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Pharmacokinetics of Sirolimus in Thai Healthy Volunteers

Asada Leelahavanichkul MD*, Nutthada Areepium MSc**,
Somratai Vadcharavivad MSc, PhD**, Kearkiat Praditpornsilpa MD*,
Yingyos Avihingsanon MD*, Talerngsak KarnjanabuchMD¥*,
Somchai Eiam-Ong MD*, Kriang Tungsanga MD*

* Division of Nephrology, Department of Medicine, Faculty of Medicine,
Chulalongkorn University Hospital
** Faculty of Pharmaceutical Science, Chulalongkorn University

Sirolimus, a novel immunosuppressive drug, has been used in kidney transplant recipients to mini-
mize calcineurine inhibitor (CNI) and steroid toxicities. Likewise CNI, Sirolimus’s pharmacokinetics have
both inter and intra-individual pharmacokinetic variations. Due to ethnic differences, the recommended oral
loading dose of 6 mg and oral maintenance dose of 2 mg per day for Caucasian patients and oral loading dose
of 10 mg and oral maintenance dose of 5 mg per day for African - American patients may not be appropriate for
Asian recipients. We, therefore conducted the pharmacokinetic study of sirolimus in Thai population, aimed
to delineate the appropriate sirolimus dose for further clinical use. The study was performed in 12 healthy
Thai volunteers. After an over night fasting, a single oral dose of 6 mg sirolimus was given. The complete
pharmacokinetic study was done by UV high performance liquid chromatography (HPLC-UV) to measure the
whole blood sirolimus level at 0.5 hour after the dose (C0.5) and then C1, C1.5, C2, C2.5, C3, C4, C6, C8, C12,
and C24 hours. A complete area under the concentration time curve from 0-24 hours (AUC,,, ) was calcu-
lated by using the trapezoidal rule. The mean (£ SD) time to maximal concentration (T, ) was 1.45 = 0.5 hr
(range 1- 3 hrs). The maximal (C, ) and minimal plasma concentration (thugh) for sirolimus were 25.3 £ 6.1
ng/ml (range 18.10 — 40 ng/ml) and 4.47 £ 0.57 ng/ml (range 2.90 — 7.20 )ng/ml respectively. The AUC ,,
were 187.9 £ 48.2 ng hr/ml (range 151.3 — 294.8 ng,hr/ml). Sirolimus level at 4 hr post-dose had the best of
correlation with AUC, ,,, (Pearson correlation = (.76, p <0.007). One volunteer had a very high sirolimus
level. This subject s pharmacokinetic data showed AUC ,,, of 256 ng hr/ml and C,  _of 40 ng/ml. In conclu-
sion, the oral loading dose of 6 mg of sirolimus in Thai volunteers did not achieve the recommended therapeu-
tic level (5-10 ng/ml) in most subjects. There are differences in pharmacokinetics of sirolimus between Thais
and Caucasians.
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Sirolimus (rapamycin), a macrolide derived
from Streptomyces hygroscopicus, was recovered in
1970s in attempt to discover a new antifungal agent®.
Sirolimus suppresses interleukin-driven T-cell prolife-
ration by blocking post receptor events. This agent
has been shown as a potent immunosuppressive drug
in a variety of animal experiments and has currently
been used as immunosuppressive drug in solid organ
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transplantation especially in kidney transplantation.
A clinical phase II trial of sirolimus in renal transplan-
tation showed that the addition of sirolimus to cyclos-
porine/corticosteroid regimen markedly reduced the
incidence of acute rejection episodes®?. Sirolimus does
not appear to have the nephrotoxicity thus the usage
of sirolimus allows the minimization or withdrawal of
cyclosporine and tacrolimus which renowned for their
nephrotoxicities. Dyslipidemia, especially hypertrigly-
ceridemia and thrombocytopenia have been reported
as side effects in the clinical study®. These toxicities
associate with high blood sirolimus concentration (>15
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ng/ml)®7. Sirolimus has a long elimination half-life
and has a wide intra and inter-individual pharmaco-
kinetic variations®. There was a significant difference
in pharmacokinetics between Caucasian and African
American people®. In renal transplantation, a recom-
mendation has endorsed sirolimus dose of 6 mg orally
for the loading dose and 2 mg orally per day as the
maintenance dose for Caucasian patients and 10 mg
orally for the loading dose and 5 mg orally per day as
the maintenance dose for African-American patients.
Due to the racial differences of pharmacokinetic,
whether this recommendation is appropriate for Thai
population is unproved. This study was designed to
determine pharmacokinetic parameter of sirolimus in
healthy Thai volunteers to determine an appropriate
dose of sirolimus for further clinical use.

Material and Method

This study was a prospective observation
study and was performed between August 2003 and
February 2004 at Chulalongkorn University Hospital.
The study has been reviewed and approved by the
ethical committee. Informed consent was obtained from
each volunteer before the enrollment. The subjects were
assigned to receive single oral doses of 6 mg sirolimus
solution.

Volunteer Selection and Safety Assessments

Both male and female subjects were consi-
dered eligible to participate the study if they were
between 18 and 45 years of age, had body mass index
between 18 — 24 and were not taking any medications.
Female subjects must have been without childbearing
potential. The physical examinations, vital signs, and
clinical laboratory tests (CBC, BUN, Cr, electrolyte,
LFT, Ca*, PO?, lipid profile, plasma glucose) were
performed during the screening period. Subjects will
be excluded from the enrollment if they had history or
evidence of significant cardiovascular, endocrine, gas-
trointestinal, hematologic, hepatic, neurological, and
respiratory disease or any acute illness, including
respiratory tract infection, within 2 weeks before the
study. Subjects who used psychoactive drugs, recrea-
tional drugs, or prescription drugs within 30 days of
the study were excluded from the study. In addition,
subjects who had a known hypersensitivity to macro-
lide compounds such as azithromycin, clarithromycin,
and erythromycin will not be recruited. Physical exami-
nations, vital signs, and routine laboratory analysis
were performed before the drug administration and
after the drug administration at day 7. The adverse
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events were recorded.

Dose Administration and Pharmacokinetic Sampling

Oral nonaqueous sirolimus solutions con-
taining 1 mg/ml were supplied. After an overnight
fasting, sirolimus was stirred more than 1 minute and
was administered to the subject with 240 ml of orange
juice at room temperature, then follow by pure water
from the same glass to wash left drug. The subjects
continued to fast for 4 hours after the dose administra-
tion. The standard lunch at noon and standard dinner
on day 1 consisted of approximately 30% fat. Blood
samples were collected onto sodium EDTA for determi-
nation of whole blood sirolimus concentration before
drug administration and at 0.5, 1, 1.5,2,2.5, 3, 3.5, 6, 8,
12, and 24 hours after sirolimus dosing. All samples
were stored at -70°C until analyzed.

Pharmacokinetics and statistic analysis

Whole blood sirolimus concentrations were
analyzed according to the sequence in the study
protocol. Area under the concentration time curve from
0-24 hours (AUC,,,, ) was calculated by trapezoidal
rule. Half-life was calculated by the equation = 0.693/
Ke (Ke=Ln (C12 hr /C24 hr)/12). The volume of dis-
tribution (Vd) was also calculated. The correlation
between dose and AUC ,,, were also analyzed. The
model fit for prediction of AUC_,,, from blood siro-
limus concentration was calculated by stepwise linear
regression analysis.

Results
Study Population (Table 1)

Twelve healthy Thai volunteers were included
in the study. The mean age of the subjects was 35.7
years. The mean body weight was 64.73 kg (range 45 —
86 kg), the mean height was 160 cm (range 145 —170 cm).

Safety and tolerance

There were no complications in all subjects.
Laboratory results of pre and 7 days post-dosing
were shown in Table 2. There were no significant
differences of blood urea nitrogen, creatinine, liver tran-
saminase level, hematocrit, hemoglobin, white blood
count, neutrophil, and platelet compared between pre
and post-drug dosing.

Pharmacokinetics of sirolimus in Thai healthy
volunteers

The average time to maximal concentration
(T,_,) was 1.45 £ 0.5 hr (range 1- 3 hr) (Table 3). The
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Table 1. Demographic data of the subjects

Mean + SD Range

Age (years) 35.70+0.34 20-41
Body weight (kg) 64.73£1.39 45-86
Height (cm) 160.00+7.0 145-170
Body mass index (kg/m?) 25.1244.64  18.03-32.85
Body surface area (m?) 1.69+0.16 1.41-2.02
Systolic blood pressure 120.66+11.62 110-150

(mmHg)
Diastolic blood pressure 78.0 £7.74 70-90

(mmHg)

Table 2. Pre and post-sirolimus dosing laboratory
results of the subjects

Pre dosing Post dosing

(mean + SD) (meant SD)
BUN (mg/dl) 11.13+2.94 12.13+3.24
Creatinine (mg/dl) 0.80+0.17 0.88+0.12
SGOT 22.37+6.52 21.60+4.89
SGPT 22.33+11.96 21.93+9.80
Hect 39.7844.95 38.1743.83
Hb 13.18+1.80 12.85+1.32
Total WBC(x 10°) 6.95+0.79 7.30+1.27
Neutrophil(%) 55.86+7.18 58.60+6.55
Platelet (x 10 °) 2.54+0.9 2.64+0.95

Table 3. Sirolimus concentration at different time-point
after sirolimus oral dose of 6 mg

Mean + SD minimum  maximum
C0.5 10.820 4.694 6.00 24.20
Cl 21.650 5.813 11.80 30.90
Cl.5 22.220 6.733 15.70 40.00
Cc2 19.620 6.968 13.30 38.50
C2.5 18.200 7.746 12.00 36.00
C3 17.420 7.280 10.00 36.00
C4 12.720 7.730 7.30 23.40
Co6 8.540 5.508 5.40 15.90
C8 6.840 3.132 4.80 12.70
C12 5.760 2.283 4.30 10.10
Cc24 4.470 0.570 2.90 7.20
C.. 25.340 6.190 18.00 40.00
T, (hr) 1.450 0.500 1.00 3.00
T, (hr) 46.050  39.280 18.63 142.71
Vd(L/Kg) 35.500 0.750 21.67 49.36
AUC 187.940  48.260 151.30 294.85

0-24 hr

maximal (C_ ) and minimal concentration (C,_ ) of
sirolimus were 25.3 = 6.1 ng/ml (range 18.10—40 ng/ml)
and 4.47 £0.57 ng/ml (range 2.90 — 7.20 ng/ml) respec-
tively. The mean AUC ,, were 187.9 +48.2 ng,hr/ml
(range 151.3-294.8 ng,hr/ml). The half-life and volume
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Sirolimus concentration

Time (hr)

Fig. 1  Concentration — time curve of each of 12 subjects

distribution of the drug were 46.05 +39.28 hours and
35.50 + 0.75 liters respectively. One subject had high
peak sirolimus concentration as C_ of 40 ng/ml
(Fig. 1). This subject had AUC,,, of 256 nghr/ml.
However, the trough sirolimus concentration which
has been advocated for the therapeutic drug monitor-
ing of sirolimus of this subject was within the thera-
peutic range.

Sirolimus concentration at 4 hrs post-dose
had the best correlation with AUC,,, . However the
correlation of this single time point of correlation
(r?) was only 0.76 by Pearson correlation (p<0.007)
(AUC,,,, = 5.841C4 +107.005). The model fit from
stepwise linear regression analysis showed a signifi-
cant correlation when a single C24 or C24 and Cl
were added (r?=0.75 and 0.72 respectively: P <0.005)
(AUC,, ,, = 4.099C4 + 19.360C24 + 48.082 and
AUC,,,, =4.196C4 +23.479C24 +2.597C1 - 23.895).
However this correlation level was not better than the
single correlation with C4 concentration. There were
no significant correlation between the pre-dose labo-
ratory results and AUC (Table 4).

0-24 hr

Table4. The Pearson correlation between before

pre-dose laboratory parameter and AUC ,, -

Correlation P value
Cholesterol 0.160 0.65
triglyceride 0.005 0.99
HDL 0.170 0.37
BUN (mg/dl) 0.210 0.56
Creatinine (mg/dl) 0.100 0.77
SGOT 0.027 0.94
SGPT 0.140 0.70
Hct 0.380 0.26
Hb 0.310 0.37
Total WBC 0.130 0.70
Neutrophil 0.420 0.22
Platelet 0.210 0.55
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Table 5. Comparison of pharmacokinetic parameter betweem studies in Thais and Caucasians

Normal Caucasian
healthy volunteer'®
(sirolimus dose 3 mg/m?)

C,., (ng/ml) 32+ 8.89
T . (hr) 0.7+03

AUC0-24 hr (ng*hr/ml) 276 £ 125
TI/Z (hr) 86.2 £10.8
Vd(L/Kg) 302+ 14.5

transplantation Caucasian!”
(sirolimus dose 2.7 mg/m?)

Stable post kidney Thai healthy volunteer

(sirolimus dose 3.6mg/m?)

25+ 14 253+£6.19
25+14 1.45+0.5
317+ 149 187.9 £ 48.26
NA 46.05 +39.28
NA 35.50+£0.75

NA=not available, Cmax = maximum concentration, Tmax = time to maximal concentration, AUCt = area under concentra-
tion time curve by trapezoidal rule, Vd = volume of distribution

Discussion

Pharmacokinetic data of immunosuppressive
drug are a major focus in therapeutic drug monitoring
of immunosuppressive agents in renal transplantation.
The pharmacokinetic variations and inappropriate
immunosuppressive drug dosing result both renal
allograft dysfunction and unavoidable drug toxi-
cities"'*1?, Cytochrome P450 3A4 enzymes in the liver®
and P-glycoprotein in the intestine!® are responsible
for biotransformation of sirolimus. The individual cyto-
chrome P450 3A4 and P-glycoprotein function cause
inter-subject pharmacokinetic variation. The concomi-
tant administration of agents that interact with sirolimus
interferes with the pharmacokinetic and cause intra-
subject pharmacokinetic variation. In previous studies,
the adverse effects of sirolimus namely thrombo-
cytopenia, leukopenia, hypercholesterolemia, and
hypertriglyceridemia associated with drug concentra-
tion!>,

In this study, a single oral doses of sirolimus
6 mg were well tolerated and safe in healthy Thai volun-
teers. After single oral sirolimus doses of 6 mg, absorp-
tion was rapid. Time to peak blood sirolimus concen-
trations (T ) was 1.45 + 0.5 hours. Comparison of
pharmacokinetic of sirolimus with previous study
performed in Caucasian, T __ of sirolimus in Cauca-
sian was faster (0.7 + 0.3 hour)® than our population
(Table 5). However the half-life of sirolimus of our popu-
lation was shorter (46.05 £39.28 hrs in Thai vs. 86.2 +
10.8 hrs in Caucasian) when the same dose of sirolimus
was given. When compared with the data '” in African-
American, the African-American population had more
prolonged T ( 2.03 £ 1.73 hrs). The different of
pharmacokinetic among ethics can be from the varia-
tion of drug absorption which determined by P-glyco-
protein and from variation of hepatic drug metabolism
which determined by cytochrome P450 3A4 enzymes.
The differences of genetic background results varia-
tion of P-glycoprotein and cytochrome P450 3A4
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enzymes functions. The data in this study confirmed
this postulation as our population had lower absorp-
tion rate, but more rapid clearance, and lower AUC
compared with the Caucasian.

Thus, the 6 mg oral loading dose (mean 3.6
mg/m?) may not achieve the recommended therapeutic
sirolimus Clrough concentration (5-10 ng/ml). As our popu-
lation had half-life more close to African-American, we
may need a loading dose of between 6 — 10 mg as in
the middle range between the dose recommended for
Caucasian and African-American patients. In a study,
the data showed that African-American population
had 45% higher clearance of sirolimus more than Cau-
casian™®. This study was performed in healthy Thai
volunteers, the appropriate dose for post-transplanta-
tion need to be confirmed in further study. Previous
study in Caucasian showed that there were differences
of pharmacokinetic of sirolimus among healthy and
post-transplant subjects (Table 6)!?. The drug inter-
actions with sirolimus post-transplantation such as
cyclosporine, steroid and diltiazam caused the more
complicated pharmacokinetic variation.

In conclusion, the oral loading dose of 6 mg
sirolimus in Thai volunteers did not achieved the
recommended therapeutic level (5-10 ng/ml) in most
subjects. There are differences in pharmacokinetics of
sirolimus between Thai and Caucasian.

0-24 hr

References

1. Vezina C, Kudelski A, Sehgal SN. Rapamycin (AY-
22,989), a new antifungal antibiotic. I. Taxonomy
of the producing streptomycete and isolation of
the active principle. J Antibiot (Tokyo) 1975; 28:
721-6.

2. Kahan BD, Camardo JS. Rapamycin: clinical
results and future opportunities. Transplantation
2001;72: 1181-93.

3. Hong JC, Kahan BD. Immunosuppressive agents
in organ transplantation: past, present, and

J Med Assoc Thai Vol. 88 Suppl.4 2005

% 25/11/05, 4:19 PM



‘ 157-162 3“B-eey-aa 4 161

10.

future. Semin Nephrol 2000; 20:108-25.
Brattstrom C, Sawe J, Jansson B, Lonnebo A,
Nordin J, Zimmerman JJ, et al. Pharmacokinetics
and safety of single oral doses of sirolimus (rapa-
mycin) in healthy male volunteers. Ther Drug Monit
2000;22: 537-44.

Bottiger Y, Sawe J, Brattstrom C, Tollemar J, Burke
JT, Hass G, et al. Pharmacokinetic interaction
between single oral doses of diltiazem and siro-
limus in healthy volunteers. Clin Pharmacol Ther
2001; 69: 32-40.

Brattstrom C, Sawe J, Tyden G, Herlenius G,
Claesson K, Zimmerman J, et al. Kinetics and
dynamics of single oral doses of sirolimus in
sixteen renal transplant recipients. Therapeutic
Drug Monitoring 1997; 19: 397-406.

Zimmerman JJ, Kahan BD. Pharmacokinetics of
sirolimus in stable renal transplant patients after
multiple oral dose administration. J Clin Pharmacol
1997;37:405-15.

Brattstrom C, Sawe J, Tyden G, Herlenius G,
Claesson K, Zimmerman J, et al. Kinetics and
dynamics of single oral doses of sirolimus in
sixteen renal transplant recipients. Therapeutic
Drug Monitoring 1997; 19: 397-406.

Zimmerman JJ, Kahan BD. Pharmacokinetics of
sirolimus in stable renal transplant patients after
multiple oral dose administration. J Clin Pharmacol
1997;37:405-15.

Johnson RW, Kreis H, Oberbauer R, Brattstrom C,
Claesson K, Eris J. Sirolimus allows early cyclos-
porine withdrawal in renal transplantation result-
ing in improved renal function and lower blood
pressure. Transplantation 2001; 72: 777-86.

J Med Assoc Thai Vol. 88 Suppl.4 2005

11.

12.

13.

14.

15.

16.

18.

Zimmerman JJ, Kahan BD. Pharmacokinetics of
sirolimus in stable renal transplant patients after
multiple oral dose administration. J Clin Pharmacol
1997;37:405-15.

Groth CG, Backman L, Morales JM, Calne R, Kreis
H, Lang P, et al. Sirolimus (rapamycin)-based
therapy in human renal transplantation - Similar
efficacy and different toxicity compared with
cyclosporin Transplantation 1999; 67: 1036-42.
Kahan BD, Camardo JS. Rapamycin: clinical
results and future opportunities. Transplantation
2001;72:1181-93.

Napoli KL, Taylor PJ. From beach to bedside:
history of the development of sirolimus. Ther
Drug Monit 2001; 23: 559-86.

Brattstrom C, Sawe J, Jansson B, Lonnebo A,
Nordin J, Zimmerman JJ, et al. Pharmacokinetics
and safety of single oral doses of sirolimus (rapa-
mycin) in healthy male volunteers. Ther Drug Monit
2000;22: 537-44.

Brattstrom C, Sawe J, Jansson B, Lonnebo A,
Nordin J, Zimmerman JJ, et al. Pharmacokinetics
and safety of single oral doses of sirolimus (rapa-
mycin) in healthy male volunteers. Ther Drug
Monit 2000; 22: 537-44.

Zimmerman JJ, Kahan BD. Pharmacokinetics of
sirolimus in stable renal transplant patients after
multiple oral dose administration. J Clin Pharmacol
1997;37:405-15.

Kaplan B, Meier-Kriesche HU, Napoli KL, Kahan
BD. The effects of relative timing of sirolimus
and cyclosporine microemulsion formulation co-
administration on the pharmacokinetics of each
agent. Clin Pharmacol Ther 1998; 63: 48-53.

S161

25/11/05, 4:19 PM



W Taauan msaavenlalsAy 2aeen 1 A wmwaluaulng

au)IA aWvailana, algan a5itlan, NgviE JT1IIM, iNainesh UssAngweAatl, 89eA a3 MUY,

o o a g

LIAYANA NMYAUUAE, NTIE LBENDRY, LNFTEN B 97

lalsds  (sirolimus) Lf/umnm;zﬁém‘“uﬁ@@nqwﬁlmnm’wmnYézfl’mv /87U (cyclosporin) Ua
n1lAsds  (tacrolimus) é’?i'oﬁm”nj’mdﬁ f;mmY%’fom”umnm;;zﬁr{;"m”mﬁm?fm {FiBAATLIALY CsA WA steroid
adld uazannalnnizeangndvessntiiazlidnnaninin tolerance luszazenasingaingingudu 1
Wsiarlszmaiinisldesunndudu 6 Sadniy udamudag 2 Sadniusedu Turnglnlewdiu wilden
10 10 IpAnsuaImade 5 Aadaniusndy luraensiu-ewdiy uasealudnisdnyn Taaua afyege
luaueTgatvTaauNIne m”ouzuﬁﬂbﬁmZuwuﬁmﬂwwgfTﬂ/mw"’mf;?ﬁnm‘lumu?wa ilalszlamd
Tunasusuldendely duaefidantsdnmaseidiiuer 1 das_ anminiie u 12 e GAnwun
[qua aflasnaiusdaneuaeaneuuazuassusen e lolsdy 1 6 Iaaniu i 05 1, 15 2,
25 3 4 8 12 Uz 24 Falua uaari lumeaanieiealjisinas Aaeds high performance liquid chromato-
graphysUV Aiine 18 ”u?m”umﬁ@mmm"z\v 7 Aemaan1 i luganean 24 F2Tu (AUC_ ) 87/
nsAATT IALNATIY WUTARUTNE 1AL UseaLEannatg 7 mendanslien lugaaan 24 Falug
(AUC_ ) frade 187.9 + 48.2 (151.3 -294.8) 1ulunsu Faluasiodaaans ?m”umy\?qm@ﬁ‘ﬂ 253 + 6.1
(18.10- 40) W1 lWnF FlONARART 52 ;‘,’LQﬂ’lﬁﬂ‘,’ﬁTUEl’lyxi qm@ﬁ"a 145 + 0.5 (1-3) Falua 2L qm@ﬁ'lﬂ 4.47+0.57
(2.90 - 7.20) szdusluBeaiinn 4 Falue MeudInIsFsznaugiaan uusN g 03 A
AuAI (AUC, ) (pearson correlation = 0.76,0 <0.007)?:@”7./5/771445’@@17129@724 Falig MemaanssuLlssnam el
AN NAUEN N DANLAN (AUC,  )789894 (pearson correlation value of 0.72, p <0.011) fion 1 A7 1 el
nsey uevseenINNInAlngdarseauen luaendoulunin sediadansuazdanAuC 1l 256 wilu
ni Falartediaaansuaiisziuen ludeniianza Falueet/luaaie wan1s3seawndn n1919en 6 aaniu
rwnsauiinszA U R AU I lunsinm 14 (510 unluniusieindans) Tugthe aulug) Fufusiacd
ANUANFINNINN “TaauAT afreve lalsdy szudnaulnauasaiasintizina nasiaa n19AnEaIn
fNtszmann l9a9masinuslingz 3

S162 J Med Assoc Thai Vol. 88 Suppl.4 2005

‘ 157-162 3“B-eey-aa 4 162 25/11/05, 4:19 PM



