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1 Executive Summary

The sponsor submitted a New Drug Application for Kaletra (lopinavir 200 mg/ritonavir 50
mg) film-coated tablets for the treatment of HIV-1 infection. The proposed to-be-
marketed tablet formulation has several advantages over the currently marketed soft gel
capsule (SGC) formulation, such as reduced pill burden, diminished food effect, and less
restrictive storage requirements.

1.1 Recommendation

The clinical pharmacology and biopharmaceutics information provided by the sponsor is
acceptable. There are no major clinical pharmacology and blopharmaceutlcs issues
related to the approval of this application.

1.2 Post Marking Commitments

None

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

Single dose BE studies indicate that the to-be-marketed tablet formulation is about 20%
more bioavailable than the currently marketed capsules under non-fasting conditions.
However, the results from a cross-study. comparison indicate that the steady-state
pharmacokinetics of lopinavir and ritonavir after administration of lopinavir/ritonavir
400/100 mg BID as the to-be-marketed tablet formulation were similar to that seen in
previous muitiple-dose studies in healthy subjects using SGC formulations.

No new exposure-response information regarding lopinavir/ritonavir are presented in this
NDA. The proposed dose regimens for Kaletra tablets are identical to those for capsule
formulation approved in September 2000 and April 2005. The currently approved dose
regimens for Kaletra SGC formulation are 400/100 mg lopinavir/ritonavir twice daily or
800/200 mg lopinavir/ritonavir once daily in treatment-naive patients and 400/100 mg
lopinavir/ritonavir twice daily in treatment-experienced patients. The original approval
was based on the clinical trials M97-720 and M97-765 where Kaletra dose regimens
200/100 mg BID, 400/100 mg BID and 400/200 mg BID were studied. 400/100 mg dose
regimen provides efficacious drug exposure for patients with wild-type virus and some
resistant virus, but 400/100 mg dose regimen may not be adequate for patients with
more resistant virus. Although the 400/200 mg BID regimen provided higher lopinavir
trough concentrations, it was not tolerated as well as the 400/100 mg regimen. The main
tolerability issues were Gl-related. Triglycerides were also increased to a greater degree
at the 400/200 mg dose.

The new tablet formulation with slightly higher exposures compared to the capsule
formulation is expected to have an efficacy profile similar to the capsule formulation.
No new or unexpected safety signals were identified in the application. The slightly
higher increases in LPV and RTV produced by the new tablet formulation will not likely



alter the safety profile of LPV/RTV. Safety data for higher LPV exposure are provided
from patients who received 400/200 mg BID capsule formuiation (M97-765) and 667/167
mg BID (M99-049). LPV exposure following 400/200 mg BID and 667/167 mg BID were
>20% higher than that of 400/100 BID. '

For safety analyses with respect to increased LPV exposures following administration of
the tablet formulation please refer to Medical Officer, Dr. Kim Struble’s review for
additional details.

Please refer to the Clinical Pharmacology and Biopharmaceutics reviews of Kaletra
capsule formulation (NDA 21-226) for more detailed information (September 2000 and
April 2005).

Relative Bioavailability of Tablet Formulation vs. Capsule Formulation

Single dose BE study results indicate that the to-be-marketed tablet formulation is not
bioequivalent to the currently marketed capsule formulation.

. The to-be-marketed tablets did not meet the bioequivalence criteria relative to the
reference capsule. When study drugs were administered with a moderate-fat meal, the
point estimates (tablet vs. capsule) for lopinavir and ritonavir's Cpa were 1.23 and 1.35,
with 90% confidence intervals of 1.19 to 1.28, and 1.26 to 1.44, respectively. Although
lopinavir and ritonavir's area under the concentration time curve (AUC.) ratios (tablet vs.
capsule) were within 80-125%, the point estimates were about 20% higher and the
upper limits of 90% confidence intervals were close to 1.25 (see Table 1 below).

Although single dose results indicate the tablet is not BE to the capsule, the results from
cross-study comparison indicate that the steady-state pharmacokinetics of lopinavir and
ritonavir after administration of lopinavir/ritonavir 4060/100 mg BID as the to-be-marketed
tablet formulation were similar to that seen in previous multiple-dose studies in healthy
subjects using SGC formulations (see Table 2 below).

Table 1. Relative Bioavailability and 90% Confidence Intervals for Lopinavir and
Ritonavir from a Meta-Analysis of the Combined Data from Study M03-616 and Study
MO04-703 (Moderate Fat Meal Conditions)

Redaiive Bivavailability

Centrat Valae® 4e%y
Regimen Plarmaeokindic Polat Confidence
Test sx. Reference Mersaneter Test Reference  Iistimate Trterval
Lopinsvir
Tabdef ve. BGIC Cpse B0 s 1.235 1188 L2834
AL 95.8 80.9 {184 1131~ 1.239
.:'i;T_H.”iﬂ 9.2 8.5 1.181 1.129 - 1.226
' Ritenavir _
Takdat ve SGC Croay: 0.5 04 1349 1.28% ~ 144
AU, 4.3 3.6 1.202 1.146 - 1261
AL 4.4 37 1.193 1139 - 1.249

* Andilogarithim of the least squapes msans foe logarithms,
+  Antilogarithm. of the differeaze fest minns referenzed of fha ledst squares means for Logaritluns.
Miater AL fornmulations administered as a single 4004100 mg dose rndermpdarats-fat tival canditions.



Table 2. Historical Comparison of Lopinavir and Ritonavir Pharmacokinetics After 400/100 mg

BID in Healthy Subjects Following a Moderate-Fat Meal

Formulation Taddet LPFY SGC & RTY 5GC Marketed Capsules
Study Number E-580 Y7650 MAT-T4 M97-304 M0O1-273 MiE-299 bkt 34
Ditys of Dostap it & 8 it 16" 1 1
Paremetesy {units) N=23 {N=Ty iN=Ty {N=11) ¢N=15} EN=12) EN=13)
Lepinavir
Tonax ) 44208 43114 43 £2.7 4910 4.8 £2.4 45412 52425
Crax {ugamL) 15,56 £ .75 958 % .76 LTR 4 267 1028 £2.95 8.02 £2.23 1033 ¢ 131 10874274
ALIC  {pgel'mly MWELIRT B2417.78 10524278 B37.8 301 3T 4245 $6.4 £ 14.1 100.34 358
Conica fuganl.y 486+ 1.6] 5514 1.58 5964235 4.66 +2.23 4281212 4.64 4 21.34 6.15 £2.88
LT (b 461 & 1L.O3 4.73 £ 1.03 10099 5271207 - 475 £ 0353 432 4 1.09
Ritonavir
Tonnz (i 40100 4+1 4.3 2.3 44412 49423 42409 48 £22
T (pzmL)y 03 4 0332 Q.85 0.4 0.35+0.23 .80 +0.33 .81+ 0.45 0,96 4 .44 1.14 £ 049
CAUC) (pgslvmly 5224149 5073219 4194 1.43 42114 4744220 462+ 146 5.48 +1.37
Cirin (ngimk.) 0.19 £ 1,08 .17 £0.07 0. L4 4 006 0.13 008 0.15+009 013 +0.05 0.17 3 0.09
ClL4F Ly 20.8 1 6.6 2304102 261180 26.8 1106 - WR24 58 1951 55

o)

Single-dose desipraming was administered on Bays | and 15,
¥  Separate capsules of lapinavir (P and nibsnavir (RTV) wene administersd,

Food Effect on the Bioavailability of Tablet Formulation

A moderate-fat meal improved the biocavailability of lopinavir from both the new tablet
formulation and the marketed capsule formulation compared to administration under
fasting conditions. However, the increases in lopinavir Cmax (32.3% for the capsule vs.
17.6% for the new tablet) and AUC.. (61.5% for the capsule vs. 26.9% for the new tablet)
following a moderate-fat meal were much more pronounced for the marketed capsule
than for the new tablet formulation. Comparable results were observed for ritonavir.

Administration of the new tablet formulation with a high-fat meal increased lopinavir AUC
by 19%, but not C,,x, when compared to administration of the tablet formulation under
fasting conditions. These results indicate that the effect of food (moderate-fat or high-fat
meals) on the new tablet formulation is lower than the effect of food on the marketed
capsule formulation. '

The proposed label recommendation that Kaletra tablets be taken with or without food is
acceptable.

Appears This w,
On Origing; v

300 g lopinavir sid 1000 mg sitonavic administensd for 10 days follewed by 400 mg lopivavir and 100 mg dionavir administered for 6 days.



Drug Interactions with efavirenz, nevirapine, fosamprenavir, and nelfinavir

The current label for Kaletra SCG formulation recommends a dose increase to
lopinavir/ritonavir 533/133 mg BID in patients taking CYP3A-inducing antiretroviral
agents such as nevirapine, efavirenz, nelfinavir, amprenavir, or fosamprenavir. The
recommendation is based on a drug interaction study with efavirenz. Co-administration
of lopinavir/ritonavir 400/100 mg BID as 3 SGCs with efavirenz decreased the lopinavir
AUC and Cmin by approximately 20 and 40%, respectively, while efavirenz
concentrations were not significantly altered. A similar interaction was observed during
co-administration of lopinavir/ritonavir SGC with nevirapine and other CYP3A-inducing
antiretroviral agents. Administration of lopinavir/ritonavir 533/133 mg BID with efavirenz
provided similar lopinavir concentrations as administration of lopinavir/ritonavir 400/100
mg BID without an inducing agent.

Due to the increased drug loading of the to-be-marketed tablet formulation compared to
the SGC, a dose of 533/133 mg is not possible with the tablet formulation. Therefore,
drug interaction study between efavirenz and Kaletra tablet formulation 600/150 mg (3
tablets) was assessed in Study M03-580.

When the to-be-marketed tablet formulation at a dose of *==== mg BID was co-
administered with efavirenz, steady-state lopinavir Cmax, AUC12h and Cmin values
were 36%, 36% and 32% higher, respectively, than after a 400/100 mg BID regimen
administered as the to-be-marketed tablet alone. Ritonavir Cmax, AUC12h and Cmin
values were 92%, 78% and 56% higher, respectively, than the corresponding values for
a 400/100 mg BID regimen administered alone.

We predict that co-administration of lopinavir/ritonavir 400/100 mg BID as 2 tablets with
efavirenz would result in similar effects to those of co-administration of lopinavir/ritonavir
400/100 mg BID as 3 SGCs with efavirenz: a decrease in the lopinavir AUC and Cmin by
approximately 20 and 40%, respectively. No evidence suggests the effect of efavirenz
will be different for Kaletra tablet than for Kaletra SGC.

Thus a dose increase of Kaletra tablets to 600/150 mg should be considered when used
in combination with efavirenz, nevirapine, fosamprenavir without ritonavir, or nelfinavir in
treatment-experienced patients where reduced susceptibility to lopinavir is clinically
suspected (by treatment history or laboratory evidence). Safety data for the
lopinavir/ritonavir 400/200 mg BID, 400/300 BID and 667/167 mg BID regimens support
the higher exposure that will result from 600/150 mg BID with efavirenz or other inducing
agents. The lopinavir exposure provided by 400/100 mg BID of the tablet in combination
with efavirenz should be well above the IC50 in treatment naive patients. Also, due to
the potential for decreased tolerability of higher lopinavir or ritonavir exposure, the dose
increase is not recommended for treatment naive patients.



Concurrence:

Yuanchao (Derek) Zhang, Ph.D.
Clinical Pharmacology Reviewer
Division of Pharmaceutical Evaluation Ill, OCPB

Kellie S. Reynolds, Pharm. D
Team Leader, Antiviral Drug Products Section
Division of Pharmaceutical Evaluation lll, OCPB



2 Question Based Review (QBR)

2.1 General Attributes of the Drug

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

The dosage form is an immediate release film coated tablet containing 200 mg of
lopinavir and 50 mg of ritonavir. The tablet product has a higher drug load than the
current soft gelatin capsule (SGC) product, which reduces the daily pill burden from 6
to 4 units. The tablet product is sufficiently stable to be stored at room temperature
throughout shelf-life without the requirement of refrigerated storage (Please refer to
Chemistry Reviewer, Dr. Ko-Yu Lo’s review for additional details).

Table 3. Quantitative Composition of Lopinavir/ritonavir Tablet

lngredicnts l(;::_‘lll‘t :l;';:‘l;‘ Primary Function Compendia Status
Extrusion
Dhrug Substances
Lopinayir * 200.0 mg Active In-house
Ritonavir " 5.0 mg PK Enhancer In-housz

Excipicniy

Copovidone, K vahae 28 NF
Sorbitan monolaurate NE
Colloidal silicon dicxide NF
Post Extension

Sodium stearyl fumarate ' NF
Colloidal silicon dioxide NF
Film coating pewder * In-heuse
Purified water® o B USP
Total Tablet Weight 12420 mg | N/A ] N/

—

For other questions in this section, please refer to the Clinical Pharmacology and
Biopharmaceutics review of Kaletra capsule formulation (NDA 21-226).



2.2 General Clinical Pharmacology

Single dose BE studies indicate that the to-be-marketed tablet formulation is about 20%
more bioavailable than the currently marketed capsules under non-fasting conditions.
However, the results from a cross-study comparison indicate that the steady-state
pharmacokinetics of lopinavir and ritonavir after administration of lopinavir/ritonavir
400/100 mg BID as the to-be-marketed tablet formulation were similar to that seen in
previous multiple-dose studies in healthy subjects using SGC formulations.

No new exposure-response information regarding lopinavir/ritonavir are presented in this
NDA. The proposed dose regimens for Kaletra tablets are identical to those for capsule
formulation approved in September 2000 and April 2005. The currently dpproved dose
regimens for Kaletra SGC formulation are 400/100 mg lopinavir/ritonavir twice daily or
800/200 mg lopinavir/ritonavir once daily in treatment-naive patients and 400/100 mg
lopinavir/ritonavir twice daily in treatment-experienced patients. The original approval
was based on the clinical trials M97-720 and M97-765 where Kaletra dose regimens
200/100 mg BID, 400/100 mg BID and 400/200 mg BID were studied.'400/100 mg dose
regimen provides efficacious drug exposure for patients with wild-type virus and some
resistant virus, but 400/100 mg dose regimen may not be adequate for patients with
more resistant virus. Although the 400/200 mg BID regimen provided higher lopinavir
trough concentrations, it was not tolerated as well as the 400/100 mg regimen. The main
tolerability issues were Gl-related. Triglycerides were also increased to a greater degree
at the 400/200 mg dose.

The new tablet formulation with slightly higher exposures compared to the capsule
formulation is expected to have an efficacy profile similar to the capsule formulation.

No new or unexpected safety signals were identified in the application. The slightly
higher increases in LPV and RTV produced by the new tablet formulation will not likely
alter the safety profile of LPV/RTV. Safety data for higher LPV exposure are provided
from patients who received 400/200 mg BID capsule formulation (M97-765) and 667/167
mg BID (M99-049). LPV exposure following 400/200 mg BID and 667/167 mg BID were
>20% higher than that of 400/100 BID. .

For safety analyses with respect to increased LPV exposures following administration of
the tablet formulation please refer to Medical Officer, Dr. Kim Struble’s review for
additional details.

Please refer to the Clinical Pharmacology and Biopharmaceutics reviews of Kaletra

capsule formulation (NDA 21-226) for more detailed information (September 2000 and
April 2005).

2.3 Intrinsic Factors

Please refer to the Clinical Pharmacology and Biopharmaceutics review of Kaletra
capsule formulation (NDA 21-226).



2.4 Extrinsic Factors
2.4.1. Drug-Drug Interactions

The current label for Kaletra SCG formulation recommends a dose increase to
lopinavir/ritonavir 533/133 mg BID in patients taking CYP3A-inducing antiretroviral
agents such as nevirapine, efavirenz, nelfinavir, amprenavir, or fosamprenavir. The
recommendation is based on a drug interaction study with efavirenz. Co-administration
of lopinavir/ritonavir 400/100 mg BID as 3 SGCs with efavirenz decreased the lopinavir
AUC and Cmin by approximately 20 and 40%, respectively, while efavirenz
concentrations were not significantly altered. A similar interaction was observed during
co-administration of lopinavir/ritonavir SGC with nevirapine and other CYP3A-inducing
antiretroviral agents. Administration of lopinavir/ritonavir 533/133 mg BID with efavirenz
provided similar lopinavir concentrations as administration of lopinavir/ritonavir 400/100
mg BID without an inducing agent.

Due to the increased drug loading of the to-be-marketed tablet formulation compared to
the SGC, a dose of 533/133 mg is not possible with the tablet formulation. Therefore,
drug interaction study between efavirenz and Kaletra tablet formulation 600/150 mg (3
tablets) was assessed in Study M03-580.

When the to-be-marketed tablet formulation at a dose of = mg BID was co-
administered with efavirenz, steady-state lopinavir Cmax, AUC12h and Cmin values
were 36%, 36% and 32% higher, respectively, than after a 400/100 mg BID regimen
administered as the to-be-marketed tablet alone. Ritonavir Cmax, AUC12h and Cmin
values were 92%, 78% and 56% higher, respectively, than the corresponding values for
a 400/100 mg BID regimen administered alone.

Higher lopinavir exposure is likely due to the combination of increased doses of both
lopinavir and ritonavir. The increased ritonavir exposure likely contributes to further
subdue the inducing effect of efavirenz. Efavirenz concentrations measured in this study
suggest that the higher lopinavir and ritonavir exposures observed in Study M03-580 are
not likely due to insufficient efavirenz levels. The results of the interaction study are
shown in Table 4.

Appears This Way
On Originat



Table 4. The Effect of Efavirenz on Lopinavir and Ritonavir (Study M03-580)

Central Values® Relative Bivavailability
Plarmaccokinetic LPVir 6004150 mg BID  LPV/A 40400100 mg Point 20% Confidence
Parameter + EFVY 600 myg QD BID slone Estimate” Interval
Lopinavir
Consx .1 Ha 1356 1275 - 1.442
Chiin fi.t 4.6 1.320 1207 - 1.444
Cirough 7.3 54 1362 12561477
AUC) 1204 ' 88.7 1357 [.284 —1.435
Ritenaviv
Conex L7 0.2 1921 L6788 —2.199
Cunin 0.3 0.2 [.564 1405 ~1.742
Crough 0.3 0.2 604 1369 — 1840
AUC)2 89 5.0 £.778 1.620 - 1.952

*  Antilogarithm of the least squares means for logarithms.
#  Antilogarithm of the difference {co-administration of Jopinavirritonavir with efavirenz minus
lopinavirfritonavir alone) of the least squares means for togarithms,

Based on the fact that the steady-state pharmacokinetics of lopinavir and ritonavir after
administration of lopinavir/ritonavir 400/100 mg BID as the to-be-marketed tablet
formulation (M03-580) were similar to that seen in previous multiple-dose studies in
healthy subjects using SGC formulations, we predict that co-administration of
lopinavir/ritonavir 400/100 mg BID as 2 tablets with efavirenz would result in similar
effects to those of co-administration of lopinavir/ritonavir 400/100 mg BID as 3 SGCs
with efavirenz: a decrease in the lopinavir AUC and Cr;, by approximately 20 and 40%,
respectively. No evidence suggests the effect of efavirenz will be different for Kaletra
tablet than for Kaletra SGC.

Based on modeling, Abbott predicted that compared to the SGC 400/100 mg BID
regimen alone, a regimen of the to-be-marketed lopinavir/ritonavir tablet 400/100 mg BID
with efavirenz would result in slightly higher mean lopinavir C,.x and AUC,
approximately 10% and 2%, respectively, and 30% lower lopinavir Cpin. Thus, FDA and
Abbott predict a 30-40% decrease in lopinavir Cp, following co-administration of Kaletra
tablets (400/100 BID) with efavirenz. Table 5 summarizes the available and predicted
Kaietra-Efavirenz interaction data.

Appears This Way
On Original

10



Table 5. Summary of Known and Predicted Kaletra-Efavirenz Drug Interactions

Cmax AUC Cmin
SGC
400/100 + EFV LPV 15%] LPV 25% | LPV 40%)]
vs. 400/100
RTV & RTV RTV &
533/133 +EFV LPV 12% 1 LPV 8%1 LPV 6%1
vs. 400/100
RTV 44%1 RTV 46%1 RTV 55%1
Tablet
600/150 +EFV LPV 35%1 LPV 35%1 LPV 35%1
vs. 400/100
RTV 90%1 RTV 80% 1 RTV 47-62% 1
FDA prediction: LPV 15%| LPV 25% | LPV 40%]
400/100 +EFV
vs. 400/100 SGC
Abbott prediction: LPV 10%1 LPV 2%17 LPV 30%]

400/100 +EFV
vs. 400/100 SGC

Thus a dose increase of Kaletra tablets to 600/150 mg should be considered when used
in combination with efavirenz, nevirapine, fosamprenavir without ritonavir, or nelfinavir in
treatment-experienced patients where reduced susceptibility to lopinavir is clinically
suspected (by treatment history or laboratory evidence). Safety data for the
lopinavir/ritonavir 400/200 mg BID, 400/300 BID and 667/167. mg BID regimens support
the higher exposure that will result from 600/150 mg BID with efavirenz or other inducing
agents. The lopinavir exposure provided by 400/100 mg BID of the tablet in combination
with efavirenz should be well above the IC50 in treatment naive patients. Also, due to
the potential for decreased tolerability of higher lopinavir or ritonavir exposure, the dose
increase is not recommended for treatment naive patients.

For other questions regarding drug interactions, please refer to the Clinical
Pharmacology and Biopharmaceutics review of Kaletra capsule formulation (NDA 21-
226). All other drug interaction information is the same for the tablet and SGC

formulations.
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2.5 General Biopharmaceutics

Note: BE assessments are based on administration with a moderate-fat meal. Most
safety and efficacy data in the original NDA for the SGC were collected following
administration with food, so the fed BE assessment is acceptable. See the individual
study reports for fasted data. :

2.5.1. What is the relative bioavailability of the proposed to-be-marketed tablet
formulation to the currently marketed capsule formulation?

Single dose BE study results indicate that the to-be-marketed tablet formulation is not
bioequivalent to the currently marketed capsule formulation.

The to-be-marketed tablets did not meet the bioequivalence criteria relative to the
reference capsule. When study drugs were administered with a moderate-fat meal, the
point estimates (tablet vs. capsule) for lopinavir and ritonavir's C,ax Were 1.23 and 1.35,
with 90% confidence intervals of 1.19 to 1.28, and 1.26 to 1.44, respectively. Although
lopinavir and ritonavir's area under the concentration time curve (AUC..) ratios (tablet vs.
capsule) were within 80-125%, the point estimates were about 20% higher and the
upper limits of 90% confidence intervals were close to 1.25.

However, the results from cross-study comparison indicate that the steady-state
pharmacokinetics of lopinavir and ritonavir after administration of lopinavir/ritonavir
400/100 mg BID as the to-be-marketed tablet formulation were similar to that seen in
previous multiple-dose studies in healthy subjects using SGC formulations.

No new exposure-response information regarding lopinavir/ritonavir are presented in this
NDA. The proposed dose regimens for Kaletra tablets are identical to those for capsule
formulation approved in September 2000 and April 2005. The currently approved dose
regimens for Kaletra SGC formulation are 400/100 mg lopinavir/ritonavir twice daily or
800/200 mg lopinavir/ritonavir once daily in treatment-naive patients and 400/100 mg
lopinavir/ritonavir twice daily in treatment-experienced patients. The original approval
was based on the clinical trials M97-720 and M97-765 where Kaletra dose regimens
200/100 mg BID, 400/100 mg BID and 400/200 mg BID were studied. 400/100 mg dose
regimen provides efficacious drug exposure for patients with wild-type virus and some
resistant virus, but 400/100 mg dose regimen may not be adequate for patients with
more resistant virus. Although the 400/200 mg BID regimen provided higher lopinavir
trough concentrations, it was not tolerated as well as the 400/100 mg regimen. The main
tolerability issues were Gl-related. Triglycerides were also increased to a greater degree
at the 400/200 mg dose.

The new tablet formulation with slightly higher exposures compared to the capsule
formulation is expected to have an efficacy profile similar to the capsule formulation.

No new or unexpected safety signals were identified in the application. The slightly
higher increases in LPV and RTV produced by the new tablet formulation will not likely
alter the safety profile of LPV/RTV. Safety data for higher LPV exposure are provided
from patients who received 400/200 mg BID capsule formulation (M87-765) and 667/167
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mg BID (M99-049). LPV exposure following 400/200 mg BID and 667/167 mg BID were
>20% higher than that of 400/100 BID.

Five bioavailability studies that evaluated the to-be-marketed tablet formulation in
healthy volunteers are presented in this NDA:

1. M01-306 and M01-381 (two pilot bioavailability studies): Tablet formulation DC-C
was selected for further development based on its similar bioavailability relative
to the SGC under non-fasting conditions, limited food effect, and formulation
simplicity.

2. M03-580 (a pilot bioavailability study): Compared the single-dose biocavailability
of the tablet formulation from a partial production scale (pilot) lot to the currently
marketed capsule formulation and assessed the multiple-dose pharmacokinetics
and safety of the tablet formulation with efavirenz.

3. MO03-616 (a pivotal bioavailability study): Compared single-doses of the tablet
formulation at production scaie to the SGC formulation to the marketed SGC in a
larger number of subjects and also assessed the food effect of the to-be-
marketed formulation under fasting, moderate-fat, and high-fat conditions.

4. M04-703 (a pivotal bicavailability study): To avoid cross-study comparison
between the lots, the to-be-marketed tablet formulation pilot and production scale
lots were compared directly in M04-703, also compared to the marketed SGC
formulation.

Results from the pilot Study M03-580 showed that following the 400/100 mg dose
administration, the new tablet from a partial production scale lot was bioequivalent to the
marketed capsule under non-fasting conditions. However, Study M03-616 (pivotal BE
study) demonstrated the new tablet exhibited greater bioavailability with respect to
lopinavir Crax and AUC relative to the marketed capsule. Under non-fasting conditions,
lopinavir Cmax and AUC values for the new tablet were 29% and 27% higher,
respectively, than those for the marketed capsules.

Extensive investigation of the CMC characteristics of the partial and full production-scale
lots were conducted to explore potential reasons for the somewhat different relative
bioavailability results found in Study M03-580 and. Study M03-616. The investigation
concluded that there were no significant differences between the lots. To avoid cross-
study comparison between the lots, the to-be-marketed tablet formulation pilot and
production scale lots used in Study M03-580 and Study M03-616 were compared
directly in Study M04-703, and each was again compared to the marketed SGC
formulation. A second lot of the to-be-marketed tablet formulation was independently
manufactured at production scale and included in Study M04-703 to assess potentnal lot-
to-lot variability in bioavailability resulting from the manufacturing processes.

Results from Study M04-703 were consistent with results from Study M03-580 and
Study M03-616:

1. Tablets from the pilot scale lot previously tested in Study M03-580 met the
bioequivalence criteria relative to the reference capsule.
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2. Tablets from the production scale Lot 1 previously tested in Study M03-616
did not meet the bioequivalence criteria relative to the reference capsule.
Lopinavir's Cmax Was higher for the tablet, with the point estimate of 1.23 and
the 90% confidence intervals of 1.16 to 1.30. Although lopinavir's AUC ratio
(tablet vs. capsule) was within 80-125%, the point estimate was 10% higher
and the 90% confidence interval was close to 1.25.

3. Tablets from the production scale Lot 2 also met the bioequivalence criteria
relative to the reference capsule. However, lopinavir Cyaxand AUC ratios
(tablet vs. capsule) were 13% to 17% higher and the 90% confidence
intervals were close to 1.25. '

The new tablets from the two production scale lots and the pilot scale lot were

bioequivalent to one another.

Table 6. Lopinavir Bioavailability from Different Lots of the Tablet Formulation Relative to
the Marketed SGC

Central Values* Relative Bioavailibility
PK Point $9°% Confidence

Regimens Study  Parameter  Test  Reference  Esti mate’ Interval
Cinex 8.1 6.4 1.227 1.158 - 1.300
M04-703 AUG 95.7 §4.5 1.132 1.662 - 1.208

Tuablet ,
Production AVIC.. 96.2 85.2 1129 1059 ~ 1.204
Scale Lot t vs. Cunn 82 3 1.205 1230~ 1362
sac MD3-616 AUG 96,7 76,0 1272 1.197 - 1.351
AUC,. 97.1 76.5 1.269 1,195 - 1,348
Tablet Cronx 7 6.6 117G 1104 - 1.24]
Production i3 AU 932 54.5 1102 1034=1.176
Scale Lot 2 vs.

sGC AUC. 93.6 852 1.009 1.031-1.172
Cinex 74 6.6 1,128 F062 - 1.191
MO04-703 AUG 850 84.5 1.006 0944 - 1.073
TFablet Pilot AUC,, 85.5 85.2 1.004 0.942- 1.070

Scale Lot vs. p
SGC Cinax 6.2 [ 04971 G879 - 1.073
MO03.580 AUG R 0.4 1623 0909 - .15}
AUC.. 71.5 69.8 1.024 0.909 - 1.153

¥ Antitogarithm of the least squares mzans for logarithims.
+  Antitogarithm of the differenice (test minus reference) of the least squares means for logarithims.
Note: All formulations administered as a single 4007100 mg dose under maderste-fat meal conditions.

pears This Way
On Original
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Table 7. Ritonavir Bioavailability from Different Lots of the Tablet Formulation Relative to
‘ the Marketed SGC

Comtral Yajues® Retntive Bioavalability
Skady FK Faolnt . 58% Contidence

Repleens Number Parameter  Test  Reforence  Eséimste Interval
Crns 0.6 (v 2] 1378 1.242 - 1.530
MO4-T03 ALIC, 4.3 3.8 1.151 1075~ 1232

Tablet )
Frodutica AT, 4.3 39 1.147 1075~ 1226
ScaleLot 1 vy Cop a3 04 1,396 286 - 1517
SGC MO3-B14 AL 4.1 3.2 1270 1.189 - 1.3%5
AIC, 4.2 33 1254 1177 - 1.338
Tablet Cea ns a4 1291 1,163 - 1.433
Production 4763 e 4.3 3.8 L5 1076~ 1234
ScaleLotzys OIS AUG - ' - o
5GC ALIC, 4.4 3.9 1.147 1074 - 1.225
Conax Q.3 34 1.157 1044 - 1,283
MO4TE3 AL 38 38 1667 0,641 - LOTS
Tablet Filst ATIC.. 35 39 1010 D.946 ~ 1079
Seabe Lt v - - - —

SG0 i 0.4 0.3 0.032 0746 - 1.214
MO3-380 AL, 34 34 1.008 0.807 - 1.187
ALIC,, 33 3.6 1.991 0563~ 1135

¥ Agtilogarithm of (he Teast squates toewrs D logadihms.
+  Antilogarithm of the difference (test minus reference) of the leasl squares means for logarithuns.
Mate: All fornwmlations sdministenad as o singhx 400/ 100 mz dosz wwder medarate-it mezal conditions.

Table 8. Relative Bioavailability and 90% Confidence Intervals for Lopinavir and
Ritonavir from a Meta-Analysis of the Combined Data from Study M03-616 and
Study M04-703 (Moderate Fat Meal Conditions)

Relative Bivavailability

Ceniral Viadue® 0%
Regimen Plarmacobinetic Pednt Contidence
Test v Reference Faremeter Test Reference  Bstimate nterval

Lupinavir

Tablet vy, SGC Conae 80 6.5 1.238 [ 188 ~ 1.283

AU, RS 0.9 1184 1131 - 1239

ALJC.. 962 8.5 1181 1129 - 1.236
Ritenaxir

Tablet vs. SGC [— 0.5 0.4 1.349 1.263 - 1441

AUC 4.3 X 1.202 1.146 ~ 1.26)

AL, 4.4 T 1.193 1,129 ~ 1.24%

¥ Antilogarithing of the least squaras means for logarithus.
+  Antilogarithm of the difference (rest minus referance] of the least squares mears o Ingarithans.
Mote: Al formnulativae administerad as a single $00/ [ mg dose under moderata-fat meal sonditions.

Lower variability in lopinavir exposures for the tablet formulation compared to the
marketed capsule formulation was observed.
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A single dose of lopinavir/ritonavir 800/200 mg administered as the to-be-marketed
tablet was bioequivalent to the SGC for lopinavir as the 90% confidence intervals for
Cmax and AUC.. were contained within the 0.80 to 1.25 range. Ritonavir levels from the
to-be-marketed tablet slightly exceeded those from the SGC since the upper limits of the
90% confidence intervals were greater than 1.25 and ranged from 1.253 for Cax to
1.260 for AUC... This results support the sponsor’s proposed dose regimen of 800/200
mg lopinavir/ritonavir tablet once daily in treatment-naive patients. .

Table 9. Relative Bioavailability and 90% Confidence Intervals for Lopinavir and
Ritonavir following Administration of a Single Dose of Kaletra 800/200 mg

Rtedadive Bivavailability

Test ws. Reference Central Valwes* Point s Cenfidence
¢Repimen) Parameter Test Reference  Fstimade’ Tnterval
Loptpaxir
£00200mEg Conas 131 11.5 1146 1044 ~ |.244
Takdet vs. SGC AL 202.2 1751 1188 LJ21-1.217
AUCa 3.7 173.% 1172 1126 - L.21%
Ritonaviy
SU200 g Cranx L& 1.6 1133 1.024 - 1.3353
Tablet 15, 5GC AU 14.0 115 1.174 1.090 - | 264
AUC, 141 20 1173 1.09]1 —1.260

¥ Antilogarithm of thee least squares means for loganthins,
+  Antilogacithin of the: differsee tablet nuinms eapstle) of the least squares mieans fra [ogarithims

pears This Way
On Original
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2.5.2. What is the effect of food on the bioavailability (BA) of Kaletra tablet formulation?
What dosing recommendation should be made, if any, regarding administration
of the product in relation to'meals or meal types?

A moderate-fat meal improved the bioavailability of lopinavir from both the new tablet
formulation and the marketed capsule formulation compared to administration under
fasting conditions. However, the increases in lopinavir Cpax (32.3% for the capsule vs.
17.6% for the new tablet) and AUC.. (61.5% for the capsule vs. 26.9% for the new tablet)
following a moderate-fat meal were much more pronounced for the marketed capsule
than for the new tablet formulation. Comparable results were observed for ritonavir.

Administration of the new tablet formulation with a high-fat meal increased lopinavir
AUC, but not C;,..x, when compared to administration of the tablet formulation under
fasting conditions. The 90% confidence intervals of lopinavir Cnax were within 80-125%,
while the 90% confidence intervals for lopinavir AUC extended above 1.25. These
results suggest that the effect of food (moderate-fat or high-fat meals) on the new tablet
formulation is lower than the effect of food on the marketed capsule formulation.

The proposed label recommends Kaletra tablets are to be taken with or without food.

Table 10. Relative Bioavailability and 90% Confidence Intervals for the Assessment of Food
Effect on Lopinavir and Ritonavir Following Administration of Kaletra Tablets

Central Yalpes® Relative Bivavailahility
Study PK Point 6024 Confidersee
Regimerns Number  Puarameter  Test Reference  Estimate Triterval

Lopinavir

Fondearet s Bt T g2 .0 E176 A1 - 1.244
Moder ate:-Fat MO3-616 nax ) o o
wy. Fasting AUC.. 97.1 6.5 1268 11911352
ioh Fat uw Cu 6.9 7.0 (1993 (877 1.124
High Fat 200 MO3-616 DX v : ‘ ' -
Fasting AUC,, 871 733 1.189 1629 - 1373
Ritvmavir
. Croax 0.5 0.5 1.549 0.943 - 1167
Mz:}de;ati?-Fat MOD3-616 oo ‘ v
w. Fasting AUC., 4.2 37 1.149 L0563 - 1.241
e Tt e C 0.5 6.5 1.103 0.920 - 1.323
High Fm e M03616 o a "y y s
Fasting AT, 4.4 3.4 1.239 1068 - 1.436

¥ Antilogarithm of the least squares means for logarithms.

+  Antilogarithm of the difference (test minus reference} of the least squares means for logarithms.

Note:  Single doses were administered as lopinardirritonavir 4006/ 100 mg {twe 260/50 mg to-be-marketed
tablets).
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2.5.3. How do the dissolution conditions and specifications ensure in vivo performance
and quality of the product?

The proposed and current dissolution methods and specifications for Kaletra tablet and
capsule are as follows, respectively:

To-Be-Marketed Tablet:

Apparatus: USP Apparatus 2 (paddle)

Agitation: 75 rpm

Medium: 0.06M POE10LE (Polyoxyethylene 10 Lauryl Ether)

Temperature: 37°C

Profile Times: 15, 30, 60, 90, 120 and 150 minutes with medium replacement
Proposed Specification: Q = «=ms in 90 minutes

Capsule:

Apparatus: USP Apparatus 2 (paddle)

Agitation: 50 rom

Medium: 0.05M POE10LE (with 0.01M sodium phosphate, pH 6.8)
Temperature: 37°C ,

Profile Time: 30 minutes with medium replacement

Specification: Q = = in 30 minutes

Appears This Way
On Original
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The proposed dissolution method and specification for Kaletra tablet are acceptable.

For other questions in this section, please refer to the Clinical Pharmacology and
Biopharmaceutics review of Kaletra capsule formulation (NDA 21-226).

2.6. Analytical Section

2.6.1 What bioanalytical methods are used to assess concentrations?

Two validated assay methods were used to determine concentrations of lopinavir and
ritonavir in human plasma. Method 1 used solid phase extraction followed by ===

- high-performance liquid chromatography (HPLC)1 e ————

e -tandem mass spectrometric (MS/MS) detection for the early pllot

studies (M01-306 and M01-381). The limit of quantitation (LOQ) for lopinavir was
established at 5.25 ng/mL. The LOQ of ritonavir was established to be 4.14 ng/mL. For
assay precision and accuracy, the lopinavir mean QC concentrations for the accepted
values ranged from 103.5 to 106.6% of their theoretical values, while CVs ranged from
5.9 to 8.9%. The ritonavir mean QC concentrations for the accepted values ranged from
98.9 to 110.3% of their theoretical values, while CVs ranged from 3.2 to 9.2%.
Method 2 used a , === ' cxtraction followed by HPLC with e
s and MS/MS detection for the later studies (M03- -580, M03-616 and M04-
703) The LOQs for Iopmavnr and ritonavir were established at = st =———tEm—————
respectively. For assay precision and accuracy, the lopinavir mean QC concentrations
for the accepted values ranged from *=——seeamm of their theoretical values, while
CVs ranged from === The ritonavir mean QC concentrations for the accepted
values ranged from 102.6 to 107.7% of their theoretical values, while CVs ranged from
2.8'106.1%. :

These analytical methods are acceptable.

3. Major Labeling Recommendations

20



_ |8 Page(s) Withheld

Trade Secret / Confidential

I/ Draft Labeling

Deliberative Process

Withheld Track Number: Clin Pharm/Bio- v



4.2 Individual Study Review (5)

MO01-306

TITLE: Assessment of the Bioavailability of Multiple Tablet Formulations of Lopinavir and Ritonavir
Relative to a Soft Gelatin Capsule Co-formulation of Lopinavir/Ritonavir

OBJECTIVES: The objective of this study was to assess the bioa\)ailability of multiple tablet formulations
of lopinavir and ritonavir relative to Kaletra soft gelatin capsule (SGC) formulation under non-fasting
conditions.

SUBJECTS AND STUDY DESIGN: This was a phase 1, randomized, open-label, single-dose, four
period, single center study. The study had two arms. Arm 1 had a conventional four period crossover
design in which four single-dose regimens were administered. For Arm 2, the first three periods had a
conventional three period crossover design in which three single-dose regimens were administered to the
subjects, and in Period 4 all the subjects received the same single-dose formulations. Five subjects were
assigned to each of the four sequences of Arm 1, and six subjects were assigned to each of the three
sequences of Arm 2. The sequences of dosing regimens were such that upon completion of the study
each subject had received all four dosing regimens administered to his/her arm. A washout interval of at
least 7 days separated the doses in each of the four study periods. Adult male and female volunteers (n=
38) in general good health were selected to participate in the study according to the subject selection
criteria of the protocol.
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Arm1
Sequence Groups 1, II, Il and IV:
{n=20 subjecis)

Dosing Regimen A: Two lopinavir/ritonavir 186.7/46.7 mg co-formulated extruded
tablets {Formulation E-C)

Dosing Regimen B: Two lopinavir/ritonavir 200/50 mg co-formulated compressed
tablets (Formulation DC-C)

Dosing Regimen C: Two lopinavir/ritonavir 186.7/46.7 mg co-formulated extruded
e tablets (Formulation E-E)

Dosing Regimen D: Three lopinavir/ritonavir 133.3/33.3 mg co-formulated Soft Gelatin
Capsules [Reference formulation]
Arm?2

Sequence Groups V, VI, and VI
{n=18 subjects)

Dosing Regimen E: Two lopinavir 200 mg compressed tablets plus two ritonavir 50 mg
compressed tablets (Formulations DC-A & DC-B)

Dosing Regimen F:  Two lopinavir/ritonavir 200/50 mg co-formulated compressed
tablets (Formulation DC-AB)

Dosing Regimen G: Three lopinavir/ritonavir 133.3/33.3 mg co-formulated Soft Gelatin
Capsules (SGC) [Reference formulation]

Dosing Regimen H: Two lopinavir/ritonavir 200/50 mg co-formulated compressed
tablets (Formutation DC-E)

Subjects received a standardized diet for all meals during the study. On Study Day 1 of a period,
a moderate-fat breakfast consisting of 500 to 600 Kcal with 20 to 30% of calories from fat was
served approximately 30 minutes prior to dosing.

INVESTIGATOR AND STUDY LOCATION: - T —

FORMULATION: Lopinavir/ritonavir tablet formulations DC-A, DC-B, DC-AB, DC-C, DC-E, E-C, and E- E
Kaletra soft gel capsules

SAMPLE COLLECTION: Blood samples were collected prior to dosing (0 hour) and at 0.5, 1,
1.5,2,3,4,86,8, 10, 12, 18, 24, 30 and 36 hours after dosing in each study period.

ASSAY: Plasma concentrations of lopinavir and ritonavir were determined using a validated e
———— ' method with liquid chromatography/mass spectrometry (LC/MS) analysis at
Abbott Laboratories, Abbott Park, IL. The lower limit of quantification of lopinavir and ritonavir was
11.29 ngimL and 11.26 ng/mL, respectively, using 0.20 mL plasma sample.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods by a validated
pharmacokinetic analysis program were used. Summary statistics of pharmacokinetic parameters
such as geometric means and coefficients of variation for Cmax, Tmax and AUC were provided
for each group. The geometric mean ratios with 90% confidence intervals were calculated
between groups.
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PHARMACOKINETIC RESULTS:

Table 1. Mean = SD Pharmacokinetic Parameters of Lopinavir and Ritonavir (Arm 1) .

Aron t
Formulution (Rephien) E-C{A) DCC(B) [ (1] Reference (D)
Dou® 344 100 FIA9X4 NG
Pharmatekinetic Test Tablets Test Tablets Teat Tablots Reference Cagules
Parucoeters (N 283 N =203 N3 (N =3t
_ Tapinevir
Tmge FEPSE ) 813 42217 $3428
Cpas (ol 62t 4 158" 555 1.37 6611’ 5.36 % 129
Ciy frymty Mt ” 3,00 % 1.1 3522300 2042 1.24
AUC,  {pphimi) iasss” 66.5+218 5 e M5 6512253
AUC,, (il B3S5e261” CrH£242 TR AN 6592265
us® o 28592051 156 4 0.5% 255 £0.59 2,602 062
cuEt g 58224 69228 54420 =2y
NG 1210 26 % 10 Wt 729
‘ Bitanayvir
T 8 aterat 4541 42212° 53z14
Crax i (PP Q3T 2010 n.49 & 0.25° .35 2 0.9%
Tz legiel) 012 2008 LAz 4008 0.13 £ 008" 8432 010
AEC,  (pphml 338w L71” 116 % 1.4 5714 181° 3042 168
AUC,,  aprhial) 1502 124" 3384 169 38 = 187 348 17
s o 42520.78" 4332 085 435 40.94° 453 £ 050
ot am 34 1 19,1 84186 Wdx 149 405 4 16.4
vrt 206298 23R 95 182266 265 x (23

§ Doze presited in mygs of lcpixsa'vidﬁzoﬁavir,
* Sintistically significantly differeny from reference (Regimen D, ANOVA, p < 005,
$ Harmonic mean & pseudo-standard devigtion; evaluations of 13 were based on statisticad rests for §1

¥ Partmeter was ol tested seatistioadhy.
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Table 2. Mean + SD Pharmacokinetic Parameters of Lopinavir and Ritonavir (Arm 2)

Avin 2
Foroulation (Reghmen)  DOA & DOBE) DOEAB (P Reference {G) DCE ()
Bowe’ 4000100 4100 400104 SDVI6D
Pharmacokinetic Test Tahlets Test Tablets Reterene Capsolis Test Fablets
Parameturs (N= 18) N8y (N=18) N« 17
Lopinavir
Toax 16 EPRE 392 16" 6332 341 @m®
Oy tagfoly 4373132 sz2av0r” 4,55 3 148 6341108 30p)®
13 tagreild 204 2 095% 3052 080 307 £ 049 396 50,47 {3.26)
AUC  (rpdbimb) 4672198 S3R 4 158 616 180 1582 150° (n®
AUC,,  {aghink) 1595195 6422153 64.04 18, B0 1527 (1.2
ui®  m 2554 0.56 234 10,67 251 £0.55 245 2 047 (2.44)
bt g 114289 5.6 %13 68420 $55 12058y
vyrt @ 42426 M9 Wy 20466
Ritotuavir

Toax iz’ 5015 $2423 39513 g0%
Cos {rnimd 021 0.41° 036 = 0.60" 0.304 G15 0362 0.147 .49y%
Cyz ipgold 045 2 004" 042 20006 0334005 0422006011
AUC,  {pgiimb) 1,69 = 108" 289 % 144 170 £ 087 1382 100 2on¥
AUC,,  fughmb) E8ie 1,107 303 % 1.06 289 £ 0.4 153x101° gan®
uet  om 46712129 s nt’ 5224 1108 434 5 066" 4329
curt G304 8.6 692120 LR PSER! 3065 B3N
N 6592435 262 50 ie172 183 = 44 (17T

#  Dosc prosened In mgs of lopinavir/mtonavir.
¥ Butistceally signtficanly different from reference (Regimen G, ANOVA, p < 08}
4 Sratlstically significantly diffeat from aderence (Regimen G, sign tast, p < 0.05).
% Hurmonic mean & pseudo-stundard deviation: evaluations of 11,2 were based on statisticad tests for §.
¥ Parameter was not losted statistically.
¢ Mean & 5D vaiuos represent all subjects excluding Subject 1215 median values in garenthesis represent ol

subiccts.
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Table 3. Lopinavir Relative Bioavailability

Relative Bivavailability

Formulation (Regimen) Central Values* Point 90%% Confidence
Testvs. Reference Paramoter Test Reference  Estimate’ Interyal

EC (A} w. SGC D) Criax 64 5.2 1.240 1141 -1.347
Cia 3.3 2.8 LETG 1.050-1.304
AUC,, 7.7 60.9 1.211 1.100-1.334
DC.C ({B) vs. BGC (D} Chax 54 5.2 1.0460 1957 - 1.130
Cio 2. 28 LORR 0.886 - 1.191
AUC., 62.6 60.9 1.028 0.933-1.132
E-E (C) vs. SGC (I} Cinax 6.8 5.2 1.315 F210-1.429
Cl2 EX ) 2.8 1.285 1.153 - 1.432
AUC,, T0f 60.9 1.259 1179 —-1.430
DC-A & BC-B (E) w. Chnax 4.2 4.3 0,973 0863 - 1.097
SGC(G) Cia L7 2.9 0.587 0.474 ~0.728
AUC,, 41.8 616 LETS 0.590 0,782
DC-AB (F) ws. 3GC (G} Conax 5.1 4.3 1193 |.G59 — 1.346
Ci2 2.9 2.9 1.003 0.809 - 1.243
AUC,, 624 61.6 1.012 0.880-1.165
DC-E {H}A v, SGC () Cmax 6.2 4.2 1461 1.266 — 1.686
Cyz 34 29 1.168 1003 - 1.361
AlIC,, 4.5 60.7 1.22% 1.097 -1374

Antilogarithm of the [east squares means for logarithms.
Antilogarithny of the difference (tablet minus capsule) of the least squares means for logarithms,
Formudation DC-E (Regimen H) withost Subject 121,
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Table 4. Ritonavir Relative Bioavailability

Refative Bioavailability

Formunlation (Regimen) : Central Values* Point $0%% Confidence
Test vs. Reference Parameter Test Reference  Estimate’ luterval

E-C (A vs. SGC (D) Cax 04 0.3 1.337 B 166 —1.533
' C12 Q. 0.1 1.038 4.925 - 1,163
AUC,, 33 2.8 1.190 1075 - 1.318
DC.C (B} ws. 3GC (D} Chiax 0.3 3 1.092 0.953 - 1.352
Ci2 0.1 0.1 (958 1.854 ~ 1.074
AUC,, 29 2.8 1.04F 0.940 - 1.153
E-E {Cy ws. SGC{D} Cax 0.5 0.3 1.505 1,316 — 1.72¢
Ciz 0.1 Q1 1164 1.038 - L.305

AUC,, 3.7 2.8 1.317 1.189 — 1,456

DC-A & DC-B{E} vs. Coax 02 0.3 0.662 (.528 - 0,820
SGC(G) Cz 0.0 0.1 0.398 0307 -0.517
' AUC,, 1.3 3.8 (.531 1,429 —0.657
DCAB (Fy vs. 3G (G) Cruax 0.3 .3 1.318 1052 — 1.651
' Cia 0. 0.1 £.905 He97 - 117
AUC,, 2.9 2.8 1.041 0.841 — 1.288
DCE {I—E}A v SGC(G) Criax 0.4 0.3 1.705 1371 -2.120
Ca 0.1 0.1 - 0.961 0.794 — 1,162
AUC,, 34 2.7 1.262 - 1142 ~1.395

*  Antidogarithm of the least squares means for logarithms.
+  Anttlogarithm of the differeuce {tablet minus capsule} of the least squares means for logarithms.
“  Formulations DC-E (Regimen H) withour Subject 121,

SAFETY RESULTS: See Medical Officer’s review.

CONCLUSIONS AND DISCUSSION: When administered as a single dose under non-fasting conditions,
each of the five test tablet lopinavir/ritonavir co-formulations produced similar or greater lopinavir and
ritonavir bioavailability with respect to Cmax and AUC relative to the marketed SGC formulation.

The co-formulated compressed tablet formulation DC-C was bioequivalent to the reference SGC since
the 90% confidence intervals with respect to lopinavir Cmax and AUC were contained within the 0.80 to
1.25 range. The co-formulated compressed tablet formulation DC-AB produced similar AUC compared to
the SGC, but Cmax was higher. The point estimate for Formulation DC-E was 20% higher for both
lopinavir Cmax and AUC compared to the reference SGC. Formulations DC-C, DC-E and DC-AB were
selected for further study based on relative bioavailability and ease of manufacture.
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M01-381

TITLE: Assessment of the Bioavailability of Multiple-Tablet Co-Formulations of Lopinavir/Ritonavir
Relative to a Soft Gelatin Capsule Co-Formulation of Lopinavir/Ritonavir in Fasting Versus Non-Fasting
Conditions

OBJECTIVES: The objective of this study was to assess the bioavailability of multiple-tablet co-
formulations of lopinavir/ritonavir relative to the approved soft gelatin capsule (SGC) formulation under
fasting conditions. The food effect of each of the tablet formulations was also assessed.

SUBJECTS AND STUDY DESIGN: This was a phase 1, randomized, single-dose, open-label, four
period, single-center bioavailability study in 48 healthy subjects. Each regimen was administered as a
single dose of two lopinavir/ritonavir 200/50 mg co-formulated tablets or a single dose of three
lopinavir/ritonavir 133.3/33.3 mg SGC co-formulated capsules (reference formulation). All subjects were
to receive the reference SGC under fasting conditions and each test formulation was to be administered
under fasting conditions to two-thirds and under non-fasting conditions to one-third of the subjects.
Subjects were randomized to receive four of the following seven regimens:

Regimen A: Two Lopinavirfritonavir 200/50 mg co-formulated compressed mblets
(Eormulation DC-C) under fasting conditions

Regimen B: Twe lopinaviv/ritanavir 200750 mg co-formulated compressed tablets
{(Formulation DC-C) following a mwoderate-fat breakfast

Regimen C: Two topingviriritonavir 200/50 mg co-formmlated compressed tablets
{Formulation DC.E) under fasting conditions

Regimen Kk Two lopinavir/ritenavir 200/50 mg co-formulated compressed tablets
(Formulation BC-Ey following a moderate-fat breakfast

Regimen E: Two lopinavigriteravir 200750 mg, separately extruded lopinavir and ritonavir,
compressed tablets {Formulatione DC-ABY under fasting conditions

Repginen F: Two lopinavirdritonavir 200/50 mg, separately extruded lopinavir and ritonavir,

compressed tablats {Fonmulations DC-AB) following a moderate-fat breakfast

Regimen G: Three lopinavir/ritonavir [33.3/32.3 mg co-fommlated SGCs (Reference) under
fasting conditions

INVESTIGATOR AND STUDY LOCATION ~ conmw S ————————
e

FORMULATION: Lopinavir/ritonavir tablet formulations BC-AB, DC-C, DC-E, Kaletra soft gel capsules

SAMPLE COLLECTION: Blood samples for the determination of lopinavir/ritonavir were collected
prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, 24, 30, and 36 hours after the
dose in each study period.

_ASSAY: Plasma concentrations of lopinavir and ritonavir were determined using a validated ===
cmmm—— T\ethod With liquid chromatography/mass spectrometry (LC/MS) analysis at
Abbott Laboratories, Abbott Park, IL. The lower limit of quantification of lopinavir and ritonavir was

25.56 ngimL and 4.97 ng/mL, respectively, using 0.20 mL plasma sample.

PHARMACOKINETIC DATA ANALYSIS: Non-compartmental methods by a validated
pharmacokinetic analysis program were used. Summary statistics of pharmacokinetic parameters
such as geometric means and coefficients of variation for Cmax, Tmax and AUC were provided
for each group. The geometric mean ratios with 90% confidence intervals were calculated
between groups.
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PHARMACOKINETIC RESULTS:

Table 1. Lopinavir and Ritonavir Mean £ SD Pharmacokinetic Parameter

Regimen A Regimen B Regimen € Regimen D Regimen E Regimen F Regimen G
(DC-C) {DC-CY {DC.E} {DCE) (DI-AB) {DC-AB) {(8GC)
Pharmacokinetic Fusting NF Fasling NF Fasting NF Fastiug
Parsmeters {unils} {N—-313 {N=-15) {N=31} {N=-13) {N=30) {N=17} {N—=46}
Lopinavir
Frmax (v 4413% 4Ta L6 294 11% 49221 36410 A6LLE 42417
Chnx {ugfal) 6.48 £ 1.95% £.60 4211 8.58 + 2.45% B.18 £ 2.64 S.43 41,97 1324 1.49" 5,49 £2.17
iz {ug/ml) 2794 1.48 a1’ 377 & 1.22¢ 4434173 2334124 37641247 244 4 1.40
AUC, {ugeh/mE.} T0.0 +33.0% 7554305 163,04 32.0% 1071 4+ 46.0 53.94227 81.7 4 19.44 596 41327
AUCx {ugeh/mL} TO.4+34.0% 768 4305 94.0 4 33.9% 108.1 4 46.9 5444229 82.6 19‘6+ 604 337
‘_%ﬁ {h) 2034074 2.74 0,45 278 £0.58* 272 & 0.72+ 2.97 4:0.59 2831 077 3.1140.63
C?L“Fs {L/h} 70432 7.4 +82 47 £ L5 4.642.4 92+ 52 S1+13 1144142
. Ritenavir
o (h) 33 5094 454127 2.0409% 44137 4.5 4 0.8 45217 42418
Conax {g/mL) a4 & (20% 0.49 +0.19 0.73 4 9.39+ 0.68 40,25 040 022 Q.55 £:0.36 0.4640.28
2 {ug/mL} 0.1 4 0.06 CRLET N 0.13 4 0.06 0,17 0,10 0.09 4 0.05 0.14 ¢ 0.07" 0.10 4 0.07
AUCy {pzel'mE.) 3.40 4 1.61 3784 1.76 472 4 1.95% 4.974:2.35 2,894 | 48 4.16 £1.95 * 303 4 1.97
AUC, (ugshimi.) 249 & .66 183+ 176 4.78 & 1.96* SO3 2,36 2.95 4149 4.27 *2.00+ AN +£2.0F
tyf ¢ 4784 119 4,08 4063 4.20 4 0.74* 453 +:0.78 4,65+ 1.17 4.66 4 141 4.76 4122
CL-'Fs {1/} 359+ 17.9 41,7+ 558 24.5:495 2454116 45.6 = 3L.6 273+ 101 52443549

#  Siatistically significantly different from Regimen G (ANOV A, p < Q.85).

+  Statistically significantly different from Fasting { ANOVA, p < 0.85].

#  Hammenic mean <+ pseudo standard deviation; evalwations of 1y, were hased on statistical tests for .
§  Parameter was not tested statistically.

NF ~ Non-fasting (moderate-fat).
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Table 2. Lopinavir Relative Bioavailability

Relative Bisavailability

Formulation (Regimen) Central Values*® Poimt 9% Confidence
Test vx Reference Parameter Test Reference  Estimate’ - Interval
Taldet vs. Capsule, Fasting
PC-C{A) w. 3GC () Cnnx 6.1 4.9 1.250 1.076 - 1.452

Ciz 0.3 0.3 1.067 .818~1.3%92
AUC,, 6l.6 49.8 1.23% 1045 — 1.466
BC.E {Cyvs. SGLC{G) Chax 8.0 4.9 1.635 1.402 ~ 1.907
Ci2 0.5 0.3 1632 1.242 -2.144
AUC,, 854 44.8 1.716 1.443 —2.041
BC-AB (E)Y vs. 3GC ((3) Crax 53 43 1074 4.921 -1.252
Cyz 0.3 0.3 0.866 0.735 - 1.269
AUC,, 530 49.8 1.066 0.895 - 1.267
Tablet, Non-Fasting os. Fasting
DC-C (B vs. DC-C{A) Cnax 6.3 6.k 1.032 1.837-1.273
Cyz 0.5 0.3 1.629 1.123-2.362
AUC,, 74.0 GL6 1.201 1,948 - 1,522
DC.E{D}vs. DC-E(C} Crax 75 8.0 0.939 0751 - 1.1
Cla 0.6 o5 1.275 0.857 — 1.895
AUC,, 9.6 854 1061 0.825 - 1.366
DC-AB (F) ws. DC-AB (E} Cnax 6.9 53 1.316 1.076 - 1.611
Ciz 0.6 0.3 2,227 |.557 -3.187
AUC,, 76.8 53.0 1.449 1.154 - 1.820

5

+

Antilogarithm of the least squares means for logarithms,
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Antilogarithm of the difference {tablet minus capsule) of the least squares means for logarithms,
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Table 3. Ritonavir Relative Bioavailability Results

Relative Bivavailability

Regimens Central Valaes* Point $0% Confidence

< . e -+
Test vx. Reference . Parameter Fest Reference  Estimate Interval

Tablet ws. Capsule, Fasting

DC-C (A ws, BGC (G) Crax 0.4 0.3 1,267 1651 - 1.529

Ciz 0.0 0.0 0.98G 0.872 - 1,100
AU 3.0 26 1173 010 - 1.363
BC:E (C}ws. 8GC {G) Crnax 0.6 3 1.980 1.634 ~2.399
Ci2 0.0 Q.0 1.093 0970 - 1.231
AUC, 4.3 2.6 1.608 1456 -1.979
DC-AB (BE) vs. S3GC (G Cmax .3 0.3 1.119 0.924 — 1.356
Ciz 00 0.0 0.993 0.882 ~ 1.118
ALC,, 2.8 2.6 1.08] 1.928 — 1.260

Tabdet, Nen-Fasting v Fasting
DC.C{B) us. DC-C{A) Chiax G4 4 1.107 0.852 - 1.439
' Crz 6.0 0.0 1.225 1041 ~ 1441
AU, 3.6 3.4 1.197 0971 - 1476
DC-E (B} vs. DC-E {C) Chiax a.5 1%, 0.847 o4l - 1120
Cia ey 0.0 1126 0.947 ~ 1339
AUC,, 4.3 4.3 0,994 (3.796 — 1.243
DC-AB {F) ws. DC-AB (E} Crimx 0.5 3 1.303 LOF2 —1.676
Cla 0.0 0.0 1.3158 1.125 —1.53%

AUC,, 3.7 2.8 1.342 1.O97 — L.o41
¥ Antogarithm of the least squares means for logarithms. '

+  Antllogarithm of the difference (tablet minus capsule) of the least squares means for logarithms.

SAFETY RESULTS: See Medical Officer's review.

CONCLUSIONS AND DISCUSSION: When administered under fasting conditions, each of the three
compressed tablet formulations (formulations DC-C, DC-E and DC-AB) produced similar or greater
lopinavir and ritonavir bioavailability relative to the marketed SGC formulation.

Comparison of the tablet formulation DC-C under non-fasting relative to fasting conditions suggested that
there was less food effect with this tablet formulation relative to the capsule; 10-20% increase compared
to 56% with the SGC (Study M99 - 073).

Formulation DC-C was selected for further development based on its similar bioavailability relative to the
SGC under non-fasting conditions, limited food effect, and formulation simplicity.
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M03-580

TITLE: Comparison of the Single-Dose Bicavailability of a Tablet Formulation of Lopinavir/Ritonavir
Relative to the Currently Marketed Capsule Formulation and Assessment of the Multiple-Dose
Pharmacokinetics and Safety of the Co-Administration of a Lopinavir/Ritonavir Tablet Formulation with
Efavirenz

OBJECTIVES: The objectives of this study were to: 1. Compare the single-dose bioavailability of
lopinavir/ritonavir 400/100 mg from a scale-up lot of an experimental tablet formulation to that obtained
from the currently marketed capsule formulation. 2. Compare the single-dose bioavailability of .
lopinavir/ritonavir 800/200 mg from a scale-up lot of an experimental tablet formulation to that obtained
from the currently marketed capsule formulation. 3. Assess the multiple-dose pharmacokinetics and
safety of lopinavir/ritonavir 600/150 mg twice daily (BID) dosed as the experimental table formulation and
co-administered with 600 mg efavirenz (tablet) once daily (QD).

SUBJECTS AND STUDY DESIGN: This was a phase 1, single- and multiple-dose, non-fasting, open-
label, bioavailability and drug interaction study.

Part 1 of the study was a single-dose, two-period crossover comparison of the bioavailability of
lopinavir/ritonavir 400/100 mg (Regimens A and B) and 800/200 mg (Regimens C and D) from an
experimental tablet. formulation to that of the currently marketed capsule formulation. Subjects were
randomly assigned in equal numbers to four groups; within each group, the subjects received one of the
two formulations on Study Day 1 and the other formulation on Study Day 6 under non-fasting conditions.

Part 2 (Regimen E) of the study was to assess the multiple-dose pharmacokinetics and safety of co-
administration of the lopinavir/ritonavir tablet formulation with efavirenz in a subset of subjects from Part
1. Subjects received lopinavir/ritonavir 400/100 mg (2 tablets) BID from the moring of Study Day 8
through the morning of Study Day 18. Efavirenz 600 mg QD was co-administered with lopinavir/ritonavir
400/100 mg BID (2 tablets) on the evening of Study Day 18 through the evening of Study Day 21.
Efavirenz 600 mg QD was co-administered with lopinavir/ritonavir 600/150 mg BID (3 tablets) on the
morning of Study Day 22 through the morning of Study Day 32.

30 subjects were enrolied and completed the Part 1 of the study. 23 subjects were enrolled and
completed the Part 2 of the study.

The study design schemes are shown below:

Part t {N= 32)

Sequence Regimen
G rnig b Stwdy Dy 1 Séudy ey 6
Ia g & B
Ib 8 B #
1la 8 ¢ %
1Tt 8 ' D s

Begimen A Single dese oFdOWEE g lopinenartibenoonr tablet teenukation fiae FRE mg loblis)
Begimen B Single deos 40041 00 nag Lopirevirfritunasir manketsd copauke foommlation (s 133323 Yo copsabesi
Repimen € Single dose of 98020 my lopinavirditaervir tiblet focnxitativg (Four 200850 myg tnblets]

Bepimen1r  Single dose of 33X mg lopinavirdivonavir marketed capauly formulation (six TEX33%3 g copaules)
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Part 2(N=24) LPVie

L¥Vir
PK PK
Day 8 Day 18 Day 32 Day 32
rq—bl’wr W00 mg BID P |4 LPVI 00100 BID - P - LPVIr 050 me BID - o
! I P ~EEFY 600 my QD et [y
3
Regimen E:
Stedy Days 8 Lopinavirrivanasir 400100 mg (owo 20050 mg tablets) BID:. This cegimen began with the maening doss
through I8 on Study Day 8 and ended with the morning dose oo Study Diay 18,
Study Days 18 Co-administration of efavirenz 630 mg (one E00 mg tablet) QD snd lopinavirfritonsvir 400/100 mg
throuph 21 {taso 200G my tablets) BID. This regimien began with the evening dose on Study Day 18 and ended with
the svening dose cn Study Day 21,
Saedy Days 22 Co-administration of efavirenz 600 mg {ane 80 my tablet) QD and lopinavie itenasir SIS0 mg (thres
through 32 260050 my takibets) BID. This rgimen began with the doses on Stwdy Day 22 and ended with the meming

deoe of lopinavivritonavir so Study Day 32,

Breakfast and dinner were served approximately 30 minutes prior to administration of lopinavir/ritonavir.
Subjects received a standardized diet for all meals during the study. On Study Days 1 and 6 of Part 1, all
subjects were served an identical breakfast consisting of approximately 500 Kcal with 20-30% calories
from fat. In Part 2 of the study, lopinavir/ritonavir was administered at approximately 7:00 and 19:00 under
non-fasting conditions with a meal of low fat content (20-30% Kcal from fat). All remaining study meals
provided approximately 30% calories from fat. Efavirenz was administered at approximately 22:00 on an
empty stomach, at least 2 hours after completion of dinner.

The demographic characteristics of subjects included in Part 1, regimens A and B

Mean 8D (N =15) , Min — ¥Max
Age (years) 6x11 20— 44
Weight (kg) &1 %13 63 — 1
Height {cn) 180 +£9.3 [63 — 192
Sex 135 Males { 100%%)
Race 9 White (60%), 4 Black {27%%), 2 Hispanic {13%)

The demographic characteristics of subjects included in Part 1, regimens C and D

Mean = 3D (N = (5) Min —Max
Age (years} M £12 19 -53
Weight (kg) TT£10 58 -96
Height (om) [75 £6.2 158 — 183
Sex 12 Males ¢80%), 3 Females (209%)
Race 2 White {80%), | Black (794}, 2 Hispanic (13%6)
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The demographic characteristics of subjects included in Part 2, regimen E

‘Meun £ SD {(N=23} Min - Max
Age (yzars) 3711 19-53
Weight kg 80 %12 54— [0
Height (cm) 179 £7.6 163 - 192
Sex 22 Males €96%). | Female {4%)
Race 16 White {709}, 4 Black {17%), 3 Hispanic {13%4)

INVESTIGATOR AND STUDY LOCATION: Thao Doan, M.D., Abbott Clinical Pharmacology Research
Unit, Waukegan, IL

FORMULATION: Katetra tablet formulation DC-C, 200/50 mg, lot number 95-096-4P, Kaletra soft gelatin
capsules, 133.3/33.3 mg, lot number 85-048-4P, Sustiva tablets, 600 mg

SAMPLE COLLECTION: Blood samples for lopinavir and ritonavir assay were collected on Study
Days 1 and 6 prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, 24, 30 and 36
hours after dosing, and on Study Days 18 and 32 prior to dosing (0 hour) and at 2, 4, 6, 8, 10 and
12 hours after morning dosing. Blood samples were also collected prior to the morning dose
(trough levels) on Study Days 14, 16, 28 and 30. Blood samples for efavirenz assay were
collected on the morning of Study Days 28, 30 and 32, approximately 9 hours post efavirenz
dosing.

ASSAY: Plasma concentrations of lopinavir and ritonavir were determined using a validated high
performance liquid chromatography analytical method with tandem mass spectrometric detection
at Abbott Laboratories, Abbott Park, IL. The lower limits of quantitation (LOQs) for lopinavir were
established at 18.7 and 20.4 ng/mL, and the LOQs for ritonavir were established at 10.8 and 11.2
ng/mL, using a 0.100 mL plasma sample. Plasma concentrations of efavirenz were determined
using a validated hiah nerformance liauid.chromatography ahalytical method with ultraviolet
detection at . ey € lOWer limit of quantitation for efavirenz
was established at 0.100 pg/mL, using a100 uL plasma sample.

The coefficient of variation (CV) values were < 9.9%; the mean % bias values ranged from -3.2 to
8.0%.for lopinavir. The CV values were <13.3%; the mean % bias values ranged from -3.2 to
7.8% for ritonavir. The CV values were <2.35% for efavirenz.

PHARMACOKINETIC DATA ANALYSIS: The pharmacokinetic parameter values of lopinavir
and ritonavir were estimated using non-compartmental methods. Summary statistics of
pharmacokinetic parameters such as geometric means and coefficients of variation for Cray, Trmax
and AUC;, were provided for each group. The geometric mean ratios with 90% confidence
intervals were calculated between treatments.
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PHARMACOKINETIC RESUvLTS:

Part 1:
Table 1. Mean + SD Phamacokinetic Parameters of Lopinavir, Part 1
Purt 1, LPV/r Single-Dose Regimens
Regiwen A Regimen B Regimen € Regimen T
400/108 mg 4007160 myg 80200 mg B007200 mg,
Pharmiscokinetic tablet capsule tablét capsule
Parameters {units) (N =15) (N =15) (N =15) {N=15)
Cinax (ug'ml) 641 128 710 £2.89 1374 £4.03% 11.72 £ 2.43
TFrex (h) 4.1 £1.3* 56+14 5523 6. 2.1
AUC, {pgeh/mby 78.7£26.8 80.6 + 381 212.5 £ 68.6%% 1805 + 50.8
AUC,, {ugeh'mL) 77.0 £268 8L.LO£38.2 214.2 = 69.6** [81.9 £ 515
Cia {ng/mL) 393 £1.63 4,35 £2.20 - -
Cz4 {pg/ml) - - 398200 400254
t 1;2$ thy 2.57+043 240048 2.49 = 0.6% 236049
cLF Ly 5.97 £1.66 6.70 £4.96 428 £1.71 4.83 £1.76
-

Aok

Statistically significanfly different from Regimen B (ANOV A, p < Q.05).
Statistically significantly different from Regimen D (ANOVA, p < .05}

$  Tenninal elimination €12 presented as harmonic mean * pseudostandard deviation; evaluations of t{ o
were based on statistical tests for 3,
%  Parameter was not tested statistically.
Table 2. Mean + SD Pharmacokinetic Parameters of Ritonavir, Part 1
Part 1, LPV/r Single-Dose Regimens
Regimen & Regimen B Regimen C Regimen 1)
$0071 40 mg 400/160 mg 8007200 mg B200 my
Pharmacoekingtic tallet : capsule taklet capsule
Parameters (unitsy (N =15} {N =15} (M =15} (M =15}
Conase {pgml) 0.46 £0.16 0.54 £0.33 £.96 + 0.8G% ET2£0.74
Tnax {h) 4.5 & 1o+ 53£1.2 4.8+ 1.0%% - 5.5+£059
AUC (pgehimL} 3.76 £1.59 3.98 £2.07 15.96 £ 761+ 13.16 £ 564
AU, (ugehimb) 387+1.61 4,10 £2.06 16,06 + To0** 13.28 + 5.64
Cia {(pg/mLy 017 £0.09 0.21 4.1 - -
Coy {pgmL) - -- 0.09 £0.06 ol 2012
tl,a; Y] 4.14 £0.71 4,20 £0.79 .63 £0.55 279 £ 0.60
CLF* LM} 312152 31.9%184 168 £11.9 IR7T£114
*  Etatistically significantly different frons reference regimen (Regimen B, ANOVA, p <0.05),
*%  Statistically significantly difference from reference regimen (Regimen D, ANOVA, p « 0.05).
§  Terminal elimination t(x presented as harmonic mean + pseudestandard deviation; evaluations of t] 2
were based on statistical tests for B.
#  Parameter was not tested statistically.
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Table 3. Relative Bioavailability and 90% Conﬁdenpe Intervals for the Bioequivalence Summary, Part 1

Clentral Values® Relative Bioavailability
90%%
Pharnmeekinetic Taest Reference Point Confidence
LP¥ie Dose Parameter Tualblet Capsule Estimute” Interval
Lopinavir
400/100 mg Cinax 6.2 6.4 0.97¢ (.879-1.073
Regimen A vs. AU, 75.0 69.4 1023 0.909 - 1,151
Regimen B _ , .
AUC, 75 698 1.024 0.909 - 1.153
BOB200 mg Chuax 13.1 £S5 1140 1.044 — 1.244
Regimen CC vs. AUG, 202.2 173.1 1168 120 -1.217
Regimen D o .
AUC,, 203.7 173.9 L17 1.126-1.219
_ Ritenavir
4007130 mig Conax 0.4 0.5 1,952 .746 - 1.214
Regimen A vs. AUC 3.4 34 1.00% 0.870~ 1,167
Regimen B ) _ . o
AUC, 3.5 36 0,991 {.865 - [.135
300200 mg C‘max .8 1.6 1.133 1.024 — 1.253
Regimen C vs. AUG, 14.0 £ 1.174 1090~ 1.264
Regimen D
AUC, 14.1 12.0 1173 1091 - 1.260

Antiogaritim of the least squares means for logarithms,
#  Antilogarithay of the difference {tablet minus capsule] of the least squares means for logarithms.

Table 4. Total Variabilities for Lopinavir and Ritonavir, Part 1

Yariability {%6CV)

Part 1, LPV/r Single-Dose Regimens

Reginen A Regimen B Reginven Regimen D
$O0100 my 400100 mp RO07200 my 8007200 g
Pharmacokinetic tablet capsule tablet capsule
Parameter {N = 15} {¥ =15} (N =151 {N =15}
Lopinavir
Ciax 20 31 36 21
AUC, 35 47 a2 28
AUC., 35 47 a3 28
Ritonavir
Cinax 36 61 44 - 43
AUC, 42 52 48 43
AUC,, 42 50 47 42
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Figure 1. Mean (SD) Lopinavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 400/100 mg(Regimens A and B) Part 1 )

—#— Roginieni A: LPVIr 4000100 mig test tablet {N=15}
19 —o— Begimen B: LPVIr 480100 my reforence capsule (N=18)

Concentration, gg/mL

Time, h
-Figure 2. Mean (SD) Lopinavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 800/200 mg(Regimens C and D) Part 1

—a— Regimen C: LPVIr §00:200 myg test tablet {N=15)
—0— Regimen D: LPVIr 8001200 myg referonce capsule {N=15}

20 1

Concentration, ug/mL

Time, h
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Figure 3. Mean (SD) Ritonavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 400/100 mg(Regimens A and B) Part 1

Concentration, pg/mL

0.8 -

—a— Regiman A: LPVIr 4001400 myg tast tablet (N=15}
—o— Reghmen B LPVIr 406/109 my reference capsule {(N=15)

Time, h

Figure 4. Mean (SD) Ritonavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 800/200 mg(Regimens C and D) Part 1

Concentration, pg/mL

340 4

25

24 1

1.0 1

05 4

0.0

—&— Regimon C: LPVIr 800/200 myg test tablet {N=15)
—0— Regimen Dt LPVT 808/200 mg reference capsule (N=15)

Time, h
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Part 2:

-Table 5. Mean + SD Pharmacokinetic Parameters of Lopinavir, Part 2

Part 2, LPVir Multiple-Dose Tablet, Regimen

Pharmacekinetic G/ LS50 my BID Co-Administered with 4 mg BID Alone,
Parameters (umits) EFY 600 mg QD, Study Day 32 (N=23) Study Day 18 (N=23)
Crax {pgimL) 1439 £ 2,58+ 1056 £1.73
Frmx ¢hy 43 0.7 4.4 £0.8
Cinin {pg/mlL} 6,55 £2.42% 4.86+1.61
Cuough  (pgfmL) ’ 7,75 +2.69% 5,66+ 1.83
AUCq2 {ugeh/mlL} 1335 £ 26.9* Sl £ 8.7
T (b 6.70+2.21 6,86 £2.12
CLF {LAj 514 £1.48 4.61 + 103

*  Statistically significantly different from lopinavir/ritonavir alone (paired ttest, p < 0.05).
3 Peak-to-frough elimination €| presented as harmonic mean + pseudiostandard deviation,
#  Parameter was not tested stafistically.

Table 6. Mean £ SD Pharmacokinetic Parameters of Ritonavir, Part 2

Part 2, LPVir Multiple-Dose Tablet, Regimen E

Pharmazekinetic 600150 1z BID Co-Administerad with 4007100 mg BID Alone,
Parameters {units} EFV 680 mg QD, Study Day 32 (N=13) Study Day 18 (N=23)
Cone {ugimLsj 1.83 £0.64% 0.94 30,32
Tnax (h) 42£0.6 4.0=0.0
Cuin fugml) 0.28 £0.40% .19 £ 008
Crrough. fpgimLy .39 £0.20% 0.24 £0.12
AUC;;  {ugehmL; G941 £2.87* 522+ 140
het m 328 £0.73 37T £0.88
CLF 1) 179+ 7.1 208+ 6.6

*  Statistically significantly different from lopinavir/ritonavir alone (paired totest, p < .05y
§  Peak-to-trough elimination t172 presented as harmonic mean # pseudostandurd deviation.
#  Parameter was not tested statisticatly.
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Table 7. Lopinavir and Ritonavir Relative Bioavailability and 90% Confidence Intervals, Part 2

Central Values® Relative Binavailability
Pharnscokinetic LP¥ir 6067150 mg BID  LPV{r 4001 myg Point = 9% Cenfidence
Parameter + EFV 6{H mg QD BIT sloane Estimate™ Twterval
Lopinavir
Conx 14.1 14 1356 £275 - 1.442
Chin 6.1 4.6 £320 1.207 - 1,444
Cirough 7.3 54 1.362 1.256 - 1.477
AUC)2 120.4 88.7 1.357 1,284 ~ 1,435
Ritonavir
Cinax ) 0.8 t.921 1678 —2.199
Cinin 3 0.2 1.564 405 —1.742
Cirough 0.3 .2 t.a04 1368 - 1.840
AUC) - 89 50 L778 1620 — 1.952

Antilogaritha of the least squares means for logarithms.
#  Antllogarithm of the difference {co-admintstration of lopinavir/ritomavir with efavirenz minus
lopinaviriritenavir atons) of the least squares means for logarithms.

Table 8. Total Variability for Lopinavir and Ritonavir, Part 2

Yariahility (%CV)

Part 2, Lopinavirfritunayir Maltiple-Dose Regimen E

Pharmacekinetic G150 mg BID Co-Administered 4007104 mg BIY Alone
Paramoeter with Efavivenz 600 mg QU (N=13} (N=23)

Lopinavir

Cinax IR 16

Chiin 37 33

Cerough as 32

AUC s 22 21
Ritenavir

Crnax 35 34

Coin 36 41

Creough 50 51}

AUC)3 30 27
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Table 9. Mean t SD Efavirenz 9-Hour Concentrations

LIPYie 6000150 myg, BID tablets + EFY 600 mg QD

Study Dy 28 30 32
EFV Dasing Day B 14 16
Tinwe after Bose (h) 9 2 g9

N 23 23 23

Mean £ 8D (30M) 10,25 + 4,89 066 £5.74 10.57 £ 531

Figure 5. Lopinavir Plasma Concentration-Time Profiles, Part 2

~a Ly 6007150 my BID tablet + EFV €00 mg QD (N=23)

%1 —0— LPV/r400/400 mg tablet (N=23)
18 4
% 1i3 4
=
g ¢
. g 6.
5
19
2 4
b} \J
1] 2 4 & ] 10 12
Time, h
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Figure 6. Ritonavir Plasma Concentration — Time Profiles, Part 2

30+

- LPVr 6001150 mg BID tablet + EFV 600 mg QO (N=23)
—G— LPVir 4001100 mg tablet {N=23)

bind
o]
1

N
=
53

1.0 4

Concentration, ug/mL

0.5 4

a0

SAFETY RESULTS: See Medical Officer's review.

CONCLUSIONS AND DISCUSSION: Following single-doses of lopinavir/ritonavir 400/100 mg under non-
fasting conditions, the tablet and capsule formulations were bioequivalent for lopinavir. The two
formulations also met bioequivalence criteria following single-doses of lopinavir/ritonavir 800/200 mg
under non-fasting conditions for lopinavir. However, the experimental tablet formulation exhibited higher
lopinavir bioavailability than the capsule formulation. The central values for lopinavir Cmax and AUC were
14% and 17% higher, respectively.

Following single-doses of lopinavir/ritonavir 400/100 mg under non-fasting conditions, the tablet and
capsule formulations were not bioequivalent for ritonavir. Although ritonavir's area under the
concentration time curves (AUCt and AUC=) ratios (tablet vs. capsule) were within 80-125%. The lower
limit of 90% confidence intervals for ritonavir's Cmax ratio (tablet vs. capsule) was below 80%, 74.6%.
Following single-doses of lopinavir/ritonavir 800/200 mg under non-fasting conditions, the tablet and
capsule formulations were not bioequivalent for ritonavir. The central values of Cmax and AUC were 13%
and 17% higher for the experimental tablets after 800/200 mg doses under non-fasting conditions.

Co-administration of lopinavir/ritonavir 400/100 mg BID as 3 SGCs with the CYP3A-inducing
antiretroviral agent efavirenz has been shown to decrease the lopinavir area under the curve
{AUC) and minimum plasma concentration (Cmin) by approximately 20 and 40%, respectively,
while efavirenz concentrations were not significantly altered. An increase in the lopinavir/ritonavir
dose to 533/133 mg BID was recommended when co-administered with nevirapine or efavirenz
based on a cross-study comparison. A similar interaction was observed during co-administration
of lopinavir/ritonavir SGC with nevirapine and expected for other CYP3A-inducing antiretroviral
agents such as nevirapine, efavirenz, nelfinavir, amprenavir, or fosamprenavir.

Thus, for patients taking CYP3A-inducing antiretroviral agents such as nevirapine, efavirenz,
nelfinavir, amprenavir, or fosamprenavir concurrently with lopinavir/ritonavir, the current product
labeling for Kaletra SGC formulation recommends increasing the lopinavir/ritonavir dose to
533/133 mg BID.
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Due to the increased drug loading of the to-be-marketed tablet formulation compared to the SGC,
a dose of 533/133 mg is not possible with the tablet formulation. Therefore, drug interaction study
between efavirenz and Kaletra tablet formulation 600/150 mg (3 tablets) was assessed in this
study.

When the to-be-marketed tablet formulation at a dose of “™===» mg BID was co-administered with
efavirenz, lopinavir Cmax, AUC,2, and Cmin values were 36%, 36% and 32% higher, respectively, than
after a 400/100 mg BID regimen administered as the to-be-marketed tablet alone. The central values for
ritonavir Cmax, AUC42, and Cmin were 92%, 78% and 56% higher, respectively, than the corresponding
values for a 400/100 mg BID regimen administered alone. A single blood sample to monitor efavirenz
concenfrations was collected 9 hours after dosing on Study Day 16. The mean + SD efavirenz
concentration in the 23 subjects who participated in Part 2 of Study M03-580 was 10.57 £ 5.31 yM and is
within the steady state Cmax (12.9 + 3.7 pM) and Cmin (5.6 + 3.2 pM) reported in the efavirenz product
label. Efavirenz concentrations measured in this study suggest that the higher lopinavir and ritonavir
exposures observed in Study M03-580 are not likely due to insufficient efavirenz levels.

Higher lopinavir exposure is likely due to the combination of increased doses of both lopinavir and
ritonavir. The increased ritonavir exposure may decrease the inducing effect of efavirenz.

Based on the observation (see table below) that the steady-state pharmacokinetics of lopinavir and
ritonavir after administration of lopinavir/ritonavir 400/100 mg BID as the to-be-marketed tablet
formulation were similar to that seen in previous multiple-dose studies in healthy subjects using SGC
formulations, we predict that co-administration of lopinavir/ritonavir 400/100 mg BID as 2 tablets with
efavirenz would result in similar effects to those of co-administration of lopinavir/ritonavir 400/100 mg BID
as 3 SGCs with efavirenz: a decrease in the lopinavir AUC and Cmin by approximately 20 and 40%,
respectively. No evidence suggests the effect of efavirenz will be different for Kaletra tablet than for
Kaletra SGC.

Thus a dose increase of Kaletra tablets to 600/150 mg should be considered when used in combination
with efavirenz, nevirapine, amprenavir, or nelfinavir in treatment-experienced patients where reduced
susceptibility to lopinavir is clinically suspected (by treatment history or laboratory evidence).

in order to simplify the labelling, Kaletra SGC formulation recommends increasing the Iopmawr/ntonawr
dose to 533/133 mg BID in all patients including antiretroviral-naive patients.

Increasing the dose of Kaletra tablets to 600/150 mg (3 tablets) BID co-administered with efavirenz
significantly increased the lopinavir plasma concentrations approximately 35% and ritonavir
concentrations approximately 56% to 92% compared to Kaletra tablets 400/100 mg BID without efavirenz.
In order to limit the Kaletra dose increase to patients who need the higher lopinavir concentrations,
Kaletra tablets 400/100 mg.dose can be used twice daily in combination with these drugs with no dose
adjustment in antiretroviral-naive patients.
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Historical Comparisan of Lopinavir and Ritonavir Pharmacokinetics After 400/100 mg BID in Healthy
Subjects Following a Moderate-Fat Meal

Tablet

Furmndatian LPV SGC & RV 30C° Marketed Capsules
Sty Namber MO3-580 N7 650 M¥-T41 MOT0E MIH-2TX Mt-290 Nigt-34¢
Days of Dostnp Bt 6 2 L 16" 11 11
Paramvedory {unkts} (N=23} {iN=T) {¥=T) {N=11) {N={5}: (N=12} EN=13]
Lopiuayir
T 421} 44108 43214 43437 4594 1.9 1543245 45812 52425
oy (ugAnd.) 1056+ 1.73 GEE 21T 10.78 + 2.67 1028+ 2.95 B2 £2.23 1633 £ 1.31 10.87 + 2.74
ALz (ugeh'ml) 9061187 88,24 17.78 1RB2+27.8 878 £ 301 737+ 235 864+ 141 LGg Xt 35.6
Cain {ugnly 4.86 * 1.&1 531 £ 158 5.96 £ 235 4664225 428+ 212 4.64 +21.34 615 +2.88
CLF (Lsh} 461 £1.03 473 £ 1.03 410 +0.99 327 & 207 - 475 + 083 432 +1.09
Ritenavir
Tonax [£41] $.04 00 dx1 43427 44 1.2 k2.5 42409 48423
Cims (pziml ' .54 & 1,32 0.85 +0.4] 0.55£023 0.80 033 0.81 £ 045 0.95 4 0.46 1.14 £ 049
AUCE  (pzeldmla 522 4140 507 £2.10 419 %1.43 42+ 1.4 4744 220 4.62 £ .45 548 2137
[ (pur/mly 0,19+ 608 217 £ 0.07 0,14 4: 0,04 013 £ 0.08 Q154009 @153 £ 0.05 017 4 0.09
CLF (L) 208+ 46 230 12 261480 6.84 106 - .2+3535 IR5+55

A 300mg lopinavirsnd 100 mg ritoaavir administered for 10 days followed by 460 mg lopinavir and 100 g ritcanvir administensd for 6 days.
b, SBingle-dose desipramine was administzrad on Days 1 and 15,
#  Sapagate capsules of lopinsvir (LPVY and ritcaigvir (RTV] were sdministered.
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M03-616

TITLE: Comparison of the Single-Dose Bioavailability of a New Tablet Formulation of Lopinavir/Ritonavir
Relative to the Currently Marketed Capsule Formulation

BACKGROUND: Results from the pilot Study M03-580, the single-dose bioavailability of the new tablet
formulation from a partial scale-up lot compared to the marketed capsule formulation at doses of 400/100
mg, suggested that the new tablet was bioequivalent to the marketed capsule following administration of
400/100 mg under non-fasting conditions.

In the current study, the bioavailability of a production-scale lot of the new tablet formulation was
compared to that from the marketed capsule formulation under fasting and non-fasting conditions after
single doses of lopinavir/ritonavir 400/100 mg.

OBJECTIVES: The objectives of this study were to: 1. Compare the single-dose bioavailability of
lopinavir/ritonavir 400/100 mg from a 200/50 mg new tablet formulation to that obtained from the currently
marketed 133.3/33.3 mg capsule formulation under fasting and non-fasting (moderate-fat foods)
conditions. 2. Evaluate the effects of high-fat breakfasts on the 400/100 mg dose of the new tablet
formulation of lopinavir/ritonavir.

SUBJECTS AND STUDY DESIGN: This was a phase 1, single-dose, open-label, bioavailability study
with a five-period, randomized design. The first four periods were conducted according to a complete-
crossover design. Subjects were randomized in equal numbers to four sequences of regimens A, B, C
and D for Periods 1 through 4. Five subjects from each sequence group who completed Periods 1
through 4 were randomly chosen to participate in Period 5 and received regimen E. A washout interval of
atleast 7 days separated the doses of the five study periods. Study drug was administered as a single
dose in the morning on Study Day 1 of each period as follows:

Regimen A: Three 133.3/33.3 mg capsules (marketed) following a moderate-fat breakfast.
Regimen B: Three 133.3/33.3 mg capsules (marketed) administered under fasting conditions.
Regimen C: Two 200/50 mg tablets (new) following a moderate-fat breakfast.

Regimen D: Two 200/50 mg tablets (new) administered under fasting conditions.

Regimen E: Two 200/50 mg tablets (new) following a high-fat breakfast.

Subjects received a standardized diet for all meals during the study. On Study Day 1 of a period in which
a subject received regimen A or C, a moderate-fat breakfast consisting of 500 to 600 Kcal with 20 to 30%
of calories from fat, was served approximately 30 minutes prior to dosing. In Period 5 (Regimen E), on
Study Day 1, a high-fat breakfast consisting of approximately 1000 Kcal with 50 to 55% of calories from
fat was served approximately 30 minutes prior to dosing. Subjects in regimens B and D (fasting regimens)
did not receive breakfast on Study Day 1.

Healthy adult male and female subjects (N = 64) were planned and 63 subjects were enrolled in the
study. Fifty-seven subjects (42 males and 15 females) completed Periods 1 through 4. Twenty subjects of
the 57 subjects who completed Periods 1 through 4 participated in Period 5 of the study.

Demographic summary for subjects who entered the study:

Megn £ SBHN =63 Min - Max
Age (yaars) 36+ 11 19 - 55
Wiziglt (k) TFLID B0~ 1631
Haight (om 17549 147 - 191
Sex 46 Males (73%), |7 Females (27%)
Racs 44 White {70865, 10 Black (16%), @ Hispanic £ 14%%]
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INVESTIGATOR AND STUDY LOCATION: Thao Doan, MD, Abbott Clinical Pharmacology Research
Unit, Waukegan, IL

FORMULATION: Katetra tablet formulation DC-C, 200/50 mg, lot number 03-502-AR, Kaletra soft gelatin
capsules, 133.3/33.3 mg, lot number 07-469-2E-21

SAMPLE COLLECTION: Blood samples for lopinavir and ritonavir assay were collected prior to
dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, 24, 30 and 36 hours after dosmg on
Study Day 1 in each period.

ASSAY: Plasma concentrations of lopinavir and ritonavir were determined using a validated high
performance liquid chromatography analytical method with tandem mass spectrometric detection
at Abbott Laboratories, Abbott Park, IL. The lower limits of quantitation for lopinavir and ritonavir
were established at 20.4 and 11.2 ng/mL, respectively, using a 0.100 mL plasma sample.

PHARMACOKINETIC DATA ANALYSIS: The pharmacokinetic parameter values of lopinavir
and ritonavir were estimated using non-compartmental methods. Summary statistics of
pharmacokinetic parameters such as geometric means and coefficients of variation for Cmax,
Tmax and AUC were provided for each group. The geometric mean ratios with 90% confidence
intervals were calculated between groups.

PHARMACOKINETIC RESULTS:

Table 1. Mean + SD Pharmacokinetic Parameters of Lopinavir (regimens A, B, C and D)

LP¥ir 400/ 1) g Single-Dose Regimens (Perieds | through 4)

Regimen A Regimen B Regimen € Regimen I¥
Capsule Capsule Tablet Tablet
Pharmacoekinetic Maoderate-Fat Fasting Moderate-Fai Fasting
Parameters {units) {N =54 {N = alh) (N =50) {M=62)
Cunan (ugimL) 656+ 1.78" 535234 838 £2.15 7.16 £1.997
# .
Tiex {hy 64429 4.2 2.0 3908 36147
CY13# (pgfmLy 435+ 1.80 2.46 £ 1.53 4.49 = 147 3.46 £1.46
AUC,  (pgeh‘mL) 82.6 +29.3" 56.4 +31.4 101.9 £33.4" 81.6+30.5"
. ) #A
AUC, {pgeh’mL) 831 £29.57 §6.9+£31.5 102.3+33.6 82.0 +30.6"
tyf {h) 264 £0.50 2.88 £ 0.60 2.533 £ 047 2.63 044"
cLF {L‘hy 5.57 £2.50 1081 £9.55 4.28 £ 1.30 S.62 £2.325

. *  Statistically significantly different from Regimen A {Mixed Effects Analysis, p < 0.05).
+  Statistically significantly different from Regimen B (Mixed Effects Analysis, p < 0.05).
*  Ratistically significantly different from Regimen D (Mixed Effects Analysts, p = (L.05).
3 Presented as harmonic mean + pseudostandard deviation; evaluations based on statistical tests for f.

#  Parameter was not tested statistically.
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Table 2. Mean  SD Phamacokinetic Parameters of Lopinavir (regimens C, D and E)

LPY v 400/ L0 mg Single-Dose Regimens

Regimen C

Regimen D

Regimen E

Tallet Tablet Tablet
Pharmacakinetic maderate-fat fasting high-fat
Parameters (units) (N =20 {N=2M} {N=20)
Coax fugml) 8.34 +1.74 7.40 +2.79 TOR£ 176
Tonax (b 4.0+0.6 3207 54418
Clg_# {ug/mL) 432112 330 % L.57 4.60+1.26

AL, {ugshimL)

AU {pgehimL)
b

ty, ¢hy

cLF  @m)

96.8 £21.9
972£21.9
257 £0.47
4.35 + 114

ToE £ 35.6
802 £35.6
2574035
5.97+2.64

883+ 179
2.8+ 17.8"
2.49 £0.47
468 +0.94

*  Statistically significantly different fram Regimen C {ANOV A, p < 0.05).
+  Statistically significantly different from Regimen D {ANOVA, p < 005
$  Presented as harmonic mean * pseudostandard deviation; evaluations based on statistical tests for B.
#  Parameter was not tested statistically.
Table 3. Mean + SD Pharmacokinetic Parameters of Ritonavir (regimens A, B, C and D)
LP¥iv 400/ 100 myg; Single-Dinse Regimens (Peripds 1 through 4)
Regimen A Regimen B Regimen C Regimen
Capsale Capsule Tablet Tublet
Pharmacokinetic mdlerate-Tat fasting murderate-Tat fasting
Paramcters {units) {N =59) (N =2ah) (N =50 iIN=6)
Ciax (ng/mLy 044 025" 0.38 £0.26 0.58 40,26 0.57 028"
Trnax (ki 63£2.7" 4.1+186 40£07 a4x12%
2 {ngmL) 0.19 £ (114 Q.10 % 0.08 0.15 + 0.09 0.13 £ 0.1
AUC;  (pgebvml)  3.80+150" 2.86 + 1.82 4652216  408+194"
AUC, {pgehimL) 3.94 150" 2.99 = L84 478 £2.1 7" 4214196
tn,;@'s ¢h) 4.6F £ (19] 4.69 £ 1.0¢ 436 2084 4.52 £10.88
cLF” {Lehy JEBx165 510406 24392 200 £14.0

*

>+

Statistically significantly different from Regimen A (Mixed Effects Analysis, p = 0L.05).
Statistically significantly different fromy Regimen B (Mixed Effects Analysis, p < 0.05)1
Statistically significantly different from Regimen D (Mixed Effects Analysis, p < (1.05).

Presented as harmonic mean * pseudostandard deviation: evaluations based on statistical tests for B.
Parameter was not tested statistically.
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Table 4. Mean £ SD Pharmacokinetic Parameters of Ritonavir (regimens C, D and E)

LPVr 4M/ 1K) mg Single-Dose Regi mens

- Regimen €

Regimen D

Regimen E

Tablet Tablet Tablet

Plisrmacokinetic Moderate-Fat Fasting High-Fat

Parameters {(units} (N =20} (N =20} {N=20)
Crnax {pgimL) 0.60+0.27 057 £0.34 0.57 £0.22
Tinax () 40 £0.6 32406 s4x20"
Clvg’% v {pgdml) 0.14 £0.07 £.12 £ 0.0% 020011
AUC {pgelvmbL) 4,43 + 1.67 3.99£2.20 455+1.53"
AUC,, {pgeh'mL) 456+ 1.68 4.10+£2.23 4.68 £1.56"
tg,f () 4.22 +0.72 4,40+ (.82 406+ 074"
l.fngx"Fé’E (LA} 25.1%10.1 319+17.3 33.7+78

*  Statistically significantly different from Regimen C (ANOV A, p < 0,05,
Statistically significantly different from Regimen D (ANOVA, p < 0.05).
Prezented as harmonic mean * pseudostandard deviation; evaluations based on statistical tests for B.

CT N

Parameter was not tested statisticalby.

Table 5. Lopinavir Relative Bioavailability and QO% Confidence Intervals
for Bioequivalence Evaluation (regimens A, B, C and D)

Central Values Refative Bisavailability

Pharmacokinetic Point 9004 ClonTidenes

Cromparison Parameter Test  Reference Estimate” luterval
C (tablet mod-fat) Chuax 8.2 6.3 1.295 1.230 - 1.362
V. _ AUC 95.7 T6.0 1272 1197 - 1.351
A {capsule mod-fat) _ ‘ .
AUC, 97.1 76.5 1.269 1.195 - 1.348
D {tablet fasting) Cnax 76 4.8 1457 1.314 - 1.615
» vE. o AUC, 76.2 445.9 1.637 1.439 - 1.839
B {capsule fasting) i )
AUC,, 76.5 47.4 1.616 1431 - 1.824
C (tablet mod-fat) Crax 8.2 70 1.17 1111 - 1.244
S, AUC 94.7 6.2 1.269 1151~ 1352
D {tablet fasting) ) ) :
’ ' AUC,, 911 76.5 1.269 L1911 -1.352
A {capsule mod-fat) L — 6.3 4.8 1.323 1.191 - 1.470
o AU, 76.0 46.9 1.623 1.429 — 1.843
B {capsule fasting)
1.425 - 1.831

AUC., 76.5 474 1615

*  Antilogarithm of the least aquares means for logarithms.
¥ Antiogarithm of the difference {test minus reference) of the least squares means for logarithms.
mod-fat = moderate-fat meal conditions.
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Table 6. Ritonavir Relative Bioavailability and 90% Confidence Intervals
for Bioequivalence Evaluation (regimens A, B, C and D)

Central Values® Refative Bioavailability
Pharmacokinetic Point = 90% Confidence
Comparison Parameter Test Reference Estimate luterval
C {tablet mod-fat} Crax Qs 0.4 1.396 £.286 - 1517
o e oo AU 4.1 3.2 1,274 F.189 - 1.356
A feapsule mod-fat) , v .. ‘ _
AUC,, 4.2 33 1.254 LT - 1.336
B {tablet fasting) o Ciax Q.5 0.3 1.707 1495 - 1.950
vE AL, 3.5 2.2 1.57¢ 1402 ~ 1778
B {capsule fasting) ‘ ,
AU 3.7 2.4 1.532 1.376 - 1.706
C (tablet mod-fat} I 0.5 0.5 1.049 3.943 - 1. 167
V& AUC 4.1 35 1.156 F.066 ~1.253
B {tablet fasting) ] _ _
) Al 4.2 37 1.149 063 — 1.241
A {capsule mnd-fat) Cinax 04 0.3 1.283 1112 - 1,480
e AR, 3.2 22 1.438 1.273 - 1.624
B {capsute fasting) o
: AUC, 33 24 1402 [.256 - 1.567

*  Anfilogarithm of the least squares means for logarithms.
#  AntHogarithm of the difference {test minus reference) of the least squares means for logarithms,

mod-fat = moderate-fat meal conditions.
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Table 7. Relative Bioavailability and 90% Confidence Intervals for the
Assessment of Food Effect on Lopinavir and Ritonavir Following
Administration of New Tablets (regimens C, D and E)

Central Values* Relative Bisavailability
Pharmicokinetic Point 90% Confidence
Comparison Paraweter Test Reference Estimate Interval
Luopinavir
C (moderate-fat} Chex 8.2 7.0 1.176 [.J11-1.244
vs. D {fasting} AUG 96.7 762 1.269 F.I91 - 1352
AUC., 97.1 76.5 1.269 1191 - 1352
E {high-fat) vs. Cinax 6.9 8.2 0.844 0,780 - 0.913
C (moderate-fat) AUC 86.6 94.3 0.918 0.859 — 0,982
AUC,, 87.1 04.7 0.919 1.861 — 0.982
E (high-fat) vs. Cnax 6.9 7.0 0.993 0.877 - 1.124
D (fasting) AUC, 86.6 73.0 1.187 1028 - 137
AUC,, 87.1 73.3 1.189 [.029 ~ 1.373
Ritunavir
C tmoderate-fat) Cinax 0.5 0.5 1.049 0.943 - 1,167
vs. D (fasting} AUC, 4.1 3.5 1.156 1066 - 1.253
AUC,, 4.2 3.7 1.149 1.063 — 1.241
E {high-fat) vs. Cnax 0.5 0.6 0.973 0,853 - 1.109
€ (moderate-fat) AUC 4.3 4.1 1.042 0.977 - 1111
AUC,, 4.4 4.3 1.040 0.977 ~ 1.107
E (high-fat) vs. Cunax 0.5 0.5 1.103 0.920 - 1,323
D {fasting} AUC, 43 3.5 1.247 1071 - 1.453
AUC. 4.4 3.6 1.239 1.068 ~ 1.436

*  Antilogarithm of the least squares means for logarithms.
¥ Antilogarithm of the difference {test mimas reference) of the least squares means for logarithms.
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Table 8. Total Variabilities for Lopinavir and Ritonavir

Variahility (%CV)

[PV 4K 100 myg Single-Dose Regimens (Periods | through 4)

Reginpen A Regimen B Regimien ¢ Reghuen D
Capsule Capsule Tablet Tabet
Pharmacokinetic Moderate-Fat Fasting Moderate-Fut Fasting
Parameters {N =89y {(N=06D}) (N =59} {N =62}
Lopinavir '

Chux 27 44 26 28
AUC, 35 . 56 33 37
AUC,, 35 56 33 37

Ritonavir

Chmx 56 67 45 49
ANC, 50 64 46 48
AUC,, 48 61 45 46

Variability {24V}
LPVir 41100 g Single-Dose Regimens
Regimen € Regimen D Regimen E
Tablet Tublat Tablet
Pharmaeskinetic Moderate-Fat Fasting High-Fat
Parameters {N=20) {(N=2I1 (N =120y
_ Lapinavir

Cinox 21 38 25

AUC, 73 45 20
AUC,, 23 44 24
Ritenavir

Crnx 45 56 39
AUC 38 S5 34
AU, : 37 54 33
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Figure 1 Mean (+SD) Lopinavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 400/100 mg (regimens A, B, Cand D)

12 1

—i— Raginen A LPWVT marnkestad capsula, moderste-fat (W=59)
—— Regiman B: LPYr marksdsd capsul; fasting (H-60%

10 —w— Ragimea ¢ LPVIE new tablel, modisrate-fat (N-5g;

—7— Ragiven D2 LPWE new tablel, Tasting (N=&21

Concentration {pgimL}

Time (h}

Figure 2. Mean (+SD) Lopinavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 400/100 mg (regimens C, D and E)

12 -
—— Regfman C: LPWT naw Bbkt, mackrata-tal (=201
—G— Regmen T LPWI rase Tablst, fagting (M=210)

10 4 —w— Reglmen E: LPYST rew tatist, nigh-Tat {R=27,

Cancentrmtion (pg/mL})

T
0 g 12 mo 24 A 38
Timie {h)
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Figure 3. Mean (+SD) Ritonavir Plasma Concentration-Time Profiles after Single Dose Administration of
Lopinavir/ritonavir 400/100 mg (regimens A, B, C and D)

1.0 1
—¥— Regimen & LPWT marksled capsule, moderatefal [N=59)
—O— Regimen B: LPWT markeled capsule, fasing (=535

03 —y— Reglirien C: LRV new tabist, moderste-Tat (N=59)

—5— Regiman L LPA newtablat, tasing [M=62)

Concentration {pg/mlL}

Time {h}

Figure 4. Mean (+SD) Ritonavir Plasma Concentration-Time Profiles after Single Dose Admlnlstratlon of
Lopinavir/ritonavir 400/100 mg (regimens C, D and E)

1.0 5
—— Ragiven G LI ne tatiat, modarale-Tat ¢N=27)
—0— Regimaen D LPW new tabist, fastng (M=20)
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SAFETY RESULTS: See Medical Officer’s review.

CONCLUSIONS AND DISCUSSION: When the new tablet formulation was administered following a
moderate-fat meal, lopinavir exhibited higher bioavailability relative to the currently-marketed capsules
administered following the same meal. The point estimates were 27.2% to 29.5% higher and the 90%
confidence intervals for the relative bioavailability of lopinavir from the new tablet formulation compared to
the marketed capsules extended above 1.25 for both AUC and Cmax. Similarly, when the new tablet
formulation was administered under fasting conditions, lopinavir exhibited higher bioavailability relative to
the capsules administered under fasting conditions. The point estimates were 45.7% to 62.7% higher and
the 90% confidence intervals were above 1.25 for both Cmax and AUC. Comparable results were
observed for ritonavir.

A moderate-fat meal improved the bioavailability of lopinavir from the new tablet formulation and the
marketed capsule formulation compared to administration under fasting conditions. However, the
increases in lopinavir Cmax (32.3% for the capsule vs. 17.6% for the new tablet) and AUC= (61.5% for
the capsule vs. 26.9% for the new tablet) following a moderate-fat meal were much more pronounced for
the marketed capsule than for the new tablet formulation. Comparable results were observed for ritonavir.
Administration of the new tablet formulation with a high-fat meal increased lopinavir AUC, but not Cmax,
when compared to administration of the tablet formulation under fasting conditions.

The results from this study suggest that the effect of food (moderate-fat or high-fat meals) on the new
tablet formulation is lower than the effect of food on the marketed capsule formulation.

The relative bioavailability results found in Study M03-616 were different from those in Study M03-580.
Results from the pilot Study M03-580 showed that following administration of the 400/100 mg

dose under non-fasting conditions, the new tablet from a partial production scale lot was

bioequivalent to the marketed capsule with respect to lopinavir. However, the current study
demonstrated the new tabiet (production-scale lot) exhibited greater bioavailability with respect to
lopinavir Cmax and AUC relative to the marketed capsule. Under non-fasting conditions, lopinavir
Cmax and AUC values for the new tablet were 29% and 27% higher, respectively, than those for

the marketed capsules.

Appears This Way
On Origingi

71



M04-703

TITLE: Comparison of the Single-Dose Bioavailability of Three Lots of a Tablet Formulation of
Lopinavir/Ritonavir Relative to the Currently Marketed Capsule Formulation

BACKGROUND: Results from the pilot Study M03-580 showed that following administration of
the 400/100 mg dose under non-fasting conditions, the new tablet from a partial production scale
lot was bioequivalent to the marketed capsule with respect to lopinavir. However, Study M03-616
demonstrated the new tablet (production-scale lot) exhibited greater bioavailability with respect to
lopinavir Cmax and AUC relative to the marketed capsule. Under non-fasting conditions, lopinavir
Cmax and AUC values for the new tablet were 29% and 27% higher, respectively, than those for
the marketed capsules.

Extensive investigation of the CMC characteristics of the partial and full production-scale fots
were conducted to explore potential reasons for the somewhat different relative bioavailability
results found in Study M03-580 and Study M03-616. The investigation concluded that there were
no significant differences between the lots. To avoid cross-study comparison between the lots,
the to-be-marketed tablet formulation pilot and production scale lots used in Study M03-580 and
Study M03-616 were compared directly in Study M04-703, and each was again compared to the
marketed SGC formulation.

A second lot of the to-be-marketed tablet formulation was independently manufactured at
production scale and included in Study M04-703 to assess potential lot-to-lot variability in
bioavailability resulting from the manufacturing processes.

OBJECTIVES: The objective of this study was to compare the single-dose bioavailability of
lopinavir/ritonavir 400/100 mg from three lots of a 200/50 mg new tablet formulation, to that obtained from
the currently-marketed 133.3/33.3 mg capsule formulation under non-fasting conditions.

SUBJECTS AND STUDY DESIGN: This was a phase 1, single-dose, open-label study with a four-period,
randomized, complete-crossover design. Subjects were randomly assigned in equal numbers to receive
one of four sequences of regimen A (new tablet formulation production scale lot 1 tested in M03-616, two
200/50 mg tablets), regimen B (new tablet formulation production scale lot 2, two 200/50 mg tablets),
regimen C (new tablet formulation pilot lot, tested in M03-580, two 200/50 mg tablets) and regimen D
(marketed capsule formulation, three 133.3/33.3 mg capsules) under non-fasting conditions in the
morning on Study Day 1 of each period. A washout interval of 7 days separated the doses of the four
study periods.

Subjects received a standardized diet for all meals during the study. On Study Day 1 of a petiod,
a moderate-fat breakfast consisting of 500 to 600 Kcal with 20 to 30% of calories from fat was
served approximately 30 minutes prior to dosing.

Demographic summary for subjects included in the of the pharmacokinetic analyses

Mesna £ SI {(N—46) Min - Max

Age (years) 330 1.1 19-52

Wedght (kei 7554 9.2 5590

Height {cmj 1744 9.1 149 - 1%}
Sex 32 Males {70%), 14 Females (30%)

Race 37 White (80%), 7 Black ([5%, 2 Hispanic (4%)
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INVESTIGATOR AND STUDY LOCATION: Thao Doan, MD, Abbott Clinical Pharrnacology Research
Unit, Waukegan, IL

FORMULATION: Katetra tablet formulation DC-C, 200/50 mg, lot numbers 03-502-AR, 03-503-AR and
05-096-4P, Kaletra soft gelatin capsules, 133.3/33.3 mg, lot number 05-214-2E-22

SAMPLE COLLECTION: Blood samples for lopinavir and ritonavir assay were collected prior to
dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, 24, 30 and 36 hours after dosing in
each study period.

ASSAY: Piasma concentrations of lopinavir and ritonavir were determined using a validated high
performance liquid chromatography analytical method with tandem mass spectrometric detection
at Abbott Laboratories, Abbott Park, IL. The lower limits of quantitation for lopinavir and ritonavir
were established at 19.7 ng/mL and 11.1 ng/mL, respectively, using a 0.1 mL plasma sample.

PHARMACOKINETIC DATA ANALYSIS: The pharmacokinetic parameter values of lopinavir
and ritonavir were estimated using non-compartmental methods. Summary statistics of
pharmacokinetic parameters such as geometric means and coefficients of variation for Cmax,
Tmax and AUC were provided for each group. The geometric mean ratios with 90% confidence
intervals were calculated between regimens.

PHARMACOKINETIC RESULTS:

Table 1. Mean = SD Phamacokinetic Parameters of Lopinavir

'chinwnsi‘

A New Tabdets B New Tableis € New Taldels D Markeied

Fricduction Seafe  Productinn Seale Pilt Lod Tesied Capsules.
Phrarmacokinetic Lot § Tested in Laot2 in MUI-E80
Paramreters (uniiy) MO3616 (N=45} {(N—45) {N=46} {N=d3}
Toax hy 504 16* 524 L.6* 5.0+1.8% 8.9 +3.1
Crnsee i} 8.29 4 2 194" 7.94 £2,10% TAHS &+ 189 6.92 + 2.09
Cr2 {ngimil) 4724 141" 4764 1,59 4,24 | 404 4,80+ 197
AUC,  {pgehiml) 104 £33, 1+ 98.7 & 34.2% 900 £ 29.0 91,6+ 354
AUC.,  {ugshMI| 101.0 433,59 99,2 4 34.4% 0.5 4 29.2 925+ 37.2
tl':,‘g"“ ik} 2,61 £ 0.35 2644052 249 4 9.50 287 £0.63
CL/F! {LMhy 4424 1.54 4,64 £ 2.07 4.99 =201 5.21 £287

£ All fowr regimens were admuinistered as a single lopinavirditonavir 460/100 mg dose.

Statistically significantly different from Regimen D {ANOVA, p < .05,

¥  Statistically significantly different from Regimen € {ANOVA, p = 0.05).

Harmonic mean + pseudo-standard deviation; evaluations of tiy were based on statistical tests for .
Parnmeter was not tested statistically.

*

g
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Table 2. Mean + SD Pharmacokinetic Parameters of Ritonavir

Rtginmnsi

A New Tablets  B: New Tablets € New Table(s 13: Marketed

Praduction Scale  Production Scale  Pilot Lot Tested Capsnles
FPharnmacokinetic Lot 1 Tegled in Lot 2 in ME3S80
Parsmeters (uniis) MO3-616 (=15} {45 {N=dtr) {N=45)
Trnax {h} 4,74 1.4% 5.1+£2.0% 484 1.6% 65%27
Criax fiee/nl) 0.63 £0.24%° .60 & 0.26% 3.56£0.24% 6.51 £0.30
Cia {peml) 017+ 0.09 0.18:+0.09" 0.15 +£0.08% .21 £ 0.15
AUC  fpeeliml) 4,59 + 1 72% 4,64 + 187+ 4.14 +1.64 4.23+£2.02
AUC.  (pgeh/ml) 4724 174% 475 1.89% 4.27 £ 1.65 4.35+2.03
w_f ¢y 4324093 4,06 = 0.68%° 4.39 £0.84 432£0.73
crrt (LMY 246+ 111 25564133 283+ 149 294 £ 17.0

£ Al fowr regimens were administered as a single lopinavirditonavir 400/100 mg dese,

*  Stetistivally significantly different from Regimen D (ANOVA, p <0.05).

~ Statistieally significantly diffevent from Repimen B {ANOVA, p < (L05),

#  Statistieally stpnificantly different from Regimen C {ANOVA, p < 0.05).

¢  Harmonic mean + pseudo-standard deviation; evaluations of 11; were based on statistical tests for .
1 Paramister was not tested statisticatly,

Appears This Way
On Original
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Table 3. Lopinavir and Ritonavir Relative Bioavailability and 90% Confidence Intervals for the
Bioequivalence Assessment (regimens A, B, C and D)

Relative Bivavailability

Reghmens Pharmacokinetic Ceniral Vatue™ Point  90% Confidence
Tablet we, Capsule Parameter Test Reference  Estimate Interval
Lapinavir

Avs. Crax 8.1 6.6 1.227 1358 -1.380
AUC, 957 84.5 1.132 1.062 - 1.208
AL, Q6.2 852 1.129 1.059 --1.204

Bw.D Cinaz 7.7 £ L170 1104 — 1241
AUC 933 84.5 1.102 10341178
AL, 3.4 §5.2 - L9395 LO3T~1.172

Cw. D Cinaz 7.4 .6 1125 1.é62 - 1151
AU, 85.0 84.5 L.05 0.944 - 1,873
AL, 85.5 85.2 1.054 0.942 - 10T

Biomavir

Avs. D Cinaz 0.6 0.4 1.378 1.242 - 1.530
AUC 4.3 A8 LS 1.5 - 1332
AU, 4.5 3.9 1.148 LO?5 ~1226

Bw D Crogs 0.6 0.4 1.291 1,163 ~ 1.433
AUG 4.3 38 Lis2 1076 - 1224
AUC, 4.4 39 1147 1.074 1235

T, D Cruax 0,5 0.4 L1157 o4~ 1.283
AU 38 3.8 1097 0941 — 1.078
AL, A9 3.¢ Lalo 0.946 - 1,679

¢ antitogarithm of the least squares means for logarithn.
+  Antilogarithm of the difference {test nunus reference) of the Jeast squares means for logarithns.

Appears This Way
On Original
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Table 4. Lopinavir and Ritonavir Relative Bioavailability and 90% Confidence Intervals for the
Bioequivalence Assessment (regimens A, B and C)

Relative Bioavailability

Regimens Plisrmacokinetic Central Value® Polnl 9% Confidence
Tablet vy, Taklet Parameter Test Referenge Estimate Inderval
Lapnayir
Av B Cmax a1 7.7 1048 0982 1.111
AN, 957 93.2 1.a27 0.964 - 1.095
AUC,, 96,2 93.6 L8237 Q964 - 1.005
Avs O Crss 8.1 7.4 1091 10306 —1.154
AUC 957 83.0 £.125 1.055 — 1,199
AUC,, 9.2 85.5 L.125 LG5S - 1.19¢
Bw C Crusx 7.7 7.4 L0 1 0982~ 1.103
ATTIC, 93.2 5.0 [R5 L.G28 - 1.168
AU, 3.5 355 £ 095 1027 - 1167
Ritunavir ]
Avs B Cinaz 0.5 0.6 1068 0.963 - 1.18S
AUC 4.3 4.3 1.998 0.933 ~ 1.066
ALC,, 4.5 4.4 Eaa1 J.938 - 1.069
HKve C Crnax 0.8 05 k191 L0374 — 1.32)
AU 4.3 3.8 L.Ea2 L.O6T 1222
KU, 4.5 3.9 1136 1.064~1.213
Bvs. C Cinaz 9.5 (ER EELS 1,004 ~ 1.237
AUC 4.3 I8 £.l44 [.G6S -~ 1.224
AUC,, 4.4 3.9 (135 1063 — 1212

*  Antilogarithm of e least squares meanss for logarithms.
+ Antilogarithe of the difference (test minus reference) of the least squares means for logarithms.

Appears This Way
On Original
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Table 5. Total Variability

Variability (%CY)

A: New Tablets B: New Tablets C: New Tablets D Markeipd
Produciion Scale Production Scale  Pilot Lot Tested in Capsules
Lt 1 Tested in Lot 2 : MU3-38(0
Parameter MU3-616 (N~45) (=43} {N=-46} {N=45}
Laopinavir _
Crnax 26 26 22 20
AUC 33 35 32 a9
AUC. 33 35 32 ) 46
Ritomavir
— 38 43 43 59
AUC, 37 40 40 38
AUC, 37 40 3 : 47

SAFETY RESULTS: See Medical Officer's review.

CONCLUSIONS AND DISCUSSION: In general, results from Study M04-703 were consistent with results
from Study M03-580 and Study M03-616.

Tablets from the pilot scale lot previously tested in Study M03-580 met the bioequivalence criteria relative
to the reference capsule with respect to lopinavir.

Tablets from production scale Lot 2 met the bioequivalence criteria relative to the reference capsule with
respect to lopinavir. However, the point estimates for Cmax and AUC ratios (tablet vs. capsule) were 10%
to 17% higher and the upper limits of 90% confidence intervals were close to 1.25.

. Tablets from the production scale Lot 1 previously tested in Study M03-616 did not meet the
bioequivalence criteria relative to the reference capsule with respect to lopinavir. Cmax was 23% higher.
Althrough area under the concentration time curve (AUC) ratios (tablet vs. capsule) were within 80-125%,
the point estimates were 13% higher and the upper limits of 90% confidence intervals were close to 1.25.

The new tablets from the two production scale lots (Regimens A and B) and the pilot scale lot (Regimen
C) were bioequivalent to one another with respect to [opinavir.

Ritonavir results were comparable to lopinavir results.

In conclusion, single dose BE study results indicate that the to-be-marketed tablet formulation is about
20% more bioavailable than the currently marketed capsules under non-fasting conditions.

The new tablet formulation results in slight higher exposures compared to the capsule formulation;
therefore, the tablet formulation is expected to have an efficacy profile similar to the capsule formulation.
No new or unexpected safety signals were identified in the application. The slightly higher increases in
LPV and RTV produced by the new tablet formulation will not likely alter the safety profile of LPV/RTV.
For safety analyses with respect to increased LPV exposures following administration with the tablet
formulation please refer to Medical Officer, Dr. Kim Struble’s.review for additional details.
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