February 2004

100 r

Congcentration {ig/mi)

12 18
Time (hr)

Fig. 1.
Single Oral Administration of Kaletra in 8 Healthy Japanese Fasting Volun-
teers

Four hundred milligrams of LPY and 100 mg of RTV was administered by the taking
three capsules of Kaletra. The drug concentrations were measured by an HPLC
method.™
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Fig. 2. Plasma Concentration versus Time Curves of LPV and RTV afier a
Single Oral Administration of Kaletra in 7 Healthy Japanese Postprandial
Volunteers

Four hundred milligrams of LPY and 100 mg of RTV was administered by the taking
three capsules of Kaletra. The drug concentrations were measured by an HPLC
method.”
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Fig. 4. Changes in Pharmacokinetic Parameters of LPV after Drug Administration in Fasting and Postprandial Subjects
The left vertical axis is for the fasting study and the right vertical axis is for the postprandial study. The mean and $.D. values are illustrated by the purple squares and bold lines,

respectively. NS=not significant,

DISCUSSION

In this report, a single dose of Kaletra was administered to
8 Japanese volunteers under fasting and postprandial condi-
tions, and plasma concentrations were longitudinally mea-
sured. LPV showed a biphasic decline from the plasma after
reaching C,_ ... The decline in the initial phase was slow and
was followed by a relatively rapid decline in the later phase.
This behavior might be due to a disappearance of RTV from

the plasma that led to a more rapid decline of LPV in the
later phase.

There were no models that were able to fit the entire con-
centration versus time curve profiles of LPV, but the behavior
observed until 12h after administration could be adequately
modeled using a one-compartment model with first-order ab-
sorption, Among the calculated pharmacokinetic parameters
of LPV, the T, ., the lag time and the C//F were significantly
different between the fasting and the postprandial studies
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Fig. 3. Mean Plasma Concentration versus Time Curves of LPV and RTV
after a Single Oral Administration of Kaletra
Four hundred milligrams of LPV and 100 mg of RTV was administered by the taking

of three capsules of Kaletra in both fasting and postprandial conditions. Data below the
detection limit were assigned a value of (.1 tra/m1 when mean values were caleulated.
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(Fig. 4). The mean T, in the postprandial study was pro-
longed, taking 5.6h to reach a maximum in contrast to 3.2h
in the fasting study. This is in accordance with the prolonga-
tion of lag time and is simply due to the delay effect of LPV
absorption caused by food intake.

The effect of food intake on T, varied from person to per-
son; it was shortened by 3—4h in two cases but prolonged
by 4.5—15h in five cases. In the individuals who showed a
longer T, due to food intake, effective levels of LPV were
maintained for a long time. In such cases, the longer T,
might have an associated risk of a resuiting higher accumula-
tion of the drug in the body, and the presence of a higher
trough level with subsequent drug administrations. Overal}
this will make the C,,, higher and lead to possibie side ef-
fects. Gustavson et al."" reported increased AUC and C,,,, of
LPV in healthy subjects after food intake, and Bertz et al.'"
also reported an increased AUC, C,.,, and C,, after food
intake in antiretroviral-naive HIV-infected adult subjects. Al-
though a clear statistical significance was not demonstrated,
the same trend of food intake-related increases of the AUC
was also observed in our study. This means, in turn, that the
bioavailability of LPV slightly increased due to food intake.,

The 7|, and CI/F in both the fasting and postprandial
studies and the AUC,,, in the fasting study were significantly
different from the data presented by Abbott Laboratories in
2000" when Kaletra was approved in Japan. The longer T},

Table 2. Pharmacokinetic Parameters of LPV after a Single Oral Administration of Kaletra
Fasting
Toax Chn T Lag time AUC,,, Vit CiiF ke ku
(h) (ug/ml) (h} (h) (ug-h/ml} n (I'h) th™h th™)
A 2.9 95 10.0 0.55 1188 357 25 0.069 1.30
B 4.1 6.7 17.0 0.89 Q8.7 52.1 2.1 0.041] 1.04
C 4.2 7.1 9.0 0.82 89.5 43.8 34 0.077 0.76
D 4.0 4.7 6.3 0.88 30.5 61.5 6.7 0.109 0.73
E 34 7.4 8.0 0.89 89.1 434 3.7 0.086 1.1
F 1.6 9.1 13.2 0.96 113.7 425 22 0.053 7.50
G 3.7 6.5 11.1 0.76 87.3 51.2 32 0.063 1.01
H 1.9 4.1 57 0.00 40.3 71.5 10.1 0.130 147
Mean 3.2 6.9 1000 0.71 86.0 510 42 0.079 1.86
S.D. 1.0 1.9 37 0.32 27.7 12.4 26 0.028 214
American test subjects
Mean 35 55 27 No data 56.5 No data 9.0 No data No data
5.D. 0.9 2.0 06 No data 278 No data 4.9 No data No data
Postprandial
T Crax T, Lag time AUC,;, I'd'F Cli/F ke ka
(h (pg/ml) (h) (h} (pg-h/ml) (1) (Vh) () (hh
A 9.6 10.8 7.2 0.91 162.1 16.1 1.5 0.096 0.14
B 6.4 71 240 2.89 99.2 51.0 1.5 0.029 1.04
C 5.1 8.1 243 1.94 1148 453 1.3 0.028 1.23
D 35 6.5 14.1 2.96 74.2 59.7 29 0.049 2,35
E 5.6 53 222 294 71.2 69.6 22 0.031 1.52
F 43 8.6 9.0 1.97 106.6 38.7 30 0.077 1.26
G 49 6.6 15.7 2.87 864 556 2.4 0.044 1.90
H No participation
Mean 5.6 76 16.7 2.35 102.1 48.0 2.1 0.051 2.35
S.D. 2.0 1.8 7.0 0.78 310 15.9 0.6 0.024 2.90
American test subjccts
Mean 5.6 7.6 3.0 No data 97.0 No data 4.6 0.26 No data
S.D. 1.4 1.6 0.6 No data 330 No data 1.5 No data No data
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we found as compared to Abbott’s data may result from the
decreased C//F in Japanese. Further comparison cannot be
done because of Abbott’s unclear analytical methods, how-
ever our data suggests that the accumulation of LPV occurs
more commonly in Japanese than in American test subjects.
There are two plausible factors that may explain this T, dif-
ference, body weight and metabolic differences. Bertz et al.®
reported that patients with low body weight tended to have
higher C_,, and AUC but no changes in the 7,,,. Because the
Cax in both the fasting and postprandial conditions and the
AUC,,,, in the postprandial condition did not show significant
differences in our data, the difference of T, cannot be ex-
plained by the difference of body weight only. As an alterna-
tive explanation, we believe differences in cytochrome P-450
(CYP} activity are more plausible. CYP which is a LPV
metabolic enzyme has known racial or personal differences
in the gene polymorphisms as has been reported by Fellay ef
al.'” Therefore we speculate that the T, difference is caused
by metabolic differences between the subjects.

Pharmacokinetic data for LPV in Japanese have not been
reported so far. This is the first study on the pharmacokinet-
ics of LPV in healthy Japanese. Our data found almost the
same C_.. values but there was a lower clearance for the sin-
gle oral administration of Kaletra in healthy Japanese as
compared to the test data reported in the United States. This
suggests the possibility that values of C_,, will be higher in
Japanese in the steady states that occur after multiple dosing.
Thus there is a risk that C_,, can largely exceed the maxi-
mum effective blood level and will be followed by the ap-
pearance of adverse effects in HIV-1 infected patients. When
the therapeutic adverse events appear, we had better monitor
a blood LPV concentration to check the level is much higher
than the adequate leve].
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Study on Clinical Significance of Plasma Concentration
Determination of Lopinavir

Yoshiko Usami!, Naocto Mamiya?, Tsuyoshi Oki®,
Masahiko Nakai®, Tsuguhiro Kaneda'
Nagoya National Hospital
1 : Clinical Research Center 2 : Department of Internal Medicine

3 : Department of Pharmacy
Summary

We developed a simple and conventional HPLC method for the simultaneous
determination of lopinavir {(LPV), ritonavir (RTV) and efavirenz (EFV). This
" method uses an isocratic condition that requires only 25 minutes per sample for the
analysis, thus contributing to the convenience of serial runs for the measurement of
patients’ plasma samples. Using this method, we monitored plasma concentrations
of LPV and EFV in an HIV-1-infected patient who had adverse effects. The EFV
concentration was significantly higher than that seen for EFV in other HIV-1-
infected patients. On the basis of this result, the dose of EFV was decreased in
order to achieve an ordinal plasma level of the drug that resulted in improvement
- of the adverse effects.

As pharmacokinetic parameters for LPV in healthy Japanese have not heen
previously available, pharmacokinetic studies were subsequently performed by
administering Kaletra®. To examine both fasting and postprandial conditions, eight
and seven healthy Japanese volunteers were enrolled, respectively. Food intake
prolonged the lag time resulting in the lengthening of the postprandial Tmax. There
was also a tendency for Tiz to be prolonged after food intake. Compared with data
obtained in the United States, the Ti2 was longer and oral clearance decreased in
Japanese subjects.

Adequate amounts of drugs can be administered through the monitoring of
plasma levels. Our method, which can simultanecusly determine LPV, RTV and
EFV concenﬁrations, 1s very valuable in helping to determine correct dosages and

therapeutic regimens.

RTV #*LPV &R U O BEESE, + b

20— P-450 (CYP) SAATHE%= ZITH =

#L I8, HIV S ar7—-YHEEHTH LIz H LPV Qﬁ‘:%ﬁ“ﬁﬂ%’éﬂ, O
z2o¥F¥n (LPV) &U MFER (RTV) AR SN AY, LHIVEEIIBWT, 20
A4 1 ORETEEENLERNTHE, FB H Lt T LENERNEEREAERTHL T
WAROEFENLTHD, BEIRATWAS J7¥ Ly (EFV) OFHIEMO LR

I 3 L & 2
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BIEEONN) F— g VR ETT A0 1,
AWEEIZOWTIRSREL HY >, HELXD
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Tl HVFIERBHRSICBAOEFELOEYMHEI T A— ¥

fasting

Tmax Cmax Ti/2 lag time | AUCzn Vd/F Cl/F
(hr) {#g/mL) (hr) (hr)  [{#g+hr/mL) (L) (L/hr)

A 2.9 9.5 10.0 0.55 118.8 35.7 2.5

B 4.1 6.7 17.0 0.89 98.7 62.1 2.1

C 4.2 7.1 9.0 0.82 89.5 13.8 3.4

D 4.0 4.7 6.3 0.88 50.5 61.5 6.7

E 3.4 74 8.0 0.89 89.1 434 3.7

F 1.6 9.1 13.2 0.96 113.7 42.5 2.2

G 3.7 6.5 11.1 0.76 87.3 51.2 3.2

H 19 | 41 5.7 0.00 40.3 75 | 101
mean 3.2 6.9 10.0 0.71 86.0 51.0 4.2
S.D. 1.0 1.9 3.7 0.32 27.7 12.4 26

American test
subjects

mean 3.5 5.5 2.1 no data 56.5 no data 9.0
S.D. 0.9 2.0 0.6 | no data 278 | no data 4.9

ERILALERIND,

EWERENT A —F 2RO L1280, Yamaoka
6P DIEMEBRN_FETO T 5 A MULTI 7
Oy A%H, o MmAbisEr-rFRda
WKEESTAEYBREEF VL ERE LS, HEHE
OIIZE LT Akaike” DIEHERELH W7,
FORE, £F—FIZHGTAEF ML b o
7oA, BREBI2EEMIGEE TOF— 71, —KBIL
BREEFGANI-a = A VEFNVICL
CHBE L7z, LizdtoT, BRELEBMEZT TO
T=F R IDEFNIIHTIED, RERRSN
A (Crmax) ICHET S T TORER (Trax),
Crmax, THERFHM (Ti2), MAPIZESHHE S
5 ETOREEHZERMN (lag time), B2 T
DFMERH (VY/F), #O2 U7 5 A (CYF)
FHW LA, mAaiRrr-rsR s T HEA (AUC)
BETEICL Y, 0~248E0 F T (AUCun)

ELTHIELY, 25 LTHBLASEBRED
LPVIZBTAENTA—F 2RI BLUKR?2
WKRL7,

LPV OZMRR 5B 2 R EYEIE/ S5
A= DEH£SD. 12, Tmax=3.211.0hr,
Crmax=6.9%£1.94g/mL, T1/2=10.0+3.7hr, lag
time=0.71+£0.32hr, Vd/F=51.0+124L $ &
U Cl/F=42+26L/hr TH o/ (F1),
AUCz 1386.0£27.Tug « hr/mL THh o7z, —
F, BEHRSICBILIBEDRHENST A -%
DFEE £S8.D. 1L, Trmax=5.6£2.0hr, Crax=
7.6x£1.8xg/mL, Ti2=16.T£7.0hr, lag time=
2.35+0.78hr, Vd/F=48.0+15.9L B X U CI/F=
21x06L/hrTH o/ (F2). AUCu i
102.1+31.0xg - hr/mL Tdh o7,

ROLEIT A= DALV TR &R
HETHEL, B4R L7, Cras, Tz
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g2 AL FIBAGRSICBIIAOY YL OEGEET A ¥
postprandial
Trax Crmax Tis2 lag time | AUCan Vd/F CV/F
(hr) (#g/mL) (hr) (hr) (#g-hr/mL) (1) (L/hr)
A 9.6 10.8 7.2 0.91 162.1 16.1 1.5
B 6.4 7.1 24.0 2.89 93.2 51.0 1.5
C 5.1 8.1 24.3 - 1.94 114.8 45,3 1.3
D 3.5 6.5 14.1 2.96 74.2 59.7 2.9
E 5.6 5.3 22.2 2.94 71.2 69.6 2.2
F 4.3 8.6 9.0 1.97 106.6 38.7 3.0
G 49 6.6 15.7 2.87 86.4 55.6 24
H no participation
mean 5.6 7.6 16.7 2.35 102.1 48.0 2.1
S.D. 2.0 1.8 7.0 0.78 31.0 15.9 0.6
American test
subjects
mean | 5.6 7.6 3.0 no data 970 | no data 16
S.D. 14 1.6 0.6 no data 33.0 no data 15

AUCan, VI/FIZ oW TIFAEEIEIEH LY
o, TiidEElzLh 2@ L, 5
FICEIIM L7z, Lag time i3+ _RTOFTEA
WX DEREL (p=0.001), 7D H Tmax ATEE
R L7 (p=0.039), C/F & 1%k, B
X DI L (p=0.050), ZOEAIZL B
lag time MIERIL, LPVORMAEZIZLD
WIEL 7272 ThH D LET AN,

Fio, Bohi7T—5%, TRy PEAERM
LTWABT AN HIIBITHERRBROER &
T2, TEENZDLNNT A= 7T,
Ry, ARSI BIT AT (EHE - p=
0.001, #ftf% : p<0.001), CI/F (Zfar% . p=
0.018, E it : p=0.0003), 2SI BT
HAUCaun (p=0.016) THh-ot:. I HEWTI
i1, IV CY/FO#RETH I L EZ N,
COMME LT, ORABERTE T A AILS

—167—

FAEBREOHMOAEEZEL L UM OHENE
AoNDD, Coax. BABDAUCun RTET
AUEERE Lol Ehs, ZOHKEIIM
FOREOBNZIDLDTIIRL, ERH
FEEOERIZEZ5OLIENL:, 22 THRS
kS, BERATI LPV 2 HEH LR TW
Sk, oFh, ARANIAL P Y RS T
AL, ERREIIBTLMPBRESTGEEL L
TRELHER, BIEMEFISEITI A 2P
S AN H A EEZRIELTWS, L7t
HoT, BMERPE R/ L &IZIZLPV o lfid
MEFPHIELXVIZH N EI e F oy T
LITENET Ly,

N % 3

BLAEDOEMEZRBLTL v, KOER
DORIAFFEIRONLBEHI VL, F0 LD



88 (456) — HE LMK J. New Rem. & Clin. Vol.53 No.4 2004 —
4 FWEEAIA-FOEL
[ Tmu] [ Cmu] [ TI/?]
fasting postprandial  fasting postprandial  fasting postprandial
30 et raemsene e R b rrma e e s e e
10
i
k2 £
5 Y
0
[ Lag time ] [ AUCzn) [va/F}
fasting postprandial fasting postprandial  fasting postprandial
3
2
7]
=
l B
0 0
p=0.001 NS, N.S.
fci/Fl
fasting postprandial
—_— A
— B
PIPTISPTITT I o
E .......... D
3 e ¢ E
--------- F
e 2 G
I esss :meant S.D.

p=0.050

R BENEEREBEL T DI, it
TANATHE R L 2O REEG TR L,
IEHORHFHIE L it blv, 20
Po M EY BRI AR RO I &
DRATHY, T8y TRRPERN, &
@B 56 L 72 HPLC % J s 2= f 48 722 dl 52 142
HEASCHAENMNT 2N TEL, RIS

L BHEIC LGOS ELTiEE 2o
Al

OAREFFEIE, Fa5@H 2R RN E

=& ) T AR RN (i),
W13~ 159 | DFFSEBIk % 2372,

—168—



1)

2)

1)

5)

6)

— LR J. New Rem

=

=

2 X R

Sham, H. L., Kempf, D. J., Molla, A,
Marsh, K. C., Kumar, G. N., Chen, C.
M., Kati, W., Stewart, K., Lal, R., Hsu,
A., Betebenner, D., M.,
Vasavanonda, S., McDonald, E., Saldi-
var, A., Wideburg, N., Chen, X., Niu,
P., Park, C., Jayanti, V., Grabowski,
B., Granneman, G. R., Sun, E., Japour,
A. J., Leonard, J. M., Plattner, J. J.,
Norbeck, D. W. : ABT -378,

potent inhibitor of the human immuno-

Korneyeva,

a highly

protease, Antimicrob.
42 (12) 3218~3224,

deficiency virus
Agents Chemother.
1998.

Adkins, J. C., Noble,
Drugs 56 (6) 1055~1064, 1998.

Clumeck, N., Brun, S., Sylte, J., Isaac-
son, J., Chen, S., Lazzarin, A., Girard,
P. M., Rockstroh, J., Becker, S., Telenti,
A., Bergmann, F., Danner, 5., Ho, D.,
Tubkiana, R., Carosi, G., Bertz, R., Hsu,
A., King, M., Kempf, D., Sun, E.: Kale-

tra (ABT-378/ritonavir) and efavirenz :

S. : Efavirenz,

48-week safety/efficacy/pharmacokinetic

evaluation In multiple Pl-experienced
patients, 8th Conference on Retroviruses
and Opportunistic Infections, Chicago, on
4~8 February, 2001,

Product information (in Japanese), Kalet-
ra (lopinavir/ritonavir), Abbott Park, IL:
Abbott Laboratories, 2000,

Usami, Y., Oki, T., Nakai, M., Sagisa-
ka, M., T. : A simple HPLC

method for simultancous determination

Kaneda,
ritonavir, and efavirenz,
Chem. Pharm. Bull. 51 {6) 715~718, 2003.
Poirier, J.-A., Robidou, P., Jaillon, P.:

of lopinavir,

. & Clin. Vol.53 No. 4 2004 —

. HIV protease

7)

9)

10)

11)

—169—

(457) 8%

Simultaneous determination of the six
inhibitors (amprenavir,
indinavir, lopinavir, nelfinavir, ritonavir,
and saquinavir) plus M8 nelfinavir me-
tabelite and the nonnuceloside reverse
transcription inhibitor efavirenz in hu-
man plasma by solid-phase extraction
and column liquid chromatography,
Ther. Drug Monit. 24 (2) 302~309, 2002,
Titier, K., Lagrange, F., Péhourcg, F.,
Edno-Mcheik, L., Moore, N., Molimard,
M. : High-performance liquid chroma-
tographic method for the simultaneous
determination of the six HIV -protease
inhibitors and two non-nucleoside reverse
transcriptase inhibitors in human plas-

ma, Ther. Drug Monit, 24 (3} 417~424,

2002,

Tribut, 0., Arvieux, C., Michelet, C.,
Chapplain, J.-M., Allain, H., Bentué-
Ferrer, D. : Simultaneous quantitative

assay of six HIV protease inhibitors, one
metabolite, and two non-nucleoside re-
verse transcriptase inhibitor in human
plasma by isocratic reversed-phase liquid
chromatography. Ther. Drug Monit. 24
(4} 554~562, 2002.

Product information, Sustiva (elavirenz),
Wilmington, DE. : DuPont Pharmaceuti-
cals Company, 2001.

Yamaoka, K., Tanigawara, Y., Nakaga-
T.
analysis program (multi) for microcom-
4 (11) 879~

wa, T., Uno, : A pharmacokinetic
puter, J. Pharmacobiodyn.
885, 1981.

Akalke, H. : A new look at the statistical
model i1dentification, IEEE Trans. Auto-

mat. Contr. 19 {6) 716~723, 1974.



