 “0/0 50/25 150475 500/230

Dosage (mg/m’*/day)"

Rats/Sex/Group’ 10 (3) 10 (13) 10 (L3 10 (13)

Deatlis 0 0 0 2 M

Body Weight Gain - | No treatment-relaied differetices (NTD) 4

Food Consumpiion - 4

Clinical Signs - Noisy respiration

Mean Piasma Drug

AUC (pgehe/ml)

Abbott-157378

Day.26 Males - 12.04 42,29 135.96
Females - 23.92 61.65 2006.92

Abbott-8-1338 .

Day 26 Males - 0.06 [.59 8.59
Females - 0.27 3.26 11,03

Ophthalmoscopy -

Urinalysis - NTD

Hemaiclogy -

Clinical Chemistry - T cholesterol (F) | T cholesterol, GGT, ALT

®,
TSH (F); d (hyroxine

T relative liver

T absolute and relative liver

NTD

Liver: liepatocytomegaly

Thyroid: follicufar cell hypertroply/hyperplasia

CONCLUSION:

Target organ changes in the liv

er (liepatocytomegaly) and thyroid (follicular cell

hypertrophy/hyperplasia) of imtmature rats in this study were generally similar
to those previously observed in adult rats administered this drug contbination at
the same dosages. Since the mild liver and thyroid changes observed at 30/15
mg/kg/day Abbott-157378/ritonavir were not accompanied by relevant
altsrations in climical clietnistry parameters or decrewents in body weight and
food consumption, this dosage was cansidered to approximale a no-loxic-effect

level.,

a. Pediatric formulations containing 96.8 mg/mi Abbott-
combined and diluted with placebo as necded for administr
in the coutrol group received placsbo formulation.

b. Based on the estimated surface area of 0,0194 m? for a 100 g rat.

c. Rals were 16 days old at the start of trealinent. Numbers within parentheses inclicate the namber of
satellile rats used for plasma drug level deferminations. _

d. The deaths of the two males in the high dosage group were allributed to gavage dosing errots.

157378 and 59.5 mg/ml Abbolt-843538 were
ation to the drug-treated groups. The pups




Abboit-137378 26

Toxicology NDA Summary
R&D/00/1G4

Tabulated Summary
Three-Month Oral Toxicity Study of Abbott-157378 in Combination
with Ritonavir (Abbott-84538) in Rats

(with a One-Month Recovery Period)
(Abbott Study No. TA96-156)

Dosage” (ing 0" 10 50 150

Abboit-157378/kg/day) :

Dosage® (ing o 5 25 73

Abboll-84538/kg/day) -

Rals/Sex/Group I3° (5) 3 5) 15° (5) 15° (5)

Deallig® 0 0 0 0

Body Weight - 3+

Food Consumption - No treatment-relaled diflerences 2

“(NTD)
Clinical Sigus - rough hair, dehydration,
emciation, weakness and
liunched posture
urine-stained hair, salivatlion
matled halr

Mean Plasma Drug

AUC (pgehr/ml) £ SD

Abhott-157378 '

Day 28 Males - 640 £ 1.90 40,23 + 12.40 112.35+6.40
Females - 18.66 £3.55 7371+ 645 18734 £ 232!

Day 84 Males - 8304332 52,96 +27.48 142,09 + 44.10
Females - 20.48 £3.37 9136 £21,70 203.45 +26.86

Abhott-84538

Day 28 Males . nc" 2,69 £ 1.55 755+ 2.42
Females - 0.83+£027 . 8.95+3.62 20.74 + 18.65

Day 84 Males 0.53+£034 533+3.206 . 12.81+5.03
Females 1.2740.84 [0.73 £3.79 - 12.19+6.33

Ophithalimoscopy - NTD

1. Abbott-157378 was edministered in combination with ritonavir in a vehicle of propylene glycol:elhanal

b.

c,

d.

(95:5, viv) once daily by oral gavage (1 ml/kg) at dosages of 0, 10, 50 and 150 mg/kg/day.
Vehicle, for Abbott-157378 was propylene glycol:elhanol {95:5, v.v). )
Abbott-84538 was administered in propylene glycol:ethanof (95:5, vA) with tivo molar equivalenis ol p

-toluené

sulfonic acid monohydrate once daily by oral gavage (1 ml/kg) at dosages of 0, 3, 25 and 73 mg/kg/day.
Vehicle, for Abbolt-84538 was propylene glycol:ethanol (95:5, v/v) wilh tivo molar equivalents of p-loluene

sulfonic acid monohydrate,

Five additional rats/sex/group were designated as satellite rats for the determination of Abbolt-157378 and

Abbolt-84538 plasma drug levels,
Five rats/sex/group were designated for recovery,

No drug-related deaths ocotred during the study, Hawever gavage-telated deaths included two vehicle control

rats and one satellite rat from the 50/25 mg/kg/day dosuge group, One male rat in the 150/75 mglkglda
dosage group was found moribund related to hematology sampling and was euthanized.
Not calculated (ne)-due to insullicient data poins.

Y
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age” (g, - o 3 3
Rgsbé%ﬁclg%ﬂ}/kg/day) ¢ 1 % Y
Rgg‘é te-SgtS? 3/kg/day) ’ > » "
Rats/Sex/Group 5" G)F |15 (5) 15° (3)° 15° (3)'
Urinalysis - No irealment-related dilferences (NTD)
Hewmatology® ' - T retlculpeytes & T reticulocyles, T APTT,
12-sveek analysis TRDW, 3 Hb, Het, | TRDW, + l\rlCH & MCV
(lemales), (fema[’cs); RBC, Hb
4 Hb (males) . (nales)
: poikilocylosis and other RBC morphological chaunges
Clinical Chemisiry® - TTP, TC[EFI§ 3 Trig &TAIb (inales);
Glob (lemales)
12-week analysis NTD .
T GGT:+4 Glu (males)
Biocliemical Assay®
12-week analysis
TSH - ) T (females) ) .t
T4 ¥ (inales) +
Organ Weights - T liver, thyroid
Anatomic Pathology
Gross . - .
Micrascopic - hepalocyiomegaly
muliinucleated multinucleated mmultinucleated hepatocytes
liepatocytes hepatocytes (males)

(1 female)
- T thyroid hypertrophy and hypesplagia
Ultrastructural Pathology - ninimal increase in hepatic smootl endoplasmic reticuluin
. and hepatocyte lysosomal inclusions {males)
liepatocyte lysosomal
inclusions, minimal
increase in smooth
endoplaswnic reticulum.

NID aggregates of tubules within
. peroxisomes (females)
Recovery: Erythrocyte morpliological changes, the occurrence of mutlinucleated

Iiepatocytes and 1e}Jzttocyte lysosomal inclusious persisied Uwrough the
recovery period. The cholesierol levels also remained elevated in high-
dosage group fetnales, All other toxicologic and patholegic elfects were
reversed or relurned toward normal during this period,

Conclusion: Given the wmild thyroid microscopic changes 10 mg Abbolt-157378 in
fom{niuatlou with 5 g ritonavir/kg/day approximales (he no-toxic-effect
evel. ,

3. Abbott-157378 was administered in combination with ritonavir in a vehicl® of propylene glycoliethanol (93:5,
v/vl) ance daily by oral gevage (1 ml/kg) at dosages of 0, 10, 50 and 150 meg/kg/day.

Vehicle, for Abbott-157378 was propylene glycol:ethanol (95:3, v.v).
Abbolt-84338 was adiinistered in propylene glycol:ethanol (95:5, v/v) with two molar equivalents o[ p-toluene
d sulfqmc acid monohydrate once daily by oral gavage (1 mifkg) at dosages of 0, 5,25 and 73 mgfkg/day.

. Vehicle, for Abbott-84538 was propylene glycolethanol (95:3, v/¥) with two molar equivalents of p-toluene
sulfouic acid monohydrate.
Five rats/sex/groug were designated for recovery.
£ TFive additional rats/sex/group were designated as satellile rats for the determination of Abbolt-157378 and
Abbott-84538 plasma drug levels.
Only the twelve-week findings have been tabulated for the sake of clarity and brevity. Four-week and eight-week
data are discussed izl the Results section,

e

©

na
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Six-Month Oral Toxicity Study with Abbott-157378 in Cembination
with Abbott-84538 (Ritonavir) in Rats
(Abbott Study No., TA97-002)

Dosage (ing/kg/day)" _
A-157378 0 10 30 150/100°
A-84538 0 3 23 75150
Rals/Sex/Group 20(3) 20 (5) 20 (3) 20(3)
Deaths IMS, LFS| 2M, IF° M BM, IF
Body Weight Gain - TF NTD $
-{ Food Consumption - { trausient { transient
Clinical Signs - NTD emaciation, hunched posture,
(No treatment-related salivation, decreased aclivily, noisy
differences) respirations and poor grooting.
Mean Plasma Drug
AUC (ugehe/mi)
A-~157374
Day 28 Males - 144428 536+ 8.3 9371293
Fewmales [9.7+4.0 83.5+18.9 1203 +31.9
Day.98 Males - 16.6-:|: 1.8 506+ 5.7 1267 £41.0
Females - 19,150 | 905159 1242 +£35.2
Day [74 Males . - 184450 | 633X208 1392 £352
Females - 193+£32 9791186 1137 +£43.6
A=84338
Day 28 Males - 0.0£0.C 46+20 9.8 £2.3
Females - 09+06 75+33 9.0+0.9
Day 98 Males - 0.1 +0.1 59+15 Bo+t3.1
Females - 0.840.5 9,025 108+£30
Day 174 Males . 0.0+0.0 32131 91129
Fewales - 1.2+£10 14.1£3.6 BG6x14
Ophthalmoscopy - NTD

voluwe was 2 ml/kg.

males were not drug-related

. Abbolt-157378 and Abbott-84538 were prepared using the SEC formulaliou (oleic acid, etlanol,
Cremophor, and BHT). The two drugs were prepared separalely but combined prior (o dosing; dose

b The dosage for the high-dose lreatment group was reduced {0 100 mg/lcg/day Abbolt-157378 and 30
mg/kg/day Abbott-84538 on Day 11 for feinales and Day 99 for males because of {oxicily.
C. Deaths were not drug-related in the conlrol and low dosage groups. Tivo deaths in the high dosage
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Dosage (mg/kg/day)® '
A-137378 i 0 10 30 150/100
A-84538 0 5 15 _ 75/50"

Rats/Sex/Group 20 (5)] 20(3) 20 (5) . | S 20(3)

Urinalysis : NTD

Hematology, . .

Erythron - anisocytosis, poikilocytosis, (spherocyiosis,
acanthocylosis)
1 Hb, MCV, MCH; T RDW (M), Relics (M)
NTD _ 4 Hel(My, T RDW (F), Retics (F)
Leukocyies _ - 1 Bit; + MPV (M); T Plt ; T Lymphocytes
T Lymphocytes (M)
Clinical Chemistry
Enzymes/clofling . ) T ALT (M)
faclors
[ T GGT; ¥ AST (F), T APTT (M), T PT (M)
| T ALP
Proteins - NTD T Chotl, TP, Glob; T BUN (M),
‘ T Alb (M), ¥ Trig (M)
o TBUN (F)
Electrolytes - i 4 Na, Cl
Thyroid Hormone - [tTTsH@E ! T, TTSH(F) 1, TTSHE
Organ Weights - NTD * liver, T spieen; T thyroid (F)
thyroid (M); ¥ pituitacy (F),
. Lhymus
Anatomic Pathology - multinucleated hepatocytes, single-cell necrosis,
Liver karyoraegaly
histiocylosis (M), histiocytosis, hetalopoiesis;
hematopoiesis (M); hepatocytotnegaly (M),
hepalocytomegaly (F) centrilobular necrosis (M)
Spleen - listiocytosis
Thyroid - hyperlrophy/hyperplasia
CONCLUSION: Bascd on these findings the primary target organs were liver and {hyroid with
: * | changes In blood and spleen likely to be secondary evends. Based on the
increase in serumn ALT levels in males at {he low dosage, the no-loxic-elfect
dosage was less than 10 mg/kg/day Abbolt-157378 and 3 mg/ke/day
Abtott-84338.

A~ Abbolt-157378 and Abbott-843538 were prepared using the SEC lormulation (oleic acld, ethanol,
Cremophor, and BHT). Tlhe two drugs were prepared separalely but combined prior fo dosing; dose
volume was 2 mi/kg. ' '

b. The dosage for the higli-dose treatment group was reduced to 100 ing/kg/day Abbot- 157378 and 30
mg/ke/day Abbott-84338 on Day 11 [or females and Day 99 for wales because of {oxieily.
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Two-Week Oral Toxicity Study of Abbott-157378 and Abbott-84538
Combination in Beagle Dogs
(Abbott Study No. TB96-067)

30

Duosage (mg/kg/day) 0 512.5 15/7.5 30/13

{A-157378/A-84538)

Dogs/Sex/Group 3 3 3 3

Deaths 0 0 0 0

Clinical Signs enesis salivalion, eicsis, diarrhen, salivation emesis, sulivation,

(F) |diartheafabnorma | (M), diarrhea/abuormal diarchea/abnormal slools
| stools (F} stools, salivation {I") (M&F)

Body Weight Gain - :

Food Consutuption - No treatment-related differences (NTD)

Ophthalmoscopy - -

Elecicocardioprams -

Meaan Plasma Drug Levels

(Abbott'l 57378) Cmnx (j.lg/l“l)

Dayl Males - 43% 3.1 86+ 36 10.8 £ 3.1
Females - 63+ L3 05 42 134 0.7

Day 13 Males - 38+ 1.1 103+ 338 14.8 1: 4.0
Females - 48% 09 1304 5.6 18.5 £4.6

AUC (pgslu/ml)

Dayl Males - 2364 l.S.S . 78.7+£404 108.5£32.9
Females - 350+ 83 92,7+ 44.9 11874330

Day 13 Males - 218+ 7.0 79.1% 252 172.3 £68.7
Females - 198+ 74 114.6 % 48,3 220.6 £30.3

(Abbott-84338) Cypex (1g/mi)

Dayl Males - 19+ 18. 69:+-6,7 [I.O£4.06
Females - 22+ 08 1064 3.6 10,0 £ 6.1

Day 13 Males - 0.9+ L1 55+ 4.1 201 £ 2.1
Femmales - 03 03 58+ 1.5 17.2£2.9

AUC (pgsehe/ml) :

Dayl Males - 48% 4.7 23.6:+£ 19.3 392+125

- Females - 48+ 1.5 3tk 57 38.0£320

Day 13 Males - 2.5% 32 226+ 1538 98.1£259
Females - 0.6+ 0.7 278% 6.7 90.0 £26.5

Hermatology -

Clinical Chemistry -

Urinalysis - NTD

Organ Weights -

Gross Findings -

Microscopic Findings -

CONCLUSION;: Two-week treatment with Abbolt-£57378 and Abbott-84538 combination in bengle

dogs at dosage levels of 5/2.5, 15/7.5 and 50/25 mg/kg/day did not produce overt
toxicity. When compared to placebo canlrols, increased iucidence of adverse clinical

signs that included emesis, salivation and diarrhea/abnormal stools were evident in

dogs receiving mid or hight dosage. The no-toxic-effect level in this sludy was
considered to be 50/25 mg/kdfday for a combination of Abbott-157378 and Abbolt-

84538

& Semi-solid formuiations were used.
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I%-__Coulrol dogs received placebo formulations,
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Tabulated Summary
Three-Month Oral Toxicity Study of Abbott-157378 and Abbott-84538

Combination in Beagle Dogs (with a One-Month Recovery Period)
(Abbott Study No. TB96-157) ‘

32

Dosage (ing/kglday) o 10/3 J0/13 100730 (Days 0 -29)°

(A-157378/A-84338)" . 70/35 (Days 30 - 92)

Dogs/sex/group 6° 4 - 4 G

Deaths 0 0 0 IM&2F

Clinical Signs® eqesis (), emesis (+), |emesis, diarrhea/loose| - emesis, diarrhes/loose

diarrhea/loose| diarchea/loose slools (+++); slools (H+);
stools (+) stools (+9) 1 salivation (++), | T salivation (+++), ataxia,
' { activity (IF) | tremors, Jerks, prostration,

dehydeation, emaciation,
weakness, pale/dilated
eyes, + activity, circling
and/or labored/deep

respiralion
Body Welght Gain - 1
Food Consumption® -
Ophthalmoscopy -
Electrocardiograms® - prowninent U waves

No treatment-related differences

(NTD)

(6 Mé&1 F); [usion of QT
& U waves (3 M);
lriggered ventricular
extrasy'stoles (LF); First
degree atrioventricular
block (1M)

* Semi-solid formulations were used.

™ma oD e

" Control dogs received placebo formulations.
" The high dosage was lowered to 70/35 mg/kg/day on Day 30,

* Twa males and two females were held for a one-month recovery period. :
" +=mild, ++ = maderate, +++ = severe, ++++ = most severe (based on a lotal number of occucrences).

Qualitative assessments of food consutnption were conducted.

£ Abnormalities were considered to be related to observed hypokalernia and liver damage rather than

to d_i rect cardiac effecs.
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Dosage (mg/kg/day) o* 10/5 1y 100/30 (Days 0 - 29)°
(A-137378/A-84338)° 70/35 (Days 30 - 92)
Dogs/sex/group 6 4 4 . &
Mean Plasma Drug Levels® ‘
Abbolt-157378
Cane (rgftul) .
Males 7.7 12,3 4.7
Females 8.2 10.3 22.4
AUC (ugohe/mi)
Males 38.6 102.6 162.2
Females 59.8 89.0 216.0
Abbott-84538 B
Crnax (1g/ml)
Males : 28 8.4 14.3
Females 3.2 8.5 12.9
AUC (ughr/ml)
Males 10.3 29.9 6%.2
Females . 113 336 60.8
| Hematology - - - 4 RBC, Hb, Het, MPV
Clinieal Chemistry T ALP (F) T ALT (F), AST (F), | 4 K, Na, Cl, acid-base
ALP imbalances,
T ALT, AST, ALP
Urinalysis - NTID )
.Organ Weights . [ 7 liver (rel) (B)
- 4 testis (rel) { testis (abs, rel)
Qross Findings - - - _yellowed aorta
Microscopic Findings | - - - Hepatocellular
vacuolization, hepatic
inflarmmation,
canalicular bile casts
Ulirastruclure - - - cautalicular bile plugs
Recovery Period . Normalization of prior abnorimalities
CONCLUSION: Morbidity and eacly deaths during trealment were attributed (o
gastrointestinal disturbatices resulling [rom oral dosage. No signilicant
signs of toxlcity were observed in the low-dose group (10/5 mg/kg/day of
Abbott-157378/Abbott-84338, with corresponding mean AUC values of
59.2/10.8 pghe/ml).

Semi-solid formulations were used,

Control dogs received placebo formulations.

The high dosage was lowered to 70/35 mg/kg/day on Day 30.

Two males and tiwo Fetnales were held for a one-monlh recovecy period.
Average values of the mean values abtaiued on Days 1, 29 and 82.

s g0 g2
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Six-Month Oral Toxicity Study of Abbott-157378 and Abbott-84538
Combination in Beagle Dogs
(Abbott Study No. TB97-003)

25/8

60/20 (Days 0 - 90)°

Dosage (mg/kg/day) ot 10/3
{A-157378/A-84538) 45/15 (Days 91 - 183)
Dogs/Sex/Group 4 4 4 4
Deaths 0 0. 0 0
Body Weight Gain - No treatinent-related differences
Food Consumption® - {NTD) y.
Clinical Signs® emesis (+),loose | emesis (++), loose |  emesis (+++), loose stools (++++),
stools (++) stools (++) diarrhea (++), T salivation,+ activity,
dehydration, emacialion, weakness
Mean Plasma Drug -
AUC (pgeht/ml) + SD
A-157378
Day l: Males - 32.54+31.9 834 £15.1 219.0£5L.3
Fetuales - 4[.2+28.7 72.3 4535 217.1 £16.6
Day 90: Mhales - 174£33 62.1 £ 83 242.0+99.7
Females - 220+ 157 43,6 £ 8.4 286.4 £ 135.7
Day 167; Males - 11.0£10.3 88,7 £26.5 154,1 +88.5
Females - 254 %175 104.9+61.2 116.5 £ 65.0
A-84538 .
Day 1¢ Males - 5.0+x4.06 151+7.8 388+ 13,7
Females - 68123 18.942.6 76.8 £21.9
Day 90; Males - 0.9+ 0.3 7.7£2.9 40,7 +£39.2
Feales - 26£33 4.7 £0.4 58,9+ 26.9
Day L67: Males - 0.5+0.6 8.8+45 358 £23.7
Females - 15£1,0 13.2+8.0 44,7 £29.0

®

® RO o

The SEC formulation containing approximately 20% (wi/wt) of each active drug swas adwiinistered in
capsules. The daily dosages of Abboit-84338 was given in divided dosages twice daily (bid).

Contral dogs received placebe formulation
The high dosage was lowered to 45/15 mg/kg/day on Day 91
Semi-quantitative assessments of food consumplion were conducted.

+= mild, ++ = moderate, +++ = severe, ++++ = most severe (based on a lotal number of occurrences).
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Dosage (mg/kg/day) 0° 1073 2518 60/20 (Days 0 - 90)°
(A-157378/A-84538)" ‘ 43/15 (Days 91 - 183}
Drogs/Sex/Group d 4 4 o 4
Protein Binding - The prolein binding of both Abbott-157378 and Abbol(-84538 at all

dosage levels was greater than 98%.

Electrocardiograms

Ophthalmoscopy - NTD
Urinalysis - '
Hematology - NTD 4 Plt, Neut; sphierocytes (F, Day 84);
: J Hb, Het, RBC, Relic (Days 8+ & 173)
Clinical Chemistry - TALP, ALT T ALP, ALT, AST; | Alb (Day 84)
(E) T ALP, ALT, AST (Day 175)
Organ Weights - NTD T liver T liver, ¥ prostale

Anatomic Pathology

Liver - cytoplasmic vacuolation, single
cell necrosis and bile accumulation
Prostate - atropliy/hypoplasia (1 M) .

- | Liver - increased incidence of cell swelling

- |Testis - loss of germ cells, germ cell degeneration and {ubulac
vacuolization (2 at low dosage, 3 at mid dosage and 2 at high dosage).

Ullrastructural Pathology

Not evaluated Crystalline inclusions in enlarged

- Focal
mitochondria of hepalocytes

crystalline
inclusions in

hepatocyies
(no enlarged
mitochondria)

CONCLUSION:

Oral dosage levels of 45/15 - 60/20 mgrkg/day (Abbott-157378/rilonavir) for six
months produced overt toxicity including gasirointestinal disturbance, but no.
clanges in ECG were seent. The target orgaus were identified as the liver and
{eslis. Hepatic lesions accompanying elevations in hepalic enzyme activilies
occurred only in dogs that had systemic drug exposures (AUCs) for
Abbott-157378 of approximalely 170 pgelu/inl or greater: Testicular changes
did not appear to be correlated with the AUC values. No significant signs of
toxicily were observed in the low dosage group (10/3 mgfkg/day of Abbolt-

1573 78/ritonavir, witlt corresponding averaged group mean AUC values of

25/3 pgeht/ml).

a. The SEC formulation coutaining approxirmately 20% (wt/wi) of each active drug was adminisiered in
capsules, The daily dosages of Abbott-84538 was given in divided dosages Lwice daily (bid). .

b. Control dogs received placebo ormulalion
¢. The high dosage was lowered to 453/15 mg/kg/day on Day 91,
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Tabulated Summary
Nine-Month Qral Toxicity Study of Abbott-157378
and Abbott-84538 Combination in Beagle Dogs
(Abbott Study No. TB38-020)

Dosage (mg/kg/day)
(Abbolt-157378/Abbott-84338)" ik 10/3 25/12.5 30/23
Dogs/Sex/Group 4 4 4 4
Deaths 0 ‘ 0 0 0
Body Weight Gain - _ 3
Food Conswmptlion - No treatment-related dilferences (NTD) ] NA
Clinical Signs - emesis, abnormal cinesis, abnormal stools/diacrhea,
stools/diarrhea salivation
Plasma AUC (pgehs/ml)® 7
Abbott-157378 | Males - 359 67.3 83.6
Females - 215 69.2 G9.9
Abbott-84538  Males - 1.8 20.1 48.5
. Females - 3.9 174 29.1
Plasma Cypye (pg/ml)°
Abbott-157378 Males - 33 70 7.8
Females - 33 9.5 8.2
Abbott-843538  Males - 24 5.7 10,4
’ Females - 1.7 5.5 8.2
Ophithalmescopy -
Electrocardiography - - NTP
Hematology - '
Clinical Chemistry - - TALP(M)
Urinalysis - NTD | T bilicubin (1M)
_ Organ Weights : - NTD | T relative liver (F) 1 relative liver
1 Anatomic Pathology - . NTD
CONCLUSION: Drug-related changes were observed i dogs treated with Lhe
Abbolt-157378/Abbolt-84538 combinalion, but none was considered
toxicologically tneaningful. Thereflore, 30/25 mg/kg/day was
constclered the no-toxic-effect dosage.
a, A soft elastic capsule formulation contalning Abbolt-157378 and Abbott-84338 in a ralio of
I approximately 2: 1 was placed in gelatin capsules just prior to oral acinistration: to the clogs.
b, Control dogs received placebo formulation (same composition as drug formulation but wilhout either .
drug) comprised of oleic acid, propylene glycol, polyosyl 35 castor oil and butylated hydroxytoluene.
c. Average of Day 1, Day 182 and Day 267 mean values,
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Tabulated Summary
Three-Month Oral Maximum-Tolerated Dosage Study with

Abbott-157378 in Combination with Abbott-84538 (Ritonavir) in Mice
(Abbott Study No. TD97-029)

Dosage (mg/ka/day) o 20/10 60/30 200/100
 (A-157378/A-84538)" :
Mice/Sex/Group 10 (3)° 10(23) 10 (23) . 10 (23)
Deaths (main study)* 2 2 2 6
Body Weiglt - TV T
Food Consumption - No treatinent-relaied differences NTD
Clinical Signs® Matted | Tincidence of |1 incidence of matied 1 incidence of matted
hair/rough matied hait/rough coat and | hair/rough coat and urine
coat hair/rough ceat | urine stained hair; stained lalr; distended
and urine distended abdoten | abdowen (++4); 4 aclivily,
stained hair; (++ dehydration, emaciation,
distended lwnched posture, tremors
abdomen (1) and/or cold fo louch
Mean Plasma Drug
Abbolt~157378 -
Cinax (pg/1ul) + SD
Day 62 Males - 10.7£2.6 16514 407 +7.6
Females - £82:+£1.9 17.2+£3.0 36980
AUC (ugehr/ml)
Day 62 Males - 508171 108.3 £ 10.5 520.5+4.8
Females - 35,0 %6.7 133.6£41.7 : 393.5+£72.7
Abbott-84338
Cuuae (1g/ml) + SD - | octos 3.0 1.3 111 %101
Day 62 Males - 1.2+£03 32110 T O142£72
Females .
AUC {prgehr/ml) .
Day 62 Males - 2.8+0.9 93 +4.0 52,7160
Females - 34408 152+48 71.5+£37.1

a. The soft-clastic capsule (SEC) formulation for Abbotlt-157378 and Abboll-84338 was used.

Control mice received the placebo formulation.
Animal numbers within parentheses conslituted satellite subgroups for plaswma drug level
determinalions,

d. Dosing injuries were most likely responsible for deaths in the control, low and mid dosuage groups as
well as some mice [rom (he Ligher dosage groups. Three deaths [ron: the high dosage groups were
considered drug-related.

¢. _+=mild, ++ = moderate, +++ = severe (based on a folal mwnber of gccurretices).
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Dosage (mglke/day) 0F 20/10 60730 2007100
(A-157378/A-84538)°
Mice/Sex/Group 1o (3)° 10(23) 10 (25) 10 (25)
Hematology - NTD : IHet, Hb, RBC (F)
Clinical Chemistry - NTD T Chol T Chol, Trig.-ALT, AST,
T GGT -
Organ Weights - . NTD T iver
Anatomic Pathology - §
Gross Findings - Gas-filled small | Gas-filled small intestines and
inlestines and cecui/stomach, accentuated
cecum lobular patlern in the liver,
{one female) _ lepalic discoloralion

Livet - cyloplasmic vacuolation,
B necrosis, subcuie inflatnmation
and hepalocyiomegaly; .
Kiduey - moderate to marked
NTD microvesicular cyloplasmic
vacuolation {M),

Liver - lipid acctunulation and
electron deuse inclusions;
Kiduey - myeloid bodies in renal
corlex (M)

CONCLUSION: An oral dosage level of 200/100 my/kg/day (Abbolt-157378/Abbolt-84538) for
three month produced overt toxicity including deaths in mice. Target organs
were identified as the liver and kidney. Minimal toxicity that included elevation
of sarum cliolesterol vatues and increased liver weights were scen at 60/30
mgfkg/day. No significant signs of toxicily were observed in the dosage group
of 20/ 10 mg/kg/day with corresponding mean AUC values of 43/3 pgehic/ml.

a. The soft-elastic capsule (SEC) formulation for Abbott-157378 and Abbolt-84538 was used,

b. Control mice received the placebo formulation.

Anirmal numbers within parenthesis constituted satellite subgroups for plasma drug level
determinations, i .

Microscopic Findings -

Electron Microscopy -
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- Tabulated Summary
Three-Month Oral Toxicity Study of Abbott-157378 and Abbott-84538

Combination with Impurities in Beagle Dogs
(Abbott Study No. TB98-013)

Abbott-1573 78/Abboll- /0 30/15 (normal 30/15 (high
84538 Dosage (mg/kg/day)’ impurities/degradanis) impuritics/degradanis)
| Dogs/Sex/Group 4 4 3 -

Deaths 0 0 0

Body Weight Gain - 1 (M), slightly 4 (B)" stightly $ (M & F)"

Food Consuruption . - No treatienl-relaled differetices

Ophthalmoscopy - ' (NTD)

Electrocardiograms : - i

Clinical Signs® diarrhea/loose diarcheafloose stool | diarrhea/toase stool (+), emesis

stool (1) (++), emesis {+) (+++), T salivation (+F)

Mean Plaswa Dmug

AUC (jgehr/ml) £ SD

Abbolt-157378 Males - 754 +£42,6 305%17.0
Females - 78.3 204 77.1 £540

Abbott-84538  Males - 2724212 239+ 144
Females - 246 +12.2 ©OC1B3£136

Urinalysis -

Hematology - NTD

Clinical Chemmistry . -

| Organ Weights . 1 tiver®
Anatomic Pathology - NTD

CONCLUSION: The data generaled In tlis three-month study indicated that increased levels of total

impurities/degradants up to approximately 7% and 10% in Abbolt-157378 and Abbott-84538 SEC

formulations, respectively, did not change the toxicily profile of lhe Abbolt-13 7378/Abbolt-81538

combination at a dosage level of 30/L5 mg/kg/day.

2. The SEC formulation containing approxiiately 20% (wt/Awt) of each active drug was adwinistered in
capsules, The dogs in the conlrol group (0/0 mgrfkg/day) received placebo formulation in capsuics.

b. The dilfetences fromm controls were not stalistically significant except for males receiving norwual
impurities/degradants.

¢. +=nmild, ++ = moderate, +++= severe (based on a {otal nuinber of occurrences)

d. Statistical significance was lintited to the relative weighis in [emales,
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Tabulated Summary
Three-Month Oral Toxicity Study of Abbott-157378 and Abbott-84538

Combination with New Impurities in Beagle Dogs
(Abbott Study No. TB98-150)

40

Abbott-157378/Abbotit- 0/0" 10/15 (normal impurities) | 30715 (high impurities)®

84538 Dosage (mg/kg/day)’

Dogs/Sex/Group 4 4 4

Deaths 0 0 0

Body Weight Gain - I (MEF)

Focd Consumption . - No treatment-related dilferences

Ophthalmoscopy - (NTD)

Electrocardiograms . -

Clinical Signs® diarchea/loose | diarrhea/loose stool (++), | diarchea/loose stool (++),
stool (48), emnesis (HH), emesis (++), T salivation
emesis (1) *+ salivation (+++) )

Mean Plasma Drug

AUC (ugehr/ml) £ SD

Abbott-[57378  Males - [07.0£87.0 83.6+425

Females - 60,9+ 42.3 75.6 +36.9

Abbolt-84538 Males - 41.6 £27.7 22,1 £12.6

Feinales - 204 £13.7 36,1 £23.3

Urinalysis -

Hematology - NTD

Clinical Cheinistry - TALP(M,"F) T ALP (F)°

Organ Weights - T relative liver®

Anatomic Pathology - NTD

CONCLUSION: The data generated in this three-month study indicated (hat increased levels of total
impurities up to approximately 9%, including 2-3% each of new impurities (core-wing-A-urea-dimer,
N-formyl-core-wing-B and N-acetyl-core-wing-A) in Abbolt-157378 SEC formulation, did not change
the toxicity profile of the Abboti-137378/Abbot-84538 combinalion at a dosage of 3 0/15 mg/kg/day.

N-acetyl-core-wing-A).

a. Abbolt-157378 SEC formulation containing 20% (wt/wt) of Abbott-157378.0 and Abbolt-84538
SEC formulation containing 10% (wt/wt) of Abbolt-84338.0 were aduinistered in capsules,
The dogs in the contrel group (0/0 mg/kg/day) received placebo formulation in capstiles.

b. Placebo (74% oleic acid, 13% cthanol, 12% cremophor EL, 1,1% water, 0.01% BHT)

¢. Major impurities (N-formyl-core-wing-A, N-formyl-core-wing-B, core-wing-A-urea-dimer and

d. + = mild, ++= moderate, +++= severe (based on a total number of occutrences)

e. The dilferences from controls were not stalistically significant.
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Tabulated Summary
Three-Month Oral Toxicity Study of Abbott-157378 and Abbott-84538

Combination with Related Substances in Beagle Dogs
(Abbott Study No. TB99-127)

ABT-378/ABT-338 0/0° 50/25 (normal 50/23 (high related

Dosage (mg/kg/day)* related substances) substances)®

Dogs/Sex/Group 4 4 4

Deatlis 0 0 0

Body Weight Gain -

Food Consumption - No treatment-related differences-

Ophthalmoscopy - (NTD)

Electrocardiograms . '

Clinical Signs® emesis (+), emesis (++), emesis (+),

diarrheafélo)ose stool” diar_rheag?)ose stool | diarrheatloose stocl (1)
+ .

Day 89 Mean Plasma

Drug

AUC (pgelir/ml) £ SD - 47,1119 102.6 £ 68.6

ABT-378: Males - 47.2£213 150.6 £ 1074
Females

ABT-538 Males - 5.7+£3.1 21.5£269
. Females - 7.0+33 27.0+£282

Urinalysis - .

Hematology - NTD

Clinical Chemistry - T ALP, ALT (F)

Organ Weiglts - ¥ prostate

Anatomic Pathology - NTD

CONCLUSION: The data generated in this three-month study indicated that increased levels of

related substances (0.4% glycerin adduct, 2,0% propylene glycol adduct, 3.3% ethanol adduct,

1.3% core-wing-B, 1.1% B-wing-diacyl and 1.1% regioisomer) in ABT-378/ABT-538 liquid

formulation did not change the toxicity profile of the ABT-378/ABT-538 combination ata

dosage of 50/25 mg/kg/day.

a. ABT-378/ABT-538 combination liquid formulation containing approximately 80 mg ABT-
378 and 40 mg ABT-538 per mi was administered in capsules.

b. Placebo formulation containing ethanol, com syrup, propylene glycol, distilled water,
glycerin, povidone and polyoxy! 40 hydrogenated castor oil.

¢. Major related substances c(icore-win -B, B-wing-diacyl, regioisomer, propylene glycol
adduct, ethanol adduct and glycerol adduct).

d. +=mild, ++ = moderate (based on a total number of occurrences).
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in Combination with Ritonavir (Abbott-84538) on the Reproductive

Tabulated Summary
Evaluation of the Effects of Orally Administered Abbott-157378

Function of Male and Female Rats (Seg. I DART)
(Abbott Study No. TA97-047)

A-157378/A-84538" o 10/5 30/15 160750
Dosage (mgfkg/day)
Rals/Sex/Group® 24 24 24 24
Deatiis 0 | 1M (intubalion error) | 1 F (ittubation error) 0
1M (cause unknown)
Body Weight Gain - No treatment-telaled diflerences (NTD) L (M)
AN v

Food Consumption

!

Clinical Signs

Rales {F), rough hair (M), malfed hair (F)

Increased salivalion

Rales (M), increased salivation (F)

Increased salivation

Mean Plasma Drug
AUC (ugehe/nl) £SD
Abbolt-137378
Males
Females
Abboit-84538
Males
Females’

Estrous Cycle

Reproductive Indices

Uterine Findings

Necropsy Findings

| Liver: enlarged (F)

CONCLUSION:

The systamic no
30/15 mg/kg/day (Abbatt-[57378/Abbott-

-toxic-elfect level in the present sludy was considered Lo be
84338). The no-toxic-effect level

for male and female reproductive toxicity was 100/30 mg/kg/day
(Abbott-157378/Abbott-84538), the highest dosage tested.

A Abbott-157378 SEC formulation containing approximalely 20% (wt/wi) Abbolt-157378.0
Abbolt-84538 SEC formulation containing approximately 20% (w/wt) Abboll-84538.0.
b vehicle comprised of 75% oleic acid, 12.5% ethanol, 12.5% Cremophor and 0.013% BHT

(wtAwt).

C An additional 4 rats/sex/group constituted a satellite subgroup for plastna drug level

determinations.

d ne=not calculated due lo insu[ﬁcient daia,

42
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Tabulated Summary

Evaluation of the Effects of Orally Administered Abbott-157378
in Combination with Ritonavir (Abbott-84538) on the Embryonic
and Fetal Development of the Rat (Seg. Il DART)
(Abbott Study No. TA96-162)

43

Dosage (mg Abbott-157378/ o° 20/10° 50/25° 100/50°
ritonavir/ kg/day)*

Maled Rats/Group 24 (4)° 14 @) 24 () 24 (4)
Gravid Rats/Group 20 | 22 22 19
Maternal Deaihs 0 1* 0 0
Total Liitcr Resorptions 0 0 0. G

Maternal Clinical Signs

Maiernal Body Weight

Maternal Body Welghi Gain

Maternai Food Consumption

No treatment-relaled-dilference

(NTD)

emaciation, hunched posture,
decreased activily, discharge
from eyes-and nose, tinted
hair

J GD'9 through GD 18

1 GD18-20 inferval

- T GD18-20
interval

4 GD 6-9 & 9-12 intervals;
1 GD18-20 interval

Maternal Mean Plasmna Drug

AUC (ugehe/ml) + SD
Alhott-157378

Treatinent Day 12

Ritonavir (AlDoti-§4538)
Treatment Day 12

28.12+5.84 | 641241333

4924061 | 8834124

116,44 +43.75

16.09+ 541

Maternal Morphological
Examination

Fetal Viability

Fetal Body Weights

Fetal External Examination

Variations
Visceral
Skeletal

Malformations
Visceral
Skeletal

NTD

{ ossification, increased L4™
ribs and 27 presacral verlebrae

CONCLUSION

wg/kg/day ritonavir res
Drug-related decreases 1
dans receiving 100/50 mg/kg/day. The no-elfect-level for maternal
loxicily and developmental toxicily was 50/23 mg/lcg/day. '

[ Administration of 100 mg/kg/day Abbott-157378 in combination with 30
ulted [n maternal (oxicily (reduced bady weights).
in fetal body weiglts were observed in lillers from

oo

o o

Ritonavir (Abbo(t-84538) was admin
20% (wt/wt) ritonavir in combination with Abboit-157378 by oral gavage (2 ml total volume/kg).
Four additional rats/group were designaled as salellite rals [or measurement of plasma drug levels.

a. Abbolt-157378 was adwministered daily as the SEC formulation containing approximately 20%
(wi/wt) Abbott-157378 in cormbination with ritonavir by oral gavage (2 ml tolal volume/kg).
Veliicle, 75% oleic acid, 12.5% ethanol, 12.5% Cremophor and 0.013% BHT,

istered daily as the SEC formulation containing approximately

This animal (1008) was eulhanized in a toribund condition on treatment Day 0 likely related to a
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gavage accident,
£ GD=gestation day




Abbott-157378
Toxicology NDA Sunuuacy
R&D/00/164

Tabulated Summary
Evaluation of the Effects of Orally Administered Abbott-157378

and Abbott-845383 Combination on the Embryonic and Fetal
Development of the Rabbit.(Seg. Il DART)
(Abbott Study No. TE96-152)

A-157378/A-84538 Dosage (mg/kg/day) | 0°/0° | 30715 30/25 3040

Pregnant rabbits/Group® 20 19 20 20

Malernal Mortalily 1

Aborted 0 0 0 o i

Maternal Body Weight Gain -

Maternal Food Consutption - 1

Maternal Clinical Signs - NTD (no treatinent- | Emaciation, lgose stoal,
related difTerences) absent stool

Mean Plasma Drug

Abbolt-157378

AUC (pgehr/ml) £ SD

Gestation Day 19 - [12£ 394+ 108 89.6 274
35

Abbolt-84538

AUC (pgehr/mil) £ 8D

Gestalion Day 19 - 3.9+27 2.1£3.6

03401

Fetal Viability . -

Fetal Body Weigit - NTD

Fetal Anomalies® -

Maternal Morphological Exam -

Conclusion Oral administration of Abbolt-157378 in cowmbination will
Abbott-8+338 to pregnant rabbits during the period of major
organogenesis resulted in significant reductions in food
consumpiion and decrease maternal weight gain at 80/40
mg/kg/day. No developmental toxicity, including
teratogenicily was observed in this study, The no-obsetyved-
adverse effect level for maternal and developmental toxicity
was cousidered to be 50/25 mg/kg/day and 80/40 mg/kg/day,
‘respectively, under the condilions of this study.

2. Vehicle for Abbolt-157378: propylene glycol:ethanol (93:3, v/v).
b. Vehicle for Abbott-843538: propylene glycol:ethanol (95:5, v/¥) with two molar equivalents of p-
toluene sulfonic acid monohydrale.
¢. Twenty rabbits/ group were tested for developmental toxicily; four rabbits/group coustituted a
satellite subgroups for plasina drug level determinations.
. Not considered test article related.
e. _Skeletal examination in the control and high dose only,
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Tabulated Summary

Study of the Effects of Abbott-157378 in Combination
with Ritonavir on Pre- and Postnatal Development, Including Maternal
Function in the Rat |
(Wil Laboratories, Inc., Asliland, O, Report No. WIL-57014)
(Abbott Study No, TA97-109)

Dosage (ng/kg/day)” 0 l 20710 L 40/20 | 80/40

Vehicle 75% oleic acid, 12.5% ethanol. 12.5% Cremaphor, 0.013% BHT

Number Females/Group 25 25 _ 23 23

Number Delivering Lilters 23 24 25 24

Clinical Signs/Death® - ' - )

Body Weiglt Gain No treatment-related differences
Fo Dams . (NTD) [ 4 iransient
Fi Generation -

Food Conswmnption
Fo Dams - | 4 transient

F; Generation - Not Applicable
Gestation Length -
Litter Size -
Pup Survival (F\) - |
Pup Groswth (Fy) - NTD
Developinental Landmarks (Fy) -
Reflex Ontogeny (Fi) -
Activity (F) ' -
Biel Maze - .
Reproductive [ndices (F}) - ;
Pre/Postimplantation Losses (Fy) | -
CONCLUSION: A slight degree of transient maternal toxicity (diminished body
weight gain and food conswuption) and a reduction in pup sutvival

during [actation was noted at the 80/40 mgrkg/day dosage. The
ng-observed-effect level for maternal and developmental loxicily was

considered to be 40/20 mg/kg/day.

& Mg Abbott-157378/mg ritonavir ) _
- One dam in the 80740 mg/kg/day group was euthanized in moribund condilion on Lactalion Day 8;

not judged test article related.
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Bacterial Reverse Mutation Assay
(Ames Test Plus E. Coli) of Abbott-157378
(Abbett Study No. TX96-114)-
Bacterial Miérogrmns of Abboll-157378 Tesled 89 Resulls
Strain per plate Aclivation
Salmonella typhinmurim
TA-1533 100 - 10,000 : negalive
100 - 10,000 + negalive
TA-15337 - 100 - 10,000 - negative
100 - 10,000 + negalive
TA-98 100 - 10,000 . o negalive
100 - 10,000 + negalive
TA-100 100 - 10,000 - negalive
100 - 10,000 + negalive
Escherichia coli
WP2uvrA- 100 -10,000 - negalive
100 - 10,000 + ' negative

Conclusion: Abbott-157378 was non-mutagenic in {his assay. Toxicily was scen in only one strain at
10,000 pg/plate. :
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Tabulated Summary
Bacterial Reverse Mutation Assay

- (Ames Test Plus E. Coli) of Abbott-157378 with High Impurities
(Abbott Study No. TX98-072)

43

Bacterial Micrograms of Abbott-E37378 with 5-9 Resulls
Sirain High Impurity levels Tested per plale Activation
Safmonella typhhnurivm
TA-1535 100 - 5,000 - negalive
100 - 5,000 + negalive
TA-1337 100 - 5,000 - negalive
[00-5,000 + negative
TA-98 100 - 5,000 - negative
100 - 5,000 + negative
TA-100 100 - 5,000 - negalive
100 - 5,000 + negative
Escherichia coll :
WP2uvrA- 100 - 5,000 - negalive
100 - 5,000 + negative

(?ouc[usion: Abbott-157378 was non-mutagenic iu this assay. No toxicily was seeu in any slains,
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Tabulated Summary

Bacterial Reverse Mutation Assay
(Ames Test Plus E. Coli) of Abbott-157378 with New Impurities
(Abbott Study No. TX98-185)

Baclerial Micrograns of Abbott-157378 willt 8-9 Resulls
Stratn New [purities Tested per plate Aclivalien
Salmonella yphtmirinm
TA-15335 100 - 5,000 - negalive
100 - 3,000 + negalive
TA-1537 100 - 5,000 - negative
100 - 3,000 + negalive
TA-98 100 - 5,000 . negalive
100 - 5,000 + negative
TA-100 100 - 3,000 - negative
160 - 5,000 + negative
Escherichia coli
WP2uvrA- 100 - 3,000 - uegative
100 - 5,000 + negative

Conclusion: Abbott-157378 was non-inutagenic in (his assay, No toxicily was seen in auny slrains.
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Tabulated Summary

Bacterial Reverse Mutation Assay
(Ames Test Plus E. Coli) of a Liquid Combination Formulation of
Abbott-157378 and Abbott-84538 with Related Substances
(Abbott Study No. TX99-137)

Bacterial Micrograms of Abbotl-137378 with 5-9 Results.
Strain Related Substances Tesled per plale Activalion
Salmonelia typhimurium '
TA-1335 30 - 5,000 ‘- negalive
30 - 5,000 + negalive
TA-1537 " 30 -35,000 - negalive
30 - 5,000 + negative
TA-98 30 - 5,000 - _ negalive
30 - 5,000 + negalive
TA-100 30 - 5,000 - negalive
30 - 5,000 + negative
Escherichia coli
WP2uvrA- 30 - 5,000 - negative
30 - 5,000 + negalive

Conclusion! A liquid combination formulation of Abbatt-157378 and Abbo(t-84538 with related

substances was nen-mulagenic in this assay. No toxicily was seen in any siraius.
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Tabulated Summaty

In Vitro Cytogenetics 7
Human Lymphocyte Culture Assay of Abbott-157378
(Abbott Study No. TX96-185)

Micrograms of A-157378 $-9 Activation Mutagenicity ~
per wml of Culture Medium .

1-10 _ Negative

3-50 + Negalive

Conclusion: Abhatt-157378 was non-clastogenic in this assay. Toxicily was seen at 3 pg/ml (non-
activated) and 20 pg/mi (activated) or greater concentrations




Abbott-1573738
Toxicology NDA Swmmary -
R&D/00/ 164

Tabulated S wmmary

In Vitro Cytogentetiés

Human Lymphecyte Culture Assay of Abbott-157378 with High

Impurities .
(Abbott Study No. TX98-073) -

Micrograms of A-137378 S-9 Activalion Mutagenicily
per il of Culture Mediunt
3-30 _ Negalive
20-50 + Negalive

Conclusion: Abbatt-157378 was non-clastogenic i this assay, Toxicily was seen at [0 aud 20 pg/ml

(non-activated) and 30 ug/mi (activaled) or grealer cohcenirations
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Tabulated Summary

In Vitro Cytogenetics

Human Lymphocyte Culture Assay of Abbott-157378 with New

Impurities
(Abbott Study No. TX98-186)

Micrograms of A-157378 5-9 Aclivalion Mutagenicily
per ol of Culture Medium
10-30 _ Negalive
10-30 + Negative

Conclusion: Abbott-157378 was non-claslogenic in this assay. Toxicily was seen at 20 pig/inl (non-
activated) and 30 pg/iul (activaled) concentrations
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Tabulated Summary

_ In Vitre Cytogenetics
Human Lymphocyte Culture Assay of a Liquid Combination
Formulation of Abbott-157378 and Abbott-84538 with Related

Substances -
(Abbott Study No. TX99-138)
Micrograms of A-157378 S-9 Activation Mulagenicily
per ml of Culture Medium
10 - 50 (4-hour exposure) - _ Negative
2 « 5 (24-hour exposure) - Negative
5 - 30 (d=hour exposure)- + Negative

Conclusion: A liquid combination formulation of Abbott-137378 and Abbolt-84538 with related
substances was non-clastogenic in this assay. Toxicity was seen at 30 pg/ml ( 4-hour non-activated), 5
pg/ml (24-hour non-activated) and 10 pg/ml (4-hour activated) concentrations, .
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Tabulated Summary

w
W

Mouse Micronitcleus Assay of Abbott-157378 Alone and in
Combination with Abbott-84538
(Abbott Study No. TD96-211)

Dosage (mg/kg/day)
Abbolt-157378 0 625 1250 2500
Aloue
Abbott-137378/ 0 39/78 78/156 156/313
Abbolt-84538 :
Conclusion: There was no dose-relaled statistically significaut increase in {ie number of

micronucteated bone mairow polychromatic (PCEs) erythrocytes compared to
vehicle-treated control mice. Thereflore, Abbolt-E37378 alone ot in combination
with Abboit-84538 was non-imulagenic in this assay.
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L5178Y/TK™ Mouse Lymphoma Assay
of Abbott-157378
(Microbiological Associates, Ine., Rockyille, MD,
Study No. G96BC78.702)
(Abbott Study No. TX96-230)

Concentrations Tested - Activation Resalt

23-100 pg /mi (Lnitinl Assay) ~ Yes Negalive

120 pg /ml (Initial Assay) - No Negative

40 to 120 pg /ml (Supplemental Assay) Yes Negalive

CONCLUSIONS: Not Mutagenic
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2.5.3 Absorption, Distribution, Metabolism and Excretion

The absorption, distribution, metabolism and excretion of [YCJABT-378 administered
alone have been investigated in rats, whereas these parameters were examined for
[“CJABT-378 coadministered with ritonavir in a 2:1 ratio in rats and dogs, and in a 4:1
ratio in humans. Pharmacokinetic and/or toxipokineti:c parameters for ABT-378
coadministered with ritonavir have been estimated in mice, rats, dogs, monkeys and
humans. Single dose animal studies involved administration of single intravenous doses of
ABT-378 alone (rat and dog) and single and/or rising oral doses of ABT-378 administered
with or without ritonavir (rat, dog and monkey).! Multiple dose pharmacokinetic studies
involved oral administration of ABT-378 and ritonavir in a fixed ratio of 2:1 (rat and
dog).! Toxicokinetic studies involved multiple oral administrations of ABT-378:ritonavir
ina 2:1 (mouse, rat and dog) and/or 3:1 ratio (dog) with ritonavir for up to 9 months.*1?
Absorption, metabolism and excretion studies in animals also included a single 10 mg/kg
(rat — with and without 5 mg/kg ritonavir)™"* or 5 mg/kg (dog — with 2.5 mg ritonavir)"®
intravenous dose to provide a basis for evaluating oral dose data, A tissue distribution
study was conducted in male rats after an single 10 mg/kg (with 5 mg/kg ritonavir) oral
dose.¥ A maternal fetal tissue distribution study was conducted in pregnant rats and a
‘lacteal excretion study was conducted if lactating rats, each after an single 10 mg/kg (with
5 mg/kg ritonavir) oral dose.”’ Additionally, in vitro studies have been conducted with
mouse, rat, dog, monkey and human liver microsomes.'® In vifro models of rat and human
liver metabolism have also been utilized to help understand the beneficial pharmacokinetic
interaction that ritonavir exerts on the disposition of ABT-378 in humans,®® The in vitro
plasma protein binding was determined for mouse, rat, dog, monkey and human at
concentrations of drug chosen to encompass the broad range of ABT-378 plasma
concentrations anticipated in clinical and toxicology studies. 2 .

All doses refer to milligrams of ABT-378 and ritonavir free base equivalents per kilogram
of body weight (mg/kg). Concentrations are reported as micrograms per unit of volutme
(ng/mL) except in vitro metabolism data that are reported in micromolar (uM) and
converted back to (tg/mL when appropriate for comparison with 7 vivo concentration
data. The molecular weight of ABT-378 base is 629 g/mole; thus, 1 M is equivalent to

0.629 pgfmL.
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Concentrations of ABT-378 and ritonavir in plasma were determined with
high-performance liquid chromatography (HPLC} using ultraviolet detection.’! ABT-378
bearing a carbon-14 radiolabel in the dimethylphenoxyacety! moiety of the molecule was
used in all of the metabolism, distribution and protein binding studies.’? Metabolic
patterns in plasma, bile, feces, urine and in vitro mic;osomal incubations were determined

by HPLC with radioactivity flow detection.

2.5.3.1 Absorption and Pharmacokinetics

Administered without ritonavir, ABT-378 was poorly bicavailable in rats, dogs, monkeys
and humans. Single oral doses of 5-10 mg/kg did not result in detectable plasma
concentrations in dogs and monkeys."! Single oral doses of approximately 5-10 mg/kg
ABT-378 to rats and humans resulted in peak plasma concentrations (Cuax) less than

1 pg/mL and AUC values of 1.92 and 0.67 pg-h/mL in rats (10 mg/kg; 0-8 h) and humans
(5.7 mg/kg; 0-12 h), respectively.*”

Coadministration with ritonavir resulted in a substantial increase in both Crae and AUC in
all species investigated (rats, dogs, monkeys and humans- see summary table below)."?
For example when ABT-378 ritonavir was dosed (single oral dose) ina 2:1 ratio to rats

(10 mg/kg ABT-378) and humans (5.7 mg/kg ABT-378), the ritonavir resulted in a 2-fold
increase in Co. and a 6-fold increase in AUC for the rat and a 44-fold increase in Crax and

a 182-fold increase in AUC in humans.*** Mean peak plasma concentrations (Crax) of
ABT-378 in rat, dog, monkey and human were recorded at 1.5-4.6 hours after a single
oral administration of 10 mg/kg ABT-378 (with 5 mg/kg ritonavir in rats), ~5 mg/kg
ABT-378 (with ~2.5 mg/kg ritonavir in dog and human) or 10 mg/kg ABT<378 (with

10 mp/kg ritonavir in monkey). Crax values for ABT-378 averaged 2.T1 pug/mL in male
rats (10 mg/kg ABT-378:5 mg/kg ritonavir), 2.61 pg/mL in dogs (5 mg/ksg
 ABT-378:2.5 mg/kg ritonavir), 3,06 pg/mL in monkeys (10 mg/kg ABT-378:10 mg/kg
ritonavir) and 8.3 pg/mL in humans (~5.7 mg/kg ABT-378: ~2.9 mg/kg ritonavir). The
Cmax and AUC values for ritonavir were at least 2-fold less than the Cuax and AUC values
for ABT-378 when these two drugs were given in a 2:1 ratio (ABT-378:ritonavir). '
Furthermore, in humans at the anticipated clinical dose and dose ratio of 400 mg
ABT-378:100 mg ritonavir (~5.7 mg/kg ABT-378: ~1.4 mg/kg ritonavir), the ritonavir
Cax a1td AUC were 14- and 22-fold less than those-observed for ABT-378 after a single
dose, indicating that low circulating concentrations of ritonavir are sufficient to result in
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sustained plasma concentrations of ABT-378. Bioavailability values were not estimated
due to the absence of intravenous pharmacokinetic data for the ABT-378:ritonavir

combination.

Summary of Single Dose Pharmacokinetics of ABT-378 for Rat, Dog, Monkey and
Human When Coadministered With o Without Ritonavir

Dose ( mg@g)"" " ABT-378 RTV (Ritouavir)

. Cnmx AUCO-I CL/F ¢ Cmu.'c AUCO-I CL/F ©
Species  ABT-3178 RTV  (ug/mL) (uglvmL (L/vkg)  (ug/ml) (uglvmL  (L/Vkg)
) - )

Rat, Male 10 0 0.96 1.2 521 - - -
10 1 1.19 4,37 2.29 <000 <0.00 -
10 5 2.11 12,29 0.81 0.1s ~ 0.38 13,13
10 10 3.68 23.41 043 1.13 4.83 2.07
Dog 3 0 <0.00 <000 . - -y --
3 1 1.17 2.86 1.75 0.12 0.19 526
5 2.5 2.61 10,07 0.50 1.16 1.67 1.50
5 5 2.50 11.26 044 1.32 2.1% 2.28
Maonkey 10 0 <0,00 <0.00 -- -- -- -n
10 10 3.06 14,72 0.63 1.48 5.01 2.00
Human 57 0 0.19 0.67 8.51 - -- -
5.7 0.7 5.7 50.5 -0.11 0.2 1.2 0.58
57 14 8.5 105.3 0,05 0.6 4.7 0,30
3.7 2,9 8.3 1219 . 0.05 2.4 14.8 0.39

This table was abstracted from Table 2 of Section 5, 3 (Ovemew of Absorption, Distribulion, Metabolist and
Excretion of ABT-378 (Abbott-157378) in Animals.*
L. Last sampling time point in each pharmacokinetic siudy: rat - 8 hours, dog, monkey and hnman 12 hours
& Vehicle for rat, dog and monkey was ethanol: propylens glycol dextrose 5% in water (20:30:30, by volume)
containing two molar equivalents of methane sulfonic acid'
b. Fluman doses corresponnd to 200, 400 and 800 mg ABT-378 dose and 0, 50, 100 and 200 g ritonavir normalized

to
an assumed 70 kg body weight for the purposes of cotuparisat. Administered in a solk elastic capsule formulation
under non-fasting conditions.™
€. Apparent oral clearance CL/F = Dose/AUC.
Comparisan of mean apparent oral clearance (Dose/AUC or CL/F) values for rat
(0.81-0.95 L/lVkg), dog (0.19-0.50 L/h/kg), monkey (0.68 L/h/kg) and human
(~0.05 L/Wkg) showed that humans exhibit ower apparent oral clearances of ABT-378
compared with the animal models at single doses of 5-10 mg/kg ABT-378 ina 2.1(rat,

dog and human) a 1:1 (monkey) and a 4:1 (human) ratio with ritonavir."*
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In multiple dose studies, the exposure (as measured by plasma AUC) of male and female
rats and dogs to ABT-378 was significantly less than that in humans-at comparable doses
(see summary table below). Inmale and female rats, a 150 mg/kg/day dose of ABT-378
(with 75 mg/kg/day ritonavir) is required to achieve a mean plasma AUCq.24 (1272 or
195.4 pg-h/mL for males or females) comparable to that obtained in humans given the
anticipated clinical regimen of ~11.4 mg/kg/day (400 mg BID) dose of ABT-378 with
~2.8 mg/kg (100 mg BID) ritonavir to steady state (188 pg'h/mL). Doses of

70-100 mg/kg/day ABT-378 (35-50 mg/kg/day ritonavir) in male and female dogs are
required to achieve AUCq.4 values (163.9-239.4 pg-lvmL) comparable to the human
clinical dose AUC. '

Summary of Estimated Oral Clearance of ABT-378 for Mouse, Rat, Dog and
Human After Multiple Dosing When Coadministered With Ritonavir

Species ABT-378 Dose AUC,. Dose/AUC (CL/E)’
(mg/kg/day)’ (ug-vVmL) (LAVkg)
Mouse, Male (Female)™ 20 50.8 (35.0) 0.39 (0.57)
60 108.3 (133.6) 0.55 (0.43)
200 320.5 (395.3) 0.38 (0.51)
Rat, Male (Female) e 10 7.35 (19.6) 1.36 (0.51)
30 46,6 (82.3) 1.07(0.61)
150 127.2 (195.4) 1.18 (0.77)
Dog™® 10 59.2 C017
30 95.8 0.31
100770 163.9/239.4 0.61/0.29
Hutnan i14® 188" 0.06

ABT-378 was dosed in a 2:1 ratio with ritonavir in mouse, rat and dog but4:1 in huwan,

- Apparent oral clearance CL/F = Dose/AUC,

* Values in parentheses are for female mice and rafs.

- AUC values at each dose from the 3 month toxicology study. If more than one sawpling interval then the average
was taken (Abstracted from Tables §, 6 and 12 of Section 5,3 (Overview of Absorption, Distribution, Metabolistu
and Excretion of ABT-378 (Abbott-157378) in Animats)

2. Aversge of male aud female data.

£ Dase reduced from 100:30 mg/kg/day ABT:378:ritonavir to 70:33 mg/kg/day ABT-378:ritonavir on Day 30,

£ Equivalent to a single 400 mg dose of ABT-378 given twice daily (300 mg) normalized to body welglit (mg/kg)

assuming a 70 kg body weight.

M. The estimate of steady-state ABT-378 pharmacokinetics for the 400:100 mg/kg ABT:378:ritonavir q 2k

anticipated )

clinical regimen.

The lower calculated oral clearance in humans reflects the need to administer larger mg/kg
doses of ABT-378:ritonavir to rats and dogs to achieve plaéma AUC values comparable to

poom
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those in humans. Since the liver is the major organ of elimination of ABT-378 and
ritonavir, this may suggest the potential for greater exposure of the liver to
ABT-378:ritonavir in rats and dogs compared to humans, assuming comparable

absorption of the drug,

A consistent sex difference in plasma drug levels was apparent in rats, but not in mice or
dogs. Inrats, plasma levels were generally higher in females than in males, very likely due
to the gender specific expression of CYP isozymes, presumably CYP3AZ, responsible for

ABT-378 and ritonavir metabolism.>’

The Caex and AUC of both ritonavir and ABT-378 in mice, rats, dogs and humans
generally increased with increasing dose of the ABT-378:ritonavir combination.”* These
parameters increased in an approximately proportional manner in mouse and a less than
dose-proportional manner in rats and dogs.>* A less than proportional increase, where it
occurred, was generally attributed to solubility-limited aqueous dissolution of these
lipophilic compounds in the GI tract, resulting in a lower fraction of the dose being

absorbed at higher doses.

There was no apparent effect on Tp in rats or dogs with increasing single doses of
ABT-378:ritonavir in a fixed ratio despite an apparent prolongation of the T for
ABT-378 in rats given ritonavir compared to rats given ABT-378 alone.! As the ritonavir
dose rises at a fixed dose of ABT-378 in rats, the Trmax of ritonavir increases with dose as
does the T of ABT-378, indicating a dependence of ABT-378 pharmacokinetics upon
ritonavit.! No dose effect on Tosc was observed in humans,*

The effect of multiple dosing (the day effect) on Cua and AUC of ABT-378 was not
" assessed in mice and was not apparent in rats (Day 1 vs. Day 9) or dogs (Day 1 vs,
Day 13).® However a moderate, but statistically significant, effect was observed in

. humans (£30% decrease in Cyyy and AUC from Day § to Day 16).* In the 3 month
toxicology study in dogs at the high dose, AUC values actually increased after 1 to 3

months of dosing, relative to the Day 7 values.®

After a 5 mg/kg intravenous dose of ABT-378 alone, the ABT-378 plasma clearance in rat
and dog was rapid and essentially the same (~1.3 L/vkg).! Mean apparent elimination
haif-lives after intravenous dosing were also similar in rat and dog (0.6-1.1 h). The plasma
half-lives of ABT-378, when coadministered with ritonavir were difficult to evaluate due

. to the dependence of ABT-378 clearance on ritonavir plasma concentrations.
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After oral administration of a 10 mg/kg dose of [*CJABT-378 to rats, the Cuax for total
plasma radioactivity of 0.18-0.26 ug eﬁinvaIelitslinL (g eq/mL) was not attained until
4-6 hours after dosing,” An intravenous dose of [*C]ABT-378 indicated that plasma
levels declined with an apparent elimination half-life of 1,06-1.35 hours, consistent with
the rapid elimination of ABT-378 observed in pharmacokinetic experiments. The mean
total radioactivity AUC value for femals rats (1.46 pg eq/mL) was similar to that of male
rats (1.25 ug eq/mL).” Coadministration of [CJABT-378 with 5 mg/kg ritonavir by the
oral route produced a substantial increase in both the Cyax (~7-fold) and AUC (~13-fold)
of total radioactivity compared to dosing ABT-378 alone." A smalier effect of ritonavir on
the Cpag Of ABT-378 (~2-fold) and AUC (~5-fold) was apparent after intravenous dosing,
suggesting that ritonavir had both pre-systemic and systewmic (i.e. post-absorptive) effects
on ABT-378 exposure.”® In dogs, an average.plasma Cuax for total radioactivity of

3.34 pg eq/mL was observed at 2 hours after a single oral dose of 5 mg/kg [“YC]ABT-378
coadministered with 2.5 mg/kg ritonavir.”® The average plasma Cnax after intravenous
dosing was 10,69 {tg eq/mL. Comparison of oral and intravenous AUC values for total
radioactivity in rats (18.6 vs. 32,5 pug eq'h/mL) and dogs (19.2 vs. 40.3 pg eq'h/mL)
afforded estimates of the percentage of radiolabeled dose absorbed of 57% for rats and
48% for dogs. P’

Unchanged parent drug was the major circulating radioactive component in both rat and
dog plasma collected 0-4 hours after intravenous and oral (dog only) dosing, accounting
for greater than 80% and 95% of plasma AUCq., in rats and dogs, respectively, ™"
Plasma radioactivity from rats after oral dosing was not analyzed by radio-HPLC due to
insufficient plasma radioactivity. The 4-oxo derivative. of ABT-378 (M-1) was present in
rat plasma, the epimeric pair of 4-hydroxylated ABT-378 metabolites (M-3/4) were
detected in rat and dog plasma and the dimethylphenoxy-hydroxylation product of
ABT-378 (M-5) was detected in dog plasma.™" These data were similar to those
obtained from the human [“CJABT-378 study where unchanged ABT-378 was also the

major component of human plasma.*’

After a single 5.7 mg/kg dose of [*CJABT-378 was coadministered with 1.4 mg/kg
ritonavir to five male human volunteers, peak plasma concentrations of total radioactivity
ranging from 8,6-10.6 pg/mL were achieved between 6 and 12 hours after dosing.*” The
mean AUC for total radioactivity (136.6 jLg eq:/mL) and the mean AUC for ABT-378
determined by a UV-HPLC assay (121.2 pg-lvmL) were similar to that obtained from
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single dose pharmacokinetic data for ABT-378 (105.2 pg'h/mL}. OFsome 28 human
plasma samples that were proﬁléd for metabolites, 3 to 6 samples contained minor
amounts of the rat plasma metabolite M-1 and the dog and rat plasma metabolites
M-3/427 In addition, 3-4 out of the 28 human plasma samples contained minor amounts
of the diphenyl core moiety-hydroxylation products of 4-0x0-ABT-378 (M-9/10) and/or
the dipheny! core moiety hydroxylation products of 4-hydroxy-ABT-378
(M-11/12/13/14/15). There were insufficient data for a meaningful determination of AUC
for these metabolites. Other unidentified polar metabolites, presumed to be tertiary or
quaternary oxidative metabolites of ABT-378 were also detected in several plasma
samples accounting for much of the non-ABT-378 radioactivity. It should be noted that
although unidentified polar metabolites were not a substantial portion of animal plasma
radioactivity, perhaps due to detection limitations, the presence of other polar metabolites
in rat and dog urine indicate that these metabolites may be present in their plasma during
transit from the liver. The i vifro antiviral activity for these metabolites is unknown
except for M-1 and M-3/4, which have potency comparabie to that of the parent drug.

2.5.3.2 Protein Binding

The in vitro protein binding of [¥C]ABT-378 was extensive in mouse, rat, dog, monkey
and human plasma.® At ABT-378 concentrations from 0.1 to 100 pg/mL, mean plasma
protein binding percentages ranged from 98.90-97.56% in mouse, 99,76-95,89% in rat,
99.45-96.29% in dog, 98.30-95.36% in monkey and 99.72-97.37% in human plasma.” The
extent of protein binding generally decreased with increasing drug concentration in all five
species. In human plasma, binding did not change appreciably between 0.1 and 10 pg/mL
 of [MCJABT-378, averaging > 99.4%, but did decrease at 30 and 100 jig/mL. Between
10 and 100 pg/mL, the free fraction of [**C]JABT-378 increased approximately 5-fold in
human plasma. There was no sex difference in plasma protein binding of ABT-378.* The
effect of ritonavir (1 and 15 pg/mL) on the binding of [“C]ABT-378 (concentration range
0.1-10 pg/mL) suggested that ritonavir may have the potential to decrease the plasma
protein binding of ABT-378 in human plasme’L.zs However, for this to oceur, ritonavir
concentrations needed to be in excess of ABT-378, a situation that does not occur with

regimens examined toxicologically or in the clinic.

At concentrations below ~2-4 png/mL, [*C]ABT-378 was more extensively bound to
physiological concentrations of human ct1-acid glycoprotéin (AAG; >99%) than to human
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serum albumin (HSA; ~96%).” Binding to AAG and HSA appears to diminish at drug
concentrations > 4 ng/mL, raising the possibility that ABT-378 may bind to other plasma
components. Due to the apparenit affinity of ABT-378 for AAG and the ability of the drug
to saturate AAG binding at therapeutic plasma concentrations, a clinically relevant effect

~ involving displacement of drugs with an affinity for AAG from plasma protein by ABT-
378 is theoretically possible, However, displacement interactions do not affect free drug
clearance and concentrations, therefore interpretations based on total plasma drug levels in
this case would be misleading, It is important to note that the combination of ABT-378
and ritonavir, at clir;ica_lly relevant concentrations, did not displace a selection of drugs
known to be bound to AAG and/or HSA (e.g. warfarin, digoxin and imipramine) to a
degree that was considered to be clinically significant (< 2-fold).¥® Furthermore ibuprofen,
saquinavir, nelfinavir or amprenavir, drugs that are highly bound to AAG and/or HSA, did
not displace ABT-378 from s protein binding sites in human plasma.*’

2.5.3.3 Tissue Distribution

[MCJABT-378 was widely distributed in the tissues of male rats after oral co-
administration of 2 10 mg/kg dose with 5 mg/kg ritonavir.”® At 4 hours after dosing (peak
plasma concentration), the highest tissue radioactivity concentrations were found in the
liver (52.3 pug eq/g), adrenals and thyroid, affording respective tissue to plasma (T/P)
ratios of 22.5, 2.07 and 1,90, respectively. The brain contained radiactivity lev'elsg

(0.046 pg eq/g) that were approximately equal to unbound plasma concentration, or more
than 30-fold less than the corresponding total plasma concentration at 4 hours. The
observation'of 0,127 and 0.816 ug eq/g of dose radioactivity in the lumbar and
submaxillary lymph nodes at 1 hour (T/P ratio of 0.06 and 0.37 at 1 hour and 0.37-0.63 at
7 hours) indicates that ABT-378 distributes into lymphatic tissue despite high plasma
protein binding. By 48 hours, the liver was the only organ containing appreciable
radivactivity (0.26 pg eq/mL), while all other organs contained less than 0.1 pg eq/mL.
The tissue distribution of radioactivity into maternal tissues after oral co-administration of
a 10 mg/kg dose with 5 mg/kg ritonavir was consistent with the distribution observed in
male rats.!” Fetal tissues and amniotic fluid contained low concentrations of radioactivity

(£0.14 ng eq/g tissue) which, except for the liver (0.007 pg eq/g tissue), were
undetectable after 72 hours.
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2.5.3.4 Enzyme Induction

An ex vive examination of liver microsomal enzyme induction after multiple dosing with
ABT-378 and ritonavir in combination has not been conducted in any species. A previous
study with ritonavir dosed alone to rats indicated an increase in microsomal protein with
no signiﬁcant'ix\crease in functional cytochrome P450 (CYP) activity with multiple
dosing.* However this m-ay have been due to the presence of ritonavir carried over in the
microsome preparations inhibiting the CYP activities since a time dependent increase in
oral clearance of ritonavir of approximately 2-fold was also noted in both rats and humans
when ritonavir was dosed alone:® A similar, but more moderate, increase in oral
clearance of ABT-378 has been noted after multiple dosing of ABT-378:ritonavir in the
clinic.*® Induction of the CYP3 A subfamily of microsomal monooxygenases in vitro was
observed as an increase in immunoreactive CYP3A protein in human hepatocyte cultures
incubated with ritonavir but not in cultures incubated with ABT-378.%" Since the CYP3A
subfamily are responsible for the metabolic clearance of both ritonavic and ABT-378, these
data taken together suggest that the increase in clearance observed during multiple dosing
of ABT-378:ritonavir may be largely due to the ritonavir component of the combination,

2.5.3.5 Metabolic Pathways

ABT-37§ is metabolized exclusively by oxidative pathways in rat, dog and human
resulting in similar metabolic profiles (see pathway below). "7 M. and M-3 through
M-12 have been identified in rat, dog and human excreta whilst M-13, M-14 and M-15
have been identified in dogs and humans. M-16 would appear to be a dog specific
metabolite. There are five identified primary metabolites: an epimeric pair of
4-hydroxylated derivatives (M-3 and M-4), and three mono-hydroxylated ABT-378
derivatives with the hydroxyl group located on the diphenyl core motety (M-6, M-7 and
M-8).t Several secondary metabolites are then produced by further biotransformation of
the primary metabolites. M-1 is the 4-oxo derivative of ABT-378 which is the result of
oxidation of M-3 and/or M-4 whilst M-11 through M-15 are dihydroxylated metabolites
of ABT-378 (4-hydroxy and another hydroxyl group located on the diphenyl core moiety),

t The locations of the oxidations were originally labeled incorrectly according to an arbileary numbering
schete.*'*'® The correct numbering for the metabolites M-3/4 are 4-hydroxylated melaboliles and the
sequential metabolites M-I, M-9/10, M-11/12/13/14/15 are also 4-substituled compared to ABT-378
and not 3-substituted as indicated by the old nomeuclature. The metabolite M-2 is 6-liydroxy-ABT-378

and not 5-hydroxy-ABT-378 as indicated by the old nomenclal_mc.“
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presumably the products of hydroxylation of M-2, M-3 and/or M-4 in the diphenyl core.
Tertiary metabolites that were identified included M-9 and M-10, which are the hydroxy-
4-0x0-ABT-378 with the hydroxyl group located on the diphenyl core moiety. These
metabolites are the products of hydroxylation of M-1 in the central diphenyl core of ABT-
378 and/or the oxidative product of M-11/12/13/14 and/or M-15, which would yield the
same metabolites via a different route, M-16 is the dipheny! core moiety dihydroxylation
product of 4-oxo-ABT-378 and thus represents an identified quaternary metabolite.

Given the extensive metabolism of ABT-378 in vivo, several other unidentified polar
metabolites present'in rats, dogs and humans have been attributed to tertiary or quaternary
metabolic products of ABT-378, For simplicity, the identified metabolites are grouped by

their structural characteristics (see figure below).

Proposed Metabolic Pathway for [“CJABT-378 in Rat, Dog and Human It Vivo

ABT-378

\ Dty S
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M-1E, M-12,M-13, A-14 sud M-13

al-16

M-13/14/15 and M-16 have not been formally identified in rat excreta.,'! M-2 has been identified from
rat, dog aud human liver microsomes but has not been formatly identified in rat, dog or human

excrety F583T M5 was ot identified in human excreta but is a minor metabolite identified in vitro,'**’
M-6/7/8 have not been formatly identified in rat excreta but are tinoc i vifro melabolites and by
retrospective examination qossible mitor metabolites in rat bile and feces that were combined with polar
uidentified metabolites, "% M-16 is apparently a metabolite specific to the dog."* Other metabolites
not identitied are presumed to be the result of further oxidalive metabolism of the structures indicated

above. Modifications of ABT-378 are indicated by a larger font size,
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Radioactivity in rat, dog and human feces consisted largely of unchanged parent drug
(19.8-52.85% of total dose-'C) after oral administration of [MC]ABT-378 with ritonavir
(see table below),"™'**" Unchanged [“CJABT-378 was also a major component of rat
feces (28.07% of dose) but not bile (<2% of dose}, after intravenous dosing with ritonavir,
implying elimination of unchanged ABT-378 via some other mechanism such as
exsorption/transport into the intestinal lumen in the rat. 134 Unchanged [”C]ABT 378
was not 2 major component of dog feces (<5% of dose) after intravenous dosing."”
Therefore, in the absence of intravenous data in humans, no firm conclusion regarding the
origin on the unchanged ABT-378 in the feces in humans (mean 19.8% of the dose, range
12.0-23.2%) can be made. However, it is likely that a substantial proportion of the
ABT-378 in human feces is the result of unabsorbed drug.

Summary of the Metabolism of ABT-378 for Rat, Dog and Human after a Single
Oral Dose Coadministered With Ritonavir

Rats’ Dogs" Huwman®
Parameler Oral Oral Oral

Route of Excrelion as % of Total Dose

Feces 107.13 . 9.4.32 82,0

Urine (Days 0-3) 110 0.79 10.4

Cage Wash (Days 0-3) 0.23 0.68 -

Total Recovered - , F 108.48 95.81 93,0

. d ) .

Feces (Urine)’

ABT-378 52,83 32.5 (<0.1) 198 (2.2)

M-] 4,19 1.4 (<0.1) 3.2(02)

M-2 0.0 0.0 0.0

M3/ 18.40 6.9 (<0.1) 10.1 (0.2}

M-5 0.70 1.5 0.0

M-6/7/8 0.0 4.1 -3.9(0.1)

M-9/10 71.78 9.7¢0.1) 7.4 (0.1)

M-11/12/13/14/15 747 13.2 8.9 (0.1)

M-16 . . 0.0 1.7 0.0

Ouher la 76 (1.10) 23.4 (0.5) 29.3(7.5)
3. Rats (n=2 per sex) received a smgle dase of 10 mg/kg [MC]ABT-378 with 5 mg/kg ntonavn' inn

solution formulation.

b. Dogs (n=2 per sex) received a single dose of 5 mgfkg [MC)ABT-378 with 2.5 mg/kg ritonavir in
a solution formulation.”

¢ Human voluntesss (n=3 males) received a single dose of 400 mg (=3.7 mgrke) [MCJABT-378 wilh
100 mg (=1.4 mgrkg) ritonavir in a liquid filled capsule formulation.

d. Structures of metabolites are showir'in the figure above.

€. Urine data are shown in parentheses — absence of data in pareniheses implies none delected.
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The major metabolites present in human feces after oral dosing were M-3/4 (10. 1% of
mean total dose), M-9/10 (7.4%) and M-11/12/13/14/15 (8.9%).>" This represents a
distribution of radioactivity in feces that was similar to that observed in the rat and dog
(see table above). Metabolites M-1 and M-6/7/8 were also identified in human feces,
together accounting for 7.1% of the dose radioactivity. Again, similar to rats and dogs, a
substantial portion of the dose radioactivity (29.3% of fean total dose) was present as
unidentified polar metabolites. These numerous polar metabolites are attributed to tertiary
and quaternary metabolites of ABT-378. The radioactivity recovered in human urine
(10.4% of mean total dose) consisted mainly of early eluting polar metabolites (7.5% of
total dose-'“C), accompanied by unchanged parent (~2% of dose).”” Rat and dog urine
contained an insignificant amount of unchanged ABT-378 and largely consisted of early
eluting polar metabolites.'*'* The remainder of the urinary radioactivity in dogs and
humans comprised lesser amounts of metabolites M-1, M-3/4, M-6/7/8 (dog and human),
M-9/10 and one or more of M-11/12/13/14/15 (human only) which together accounted for
~0.3% or =0,7% of dose-"*C in dogs and humans, respectively.'**’

2.5.3.6 Excretion

Rats, dogs and humans given a 5-10 mg/kg intravenous dose and a'5-10 mg/kg oral dose
of [¥C]ABT-378 coadministered with ritonavir displayed high fecal excretion (>80% of
dose) of the radiclabeled dose within 3-8 days, indicating that the drug was cleared
predominantly by hepatobiliary processes in all three species (see table above), %7 This
was verified in bile exteriorized male rats, where 66.8% of a 10 mg/kg intravenous dose
coadministered with 5 mg/kg ritonavir was excreted in the bile within 24 hours after
dosing, accompanied by minimal dose recovery in urine (<2%). “ Intraduodenal
administration of a 10 mg/kg dose resulted in the recovery of 24.7% of the dose in the
0-24 hour bile of rat."* Recovery of radioactivity in dog bile (0-6 hours) was 19.6% and
8.0% of the administered dose after intravenous and intraducdenal dosing, respectively.”
The low recovery from the dog bile experiment is likely due to the short course of the
experiment (6 hours) coupled with the effect of ritonavir coadministration delaying the
hepatic metabolisin of ABT-378 and therefore biliary elimination of metabolites, This is
supported by data which demonstrates the delaying effect of ritonavir coadministration on
the biliary elimination of radioactivity after administratjon of [“C]ABT-378 to the rat."
The radioactivity recovered in human urine (10.4% of mean total dose) was substantiatly
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greater than observed in rats or dogs (<2% of dose).}” However urinary elimination was
still & minor route of elimination in all species compared to fecal elimination (>80% of

‘dose).

2.5.3.7 In Vitro Metabolism and Enzyme Inhibition

‘The i1 vitro metabolism of [**CJABT-378 by human liver microsomes was examined with
the objective of determining the likely products of /i vive metabolism of the drug in
humans.® Incubation of [*CJABT-378 with rat and dog hepatic microsomes resulted in
metabolite profiles which were qualitatively similar to the corresponding metabolite
profiles of the drug in rat and dog bile, thus verifying the predictive accuracy of the in
vitro microsomal model of hepatic metabolism.'® Human liver microsomes converted
[“C]JABT-378 largely to M-1, M-3 and M-4, suggesting that these metabolites would
likely be major products of hepatic biotransformation of the drug in humans, just as they
are in rats and dogs. Human hepatocytes also resulted in essentially the same metabolic
profile observed in microsomes. Rapid rates of formation of M-1, M-3 and M-4 were
also observed across species. Additionally the metabolism of ABT-378 in rat liver
microsomes was found to be sensitive to inhibition by ritonavir (ICsy = 0.02 pg/mL)
agreeing with the inhibition of the metabolic clearance of ABT-378 by ritonavir observed

in vivo in the rat,®

The kinetics of the metabolism of [*C]JABT-378 were determined with microsomes from
four human livers, affording apparent mean Ky, values of 6.81%3,62 uM and mean Vs
yalues of 9.38+5,53 nmoles/min/mg protein.** Metabolism by microsomes derived from
cDNA transfected B-lymphoblastoid cells, metabolic correlation with isoform-specific
CYP activities and chemical and immunoinhibition studies indicated that the members of
the CYP3A subfamily (CYP3A4 and CYP3AS5) are the exclusive contributors to the
human liver microsomal metabolism of ABT-378.2! Ritonavir, another potent anti-HIV

* agent known to inhibit CYP3A, was found to be a very potent inhibitor of the metabolism
of ABT-378 with an inhibitory constant (K;) of 0.013 1M (0,009 pg/mL).*' Conversely,
ABT-378 was found to be a very weak inhibitor of ritonavir metabolism, with a K; of

130 pM (82 ng/mL).2* A typical plasma concentration of ritpnavir (0.2 to 0.9 pg/mL) at
the anticipated clinical dose of 100 mg ritonavir twice daily is 20- to 100-fold greater than
the in vitro determined K for inhibition of ABT-378 metabolism.* Therefore this
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- provides a clear rationale for the decrease in ABT-378 clearance by inhibition of the
metabolism of ABT-378.

The pharmacokinetics of unlabeled ABT-378 (10 mg/kg) and ritonavir (1, 5 or 10 mg/kg)
after oral dosing of the combination to rats appears to substantiate the dependence of
sustained plasma ABT-378 on ritonavir plasma concentrations (see figure below)."

Effect of Dose and Dose Ratio on the Plasma Concentrations of ABT-378
and Ritonavir following Concomitant Oril Dosing in Rat (10 mg/kg ABT-378 + 0, 1,
5 or 10 mg/kg Ritonavir)

ABT-378 Ritonavir 10 mg'kg ABT-378:

o~ [0 — 10 ——  +0 mgkg Ritonavir
H B ——  + 1 mg?keg Ritonavir
& - T A=+ 5 mgtky Ritonavi
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ABT-378 was found to be a very weak inhibitor of ritonavir metabolism, with a K; of

130 pM (82 pg/mL).* However, ABT-378 inhibited CYP3A-dependent nifedipine
oxidase activity with an ICs; of 1.3 uM.2' The disparity between the potency of ABT-378
for inhibition of these two largely CYP3A-dependent activities (ritonavir vs. nifedipine),
‘may at least in part be due to the relatively high affinity of ritonavir for the CYP3A active
site (i.e. tight binding). Ritonavir exhibits significant potential for i1 vivo inhibition of the
metabolism of drugs which are CYP3A4, CYP2D6 and, to a lesser extent, CYP2CY9/10
and CYP2C19 substrates during coadministration.”® By comparison with ritonavir, ABT-
378 is a weaker inhibitor of CYP3A, CYP2D6, CYP2C9 and CYP2CI9. Furthermore,
CYP1AZ, CYP2A6, CYP2B6 and CYP2E! were not inhibited by ABT-378. However,
since ABT-378 is coadministered with the potent CYP inhibitor ritonavir in the clinic, the

effect of this combination on isoform-specific cytochrome P450-dependent
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monooxygenase activities in human liver microsomes was examined using concentration
ratios (3:1 and 29:1 ABT-378:ritonavir) that would encompass the range of ratios likely to
occur in a clinical setting.?> These data were then compared with data obtained for
ritonavir alone.

Effect of ABT-378/Ritonavir Combination on Isoform-Specific Cytochrome P450

Activities .
ICs0 (M)

: ABT-378:rilonavir ralio Ritonavir
Isoforin Assay” 3:1 29:1 (historical data)
CYP1A2 Phenacstin O-deethylation No eflect No effect >50
CYP2AS Coumarin 7-hydroxylation No effect No effect No effect
CYF2B6 (S)-Mephenytoin V-demethylation - > 30 >30 8.1
CYP2C9 Tolbutamide hydroxylalion 13.7 23.0 8.0
CYP2Cl19 (S)-Mephenytoin 4°-hydcoxylalion 28.7 38.0 . 130
CYP2D6 Dextromethorphan O-demethylation 13.5 29.0 2.5
CYP2EI Chlorzoxazone 6-liydroxylation No elfect No effect No eflect
CYP3A Terfenadine hydroxylation L1 4.6 014

*CYP assays were conducted at approximate K, concentrations.
As would be predicted based on the inhibitory characteristics of ABT-378 and ritonavir
alone, the combination of the two drugs resulted in a less potent inhibition of CYP3 A,
CYP2D6, CYP2C9 and CYP2C19 than ritonavir alone. CYP1A2, CYP2A6 and CYP2E1
isoforms were not inhibited by the ABT-378:ritonavir combination, with only a marginal
effect on CYP2B6 activity.
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2,6 Human Pharmacokinetics/Bioavailability
2.6.1 Fundamental Pharmacokinetic Characteristics of ABT-378

ABT-378 is a peptidomimetic inhibitor (MW = 623.8) of the HIV protease which has
been shown to be c[inic;dlly effective when orally administered in combination with
ritonavir in the suppression of HIV viremia. Both ABT-378 and ritonavir have limited
solubility in aqueous systems. Capsule and liquid formulations have been developed to
imp}ove gastrointestinal solubility. Later studies with the clinical dose revealed that
ABT-378 absorption was enhanced when administered with food. Except for a limited
period in early Phase I, studies generally employed nonfasting administration, Key
ABT-378 pharmacokinetic parameters obtained from the various Phase I and II studies

are provided in the following table.
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ABT-378 Pharmacokinetic Characteristics

Parameter Unils Values (Mean £ 8D)
Crunx (400A/E00R mg ql2h;, HIV-infected) pg/mk 958 £ 4.41

. Trug (40047 100R mg q12h; HIV-infzcted) h ‘ 3&2
Cp (400A/100R mg qi2h; HIV-infected) pgfnl 5494402
Chin (400A7100R mg ql2h;, HIV-infecled) pgfml - ’ 3.83£3.44
Fu : ‘ % o2
CLIT (single 400A/100R img dose, healthy subjects) L 4111
CL/F (ss, 400A/100R mg q12h; FIV-infected) L GdEdd
Cprun Cnin L2 (55, 400A/L00R mg q 12k HIV- h 5toG
infested)
CLr Lk go.l
Principal clearance process metabolism
CYP isoforms involved CYP3A
Activity from metabolites ) minimal®
CL/F, time- and dose-dependence yes®
CL/F, age 6 months to 12 year no difference?
CL/F, age 2 65 year not determined®
CL/F, gender no difference™*
CL/F, race Blacks have increase (14% lower AUC)*
CL/F, renal impairment not determined
CL/F, hepatic impairment not determined
CL/F, inducers  C;, (rifempin, efavirenz & neviropine)®

CYP3A®

Inhibitor of other drugs
Inducer of CYP and glucuronidation

decrease in AUC of methadene and EE2¥

Abbreviations: A = ABT-378; R —ritonavir; C ;= waximum conc., Ty = time to C o0 Criin =

minitaum conc., Gy = pre-moming dose cone., £ = unbound fraction in plasma, CL/F = appatent oral
clearance, $s = steady state, C,\,\ /Cpr t10 = effective or clinfcally relative half-life,

CL, = renal clearance.

Some metabolites are active but concentrations are low, -

CL/F of ABT-378 is dependent on both the ABT-378 and ritonavir dose size. Cpyy, declines with
multi-dosing, but stabilized by 10 days to 2 weeks. ’

Frow pediatric Phase V1 study in HIV-infected subjects.

Limited dafa available in subjects = 63 yr.
Formal Phase I studies not conducted: effects were estimated from analyses of seven combined

bioavailability studies; lower AUC in Blacks not considered clinically relevant,

ABT-37%/ritonavic increased AUC of ketoconazole (3.0-fold), rifabutin (3.0-fold), 25-O-deacelyl
rifabutin (47.5-fold), atorvastatin (5.9-fold) and other FIV-protease inhibitors amprenavir, saquinavir,
indinavir and nelfinavir.

ABT-37#%/ritonavir decreased AUC of ethinyl estradiol (EE2) (42%), and methadone (53%). .
ABT-378 C,. . decrensed by rifampin (39%), elavirenz (39%) and nevirapine (55% in pediatric

sugjects).

min
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2.0.2 Formulations
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2.6.3 Absorption

ABT-378 is a potent HIV protease inhibitor with relatively low aqueous solubility

(~45 pg/mL in water, 25°C), yet reasonably good permeability, and would be categorized
as a Biopharmaceutical Classification System (BCS) Class 11 compound. In CACO-2
culture, the apical to basolateral (AB) apparent permeability (Pypp) Was determined to be

10,65 £ 0.58 x 106 cin/sec at pH 6.8. In general, agents with CACO-2 Pypy, values above

10 x 106 cm/sec have high human absorption. The basolateral to apical (BA) Py, was
9.55 +2.10 x 10-6 cm/sec. The similarity in the permeabll[tles from both sides of the
cells indicate that p-glycoprotein (Pgp) or other apical transporters do not appreciably
polarize directional movement. However, A.BT-378 is rapidly and completely
metabolized by CYP3 A with a very high intringic clearance. Accordingly, systemic
bioavailability is quite [ow when ABT-378 is administered alone. After single dose
administration of 400 mg ABT-378, the apparent oral clearance (CL/F) was 1016 L/h,
which is indicative of a large and e*ctenswe first pass metabolism. For this reason, ABT-
378 is co-formulated with small amounts of ritonavir as 2 pharmacokinetic enhancer.
When co-administered with 100 mg ritonavir, CL/F is profoundly reduced to
approximately 4 L/h after single dose administration of 400 mg ABT-378. The effect
appears to be a composite of inhibition of both first pass and systemic clearances.

Owing to low solubility of the agents and the complexities of the metabolic interaction
between ritonavir and ABT-378, intravenous administration and absolute bioavailability
assessment are not possible. The extent of absorption of ABT-378 administered under
nonfasting conditions with ritonavir was assessed as a part of the analyses in the human
[4C]study. In that study, an average of 20% of the administered dose radloactmty was
recovered in the feces as unchanged ABT-378, with individual values ranging from 12 to
23%. Since this recovered unchanged drug represents the sum of unabsorbed ABT-378
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plus material that was secreted in the bile or intestinally exsorbed, it is inferred that the
extent of absorption was greater than or equal to 80% of the administered dose. Fecal
recovery data after intravenous administration in animals as well as biliary metabolic
profiling indicate that part of the unchanged ABT-378 in feces may be the result of
biliary secretion or intestinal exsorption; thus, the extent of ABT-373 absorption may be

greater than 80%.

Although an early assessment of bioavailability in the first single rising dose study, M96-
552, at an ABT-378/ritonavir dose of 400/200 mg (separately formulated capsules)
indicated no food effect, subsequent investigations with the ABT-378/ritonavir

400/100 mg dose have shown that the systemic availability of ABT-378 s reduced and is
more variable under fasting conditions for both separately formul'eited and co-formulated
SGCs and the co-formulated liquid. From definitive bioavailability study data, relative to
administration with a meal of moderate fat content, administration of the co-formulated
SGC Formulation B2 under fasting conditions decreased the AUC by 28 to 36% at an
ABT-378/ritonavir dose of 400/100 mg. The AUC of the liquid co-formulation was
decreased to a somewhat greater extent, 44%, when given under fasting conditions
relative to a meal of moderate fat content. In the definitive bioequivalence Study

' M99-072, the separately formulated capsules (Phase II) and to-be-marketed co-
formulated capsules (Phase IIT) provided equivalent ABT- 378 exposure under both
fasting and nonfasting conditions. This differential food effect between the liquid and
capsule co-formulations probably contributes to the ability to demonstrate bloeqmvalence
between the liquid and the SGCs under nonfasting conditions, but not under fasting
conditions, Administration of the co-formulated SGC and liquid formulations with a
meal of high fat content, further increased the bioavailability by 26% and 37%,
respectively. ABT-378/ritonavir is to be taken with food due to the decreased
bioavailability and increased variability noted during administration under fasting relative

to nonfasting conditions.

With multiple dosing under nonfasting conditions, there is a diurnal effect in the
pharmacokinetics of ABT-378 which may be related to absorption differences, with later
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and lower peak concentrations and higher trough concentrations occurring after evening

doses.

2.6.4 Plasma Protein Binding and Distribution

The in vitro protein binding of [14CJABT-378 in human plasma is high. As determined
by equilibrium dialysis, binding averaged 99.7 to 97.4% over a drug concentration range
of 0.1 to 100 pg/mL. In human plasma, binding did not change appreciably within the
clinical range of 0.1 and 10 pg/mL of [14CJABT-378, but was lower at 30 and

100 ug/mL. Specifically, the mean protein binding was 99.7%, 99.7% and 99.5% at
concentrations of 0.1, 1 and 10 pg/mL, respectively, then decreased to 98.7% at

30 ug/mL and to 97.4% at 100 pg/mL. No major differences were observed in the degree
of protein binding in plasma between males and females over the entire concentration
range. ABT-378 is bound to both albumin and o,-acidglycoprotein. From in vitro
potency determinations for HIV-1in MT; cells in the absence (EC59 = 0.019 uM) and
presence (ECsq = 0,102 1tM) of human serumn, protein binding attenuates the potency of
ABT-378 (~5.4 x), but not as dramatically as would be expected based on the free

fraction (> 50 x).

ABT-378 has not been administered intravenously to humans; thus, it is not possible to
accurately estimate the true distribution volume. Moreover, the determination of the
distribution volume is fisrther complicated by the nonlinear dispositional kinetics of
ABT-378 in the presence of ritonavir, Computations based on “effective half-life” and
tissue distcibution data in rats suggest that the distribution volume in humans is around 40
L, which is comparable to total body water. The tissue to plasma radioactivity ratios at 4
hours after oral dosing in rat were less than unity in bone marrow (0.13), eyes (0.16),
perirenal fat (0,78), heart (0.52), kidneys (0.92), lungs (0.51), lumbar lymph nodes (0. 15),
submaxillary lymph nodes (0.61), pancreas (0.94), prostate gland (0.45), skeletal muscle
(0.25), skin (0.29), spleen (0.41), testes (0.17), thymus (0.42) and urinary bladder (0.55).
The 4-hour tissue to plasma radioactivity ratios in the gastrointestinal tract plus contents,
liver (22.5), adrenal (2.07) and thyroid (1.90) glands were greater than unity. The high
tissue/plasma (T/P) ratio observed in liver probably reflects large contributions from
metabolites, since metabolism and biliary secretion of the metabolites represents the
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major route of elimination. Based on brain to plasma ratios of 0.02 to 0.03 in rat, it
would appear that central nervous system (CNS) penetration is restricted by the plasma
protein binding. Determination of ABT-378 concentrations in human cerebral spinal

fluid (CSF) is currently ongoing,

2.6.5 Metabolism

The The iz vitro metabolism of ABT-378 has been determined in microsomes from
mouse, rat, dog, monkey and human liver, and the metabolic profiles were 'globai[_y
comparable. The patterns from human excreta were comparable to those from human
liver microsomes and hepatocytes. The kinetics of the metabolism of [\#C]ABT-378
were determined with microsomes from four human livers, affording apparent mean

= 8D Ky, of 6.81  3.62 uM and mean £ SD. Vipgy 0f 9.38 £5.53 nmolés/min/mg proteix.
When this is scaled to human liver size, an intrinsic clearance of nearly 7400L/h is
predicted in the absence of protein binding, and f;*CL;;, is in the order of 37 L/h,
assuming that binding is totally restrictive at a free fraction level of 0,005. The high
Vs indicates that a high degree of intestinal first pass metabolism is likely.

Metabolism by microsomes derived from cDNA transfected B-lymphoblastoid cells,
metabolic correlation with isoform-specific CYP activities and chemical and
immunoinhibition studies indicated that the members of the CYP3A subfamily (CYP3 A4
‘and CYP3AS5) are the exclusive contributors to the human liver microsomal metabolism
of ABT-378. Ritonavir, another potent anti-HIV agent known to inhibit CYP3A, was
found to be a very potent inhibitor of the metabolism of ABT-378, witl'an inhibitory

constant (K;) of 0.013 uM (0.009 pg/mL).

ABT-178 when dosed with ritonavir is metabolized exclusively by oxidative pathways in
rat, dog and human, resultirig in very similar metabolic profiles. M-1and M-3 through
M-12 have been identified in rat, dog and human excreta, whereas M-13, M-14 and M-15
have been identified in dogs and humans, There are five identified primary metabolites:
an epimeric pair of 4-hydroxylated derivatives (M-3 and M-4), and three mono-
hydroxylated ABT-378 derivatives with the hydroxyl group located on the diphenyl core
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moiety (M-6, M-7 and M-8). Several secondary metabolites are then produced by further

biotransformation of the primary metabolites.

In rat, dog and man, unchanged ABT-378 was the major circulating radioactive
component in plasma, After intravenous and oral {(ddg only) dosing, parent accounted for
greater than 80% and 95% of plasma AUC,,, in rats and dogs, respectively. After a single
5.7 mg/kg dose of [4C]ABT-378 co-administered with 1.4 mg/kg ritonavir to five male
human subjects, ABT-378 was the predominant circulating component, accounting for
89% of the ATC for total radioactivity. Trace levels of multiple metabolites were
observed in the plasma, but the concentrations were too low for a meaningful
determination of their AUCs. Accordingly, the clinical antiviral activity of ABT-378
would appear to be overwhelmingly associated with parent drug.

2.6.6 Elimination,

In all species investigated, ABT-378 is extensively metabolized, with elimination of the
majority of the dose as metabolites in the feces. In the-radiolabel study in man, 82.6% of
the dose was recovered in the feces over a 7 to 8 day period, while 10.4% of the dose was
recovered in the urine over the first three days after dosing. The mean overall recovery of
radioactivity was 93%, and consisted mostly of a variety of metabolites. The recovery
pattern for ABT-378 was veéy similar to that previously reported for ritonavir, for which
fecal recovery was also the major route of elimination. Unchanged ABT-378, accounting
for 19.8% of the dose, was found in the feces, and represents unabsorbed and/or biliary-
secreted/exsorbed drug. In addition, approximately 2% of the administered dose was
recovered in the urine unchanged. From the elimination, protein-binding and distribution
data, the inferences may be drawn that ABT-378 pharmacokinetics are unlikely to be
affected by renal impairment or hemodialysis, but may be affected by hepatic impairment.
Due to the solubility characteristics and possibility of transintestinal elimination, it is
proposed that management of overdose could entail gastric lavage and administration of

activated charcoal. -
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2.6.7 Factors Affecting ABT-378 Cléarance

ABT-378 apparent clearance is affected by the administration with food. In the definitive
bioavailability studies, M99-072 and M99-073, administration of either the liquid or
capsule formulation under fasting conditions significantly decreased the AUC of both
formulations by 28 to 35% and 44%, respectively. Aside from the apparent effect of food
on the extent (F) and rate of ABT-378 absorption; the major factors found to affect ABT-
378 CL/F are the amount of ritonavir co-administered with ABT-378 for single and
‘multiple dosing or dose ratio of ABT-378 and ritonavir, and the duration of treatment
with multiple dosing. Based on population data, other factors, such as age, race, gender,
 disease status (viral load or CDg+ cell count), and most concoritantly administered
drugs have little or no effect on ABT-378 clearance, as outlined below.

2.6.7.1 ABT-378 and Ritonavir Dose Size after Single Dosing

The single dose pharmacokinetics of ABT-378 co-administered with ritonavir at varying
dose combinations were investigated in healthy subjects in Study M96-552. Doses of
ABT-378 ranging from 100 to 800 mg were co-administered with ritonavir doses ranging
from 50 to 300 mg, Additionally, single 200 and 800 mg doses of ABT-378 were
administered in the absence of ritonavir. All doses were administered with a meal, with
the exception of the food effect 'segrnent' of the study. The plasma concentrations of
ABT-378 were profoundly increased when co-administered with ritonavir, CL/F fora
single dose of ABT-378 200 mg in the absence of ritonavir was > 2000 L/h, and the CL/F
for a single 800 mg dose was approximately 360 L/h, In general, after single dosing,
ABT-378 concenirations increased relatively proportionally with dose for a fixed
ritonavir dose, For a fixed ABT-378 dose, increasing the ritonavir dose did not
consistently result in proportional increase’in ABT-378 AUC or Cyy,y. The increase in
ABT-378 concentrations 24 hours after dosing (Cy,) tended to be proportional or more
than proportional with respect to ritonavir dose. Ritonavir also significantly reduced the
intersubject variability in ABT-378 pharmacokinetics. In general, the pharmacokinetics

of ritonavir did not appear to be greatly influenced by ABT-378.
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2.6.7.2 Time and Dose Effects After Multiple Dosing

The multiple dose pharmacokinetics of ABT-378 co-administered with ritonavir were
investigated in two studies conducted in healthy subjects, M97-650 and M97-806, and in
HIV-infected subjects in M97-720 and M97-765. Both QD and BID regimens were
administered to healthy subjects. For BID regimens: doses of ABT-378 ranged from 200
to 400 mg and doses of ritonavir ranged from 50 to 200 mg. Fora fixed ritonavir dose,
increases in the ABT-378 dose provide less than proportional increases in ABT-3 78
concentrations. Also, for a fixed ABT-378 dose, increasing the ritonavir dose increases
ABT-378 concentrations; but the increase in ABT-378 concentration appears to be less
than proportional to the increase in ritonavir dose. However, when both the ABT-378
and ritonavir doses are increased proportionally, concentrations of ABT-378 increase
relatively proportionally. In healthy subjects, for a fixed total daily dose of
ABT-378/ritonavir 600/200 mg, the 300/100 mg q12h regimen has a more attractive
pharmacokinetic profile than the 600/200 mg QD regimen, with the q12h regimen
yielding an estimated 2.6-fold higher mean Cpyp.

" Similar to ritonavir when it is given alone, the pharmacokinetics of ABT-378/ritonavir
are time-dependent, probably due to induction of CYP3 A isoenzymes and possibly other
mechanisms such as induction of P-glycoprotein. The decreases in mean ABT-378 Cmin,
AUC, and Cryax values from Day 5 to Day 16 in Study M97-650 were approximately
50% for C gy, 30% for AUC, and 21% for Crpax. Across studies, steady state was
reached in both healthy and HIV-infected subjects after dosing for approximately 10 days
to 2 weeks, and remained stable in HIV-infected subjects through measuréments at 24
weeks. Plasma protein binding of ABT-378 remained unchanged after multiple dosing,
.being approximately 98.8 to 99.2% bound at concentrations ranging from2.1 to

12.6 pg/mL,
2.6.7.3 Body Weight, Gender, Race and Age’

No formal studies were conducted to assess the effect of body weight, gender, age and
race on the pharmacokinetics of ABT-378 co-administered with ritonavir. An across-
study examination of seven bioavailability studies was performed in which single doses
of co-formulated capsule formulations of ABT-378/ritonavir 400/100 mg or 400/200 mg
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were administered under nonfasting conditions. Analysis of covariance including study,
weight, gender, race and age as explanatory variables was performed on log-transformed
AUC, Cppax 21d C34/Cpiax. In the analysis of covariance, body weight was a significant
factor for both ABT-378 Cyy,¢ and AUC. This is not surprising since the adult clinical
dose of ABT-378/ritonavir is not adjusted based on body weight. Subjects with a higher
body weight tend to have lower AUC and Cypx; however, the effect of weight appears to
be small. With weight as an explanatory variable in the model, gender was not a
significant factor for ABT-378 pharmacokinetic parameters. Within the range of I8 to 55
years, no significant age effect on ABT-378 pharmacokinetic parameters was detected.
Due to the lack of trend in this age range, and low prevalence of AIDS above age 65, a
formal study in elderly has not been conducted, The predominant race represented in
Phase I studies and clinical trials was Caucasian (157), with a limited number of Blacks
(ﬁO) and Hispanics (17). Based on limited data, Blacks appeared to have marginally
significantly lower AUCSs (14%) and fower Cpqx values (14%) than. Caucasians. The

" differences were small and unlikely to be clinically important. No statistically significant

efficacy differences between Blacks and Caucasians were noted in the pivotal trial? MO98-
863, A

2.6.7.4 HIV Infection

In spite of no restrictions with regard to dosing with food at the time of pharmacokinetic
sample collection in the early Phase II studies and the less controlled study conditions for

~ a multi-center Phase II study compared to a Phase I healthy volunteer study, there appear

to be no important differences between the pharmacokinetics in healthy subjects and in
HIV-infected subjects, In the Phase II studies, M97-720 and M97-765, an analysis of
covariance (ANCOVA) was performed on the natural log-transformed pharmacokinetic
parameters, including Cpy«, Cry and AUC. T he initial model included effects of
baseline HIV RNA. leve! and baseline CD, cell count. Neither of these covariates was
found to be statistically significant factors in defining pharmacokinetic differences

between subjects.
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2.6.7.5 Renal and Hepatic Impairment

Since approximately 10% of a [1*C]dose of 400 mg ABT-378 in combination with
ritonavir 100 mg was eliminated in the urine (2.2% as parent), renal impairment should
not have a significant effect on ABT-378 clearance or the elimination of its metabolites.
With both ABT-378 and ritonavir, unchanged parent is the overwhelmingly predominant
drug-associated entity in circulation. Accordingly, no formal study of the |
pharmacokinetics has been performed in renally impaired HIV-infected subjects.

No formal study of the effect of hepatic impairment on the pharmacokinetics of ABT-378
administered in combination with ritonavir has been conducted. Based on historical
observations for other CYP3A substrates in hepatic disease, a reduction in clearance

would be expected,

2.6.7.6 Interactions Produced by Other Drugs

Sinde ABT-378 is co-administered with ritonavir, a potent inhibitor of the CYP3A-

mediated metabolism of ABT-378, additional effects on ABT-378 by administration of

other potent inhibitors of CYP3A-mediated metabolism would be expected to be minimal.

In confirmation of this expectation, ketoconazole, a potent_CYPBA inhibitor, did not
increase the AUC of ABT-378.

Since ABT-378 is extensively metabolized, enzyme induction by other agents may
theoretically increase ABT-378 clearance. Confirmation of the susceptibility of
ABT-378 to induction effects was observed in the interaction study with the potent
CYP3A inducer, rifampin. The AUC and Cyyj, of ABT-378 were decreased by 75% and
99% during rifampin co-administration. As a result, rifampin and ABT-378/ritonavir
should not be co-administered. Additionally, the nonnucleoside reverse transcriptase
inhibitor (NNRTI) efavirenz, an inducer of CYP3A, decreased ABT-378 AUC and Cyjy
by 19% and 39%, respectively, during co-administration. Nevirapine, another inducing
NNRTI, also appears to decrease ABT~378 C,y;,. Dosage increase of ABT-378/ritonaivr
" by 1/3 should be considered in highly antiretroviral experienced pat.ients receiving either
efavirenz or nevirapine, Interestingly, rifabutin, also an inducer of CYP3A4, did not

decrease the concentrations of ABT-378.



ABT-378/ritonavir 13

Application Summary

2.6.7.7 Iuter- and In tmsubject Variability

Generally, the intersubject coefficient of variation (CV} in AUC was 35 to 40% across
bioavailability studies when ABT-378/ritonavir was administered under nonfasting
conditions (regular meal, 25-30% Kcal from fat). The intersubject CV for AUC was
higher (45 to > 50%) when ABT-378/ritonavir formulations were administered under
fasting conditions. Note that intersubject CV here really correspdnds to total variance,
which is the sum of intrasubject and intersubject variablility. An estimate of intrasubject
CV was obtained from the analysis of vaciance performed on log-transformed AUC and
Cax Of a bicequivalence study (M99-072), The intrasubject CV was estimated by the
square root of the residual mean square from the analysis of the logarithms (i.e., the
estimate of error term standard deviation), In Study M99-072, the intrasubject CV was
estimated to be 35% for AUC and 32% for Cy,yy. This is likely an overestimation of the
true intrasubject variability because both nonfasting and fasting administration were

included in the model.

In the Phase I Study M97-720, both the intersubject and intrasubject CVs were estimated
for the pharmacokinetic data obtained at Weeks 3, 6 and 24 during multiple dosing. In
this study in HIV-infected subjects, the estimated intrasubject CV for Cyyy¢ and AUC was
26% and 31%, respectively, considerably lower than the estimated intersubject CV, 51%
and 59% for Cyya and AUC, respectively. Intrasubject variability in Study M97-720
could be overestimated because doses were taken without regard to meals, which may
increase both intrasubject and intersubject variability. The ABT-378 intersubject
variability in pharmacokinetic parameters in HIV-infected subjects in Study M97-720
calculated in this multiple dose Phase I study tended to be higher than that noted in the
single-dose bioavailability studies and in previous multiple dose studies conducted in
healthy subjects. Higher intersubject variability in Phase II compared to Phase I studies
could be attributed to multiple factors including variation in study environment, dietary
variation , timing of dosing in relationship to meals (/.e., fasting ys. nonfasting),
adherence to the regimen (missed doses) and pharmacokinetic sampling in relation to

dosing,
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2.6.8 Pharmacokinetic Interactions Produced by ABT-378/Ritonavir

Since ABT-378 is co-administered with the potent CYP inhibitor, ritonavir in the clinic,
the effect of the ABT-378 and ritonavir combination on isoform-specific cytochrome
P450-dependent monooxygenase activities in human liver microsomes was exaimined
using concentration ratios {3:1 and 29:1 ABT-378:ritonavir) that would encompass the
range of ratios likely to occur in a clinical setting. These data were then compared with

data obtained for ritonavir alone.

Effect of ABT-378/Ritonavir Combination on Isoform-Specific
Cytochrorue P450 Activities '

ICs0 (WM)
. ABT-378:ritonavic ralic Ritosavir
Isoform.  Assay (historical
3.1 29:1 data)
CYPIA2  Phenacetin O-deethylation Noeffect  No efiect >30
CYP2A6  Coumarin 7-hydroxylation Noeflfect  No effect No effect
" CYP2B6  (S)-Mephenytoin N-demethylation >30 =30 8.1
CYP2C?  Tolbutamide lyydroxylation 13.7 23.0 8.0
CYP2C19 (S)-Mephenytoin 4'-hydroxylation 28.7 38.0 13.0
CYP2DG  Dextromethorphan O-demethylalion 13,5 29.0 2.5
CYP2El - Cllorzoxazone 6-hydroxylation Noeffecct Noeffect ~ No elfect
CYP3A Terfenadine hydroxylation 1.1 4.6 0.14

CYP assays were conducted at approximate K, concentrations.

The combination of the two drugs resulted in a less potent inhibition of CYP3 4,
CYP2D6, CYP2C9 and CYP2C19 than ritonavir alone. CYP1A2, CYPZAS6 and
CYP2E! isoforms were not inhibited by the ABT-378:ritonavir combination, with only 2

marginal effect on CYP2B6 activity. Some predictions of likely in vivo interactions that
might be expected have been made using an accepted published approach. Based on fir
vitro ICsq values for inhibition of the various CYP isoforms, it is expected that only

metabolism mediated by CYP3A will be inhibited at clinically relevant concentrations of -
ABT-378 and ritonavir. Note that the clinically observed ratio of ABT-378:ritonavir
concentrations is 15 to 20:1. In humans, trough plasma concentrations and the AUC
values for ritonavir were found to decrease on multiple dosing, suggesting that ritonavir
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is a metabolic inducer, inducing its own metabolism #r7 vivo. A similar observation has
been made with ABT-378 co-dosed with ritonavir,

Drug-drug interaction studies in humans were selected primarily based on those drugs
with a high liketihood of co-administration with ABT-378/ritonavir which posses a high
potential for interaction with ABT-378/ritonavir. Those with high potential of interaction
are primarily CYP3A. substrates with a high intrinsic clearance and drugs susceptible to
induction by. ABT-378/ritonavir. Interaction studies have demonstrated large inhibitory
effects of ABT-378/ritonavir on the clearance of the following CYP3A substrates: other
HIV-protease inhibitors (saquinavir, indinavir, nelfinavir and amprenavir), rifabutin and
its 25-O-desacety! metabolite (combined AUC increases of 5.7-fold), atorvastatin (parent
AUC increased 5.9-fold) and ketoconazole (AUC increased 3-fold). Dosage modification
when these drugs are co-administered with ABT-378/ritonavir is recommended .
Additionally, decreases in AUC of other drugs were noted during co-administration of
ABT-378/ritonavir with ethinyl estradiol (42% decrease) and methadone (53% decrease),
suggesting induction of glucuronidation and CYP-mediated metabolism, respectively.

Overall, ABT-378/ritonavir inhibits CYP3A-mediated metabolism at clinically relevant
concentrations and is also an inducer of CYP-mediated metabolism and glucuronidation.

2.6.9 Antiviral Effects of ABT-378

ABT-378 is virologically ten-fold more active than ritonavir, with an ECsg of

0.07 pg/mL against HIV-1 g activity in MT, cells in a medium containing 50% human
serum and 10% calf serum, The protein binding carrected ECsq against wild-type FIV
for ritonavir under the same conditions is 0.9 ng/mL, Against ritonavir-resistant HIV,
ABT-378 displays potency similar to that observed by ritonavir against wild-type HIV.
In the Phase II and Phase III trials, ABT-378 has been tested in HIV protease inhibitor
(PD-naive subjécts, as well as HIV-infected subjects with PI experience who have
developed various degrees of genotypic and phenotypic resistance to PIs and to -
nucleoside reverse transcripfase'inhibitors (NRTI).
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Pharmacokinetic/pharmacodynamic modeling of the antiviral effect of ABT-378 has
shown little relationship between exposure and virologic outcome. From the Phase II
trial M97-720, 92% and 98% of antiretroviral-naive subjects on treatment demonstrated
HIV RNA levels < 400 copies/mL after 48 weeks and 72 weeks of treatment, respectively.
For the HIV-infected subjects with more extensive pharmacokinetic samplmc there was
no apparent relationship between concentration and the initial rate of viral load decline or
viral load at various times. Sirilarly for the full cohot, there appeared to be no
relationship between administered dose and therapeutic success. In part this is due to the
high exposures of ABT-378 in this study, with mean minimum concentrations exceeding
" the ECsq of wild-type virus by a factor of greater than 50. In the Phase II trial in single
Pl-experienced HIV-infected subjects (M97-765), the average ABT-378 Cnin values
determined from the 12 subjects participating in the pharmacokinetic subgroup exceeded
the estimated protein binding-corrected ECsq for HIV by > 4-fold in 91% of the 57

baseline viral isolates.

Although previous studies with the first generation Pls have described a relationship
between rmagnitude and duration of antiviral effect and Cyy,, the issues become more
complicated as more potent therapy becomes available. With registered PIs given singly
with NRTI support, average C,q, were near the viral ECsg, and maladherence and/or
abnormally high clearance resulted in a significant fraction of the treated HIV-infected

subjects experiencing virologic rebound. With ABT-378, the Cpni/ECs0 ratios are
greatly improved. From the data of Phase II studies in naive and single PI-experienced
subjects, there appeared to be no predictive relationship between the degree and duration
of viral suppression and the pharmacokinetics of ABT-378 ot the phehotype of virus,
although it is clear that the failure rates were higher in the subjects with greater antiviral
experience, In Study M98-957, a substantially more difficult to treat population of
multiply experienced HIV-infected subjects was evaluated. [n that study, stepwise
logistic regressions were performed with a variety of possible explanatory variables,
including genotype, phenotype, pharmacokinetic parameters, and “inhibitory quotients”
(IQ), which are ratios of a pharmacakinetic variable {e.g., Cyis AUC, etc.} and the ECsp
‘of the pretreatment viral isolate. Both phenotype and genotype were found to be
predictive of Week 24 success. In a stepwise logistic regression using IQ ratios that
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included genotype as an explanatory variable, but excluded phenotype (since it is
contained in the IQ ratio), the trough to ECsp ratio was an important exp!aﬁatory variable
for durable suppression. Several other variables were found to also be important, such as
viral load, subject weight, and nucleoside coverage. From the results of all of these
studies, it has become evident that ABT-378 provides superb coverage of wild-type and
minimally mutated virus, and that there is little correlation between pharmacokinetics and
therapeutic success. However, with extensively mutated virus, a concentration-effect
relationship is observed, at least as is reflected by the IQ:Cyrougn ratio. .Undoubtedly, as
more data become available, a stronger relationship will emerge, particularly if HIV-
infected subject adherence, pharmacokinetics, and genotype are simultaneously

considered.

2.6.10 Secondary Pharmacologic Concentration/Effect or Dose/Effect
Relationships :

Dose/concentration relationships were explored with the most commonly observed
gastrointestinal adverse events and changes in cholesterol and triglyceride levels, which .
may potentially affect adherence, and long-term cardiovascular risk, respectively.

The inéidence of diarrhea showed increased rates with increased dose within individual
studies; however, no statistically significant dose group differences were observed. Also,
no apparent difference was observed in the incidence of diarrhea between the
antiretroviral-naive and -experienced groups. The incidence of nausea was higher for
treatment naive subjects who received ABT-378/ritonavir 400/200 mg than subjects who
received 400/100 mg dose. In addition, across-study comparisons suggested that naive -
subjects receiving ABT-378/ritonavir 400/200 mg dose tended to have higher incidence
rates of nausea compared to experienced subjects receiving the same dose.

For the ABT-378 effects on cholesterol and trwlycemde levels, it should first be
recognized that serum samples were collected without regard to fasting in the Phase I1
ABT-378 trials. Nonetheless, elevations of cholesterol and triglyceride levels were
observed in all studies. The dose-respanse as a function of time is found to be both
complex and ambiguous, with a relatively rapid early increase followed by stabilization.
An exploration of the concentration effect relationship based on M97-720 and M98-957
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data found no apparent correlation between ABT-378 AUC and the maximum changes in
cholesterol or triglyceride levels over an approxiinately 10-fold range of AUC values.
These results indicate that the increase of lipid levels is mechanistically complex and
intersubject variablity in concentrations explains only a very small fraction of total
variance. Pharmacologic interventions with HMG-CoA reductase inhibitars, principally
atorvastatin and cerivistatin, appeared to be effective in lowering cholesterol in subjects

with very high cholesterol or triglyceride levels.
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2.7 Virology Overview

This overview summarizes the results contained in seven virology reports'” covering
both it vitro and in vivo virologic studies with ABT-378/ritonavir. The information
contained in these reports provides the basis for understanding the virologic activity of

ABT-37|8/ritonavir_in vivo as well as the development of resistance to ABT-378/ritonavir

and its implications,

2.7.1 Inhibition of HIV Protease by ABT-378
ABT-378 has been shown to be a potent inhibitor of HIV protease, with 2200,000-fold

selectivity over related human enzymes. -

2.7.1.1 Enzymatic Inhibitory Potency and Selectivity of ABT-378.

The Ki values of ABT-378 and ritonavir for inhibition of recombinant wild type and
mutant HIV proteases at pH 4.7 were determined in a fluorogenic assay (Table 1). At this
pH, the potency of ABT-378 (1.0 pM) against the wild type enzyme was approximately
12-fold higher than that of ritonavir, The activities against two sité-directed mutant
ptoteases representing the initial steps of the ritonavir resistance pathway in vivo were
also examined. Whereas the potency of ritonavir declined by 12- and 60-fold against the
V32A and V82F mutant proteases, respectively, the activity of ABT-378 diminished only
slightly (2- and 3-fold, respectively) and remained higher than that observed for ritonavir

against the wild-type protease.

As a measure of selectivity, the inhibitory potency of ABT-378 against several human
aspartic proteinases was examined, ICy, values for plasma renin, cathepsin D and
cathepsin B were measured at >10,000 oM, 2000 nM and 200 nM, respectively,
representing an ~200,000-fold selectivity for HIV-1 protease. Based on this high
selectivity, it is unlikely that inhibition of human aspartic proteinases by ABT-378 in vivo

is of any physiological consequence.



ABT-378/ritonavir
Application Swmmary

Table 1. Inhibition of Aspartic Proteinases by ABT-378

| Ki (nM)
Enzyme ABT-378 Ritonavir
Wild type HIV protease 0.0010 © 0012
V82A mutant HIV protease 0.0022 0.14
V82F mutant HIV protease 0.0030 - 0.72
Human plasma renin >10,000 >10,000
Human cathepsin D 2,000 20
Human cathepsin E - 200 8

2.72 Antiviral Activity of ABT-378 in Vitro

The antiviral activity of ABT-378 in vitro has been evaluated against both laboratory
strains of HIV and primary subject isolates, The effect of human serum on the i vitro
activity of ABT-378 has also been investigated. Finally, the antiviral activity against

mutant clones and isolates has been assessed.

2.7.2.1 Antiviral Activity of ABT-378 Against Wild Type HIV Laboratory Strains
The anti-HIV activity of ABT-378 against HIV-1y,, was evaluated in MT4 cells using

cytopathic effect as an endpoint (Table 2). ECy, values (expressed below as mean +

standard deviation) were determined in the absence of human serum and in the presence
of 50% human serum in order to gauge the effect of serum protein binding on the
antiviral activity (each assay also contained 10% fetal calf serum). In the presence of
50% human serum, the EC,, of ABT-378 (0.102 M) was 6-fold higher than in the
absence of‘ human serum, By comparison, the ECy of ritonavir increased by 18-fold in
the presence of 50% human serum, Thus, in the presence of human serum, the antiviral

potency of ABT-378 was 10-fold higher than that of ritonavir,
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Tabie 2, Auntiviral Activity of ABT-378 Against HIV-1y; in Vitro

Mean ECsg (V)
Inhibitor n 0% -Human Serum  50% Human Serum
ABT-378 10 0.017£0004 - 0.102+0.044
Ritonavir 10 0.058 =£0.014 1.044 £0.306

In separate experiments, the antiviral activity of ABT-378 against five laboratory HIV-1
strains (pNL4-3, HXB2, HIV-1p, HIV-1 RF and HIV-1 MN) was determined in MT4
cells, The mean EC,, in the absence of human serum rangéd from 10 to 27 nM with an
average EC;, against the five strains of 19 nM. In the presence of human serum, the

' average EC, of ABT-378 increased by 9-fold to 163 nM (range 65-289 nM). ABT-378
displayed equal activity against both HIV-1 and HIV-2, with EC,, values of 25 and 104
nM against one laboratory HIV-2 strain (HIV-2 MS) in the absence or presence of 50%

human serum, respectively.

Thé cytotoxic effect of ABT-378 in MT4 cells uninfected with HIV was also assessed.
The CCIC,, value for ABT-378 in the absence of human serum was 22 & 7 uM (n = 10),
The in vilro selectivity index (CCIC,/ECy) of ABT-378, calculated using the ECy, value
from Table 2, was 1294,

2.7.2.2 Aantiviral Activity of ABT-378 Against Wild Type Clinical Isolates
The antiviral activity of ABT-378 against HIV isolated from subjects prior to ritonavir

therapy was determined by PBMC coculture using p24 antigen production as an endpoint
(no human serum was added to this assay). The average EC,, for ABT-378 for 6 isolates

was 6.5 nM. The average EC,, for ritonavir for the same six isolates was 20 oM.

2.7.2.3 Activity Against HIV'Islolat_ed from Subjects on Ritonavir Illel'apy
The activity of ABT-378 was examined against viral isolates from subjects who

experienced a rebound in plasma HIV RNA during ritonavir monotherapy, EC;, values
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against selected strains are provided in Table 3. In general, multiply mutant strains with

in vitro resistance to ritonavir (RTV) also displayed reduced susceptibility to ABT-378,

~but to a lesser degree.

Table3.  Activity of ABT-378 Against Mutant HIV from Subjects on Therapy

with Ritonavir

EC,, (nlM)
Pt. No. Day Resistance Mutations in Sequence ABT-378 RTV
129 -1 E35D,N378, L63P | 5 24
129 140 K20K/R, E35D, M36M/L, 154V, ATIA/V, V82T, 28 677
VTIvVIG
131 -28 L63P, 193T 4 18
131 200 K20K/R, E35D, M36L, 154I/V, L63P, V82A 52 731
224 -6 E21Q,R41G,FS3F/L 6 29
224 190 [13G/T/V, K20K/N/R, E21Q, L24L/S, L33L/F, 52 496
M36M/I, L38W, R41S, [47VR, I54V/M, VB82S |
313 1 Le3P 4 12
313 85 113V, Gl6E, M36M/L, I541/V, Q61Q/H, L63P, 25 274
V82S/E/A/T
410 .1 R41K, L63P 6 29
410 85 IL\'I:"B%II E35D, M36I, N371, 154V, L63P, V82A, 97 545
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2.7.3 In Vitry Selection of HIV Resistant to ABT-378 |

2.7.3.1 Selection for ABT-378 Resistant HIV-1 by in Vitro Passage of ABT-378
Alone and ABT-378/Ritonavir Mixtures ‘

HIV variants resistant to ABT-378 in vilro were selected by serial passage of the pNL4-3
strain in MT 4 cells in the presence of increasing concentrations of ABT-378 alone
(experiments C and D) and two fixed concentration ratios (5/1 and 15/1) of ABT-
378/ritonavir (experiménts A and B, respectively). Virus was initially grown in the
presence of 1 nM (selection A-C) or 20 nM (selection D) of ABT-3 7% (passage P1), and
during the course of the 5-month selection procedure, the concentration of ABT-378 was -
gradually increased to 3000- 4000 nM (passage P17-26), Similarly, 0.2 and 0.067 nM
concentrations of RTV were used in passage 1 of selection experiments A (Al) and B
(B1) respectively, and the concentrations were then gradually increased to keep constant
ratios of ABT-378/ritonavir (5/1=A. and 15/1=B) at each successive passage. The
phenotypic susceptibilities of some of the passaged variants to ABT-378 and RTV are
provided in Table 4. The susceptibility to both inhibitors decreased with successive
passages in each experiment, irrespective of whether RTV was present in the passage
experiment. In the two selection experiments that included RTV (A, 5/1 and B, 15/1), the
EC,, for RTV against each passaged virus was > 8-fold higher than the concentration of
RTV used at each corresponding passage (Tables 3 & 4), indicating little or no selective

pressure by RTV in the selection experiments.
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Tabled.  Susceptibility of the Passaged Variants to ABT-378 aud Ritonavir

Passage Concentration (uM) Vean ECs0 uM (Fold Change)
Virus ABT-378 Riﬁnmvir | ABT-378 Ritenavir
pNL4-3 Va n/a 0.06 (1) 0.16 (1)
All 0,72 0.144 0.68 (11) , 1,51 (9)
Al7 1.5 0.3 >3.31(= 55) >8.1(=51)
A25 4.0 0.8 4.02 (67) 6.05 (38)
B11 0.72 0.048 - 049(3) 2.21 (14)
Bl17 1.5 0.1 _ 23.06(251) >8.33 (> 52)
B26 4.0 . 0.267 >4.2(>70) >8.33 (> 52)
Clt 0.72 0 - 0.55(9) 1.18 (7)
C24 4.0 0 3.85 (64) 3.8 (24)

2.7.3.2 Sequence Analysis of Variants Sele;:ted in Vitro by ABT-378
A compilation of the common amino acid substitutions observed following selected

passages is shown in Table 5. Both selection A (passage with 5/1 of ABT-378/ritonavir)
and D (passage with ABT-378 alone) produced a similar pattern of mutations, At passage
6, the 184V mutation emerged and remained present in all clones sequenced after passage
7 (A7, D7). Following this change, a sequential accumulation of mutations to produce the
184V-L10F-M461-V321-147V-QSSE and 184V- L10F-M46[-T91S/T-V32I-I47A-
G16E/G-H69Y/H genotypes was observed in selection experiments A (A9to A25)and D
(D6 to D25), respectively. Thus, although the variants from selection A and D were
generated with ABT-378 either in the presence of ritonavir (A, 1:5 ritonavir:ABT-378) or
alone (D), they shared the same initial mutation (I84V) and 4 other mutations (L{OF,
M461, V321, and I47V). Likewise, selection with 15/1 of ABT-378/ritdnavir (selection B)
and a second passage with ABT-378 alone (selection C) also generated the same inittal

mutations: I50V/M46L. These two mutations were retained in the subsequent passages of
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both selection B (B9-B26) and C (C9-C24). However, they were followed in subsequent
passages by a different set of mutations (Table 5). The differences between the observed

patterns. of mutations in the four passage experiments is likely to reflect the stachastic

nature of if vitro selection rather than specific causative effects of low concentrations of

ritonavir present in two of the experiments.

Table §. Common Mutations Observed During in Vitro Selection with ABT-378
and ABT-378/ritonavir

Vims Mutations in HLIV Protease

All 184V, L10L/F, M46M/L, V32V/I

Al7 184V, L10F, M46I, V32l 147V, QS8E

A25 184V, L10F, M46I, V32I, 147V, Q38E

Bl1l  IS0I/V, Md4aM/I, V82V/L, K45K/I

B17 150V, M46I, A71V, V82F

B26  I50V, M46I, A71V, V82F, L33F, 154V, K451

Cll 150V, M4él ,

C17  Is0V, M46L L10F, 47V

C24 IS0V, M46I, L10F, 147V, 132V, E34Q, Q61H, E65Q
D1l 184V, L10F, M46I, T9LS/T

D17 184V, Ll-OF, M46l, T91S/T, 147A, GI6E

D25 _ 184V, L10F, M46I, T91S/T, V32V/L, 147A, G16G/E, H69Y/H

2.7.3.3 Susceptibility of Mutant Clones to Protease Inhibitors

Viral clones with specific mutations that were observed during selection experiments A,
B, and C were constructad, and their susceptibility to ABT-378 and other protease
inhibitors was evaluated, All constructed mutants (A25-clone 2, B26-clone 12 and C24-
clone 1) that contained more than 5 mutations with either I34V or IS0V as a primary
mutation were highly resistant to both ABT-378 and RTY, with EC;, values ranging from
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27-to 49-fold and 9- to 72-fold, respectively, above those for wild type virus. These
viruses were also highly cross-resistant to amprenavir (APV) (42~ to 65-fold), and of
intermediate resistance to indinavir (IDV) and nelfinavir (NFV) (ranging from 2- to 18-
fold). However, all mutant clones remained susceptible to saquinavir (SQV).

2.74 Cllaracteri;atidu of Pheuotypic Cross-Resistatce beﬁveen ABT-378 and
Other Protease Inhibitors in Vitro
The relative potencies of ABT-378 and other protease inhibitoes have been compared
against two different sets of subject isolates. The first set consisted of the combined -
baseline isolates from Study M97-765 (single Pl-experienced subjects) and a panel of
viral isolates selected by VIRCO. The R? values for comparisons of the log fold ECy, of
RTV or IDV vs. that of ABT-378 were high (0.70 and 0.64, respectively), indicating a
high correlation of phenotypeé. In contrast, the correlation of fold EC,, between ABT-
378 and either SQV or NFV was low (0.29 and 0.26, respectively). These results suggest
that the pattetns of phenotypic susceptibility to ABT-378 resemble those of RTV and
IDV more closely than those of NFV or SQV. This observation was confirmed ina
second analysis of a panel of 56 viral isolates from multiple PI-experienced subjects
(Study M98-957 baseline isolates). As shown in Figure I, the correlation of fold EC,, of
ABT-378 against the viruses in this panel with the fold ECy, of RTV and IDV was very’
high (R*=0.90 and 0.82, réspectively). As with the previous panel, the correlation
between susceptibility to ABT-378 and to either NFV or SQV (R3‘= 0.68 and 0.55,
respectively) was significantly lower than to RTV or IDV. Finally, in this panel the
phenotypic pattern of susceptibility to ABT-378 also varied substantially from that of the

pattern of susceptibility to APV (R*= 0.58).
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Figure 1.  Relative Phenotype 0fM98-957 Baseline Viruses to-ABT-378 and Other
Protease Inhibitors
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2.7.5 Correlation of Genotype and Reduced Pli_enotypic Susceptibility to ABT-378

The association of genotypic changes in HIV protease with reduced 71 vilro susceptibility
to ABT-378 was exblored using a panel of 112 viral isolates from subjects failing PI
therapy. This panel consisted of all of the baseline isolates from Study M97-765 (single
Pl-experienced sul:;jects) and Study M98-957 (multiple Pl-experienced subjects) for
which HIV protease sequence and phenotypic susceptibility to ABT-378 were available.
The EC, of ABT-378 against this panel ranged from 0.6- to 95.8-fold compared to that

against the wild-type standard virus. Characterization of the isolates from the two studies

is presented in Table 6.

Table 6, Characterization of the Baseline Viral Isolates Used in the Correlation
of Genotype and Plienotypic Susceptibility to ABT-378

Study M97-765 Study M98-957

Number of baseline isolates included 56 56
Median humber of previous Pls : 1 3
- Mean fold EC,, (ABT-378) 2.8 16.1
" Median fold EC,, (ABT-378) ' 1.1 . 52
Range of fold EC,, (ABT-378) 0.7-259 0.6 -95.8

2.7.5.1 Identification of Mutations in HIV Protease Associated with Reduced in
Vitro Susceptibility to ABT-378

Two statistical tests (Wilcoxon Rank Sum Test and ANOVA), both of which consider the
EC;, as a continuous response variable, were used to compare the phénotype of viruses
containing a mutation at a particular amino acid position with the phenotype of viruses
with the wild-type sequence at that position. Using both of these methods, the same
eleven amino acid positions in HIV protease (10, 20, 24, 46, 53, 54, 63, 71, 82, 84 and
90) were found to be étatistica[ly correlated with reduced in vitro susceptibility to ABT-

378. Since the sequence at some positions can mutate to more than one different amino
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acid, the specific amino acid mutations found within the panel were assigned based on
literature reviews and searches of three online databases as either being ‘likely to
contribute’ to reduced susceptibility to ABT-378 or of ‘unknown contribution’.

F ollowiﬁg the identification of the subset of amino acid mutations assigned as ‘likely to
contribute’, these data were reanalyzed using the Wilcoxott Rank Sum Test and ANOVA
considering only this subset of specific amino acid mutations. The mutations associated
with reduced in vitro susceptibility to ABT-378 by this method, along with p-values for

each association, are provided in Table 7.

Median Fold EC,, Against Yiral Isolates Containing Mutations

Table 7.
Associated with Reduced in Fitro Susceptibility to ABT-378
Isolates Containing Isolates Lacking
Mutation Mutuetion
Falit EC;, Fold ECg, p-value
Mutations n Median  Mean n Median  Mean Wilcoxon  ANOVA
LIOE,LRorVY 69 4.6 14.5 43 0.9 L4 <0.0001 <0.0001
K20MorR 14 305 29.3 98 1.6 6.6 0.0001 <0,000¢
L241 10 14.0 26.7 102 L7 7.8 00011 0.0008
Mi6lor L 41 4.2 15.8 71 L1 5.8 0.0003 0.0002
F33L 13 4.6 24.6 99 16 7.5 0.0019 0.0014
4L, TorV 38 160 237 74 L1 21 <0000l  <0.0001
L63P 88 23 LL.5 24 L1 2.1 0.0026 0.0023
ATILL, VorT 63 36 ilL.2 47 L.l 7.1 0.0002 0.0001
V824, For T 40 140 215 72 Ll 2.8 <0.0001 <0.0001
184V 19 sl 4.8 93 14 8.4 0.0007 0.0004
L90oM 48 34 12.4 64 L1 7.3 0.0004 0.0003
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2.7.5.2 Analysis of in Vitre Susceptibility to ABT-378 with Respect to the Number
of Mutations

The susceptibility of the combined panel of isolates, expressed as the log of the fold EC;,
of ABT-378, as a function of the number of mutations at the eleven amino acid positions
in HIV protease identified above as ‘likely to contribL:te to reduced susceptibility’ to
ABT-378 (‘ABT-378 mutation score’) is shown in Figure 2. One or more primary
mutations at positions 82, 84 or 90 occurred in 71/73 (97%) of the isolates containing 3
or more mutations. Linear regression analysis for the subset of isolates containing 2 or
more mutations provided a model for the estimation of phenotype based on genotype.
The estimated slope for the regression model was 0. 241 log fold ECy/mutation (95% CI
0.201, 0.280), providing the algorithm ] 74(ABTS78 mtwionsesre2 £y the estimation of

phenotype.

2.00
R2=0.619

-y

o

o
I

Log Fold EC, (ABT-378)

c 1 2 3 4 5 & 7 8 9 10
Number of ABT-STG Mutations

Figure2.  Log Fold EC,, of ABT-378 witl Respect to the Number of Mutations
Associated with Reduced in Vifro Susceptibility to ABT-378

The median fold EC;, values of ABT-378 in vitro against the combined panel with
respect to the number of mutations associated with reduced susceptibility to ABT-378 are
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shown in Figure 3. Against isolates with 0-3, 4-5, 6-7 and 8-10 mutations, the median
EC;, was 0.8-, 2.7- 13.5- and 44.0-fold h‘igher than the ECs, against wild type HIV,
respectively. The L6 viruses that dispiayed >20-fold change in susceptibility all contained
mutations at positions 10, 54, 63 plus 82 and/or 84. In addition, they contained a median

of 3 mutations at amino acid positions 20, '24, 46, 53, 71 and 90.

2 3 4 5 6 7 8 a 10

0 1

] [~ o i)
(=] (=] (o= ] Q 8
i ] 1 ' ’

Median Fold EC5, (ABT-378)
a

Q
I

Number of Mutations

Figure 3.  Median Fold EC,, of ABT-378 with Respect to the Number of
Mutations Associated with Reduced in Vitro Susceptibility to ABT-378

2.7.6 Virologic Response of PI-experienced Subjects to Therapy with ABT-
378/ritonavir with Respect to Baseline Phenotype and Genotype

Retrospective studies with protease inhibitor regimens have determined that a 2- to 4-fold
change in baseline phenotype, compared to wild-type HIV, and/or the presence of 2-3
mutations in HIV protease is associated with a diminished response to salvage therapy
with PI-containing regimens, *'2 These relatively low susceptibility breakpoints for PI

regimens that have been studied are likely to be a consequence of relatively low
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inhibitory quotients (Cyyg, /ECs, ratios) for many Pls. Given the high, sustained ABT-378
plasma concentrations in subjects, the determinatioﬁ of phenotypic and genotypic
susceptibility breakpoints for ABT-378/ritonavir is important in order to provide for the
_accurate interpretation of HIV resistance tests. Accordingly, the virologic response to
ABT-378/ritonavir therapy with fespect to baseline phe;notype and genotype has been
examined both in single (Study M97-765) and multiple (Study M98-957) Pl-experienced
subjects. The results of these studies have not only established the basis for interpretation
of HIV resistance testing, but also provide valuable insight into the genetic' barrier toin

vivo resistance to ABT-378/ritonavir.

2.7.6.1 YVirologic Response in Single Pl-experienced Subjects (Study M97-765) |
Study M97-765 enrolled 70 subjects with plasma HIV RNA between 1,000 and 100,000
copies/mL on PI-based triple therapy at the time of screening for this study. At baseline,
samples were collected for analysis of genotype and phenotype. D_u'rin,g,'r the first two
weeks of the study, only the PI in the previous regimen was switched to ABT-
378/ritonavir. After the Week 2 visit, nevirapine was added to the regimen, and the NRTI
component of the regimen was switched to contain at least one new NRTI. Baseline

- phenotype and protease genotype data were available for 57/70 and 60/70 subjects,
respectively, Among the 57 subjects for whom baseline phenotype was available, the

identity of the PI at study entry was as follows: IDV—24 (42%), NFV—21 (37%),
SQV—9 (16%), RTV—3 (5%). -

All but two baseline viruses displayed 2 quantifiable (24-fold) change in susceptibility to
at least one of the drugs in the previous regimen, The median ECy, of the previous PI
against the baseline isolates was 7.6-fold compared to wild type HIV, and 36/57 (63%) of
baseline viruses displayed a >4-fold change in susceptibility to the previous PL. Changes
in phenotype to the RTIs of the previous regimen were even more evident: 50/56 (89%) -
of baseline viruses displayed a >4-fold change in susceptibility to at least one previous

NRTI, and 12/56 (21%) displayed a >4-fold change in susceptibility to two previous
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NRTIs. The mean fold change in ECy, of ABT-378 was 2.8-fold, and 11/57 (19%) of
baseline viruses displayed a 24-fold change in susceptibility compared to wt virus. The
baseline protease genotypes were characterized according to the specifications of the
Data Analysis Plan (DAP) of the HIV Resistance Collaborative Working Group. Using
this definition, the number of PL mutations in the baseline isolates ranged from O to 6.
Approximatély one third of baseline viruses showed little or no evidence of genotypic
resistance to PIs. The remainder contained a median of 4 mutations associated with
resistance to the PI class. A median of 2.5 NRTI-associated mutations was found in this

set of baseline viral isolates.

2.7.6.1.1 Analysis of Week Two HIV RNA ilesponse in the Context of Baseline
Phenotype

The HIV RNA decline between baseline and Week 2 for 54 subjects who cofnpleted two
weeks of therapy in Study M97-765 is plotted in Figure 4 as a function of the fold change
in baseline EC,, of ABT-378 (Week 2 RNA values of <400 copies/mL were scored as
400 copies/mL). There was no observed relationship between initial decline in viral load
and baseline phenotype (Spearman correlation coefficient = 0.099, p = 0.475). The mean
and median viral load decline in the 43 subjects with susceptible (<4-fold change in ECy,)
baseline viruses (—1.21 and —1.25 log copies/mL, respectively) was not different from
that observed in the 11 subjects whose baseline viruses showed a 24-fold loss of

susceptibility to ABT-378 (-1.11 and -1.19 log coples/mL, respectively). _
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Figure 4. Week 2 HIV RNA Decline as a Function of Fold Change in ECy, of
ABT-378 _

2.7.6.1.2 Analysis of Week 24 and 48 HIV RNA Response in the Context of Baseline
Phenotype and Genotype

The Week 24 and Week 48 virologic response in Study M97-765, with respect to the
baseline phenotype and genotype, was also examined. This analysis considered nat only
baséline parameters relating to ABT-378/ritonavir but also to the other drugs in the
treatment regimen at these time points. In general, the retrospective multivariate analyses
followed the guidelines of the DAP, and response was analyzed using both ‘dropouts as
censored’ (DAC) and ‘dropouts as failure’ (DAF) definitions. Baseline HIV RNA was
found to be most commonly associated with virologic response to <400 copies/mL. This
association was stronger at Week 24 than at Week 48, and was similar using both DAC
and DAF definitions of response. In contrast, the Week 24 response to <50 copies/mL
was not predicted by baseline viral load. Instead, response at this level was found to be

associated with the number of new drugs in the regimen and the number of baseline
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NRTI mutations, using both univariate and multivariate models. Importantly, the
response at both time points was not diminished in those subjects whose baseline viruses
displayed greater than 4-fold reduced susceptibility to ABT-378, using an H[V RNA cut-
off of either 400 or 50 copies/mL (Table 8). The results of the Week 24 and 48 analyses,
as well as those of the Week 2 analysis above, strongly suggest that the clinically relevant
susceptibility breakpoint(s) for ABT-378 are much higher than 4-fold, compared to wild-
type HIV. B |

Table 8.  Virologic Response in Study M97-765 with Respect toBaseline
Phenotype to ABT-378 - '

Virolagic Response (percent)
Week  HIV RNA Cut-off <d4-Fold Change 24-Fold Change -p-value

(copies/mL) in Baseline EC;;  in Baseline EC;,
24 400 37/43 (86%) 11/11 (100%) 0.96
50 31/43 (72%) 8/10 (80%) . 0.61
48 400 34/41 (83%) 8/10 (80%) 0.83
50 28/41 (68%) 6/10 (60%) 0.62

Similarly, there was no relationship between the number of baseline mutations associated
with PI resistance and the virologic response at Week 24 and Week 48 in Study M97-765,
in spite of the fact that 40% of the baseline viruses contained 4-6 of those futations
(Table 9). This lack of correlation suggests that the genotypic breakpoint for clinical
response to ABT-378/ritonavir is greater than 4 or 5 mutations, Further, these results
suggest that viral isolates from subjects with even mare antiretroviral treatment

experience than those subjects enrolled in M97-765 will be required to determine both

the genotypic and phenotypic susceptibility breakpoints.
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Table 9. Virologic Response in Study M97-765 with Respect to the Number of
Mutations Associated with Protease Inliibitor Resistance

Virologic Respounse
HIV RNA Cut-off 400 copies/mL 50 copies/mL
No. of Mutatious Weel 24 YWeek 43 Weelc 24 Weel 48
0 14/18 13/18 13/18 11/18
2 9/9 8/8 7/ 7/8
3 U7 ' 517 5/7 5/7
4 8/8 718 18 6/8
3 10/12 -9/11 8/12 6/11
6 3/3 212 2/2 Y
Total 51/57 44754 42/56 36/54
p-value 0.25 0.38 0.79 - 0.82

2.7.6.2 Virologic Response in Multiple PI-experienced Subjects (Study M98-957)
The virologic response in Study M98-957 was also exatﬁined with respect to baseline
genotype and phenotype. Study M98-957 is an ongoing. open-label Phase I/II study of the
antiviral activity of ABT-378/ritonavir plus efavirenz (EFV) and NRTIs in multiple PI-
experienced, NNRTI-naive subjects with plasma HIV RNA. > 1,000 copies/mL.. The
median number of prior PIs, prior NRTIs and prior antiretroviral agents was 3, 4 and 7.5,
respectively, and 16/57 subjects (29%) had previous treatment with 4 PIs. After 24 weeks
of therapy, plasma HIV RNA <400 copies/mL was observed in 86 % of subjects (on
treatment analysis). Plienotype and genotype were obtained on the baseline isolates from

56/57 subjects. The previous PI experience among those 56 patients was the following:
IDV—86%, RTV—77%, SQV—71%, NFV—57%.

The 56 baseline viruses displayed quantifiably (>2.5-fold) reduced susceptibility to a
median of 5 PIs, and 46 (82%) isolates showed reduced susceptibility to at least one PL.

The susceptibilities of the baseline isolates to ABT-378 ranged from 0.6- to 96-fold
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compared to the standard wild-type virus. The median and mean EC,, values of ABT-378
were 5.2-fold and 16.2-fold, respectively. The frequency of >10-fold, >20-fold and >40-
fold reduced susceptibility to ABT-378 was 24/56 (43%), 15/56 (27%) and 8/56 (14%),
respectively. In general, broad it vitro resistance to the PI class correlated with
substantially reduced susceptibility to ABT-378. Thus, all but two of the 24 isolates that
displayed >10-fold loss of susceptibility to ABT-378 also displayed >10-fold reduced
susceptibility to at least 3/5 of the remaining PIs tested. In addition to displaying
substantial in vitro phenotypic resistance, the majority of the baseline isolates contained

multiple mutations associated with PI resistance (Figure 5).
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Figure 5. Incidence of Mutations Associated with Reduced Susceptibility to
Protease Inhibitors among thie M98-957 Baseline Viral Isolates

2.7.6.2.1 Analysis of Virologic Response at Week 24 in the Context of Baseline
Phenotype and Genotype

Two statistical approaches to analyzing the virologic response at Week 24 in Study M98-
957 were employed: univariate analysis with respect to baseline phenotype and genotype,

and stepwise logistic regression of the above parameters plus 17 additional covariates. A
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total of 52 of the.56 subjects for whom baseline data were available qualified for the

Week 24 analysis by virtue of completing at least 8 weeks of ABT-3 78/ritonavir therapy.
Of these 52 subjects, 42 (81%) had HIV RNA <400 copies/mL at Week 24 and 10 (19%)

had experienced virologic failure.

Virologic response in Study M98-957 was clearly related to both baseline phenotype and
genotype, as summarized in Table 10, Uniformly high response (27/29, 93%) was
observed afnong subjects whose baseline isolate displayed <10-fold reduced i1 vitro
susceptibility to ABT-378, compared to wild type HIV. The response rate diminished
somewhat in those whose baseline viral susceptibility to ABT-378 was either 10- to 20~
fold or 20- to 40-fold (78% and 67%, respectively). A further decrement in the response
rate (50%) was observed among those subjects with baseline isolates with >40-fold
reduced i vitro susceptibility to ABT-378 (p=0.019, Fisher’s exact test for the 2X4 table
of response versus baseline fold EC,,). Virologic response was also related to baseline
genotype. In particular, a high response rate (24/25, 96%) was observed among subjects
whose baseline isolate contained five or fewer of the eleven mutations associated with
reduced 1 vifro susceptibility to ABT-378 (amino acid positions 10, 20, 24, 46, 53, 54,
63, 71, 82, 84 and 90 in HIV protease). The response rate diminished in those subjects
with six or seven baseline mutations (76%), and a substantially lower rate (33%) was
observed in the six subjects who;se baseline isolates contained 8 or more mutations
associated with reduced susceptibility to ABT-378 (p=0.0024, Fisher’s exact test for the

2X3 table of response versus number of baseline mutations)
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Table 10.  Virologic Response at Week 24 in Study M98-957 with Respect to
Baseline Phenotype and Genotype '

Baseline Fold EC;; (ABT-378) Response Rate

<4-fold 21/23 (91%)
4- to 10-fold 6/6 (100%)
10-to 20-fold 7/9 (78%0)
20-to 40-fold 4/6 (67%)
>40-fold 4/8 (50%)
Numbei of Baseline Mutations Response Rate
| Oto§ - 24/25 (96%)
6or7 16/21 (76%)
8to 10 2/6 (33%)

Univariate logistic regression models of the virologic response at Week 24 as a function
of baseline phenotype and genotype were constructed. The estimated response produced
by these analyses are shown in the solid lines in Figures 6 and 7, respectively, with
corresponding 95% confidence intervals (dashed lines). Point estimates for virologic
response for 4-fold, 10-fold, 20-fold and 40-fold reduced susceptibility to’ABT-378 at
baseline were 90%,-81%, 72% and 59%, respectively. Similarly, point estimates for
virologic response for 3, 5, 7 and 9 baseline mutations were 96%, 88%, 70% and 43%,
respectively. Using a conservative measure of response (i.e., the lower 95% confidence
limit), the probability of response was at least 50% with baseline susceptibilities up to 23-
fold above that of wild type HIV. Similarly, the probability of response was at least 50%

or greater in subjects with up to 7 baseline mutations (out of the 11 that are associated

with reduced susceptibility to ABT-378).
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In order to assess the effect of baseline phenotype and genotype in the context of other
baseline parameters that might be expected to impact virologic response, we also
performed a stepwise logistic regression using a total of 19 parameters. These included
demographic factors (age, gender, weight), medical and treatment history (time since
HIV diagnosis, time since the initiation of PI therapy, number of previous antiretroviral
agents, number of previous NRTIs, number of previous PIs), immunological factors
(CD4 level, CD8 level), baseline virological parameters [HIV RNA, log fold ABT-378
EC,,, log fold EFV EC,,, NRTI phenotypic susceptibility (2.5-fold cut-off), number of
ABT-378 mutations, NRTI genotypic susceptibility score and NNRTI genotypic
susceptibility score], the number of new NRTIs in the treatment regimen, and ABT- -
378/ritonavir dose. The baseline phenotypic susceptibility to ABT-378 entered the
regression model first and remained in the model at all subsequent evaluations. This
variable was most closely associated with the Week 24 virologic response (p = 0.0161) in
the “final” model. Other variables constituting the final model were the NRII phenotypic
susceptibility score (2.5-fold cut-off), years since HIV+ diagnosis, baseline weight and
the number of new NRTIs. Since the phenotypic susceptibility to ABT-378 and the
number of ABT-378 mutations are highly interrelated, the two parameters could not co-
exist within the stepwise logistic regression model. Therefore, to assess the effect of
baseline protease genotype, a second stepwise logistic regression, CXCII:ldillg the baseline
ABT-378 phenotype, was performed. In this case, the number of ABT-378 mutations
entered the model first and remained in the model as a significant predictor of Week 24
response. As with the previous model, the years since HIV+ diagnosis, NRTI phenotypic

susceptibility score, baseline weight and the number of new NRTIs were also associated

with response.

2.7.7 Analysis of the Genotype and Phenotype of Isolates from Subjects
Experiencing Rebound in HIV RNA on Therapy with ABT-378/ritonavir

To investigate the selection of resistance in vivo by ABT-378/ritonavir, the genotype and

phenotype of 23 post-rebound viral isolates were examined for those subjects in three
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Phase I/II clinical trials (Studies M97-720, M97-765 and .1\/[98-957) who experienced a
sustained rebound in plasma HIV RNA to >400 copies/mL while on therapy with ABT-
378/ritonavir, Study M97-720 examined the activity of ABT-378/ritonavir plus stavudine
(d4T) and lamivudine (3TC) in antiretroviral-nafve subjects. Study M97-765 examined
the activity of ABT-378/ritonavir plus nevirapine (NVF) blus two nucleoside reverse
transcriptase inhibitors (NRTIs) in single PI-experienced, non-nucleoside RT inhibitor
(NNRTI)-naive subjects. Study M98-657 examined the activity of ABT-378/ritonavir
pius efavirenz (EFV) plus NRTIs in multiple PI-experienced, NNRTI-naive subjects.

2,7.7.1 Analysis of Rebound Samples from Study M97-720
Rebound isolates were examined from 4 subjects in Study M97-720. No detectable

change in susceptibility to ABT-378 and no new mutations in HIV protease, compared to

the baseline isolates, were observed, In contrast, evidence of the evolution of resistance to
3TC (M184V mutation in reverse transcriptase) was found in the rebound isolates from
two subjects from Study M97-720. Concurrently, a change in phe-notypic susceptibility to
3TC (3.3- and 39.1-fold, respectively) was also observed.

2.7.7.2 Analysis of Rebound Samples from Study M97-765
The rebound isolates from 9/10 subjects examined from Study M97-765 showed

evidence of resistance development to at least one drug in the study regimen. Within the
rebound viruses of these 9 subjects two genotypic and phenotypic patterns were observed.
In 5 subjects, thers was no detectable development of resistance to ABT:378 during
plasma HIV RINA rebound. Baseline genétype and phenotype were available for 4/5 of
these subjects; rebound viruses from all five were characterized. The 4 baseline viruses
were fully susceptible to ABT-378 (EC;, ranged from 0.7- to 1A.3-fold, compared to wt
HIV). Following rebound, there was no detectable change in susceptibility to ABT-378
from that of the baseline isolates. This lack of change in phenotype was corroborated by
the protease genotype. The four available baseline isolates contained 3 or fewer

mutations associated with Pl-resistance (2 or fewer of the 11 mutations associated with
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reduced susceptibility to ABT-378). No new mutations associated with resistance to Pls
appeared following rebound. However, the rebound isolates from all 5 subjects displayed
high-level phenotypic resistance to NNRTIs and contained 1-3 mutations in reverse

transcriptase associated with NNRTI resistance.

-In contrast, the protease sequence in each of the baseline isolates from the remaining 4

subjects contained 4 of the 11 mutations associated with reduced in vitro susceptibility to
ABT-378. Moreover, the baseline viruses from 3 of the 4 subjects also displayed ?S-fold
reduced susceptibility to NVF, and one contained the K103N mutation’in reverse
transcriptase. The mean baseline EC5q values for ABT-378 and NVP against the 4
baseline isolates were 8.6 and 11,6-fold, respectively, compared to wt. Following
rebound, the mean EC;, of ABT-378 against the isolates that could be cultured (from 3/4
subjects) was 27.8-fold compared to wt HIV. Concurrent with the increase in the ECy, of
ABT-378, new mutations associated with reduced in vitro susceptibility to ABT-378

“and/or resistance to other PIs {positions 10,24, 33, 36, 46, 54, 63 and B2 in HIV protease)

appeared in the sequences of the rebound isolates. High-level phenotypic resistance
(mean >50,9-fold) to NVP was also observed in the rebound isolates along with

mutations associated with NNRTI resistance.

2.7.7.3 Analysis of Rebound Samples from Study M98-957
The baseline isolates from 8/9 subjects examined from Study M98-957_disp1ayed >10-

fold (range 12- to 96-fold) reduced susceptibility to ABT-378 and contained a median of
7.5 (range 6-9) of the 11 mutations associated with reduced susceptibility to ABT-378.
Following rebound, either no or marginal changes in ABT-378 susceptibility, compared
to the matched baseline isolates, were observed in those 8 subjects. Concurrently, there
was little evidenée of evolution in the protease gene as a consequence of rebound during
ABT-378/ritonavir therapy. In contrast, the baseline isolate from one subject displayed
only marginally reduced (2.8-fold above wt ECy,) susceptibility to ABT-378 and the

protease sequence contained only 4 mutations associated with reduced susceptibility to
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ABT-378. Following rebound, the ECy, of ABT-378 increased to 99-fold above the wt
EC,, and four new mutations in protease (I54A, A71V, IT2R, and Y82A) were detected.

In addition, the rebound isolates that emerged in all 9 subjects were resistant to EFV.

2.7.7.4 Cross-resistance of Isolates Selected by ABT-378/ritonaviv in Vivo to Other
Protease Inhibitors :

The cfoss-resistal_xce to other PIs of seven rebound isolates from the four sﬁbj ects in
whom increased resistance to ABT-378 during ABT-378/ritonavir therapy was noted (3/4
M97-765 subjects for whom rebound isolates could be cultured and one MO98-957
subject) was examined (Table 11). Notably, each of these 4 subjects were Pl-experienced
prior to ABT-378/ritonavir therapy, and baseline isolates frorm each subject contained
multiple mutations in HIV protease associatedAwith resistance (and cross-resistance) to
the PI class. Thus, the evaluation of cross-resistance of viruses selected inz vivo only by
ABT-378/ritonavir (or with ABT-378/ritonavir as the only PI) is not feasible at this time.
The rebound viruses from each of the 4 subjects either remained (if cross-resistant at
baseline) or developed cross-resistance to ritonavir, indinavir, and nelfinavir. In the 2
subjects that were naive to saquinavir therapy, there was no change in susceptibility to
saquinavir between the baseline and rebound isolates (all displayed wt susceptibility to
SQV concucrent with up to 78.7-fold resistance to ABT-378). Each of the 4 subjects was
naive to amprenavir therapy. Following rebound a modest level of decreased
susceptibility to amprenavir was observed (the mean EC,, against the 7 isolates was 5.1-
fold above wt ECy,). Notably, the rebound virus from one subject, which displayed 52.5-
to 205-fold reduced susceptibility to the other five PIs tested, including 99-fold resistance
to ABT-378, demonstrated only an 8.5-fold reduced susceptibility to APV Finally, the

investigational protease inhibitor tipranavir" was found to maintain full activity against

the 3 rebdund isolates tested.
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Table 11:  Cross-resistance of the Viruses Selected by ABT-378 to Other Protease

Inhibitors
: Fold EC;, change

Pt # Day ABT-378 RIV SQV IDV  NFV APV TPV
311 -1 5.2 12.1 15 10,2+ 74 14 -
84 203 101.9 19 156  17.8 4.6 -
140 33.6 37.9 24 93% 274 25 -
401 -1 2.5 226  324* 126 335 3.4 -
253 3.7 154  163* 82 20.5 5.5 1.2
341 9.4 195 >29.8% 106 - 30.1 5.4 1.1
415 -1 0.7 45 3.4 157 >542* 06 -
" 337 463 162 06 87 1.6* 2.9 0.8
501 787 26.6 0.4 6.8 8.5% - 6.6 -
548 -1 2.8 5.0% 1.8% 1.8% 2.3 1.3 -

153 99.0 260.9* 520 156.0* 2050 8.5 -

*Denotes PI with which the subject had been treated prior to ABT-3 78/ritonavir therapy

2.7.8 Integrated Interpretation of Virologic Studies with ABT-378/ritonavir

The preceding sections of this overview summarize observations concerning the virologic
activity of, and development of resistance to, ABT-378/ritonavir both in vitro and i vive,
Taken together, these observations provide support for several coqclusions that may have
clinical significance. The support for these conclusions, from the perspective of the

integrated virologic studies performed to date, is discussed below.

2.7.8.1 ABT-378 Provides the Auntiviral Activity of ABT-378/ritonavir
The ABT-378/ritonavir combination contains two active agents; ABT-378 to iqhibit HIV
protease (thus to block the formation of infectious virus) and ritonavir to inhibit human

cytochrome P450 (CYP) 3A4 (thus to enhance and prolong the plasma levels of ABT-
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378). Since ritonavir also inhibits HIV protease as well as CYP 3A4, the possible role of
ritonavir in contributing to the antiviral activity of the ABT-378/ritonavir combination
has been investigated. Across studies, plasma ABT-378 concentrations are 13- to 20-fold
higher than those obtained for ritonavir following administration of ABT-378/ritonavir at
400 mg/100 mg BID.™ In addition, the EC,, of ABT-378 in the presence of 50% human
serum is approximately oue tenth of that for ritonavir. Since the antiviral activity of each
agent i vivo should be related to the ratio of the plasma levels for each agent to its
respective ECy,, one can assume qualitatively that the acfivity of the ABT-378/ritonavir
combination is derived almost exclusively from ABT-378. Further, one can conclude that
the contribution of ritonavir to the overall activity is clinically insignificant. Quantitative
phamacodynamic modeling provides support for this conclusion.™ Thus, the difference
between the calculated antiviral activity for the ABT-378/ritonavir combination
(assuming an additive virologic interaction) and the calculated activity of only ABT-378

at the same plasma levels was only 0.0037%."

In viiro passage experiments also suggest that ritonavir does not contribute significantly
to the antiviral activity of the ABT-378/ritonavir combination. In the two selection
experiments using constant ratios of ABT-378 and ritonavir (5/1 and 15/ 1), the
discordance between the concentration of ritonavir at various passages and the EC,, of
ritonavir against the passaged virus was > 8-fold, indicating little or no selective pressure
by ritonavir in the selection experiments, Moreover, the presence of ritonavir in two of:
the four passage experiments did not appear to affect the pattern of mutations that
emerged. On a theoretical basis, the presence of ritonavir alone at persistently sub-
inhibitory concentrations would be expected to select for protease mutations. However,
the obligatory, simultaneous presence of the mechanistically identical inhibitor ABT-378-
in far greater concentrations eliminates this selective pressure. Finally, any selective
pressure exerted by ritonavir in the ABT-378/ritonavir combination, however minor, is
unlikely to be of clinical consequence, since there is a high level of i1 itro cross-

resistance between ABT-378 and ritonavir in the two panels of isolates examined in these
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studies. Thus, the combined data from both virologic and pharmacokinetic studies

suggest that the antiviral activity of the ABT-378/ritonavir combination arises nearly

exclusively, if not solely, from ABT-378.

2.7.8.2 Actmty of ABT-378/ritonavir in Protease “Inhibitor- Experienced Subjects
is a Consequence of the High Plasma Levels of ABT-378 Rather Than a
Lack of Cross-Resistance Between ABT-378/ritonavir and Other Protease

Inhibitors
The results of Studies M97-765 and M98-957 demonstrate that ABT-378/ritonavir

displays substantial antiviral activity in subjects who have failed at [east one PI regimen,
Better adherence to the ABT-378/ritonavir regimens in these studies, compared to the
previous regimen(s), could provide one rationale for a portion of the observed activity in
-~ these patient populations. However, it is clear that ABT-378/ritonavir supplies a level of
antiviral activity, above that of the previous regimens, that leads to the suppression of |
viral load in the majority of subjects. The potent antiviral activity of ABT-378/ritonavir,
rather than suppression due solely to the o-ther components of the regimens (in particular
NVP or EFV in Studies M97-765 or M98-957, respectively), is demonstrated by the '
decline in plasma HIV RNA that occurred during the first two weeks of Study M97-765,
in which only the previous PI was changed to ABT-378/ritonavir. Further, the statistical
correlation of baseline phenotypic susceptibility (to ABT-378) and genotype (number of
protease mutations) to virologic response in Study M98-957 is inconsistent with the
premise that virologic response in that study was due only to EFV and the NRTI portion

of the study regimen.

Since it can be concluded that ABT-378/ritonavir exerts substantial antiviral activity in
Pl-experienced subjects, it is important to examine the mechanistic basis for that activity.
Two distinct mechanisms should be considered: (1) lack of virologic cross-resistance
between ABT-378 and other Pls, and (2) activity due to plasma drug levels that are
sufficient to inhibit viral strains with subs‘tanti'aily reduced phenotypic susceptibility to

ABT-378. Although some evidence for the first mechanism exists [a higher percentage of
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baseline viruses in Study M97-765 were phenotypically susceptible (<4-fold change in
EC,,) to ABT-378 than to the previous PIJ, there is overwhelming evidence for the
second mechanism. The phenotypic patterns of reduced susceptibility to ABT-378
correlated with those of both RTY and IDV. Moreover, ten of the eleven mutatiops in
HIV protease identified as being associated with reduced susceptibility to ABT-378 have
previously been shown to be selected during IDV and/or RTV therapy or to be associated
with resistance to one of those PIs. The observation that ABT-378/ritonavir exerts
substantial antiviral activity in subjects that have previously failed IDV- and/or RTV-
based therapy strongly argues that, because phenotypic resistance is always relative to the
drug concentrations presené (both in vitro and in vivo), high sustained ABT-378 plasma
levels are primarily responsible for overcoming the resistance of the baseline viruses in
the majority of Study M97-765 and M98-957 subjects. In contrast to results obtained with
other PI-based regimens,*!* this conclusion is further supported by the observation that a
4-fold change in baseline susceptibility to ABT-378 was not associated with diminished
virologic response in either Study M97-765 orM98-957. Instead, diminished response
only became evident in subjects whose baseline isolates displayed greater than 10- to 40-
fold reduced in vitro susceptibility to ABT-378, Since the ratio of the ABT-378 trough
level to its serum-adjusted ECy, is much higher (>75 for wild-type HIV when dosed as
ABT-378/ritonavir at 400/100 mg BID) than those produced by the other PI-based
regimens examined in other retrospective studies,""" this provides additional support for
the conclusion that ABT-378/ritonavir displays activity in Pl-experienced subjects

primarily because of high ABT-378 plasma levels rather than because of lack of virologic
cross-resistance.

2.7.8.3 Results of HIV-Resistance Testing for ABT-378/ritonavir Should Be
Interpreted in the Context of Clinical Results Rather than Solely Based on

in Vitro Daia
Results from the combined virologic studies with ABT-378 provide valuable information
for the interpretation of phenotypic and genotypic HIV resistance testing for

antiretroviral-experienced patients considering treatment with ABT-378/ritonavir,
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Current phenotype tests report the in witro susceptibility of clinical isolates to available
antiretroviral drugs, compared with the susceptibility of a standard wild type isolate.
These data are provided in the absence of clinical interpretation concerning the degree of
reduced phenotypic susceptibility, or (perhaps worse) accompanied by an interpretation

. based only on consideration of assay variability (e.g. sensitive if <4-fold, intermediate if
4- to 10-fold, and resistant if >10-fold change in ECs,, compared to the wild type
standard). Unfortunately, this intecpretation, which uses the same criteria to define
phenotypic “resistance” to all antiretroviral drugs, ignores substantial differences in the
pharmacology of individual agents as well as the potential drug-drug interaction between
these agents. In retrospective studies, a change in baseline phenotype of 4-fold or less
(defined by the sensitivity limits of the phenotypic assays) has been associated with
diminished virologic response to several PI-based regimens," illustrating the potential
utility of assigning some degree of phenotypic “resistance” using a 4-fold cutoff.
However, that association is likely to be coincidental, a consequence of the fact that the
inhibitory quotient (i.e., the plasma trough level to EC, ratio) of those PIs generally-

range from 1- to 5-fold above the respective serum-adjusted ECy, values against wild type
HIV. Thus, a 4-fold change in baseline susceptibility would reduce those inhibitory
quotients to 1 or less, and would be expected to affect virologic response. In contrast, the
inhibitory quotient for ABT-378/ritonavir, dosed at 400/100 mg BID, exceeds 75 for wild
type HIV, Therefore, viruses that display 4-fold reduced susceptibility to ABT-378 would
be expected to be strongly inhibited /1 vivo by ABT-378/ritonavir (i.e., the inhibitory
quotient for a 4-fold mutant could approach 20). Thus, the lack of an association of 4-fold
reduced baseline susceptibility with the virologic response observed in Studies M97-765
and M98-957 is not unexpected. In contrast, the mean inhibitory quotient for ABT-378
against viruses with 40-fold reduced susceptibility would be expected to be low (ca. 2).
Thus, the observed correlation between diminished response and clinical isolates with
greater than 10- to 40-fold reduced baseline viral susceptibility in Study M98-957 can be
readily explained by the inhibitory quotient of ABT-378. The results of phenotypic
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resistance testing with ABT-378/ritonavir are therefore best interpreted using the
probabilistic model developed in Study M98-957, since detection of reduced i1z vitro

susceptibility per se does not necessarily constitute clinical resistance.

Similarly, results from current genotypic resistance tests may be accompanied by
“interpretation,” suggesting evidence of resistance if a key primary mutation associated
with a particular P1 is present. This interpretation is supported by retrospective studies
demonstrating diminished response in subjects whose baseline isolates contained one or
two mutations associated with resistance to the PIs in their salvage regimen.!""* In .
contrast, no diminution of response was observed in subjects from Study M98-957 whose
baseline isolated contained at most 5 of the 11 mutations associated with reduced int viiro
susceptibility to ABT-378. Furthermore, the presence of a primary mutation(s) at position
82 and/or 84 plus three secondary mutations at positions 10, 54 and 63 was insufficient to
predict virologic failure. Instead, response was partially diminished in subjects with 6-7
baseline mutations, and further diminished in those with 8 or more baseline mutations.
These results suggest that subjects with up to 7 of the 11 mutations associated with
reduced susceptibility to ABT-378 might receive at least some level of antiviral activity
from therapf with ABT-378/ritonavir. Consequently, the results from these integrated
virologic analyses provide specific guidance for the use of ABT-378/ritonavir in

antiretroviral-experienced patient populations.

2.7.8.4 The Genetic Barrier to the Emergence of Resistance in Vive to ABT-
378/ritonavir is High but Finite :

Although most of the resistance data collected thus far in this development program
concerns the in vifro and in vivo activity of ABT-378 agai.nst viruses selected by other
protease inhibitors, the information gathered in this context also provides insight into the
genetic barrier to the i1t vivo evolution of resistance to ABT-378/ritonavir. In this context,
the genetic barrier to resistance can generally be defined as the number of mutations
needed to overcome the suppression of the drug /i vivo. This is obviously an

oversimplification because individual mutations can contribute differently to phenotypic
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changes. Nonetheless, provided there is at least one primary (active site) mutation present,
the overall susceptibility to PIs tends to decrease with increasing numbers of mutations in
the protease gene sequence. It is evident that the genetic barrier is dependent on the
incremental change in drug susceptibility-produced by a given nutation, as well as the
local concentration of drug at the site of replication (with Pls, approximated by plasma
levels). Thus, the genetic barrier might be more apprbpriately refecred to as the

pharmacological barrier to resistance.

As with many protease inhibitors, the incremental change in EC,, of ABT-378 per
additional mutation is relatively modest. Thus, the median EC;, of ABT-378 against
isolates containing 4, 5, 6 or 7 of the 1 1 mutations associated with reduced in vitro
susceptibility was only 2.4, 4.2-, 12- and 16-fold, respectively, above the ECs against

* wild type HIV. In contrast to other PIs, liowever, plasma ABT-378 levels maintained in
vivo represent many multiples of the EC, against wild type HIV. Therefore, in viruses
selected during therapy wi‘th other PIs, phenotypic changes that begin to approach plasma
ABT-378 trough levels are generally only observed when more than 7 mutations are
present. The clinical significance of this conclusion is manifested in Sf:uc}y M98-957,
wherein the virologic response in subjects initiating ABT-378/ritonavir therapy with 6-7
baseline mutations was greater than in subjects initiating therapy with 8 or more
mutations, albeit less than those initiating therapy with 5 or fewer mutations. These
analyses help delineate the range and limits of response to ABT-3 78/ritonavir therapy. In
subjects with viruses demonstrating high level resistance to ABT-378, providing higher
drug concentrations should theoreticaily compensate for diminished activity to some

extent, but it is likely that this strategy will have finite potential.

Provided that an alternate, as of yet undiscovered, mutation pathway to ABT-
378/ritonavir resistance is not favored, the above results with isolates selected by other
Pls suggest that the genetic barrier to i vivo resistance in subjects receiving ABT-

378/ritonavir as theif first P is high. This conclusion is supported by the genotypic and
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phenotypic patterns of the rebound isolates from subjects experiencing viral rebound in
Studies M97-720 and M97-765. Subjects who initiated ABT-378/ritonavir therapy with
baseline isolates containing 2 or fewer of the 11 mutations associated with reduced
susceptibility to ABT-378 displayed no genotypic or phenotypic evidence of resistance to
ABT-378 following increases in HIV RNA to >400 copies/mL. Concurrently, genotypic
and phenotypic resistance to either 3TC or nevirapine, two agents with known low
genetic barriers, was observed in the majority of those subjects. In contrast, viruses
containing 4-5 mutations, although retaining susceptibility to ABT-378 plasma levels
achieved in vivo, would be expected to have a genetic platform from which more
complete resistance can evolve with relative_ease. This was confirmed in Studies M57-
765 and M98-957, wherein subjects initiating therapy with ABT-378/ritonavir with 4-5
baseline mutations evolved higher level resistance to ABT-378 (along with additional
mutations in protease) in the same time frame during which resistance to nevirapine or
efavirenz, respectively, emerged. Taken together, these results suggest that in individuals
instituting initial antiretroviral therapy with ABT-378/ritonavir, the genetic barrier to
resistance will be high, provided they have not received a Pl-resistant virus through
transmission. A high genetic barrier might be expected to translate clinically into a highly
durable response to'therapy, provided that adherence is not seriously compromised.

However, this perceived relationship will require clinical validation.

2.7.8.5 Because of Limited Data, the Cross Resistance of HIV Selected by ABT-
378/ritonavir to Otlher Protease Inhibitors is not Well-defined

There is a relative paucity of data on the development of resistance to ABT-378/ritonavir
in vive and the corresponding cross-resistance, or lack thereof, of the viruses selected By
ABT-378/ritonavir to other Pls. The data accumulated to date on the activity of ABT-

_ 378/ritonavir against HIV selected by other PIs provide considerable information on in
vivo resistance to ABT-378/rit6navir. However, that information does not entirely replace
the characterization of viral isolates from previously untreated subjects who have

experienced rebound on therapy with documented emergence of drug-resistance, These
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data are limited partly as a consequence of the high virologic response rate in the Phase
.I/II studies used to study rebound viruses. However, the fact that actual genetic selection
by ABT-378/ritonavir could be documented in only a small subset of subjects.who
experienced reb‘oun.d also hampered the identification of the mutation pattern(s) for ABT-
378/ritonavir, In short, rebound isolates from subjects who began ABT-378/ritonavir
therapy with at most 2 of the 11 mutations associated with reduced susceptibility to ABT-
378 showed no evidence of increased genotypic or phenotypic resistance to ABT-378,
compared .to the baseline isolates. Moreover, those subjects whose baseline isolates
contained 6 or more mutations also showed little or no evidence of evolution in the
protease gene during rebound, presumably because the selective pressure by ABT-378
was relatively low, Thus, evolution during rebound was observed only in a few subjects
whose baseline isolates were relatively susceptible to ABT-378 (<10-fold reduced
baseline susceptibility in all but one of these subjects) yet contained 4 or more baseline

mutations assaciated with reduced susceptibility to ABT-378,

Obviously, since i1 vivo selection of resistance to ABT-378/ritonavir in antiretroviral-
naive subjects has yet to be documénted, the cross-resistance of such isolates to other Pls
cannot be evaluated at this time. The lack of development of high-level resistance to
saquinavir ar amprenavir during rebound in previously PI-treated subjects suggests the
potential use of these agents, in conjunction with ritonavir to achieve adequate plasma
concentrations, after failure of ABT-378/ritonavir therapy. Moreover, it is consistent with
the relatively low correlation between the patterns of inz vitro susceptibility to ABT-378
and either saquinavir or amprenavir. However, at present there is no information on the
success of regimens containing either saquinavir or amprenavir in subjects failing therapy
with ABT-378/ritonavir. Thus, additional vigilance will be required to identify resistant

viruses selected by ABT-378/ritonavir in vivo and to evaluate the potential for salvage

therapy of such individuals,
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