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Background

This review contains a summary of the studies that were reviewed from the studies _
submitted to Section 6 (Human Pharmacokinetics and Bioavailability) in support of NDA

21,083. Individual data and appendices are on file in the Division of Pharmaceutical
Evaluation III.

The applicant is seeking approval of sirolimus 1 mg/mL oral solution for prophylaxis of
organ rejection. Sirolimus is to be administered in a regimen with cyclosporine (CsA) and
corticosteroids. The applicant is proposing a loading dose of 6 mg followed by a
maintenance dose of 2mg per day. In high risk patients, the applicant i is proposing a
loading dose of 15 mg followed by a maintenance dose of 5 mg.

Sirolimus is a macrocyclic lactone similar to tacrolimus (FK 506) and CsA; however, it
has unique immunosuppressive biochemical mechanism of action that is distinct from
CsA and FK506. Sirolimus inhibits T-lymphocyte activation and proliferation that occurs
in response to antigenic and cytokine interleukin (IL)-2, IL-4, IL-7 and IL-15. In cells,
sirolimus binds to the immunophilin, FKBP-12, to generate an immunosuppressive
complex. The FKBP-12 binds to and inhibits the activation of a kinase called mammalian
target of rapamaycin (mTOR). Inhibition of mTOR by sirolimus suppresses cytokine-
driven T-cell proliferation, inhibiting the progression from the G1 to the S phase of the
cell cycle.

SYNOPSIS (EXPANDED)

Bioavailability/Food Effect: The bioavailability of sirolimus was determined using two
stage population analysis method. One hundred and eighty subjects in 13 phase I study
were given sirolimus as either single intravenous dose or single oral dose, or multiple oral
doses. The bioavailability was estimated to be about 14%. It must be noted that the data
used in the analysis were not from a crossover study but came from studies in which the




patient populations were different. Therefore, the computed bioavailability is an
approximation of the absolute value.

High-fat meal (1.88 kcal; 54.7% fat) produced statistically significant changes in both the
rate and extent of absorption of sirolimus. These changes were manifested as a 3.5-fold
increase in tmax, a2 34% decrease in Cmax, and 35% increases in both AUC:and AUC. The
t Y2 did not change with high fat meal. Systemic exposure to sirolimus was greater after
administration with Tang (17% increase in AUC) than after administration with water.
Peak concentration of sirolimus occurred sooner after administration with orange juice
(decrease in tmax by 4 minutes) than administration with Tang (tmax increased by12
minutes) compared with after administration with water. Peak sirolimus concentrations
were equivalent after administration with orange juice, Tang, or water. The applicant
recommends orange juice and water may be used interchangeably as administration
liquids for oral liquid sirolimus. The applicant’s recommendation is acceptable.

Distribution/Protein Binding: Sirolimus is 92% bound to human plasma proteins. It
binds mainly to serum albumin (97%), a1-acid glycoprotein and lipoproteins.
Sirolimus partitions extensively into red blood cells. The Blood/Plasma ratio in stable

renal transplant patients and healthy volunteers were 36.5 + 17.9 and 79.9 + 45.8,
respectively.

Metabolism: In an open-label, nonrandomized design in which single oral doses of
{'“C]-labeled sirolimus solution was administered to 6 healthy male subjects, the mean
(range) total recovery of radioactivity from urine and feces after oral administration of
[ C] sirolimus was 93.2% (78.0% to 98.4%). Ninety-one percent of the radioactivity was
recovered from feces and only 2.2% was excreted in urine. The excretion of total
radioactivity in feces and urine was prolonged, and approximately 5 days were required
for 90% recovery in individual subjects. Seven major metabolites were identified: several
hydroxy (OH) sirolimus, hydroxy-demethyl sirolimus, dimethy! sirolimus,7- -O-demethyl-
sirolimus and 41-O-demethyl sirolimus. Sirolimus metabolites were not present as
glucuronide or sulfate conjugates. The applicant reported that the metabolites have little
or no immunologic activity and that the majority (> 90%) of the immunologic activity
resides in the parent compound.

Based on a combination of correlation analysis, chemical inhibition, expressed human
cytochrome P450 and enzyme induction, hepatic cytochrome P450 3A4 was identified as
the major rapamycin drug metabolizing enzyme in human liver. Inhibitors of CYP3A4
(ketoconazole, nicardipine and cyclosporine) markedly inhibited sirolimus metabolism in
incubations with human liver microsomes. Reports also indicate that sirolimus is a
substrate for p-glycoprotein efflux transport system.

Pharmacokinetics

Single Dose/Dose Proportionality: In a parallel design, ascending, single oral dose
study of sirolimus 0.3, 1.0, 5.0 and 8 mg/m? in health volunteers, the dose proportionality




of sirolimus pharmacokinetics were evaluated. The AUC and Cmax indicate there is no
significant difference in the values when they are adjusted for dose; hence, increase in
sirolimus concentrations were proportional to dose. Also, the clearance does not change
with an increase in dose. The results indicate that, over the dose range of 1 to 8 mg/m’,
the pharmacokinetics of blood sirolimus was linear. However, there was large
intersubject variability (CV > 30%) observed in this study. In a different incomplete
block, cross-over design study, stable renal transplant patients received two out of three
different doses of sirolimus 3, 6, and 12 mg/m?. Estimates of Cmax and AUC were both
shown to increase proportionally with dose; however, the confidence intervals were large
and the intersubject variabilities for Cmax and AUC were also large (>30%).

Pharmacokinetics in Patients: The pharmacokinetics was investigated in a subset of
patients in the pivotal clinical trial. In this study, sirolimus was administered with

cyclosporine (Neoral® administered 4 hours apart) and corticosteroids. Group A patients
received sirolimus 5'mg (loading dose of 15 mg), Group B received sirolimus 2 mg
(loading dose 6 mg) and Group C received azathioprine 2-3 mg/kg (loading dose of 5
mg/kg). Blood samples for the determination of sirolimus and eyclosporine
pharmacokinetic profiles were taken at the end of 1, 3 and 6 month after daily
administration of the dosing regimen. Whole blood sirolimus concentrations were not
significantly different over the dose interval at any time-point with respect to either
treatment or month. There were no statistically significant differences for any of the
pharmacokinetic parameters with respect to either treatment group or month or race.

However, there was a trend of blacks having lower clearances of sirolimus compared to -
non-blacks. Mean CI/F/Wt values for black patients were decreased 22.8% and 37.6% Q.
compared to non-black patients in the 2 and 5mg sirolimus dose groups, respectively. -
Therefore even though the differences were not statistically significant, black patients on [ s )
the average tended to have higher exposures than non-black patients (figures on the d
following pages). The following table contains the combined pharmacokinetic parameters ]
for sirolimus. : o
. m— -
~ Jante\ - WHOLEBLOOD smox.gwis wmxmmc PARAMETERS IN POST- <)
Treatment Con — AUC.. CUFWT
(ng/mL) (h) (ngeh/mL) (mL/Wks) Q
2-mg sirolimus 122%6 3012240 1582 70 £72 n_
(nel9) (51.1232) (19.6/45.5) (44.1235) (39.77203)
S-me sirolimus 374121 184+ 1.30 396 + 193 221 4 143 o=
(n=23) (562/43.6) (70.4/463) (48.7/30.8) (64.7731.6) [P o)
Source of Vasiability p-values from ANOVA® U:"
Treatment 0.4 (XY 0.38 0.27 €2
Race 017 041 0.13 0.12
Moath 0.50 0.98 0.42 074

f Y ou;m-um-aso(mmn
tr The overall svorapes smomg subjeces inciode the sverage valwe in cach pation over time.
€ Cuan sad AUC,,, were sormalized w02 2-mg dose poiar 10 ANOVA.

The following table provides the whole blood sirolimus trough concentrations. Dose
normalized whole blood sirolimus trough concentrations were significantly different.
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Comparison of Whole Blood Sirolimus Cmax
(Normalized to 2 mg Dose) in Individual Patients
Among Blacks and Nonblacks and Assigned Sirolimus Dose Groups
Protocol 0468E1—-301-US

80'—
(0]
70
I 60 - -
E
S 0
k=5
3 50 ©
3
:
£ 40
. B o 0
s
© o) 8
[0}
30
_g o 8 0O —
s o) — o _
20_
—_— h— (0] -
: g = B = 3¢
—_— (0]
10- E = 8 E
0
(0]
0
A B C D
Mean +/- SE

A = 2 mg (Nonblack), B = 2 mg (Black)
C = 5 mg (Nonblack), D = 5 mg (Black)




Fowre -
Comparison of Whole Blood Sirolimus AUC
(Nomalized to 2 mg Dose) in Individual Patients
. Among Blacks and Nonblacks and Assigned Sirolimus Dose Groups
: Protocol 0468E1-301-US
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Whole Blood Sirolimus CI/F (mL/h/kg)
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Comparison of Whole Blood Sirolimus CVF
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There was no significant difference in the pharmacokinetics between black and non-black
patients. There was large intra-individual variability in the trough concentrations. -

| &Y\ &1/} AVERAGE TROUGH WHOLE BLOOD SIROLIMUS CONCENTRATIONS OVER
TIME IN RENAL ALLOGRAFT RECIPIENTS

Trough* C.V. (%)
Treatment Race n (ng/mL) Interindividual  Intraindividual
2-mg  Noo-black 179 8581 398 464 37.8
sirolimus ~ Black 47 8621 4.13 419 346
Combined 226 8.59 4.0 466 37.1
Smg  Nosblack 170 . 1714745 435 386
siolimus  Black 49 177% 7.05 398 393

Combined 219 173+ 735 426 388

Source of  P-value from ANOVA®

Variation
Treaiment 0.050
Race 0.38
Treat*Race 0.39
& Truuzh concenirations presentel &3 meas £+ SD
b Mcanof 22 i (by area meshod) across days in individual paticnts

€ Individual roueb coacentrations were sormatiznd o 2 mg prior 0 ANOVA

There were no statistically significant differences in whole blood CsA pharmacokinetic
parameters with respect to period (months 1, 3, and 6). A statistically significant effect
for treatment was observed in dose-normalized AUCx.ssand CL/F/WT. A statistically

significant difference between black patients and non-black patients was observed only

“for whole blood CsA CL/F/WT. The CL/F/WT values for black patients in the 2-mg,

5-mg sirolimus and sirolimus placebo treatment groups were decreased 33.7%, 9.4% and
16.9% compared to non-black patients. The variability in clearance values was large
ranging from 6.2% to 50.7% in blacks and 5.7% to 56.6% in non-blacks (see figures on
the following pages). Generally, there were no significant differences in the actual trough
CsA concentrations; CsA trough concentrations were per protocol maintained within pre-
specified ranges. The trough CsA concentrations remained at steady state over 1 to 6
months for all treatment groups. It must noted that it was observed that in most patients in
the pivotal clinical trials, the average CsA trough concentrations tended to be at the upper
end of the target CsA concentration range. The medical officers on the review team were
aware of this observation. The clinical implications of the observation that the average

trough CsA concentrations in the pivotal study tended to be at the upper end the target
range is not clear.




’) "akb 1' 'y 3 WHOLE BLOOD CYCLOSPORINE PHARMACOKINETIC PARAMETERS IN

Overult 100 363 (40.7/32.4) 146 3194387279) 174 268 (33.2729.2)

5-mg Non-black 69 350 (53.3/30.9) 93 302(33.663) 128 247 (34.6723.6)
Sirotimus Black 23 403 (46.5/40.0) 33 28713847215 37 259 (31.5127.4
Overall 92 363 (51.5/33.2) 126 298 (34.8126.7) 165 250 (33.824.5)

POST-TRANSPLANT PATIENTS
Treatment Coan { S AUC,,. CLF/WT
) {ng/mL) (h) ___(ngehvmlL) (
2-mg sirolimus 1337 £ 368 1.85 £ 0.66 7058 £ 1698 397+ 181
(n=19) (27.5/33.2) (35.8731.4) (24.1728.9) (45.5/25.5)
5-mg sirolimus 1414 £ 460 2021 0.78 6859 + 1840 340+ 80
(n=24)" (32.5136.7) (38.8/46.2) (26.8/34.8) (23.4125.3)
Placebo (0 = 13) 1269 + 260 1932 0.78 6056 £ 1067 566 £ 194
(20.5035.4) {40.3/40.7) (17.6724.4) (342126.0) -
. Source of , p-values from ANOVA*® Q.
Variability o
Treatment 0.06 0.65 0.008 0.003
Race 0.67 051 056 0.05 (i )
Month 0.13 041 044 0.47
& Dol presenced a5 the owean 2 SD (mucrsobjocvingasubjoct FCVsL, u
.3 mmwmmmmmwmmmmmm
c(‘..,.wAUG.-uc-rnﬁmdmalm-mcaunhloAN)VA. - A
]
TQ,{Y)[ e L/,r AVERAGE TROUGH WHOLE BLOOD CYCLQOSPORINE CONCENTRATIONS OVER TIME w
) IN RENAL ALLOGRAFT RECIPIENTS" o
Month 1 Months 2- 3 Moaths 4 - 6
Treatment Race n ng/mL (%CV) D ngmL(ZCV)__ 5 g/l (RCV) Q.
- 2-mg Non-black 8! 361 (4 I.7I31.2)_ 117 317 (45.426.5) 145 267 (33.7128.6)
Sirolimus Black 19 367 (37.0/37.5) 29 324(37.833.8) 29 268 (35.2/32.1) h
Lad

Placebo Noo-black 5t 358 (36.4/33.9) 43 314 24.024.7) 59 253(25.311.2)
Black 17 438 (56.0/36.3) 20 292 (23.7/25.4) 22 278 (2715/22.1) -
Overall 68 378 (H4MS 63 307 (24.0124.9) 81 260 (26.2/18.6)

Trough Source of p-value from ANOVA
Concentration  Variation i

Actual Treatment 0.67

Race 0.72

Interval 0.003

, Nommalized®  Treatment 0.02
Race 0.03

Interval 0.001
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Comparison of Whole Blood Cyclosporine Cmax
(Normalized to 100 mg Dose) in Individual Patients
Among Blacks and Nonblacks and Assigned Sirolimus Dose Groups
Protocol 0468E1-301—US
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Comparison of Whole Blood Cyclosporine AUC
(Nomalized to 100 mg Dose) in individual Patients
Among Blacks and Nonblacks and Assigned Sirolimus Dose Groups
Protocol 0468E1-301-US
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Pharmacokinetic-Pharmacodynamic (PK/PD) Evaluation

The influence of sirolimus and cyclosporine concentrations on acute rejection, confirmed
by biopsy, was evaluated using logistic regression. Also, an evaluation of the relationship
between trough concentrations and laboratory parameter changes was conducted.

Average sirolimus and CsA trough concentrations were calculated using the area under
the curve of trough concentrations over the first 75 days of treatment. Average trough
sirolimus concentrations were higher in patients who did not exhibit allograft rejections
than in patients who did although the variability in average trough concentrations across
patients was high (CV: 60% for non-rejectors and 90% for rejectors). Mean CsA average
trough concentrations were also higher in patients that did not reject than in patients that
did, although as observed for sirolimus, the variability was high (CV: 40% and 53% for
rejectors and non-rejectors, respectively). The data suggested that there were no
significant differences among gender, race and donor with respect to acute rejections
during the first two months.

A higher number of HLA mismatches was also significantly associated with increased
incidence of allograft rejection. Donor’s age, race, sex, donor status or ischemia time
appeared not to be a significant predictor of acute rejection. Patients having average
sirolimus concentration less than 3.50 ng/mL had a significant increase risk of acute
rejection. Similarly, patients having an average CsA trough concentrations less than
260.4 ng/mL were more likely to have an acute rejection. Sirolimus, when co-
administered, with CsA is predicted to be effective than CsA alone in reducing the
probability of rejection rate. Increase in sirolimus concentration results in a reduction in
the probability of rejection. A reduction in CsA concentration does not appear to have a
pronounced effect on the probability of rejection.

The logistic regression analysis suggests that there was a significant relationship between
the probability of acute rejection during the first 75 days and average trough
concentrations of sirolimus and CsA and HLA mismatch scores. An increase in sirolimus
and CsA trough concentrations predict a significant reduction of the probability of
allograft rejection. The pharmacodynamic (PD)-efficacy response curve for cyclosporine
suggests that it is not necessary to keep cyclosporine average trough concentrations as
high as was suggested for maintenance therapy (200 — 350 ng/mL.) in order for the
combined therapy to be effective if the sirolimus concentration is maintained between 15
- 25 ng/mL (figures and tables on following pages). On the other hand, the combined
therapy is also predicted to be effective even if the sirolimus concentration is about 10
ng/mL as long as the CsA concentration is maintained at about 350 ng/mL.

Changes from baseline in platelet counts decreased with increased drug exposure, age
and duration in the study. Hemoglobin values increased with increase exposure to
sirolimus and cyclosporine (CsA). White blood cell counts (WBC) appeared to be
independent of study drug exposure. Significant increases from baseline in fasting
cholesterol were associated with sirolimus and CsA exposure. Triglyceride changes were

V)
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found to be positively associated with sirolimus and CsA exposure. Reduction in
glomerular filtration rate (GFR) was observed with increased concentrations indicatin ga
negative relationship between GFR and sirolimus and CSA exposure.

The PD modeling suggests that in the presence of sirolimus, CsA concentrations can be
lower than the usual targets while maintaining adequate protection from acute rejection.
The results of the PK/PD modeling exercise predicts the likely therapeutic range of
sirolimus to be between 3.5 to 30 ng/mL based on the logistic regression models for
laboratory values and the probability of acute rejection as related to sirolimus trough
concentrations. However, based on the logistic regression modeling exercise considering
both efficacy and safety, the optimum therapeutic range is likely between 8.3 to 25
ng/mL. The pivotal clinical studies were conducted without the benefit of therapeutic
drug monitoring (TDM). A rational approach that the applicant should consider for future
studies is that the applicant employs TDM to validate the predicted optimum trough
concentration range in an effort to optimize the dosing regimen for sirolimus in renal
transplant patients. Also, the applicant should continue to evaluate whether lower CsA
concentrations in combination with sirolimus is efficacious and has an acceptable or
better safety profile.

Pharmacokinetics in Special Populations:
Hepatic Impairment Patients (Pugh Classifications A and B)

A significant decrease in sirolimus clearance (CL/F) and AUC was computed when the
hepatically impaired group was compared to the healthy patients; however, Cmax was
not significantly different. AUC was 61% higher and C/F/Wt values were 33% lower
when the hepatic impaired patients were compared to healthy patients; Cmax was not
significantly different between the two groups. It is recommended that sirolimus
concentrations be reduced by about 30% and caution should be exercised if sirolimus is
to be administered to hepatically impaired patients. The effect of severe hepatic
impairments on the pharmacokinetics of sirolimus is not known and it is recommended
that caution should be exercised if it is at all necessary to use sirolimus in these patients.

Popula- | Cmax Tmax T% (hr) | AUC CUF/Kg | Vss/F MRT
tion (ng/mL) | (hr) (ng*h/ (mL/hy/ | L/kg (hr)
mL) kg
Hepatic [779% 0.84 ¢ 1125+ |1566.7% | 144 ¢ 175+ 1354 £
23.1 0.17 40.5* 616* 62* 6.2 56*
Health 78.2¢ 082+ 789+ 970.1+ 2151276 (174+ 824t
18.3 0.17 12.1 272 5.9 113.2

*significant at P < 0.05




Pharmacokinetics in Pediatric Dialysis Patients

The pharmacokinetics of sirolimus in pediatric patients with stable chronic renal failure
was assessed. The terminal disposition half-life (t ') of sirolimus in blood was long, as
reflected by the mean (range) values of 75.6 (33.5 to 166) hours in children 5 — 11 years
old and 57.4 (40.4 to 95.9) hours in children 12 — 18 years of age. The weight-normalized
apparent oral clearance (CL/F) for whole blood sirolimus showed significant differences
with respect to both dose and age. The intersubject variability in CL/F values were great;
the %CV values of 77% in pediatric patients aged 5 —11 years and 51.7% in pediatric
patients aged 12 — 18 years. There were no significant differences in either MRT or Vss/F
among age and dose groups. The following table provides across study comparison of the
results from this study and that of healthy adults

T‘ c&\) g 27 .. ACOMPARISON OF SIROLIMUS PHARMACOKINETIC PARAMETERS
\'Q AMONG PEDIATRIC DIALYSIS PATIENTS AND HEALTHY ADULTS
: Healthy Adults -
Pediatric Dialysis Patients (Sirolimus Dose: 1, 3.
(Sirolimus Dose: 1. 3, and 9 mg/m?) 5, and 8 mg/m?)
5-11y) (12-18y) 19 - 36 years ANOVA p-value
Meant SD n Mean £ SD n Mean £ SD (Tukey's
Parameter n (range) (range) (range) comparison)"
Age 7 76124 9 152213 25 26152
(\)) G- B (ERRY)) (19-36)
toa 7 105045 9 0821017 25 0721021 0021 (A> C)
(h) (0.67 - 2.0) 0.67- 1.0 (033-1.0)
tin 7 7561431 7 574 £19.1 25 807 154 0.097
(b) (33.5- 166) (40.4-95.9) (55.7-113)
CUFWT 17 544+ 463 7 4431268 23 2872111 0037(A>0)
(ml/h/kg) (21 -1551) (182 - 900) (145 - 567)
VJFWT 7 3051167 7 2532152 25 234196 041 -
(Lkg) (144-594) (85-449) (98-51.3)
B/P 3 2421108 5 2972126 25 56117 0.22
(12.4 - 33.4) (13.8 - 45.4) (15.0-67.1)

5 A= Pediatic (5- 1) yk B = Pasistric (12- 18 yX C = Heaithy Aduls (19-36 y)

Statistically significant differences were observed in tmax and CVF/Wt. The tmax was
longer (about 20 mins) in the 5 — 11 year olds compared to healthy adults. CUF/Wt of the
5 —11 year old was increased by about 90% compared to healthy adults. When compared
to the values of the subset of patients in the pivotal clinical study, the mean CI/F/Wt of
the 5 —11 year old was increased by approximately 115%.

Gender: The effect of gender on sirolimus pharmacokinetic parameters was studied
using a two stage population analysis. This method revealed a statistically significant
effect of gender on t %2 and CI/F/Wt. The difference in t %2 and CV/F/Wt were 15 and 12%,
respectively. As indicated in the box plot on the following page, the data for the analysis
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were obtained from 454 males compared to only 121 females. The %CV in CVF/Wt for
males and females were 53.1 and 67.7, respectively. The differences in clearance were
small and should be interpreted with caution because of the relatively few female patients
and the variability in the data. The significance of the noted differences, if any, could not
be ascertained from this analysis.
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Drug Interactions

Sirolimus is reported to be a substrate for both cytochrome P450 IIIA4 (CYP3A4) and P-
glycoprotein (P-gp), therefore, most of the investigations were concerned with
delineating the effect between sirolimus and drugs that also interact with CYP3A4 and P-
£p.

Diltiazem: Single doses of diltiazem (120 mg) alone, sirolimus (10 mg) alone, and the
two drugs concomitantly were administered to 18 healthy adults in a randomized, 3-
period, crossover study. Administration of a single dose of diltiazem (120 mg) affected
both the rate and extent of absorption of sirolimus. The geometric least-squares (GLS)
mean ratios and 90% confidence intervals (90% CI) were 1.29 (0.99 to 1.68), 1.43 (1.14
to 1.81), and 1.60 (1.35 to 1.90) for tmax, Cmax and AUC, respectively. This represents 43%
and 60% increase in Cmax and AUC, respectively. By contrast, sirolimus did not affect
the Cmax and AUCo-24n of diltiazem. The GLS mean ratios (90% CT) of Cmax and AUC for
diltiazem were 1.01 (0.90 to 1.13) and 1.05 (0.95 to 1.15), respectively. The tmax of
diltiazem 'was slightly affected by sirolimus as shown by the GLS mean ratio (90% CI) of
0.87 (0.78 to 0.98). There were no effects of sirolimus on the tmax, Cmax, and AUC: of
diltiazem metabolites, desacetyldiltiazem and desmethyldiltiazem. It is recommended that
caution should be exercised if it is at all necessary to administer sirolimus with diltiazem.
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Ketoconazole: Investigation of the potential pharmacokinetic interaction between -
sirolimus (single dose) and ketoconazole (multiple dose) was based on a non-randomized,
2-period, cross over (sirolimus) study in 24 healthy adults. In period I, study subjects
received a single 5-mg oral dose of sirolimus, During period II, subjects received
ketoconazole 200-mg daily on days 1 to 10, and a 5-mg dose of sirolimus was
administered concomitantly with ketoconazole on day 5. Ketoconazole affected both the
rate and extent of absorption of sirolimus. There was an increase in sirolimus exposure in
blood as reflected by GLS mean ratios (and 90% CI) of 4.42 (3.77 to 5.17) for Cmax and
10.9 (9.19 to 13.0) for AUC. This represented an increase of Cmax and AUC of 332%
and 990%, respectively. The apparent oral clearance (CL/F) was decreased 91.5%.
Sirolimus tmax Was increased by 38% and ti12 was not significantly affected. The findings
in this study suggest that the increase in sirolimus oral bioavailability during

ketoconazole administration is most likely due to the inhibitory effect of ketoconazole on
intestinal CYP3A4 and/or P-gp. Single dose of sirolimus did not affect the '
pharmacokinetics of ketoconazole.

Because of the magnitude of the interaction and the large variability observed, it is
suggested that other azole antifungals with little or noinhibitory potential on cytochrome
P450 3A4 isozyme be considered if an anti-fungal therapy is needed while patient is
receiving sirolimus. It is recommended that sirolimus should not be coadministered with
ketoconazole.

Rifampin: Investigation of the potential interaction between sirolimus (single dose)

and rifampin (multiple dose) was based on non-randomized, two-period study in healthy
volunteers. During period I, subjects received a single 20- mg oral dose of sirolimus.
During period II, subjects received daily doses of rifampin 600-mg on days 1 to 14, and a
concomitant 20-mg dose of sirolimus on day 9.

Co-administration of sirolimus with rifampin dramatically reduced sirolimus’

exposure in whole blood as reflected by GLS mean ratios (90% CD) of 0.29 (0.26 t0 0.32)
and 0.18 (0.16 to 0.21) for Crmax and AUQ, respectively. The GLS mean ratio (90% CI) for
weight-normalized CL/F were 5.53 (4.74, 6.45). By contrast, sirolimus tmax and tin were
not affected by rifampin oral administration. Whole blood sirolimus exposure was
decreased by 82% without any concurrent changes in the terminal disposition ti2. These
results are compatible with a reduction in sirolimus oral bioavailability during rifampin
administration. Alternative - therapy with a lesser or reduced induction potential
than rifampin should be considered when necessary. Concentration-time data for rifampin
were not determined. Hence, the effect of sirolimus on rifampin pharmacokinetics is not
known. : '

Cyclosporine (Neoral): Invest; gation of the potential interaction between cyclosporine

_ (Neoral®) and sirolimus was based on a randomized, four-period, crossover study in
\(\ healthy volunteers. All subjects received a single 10-mg dose of sirolimus, a single 300-
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mg dose of cyclosporine, simultaneous single-dose sirolimus (10 mg) and cyclosporine
(300 mg), and staggered single-dose co-administration of the two drugs (sirolimus 4
hours after cyclosporine). The following table contains the ratios of the various
treatments. The rate and extent of absorption of sirolimus were both significantly affected
after both simultaneous and staggered administration with Neoral. Co-administration of
cyclosporine and sirolimus did not affect the pharmacokinetics of cyclosporine after
either simultaneous or staggered administration.

The GLS mean ratios and 90% Cls for the sirolimus pharmacokinetic parameters
are given in the '

TJ\VL‘L q ;. GLS MEAN RATIOS AND 90% CONFIDENCE INTERVALS FOR
SIROLIMUS PHARMACOKINETIC PARAMETERS
Simultaneous Sirolimus + CsA Staggered Sirolimus + CsA

Parameter Ratio® 90% C1 Ratio® 90% CI
Com . 192 153,231 1.58 1.18, 1.98
| . ' 216 1.98,2.37 1.37 1.25, 151
w2 097 083, 1.15 1.10 0.94. 130
AUC 330 2.96, 3.68 1.80 1.61, 201
- CL/F/WT 0.30 027,034 0.56 0.50, 0.62

& {Simultancous sirolimos + CSA):(sirolimus alone)
b: (sirolimus 4-b After CsAX(sirnlimus Alone)

There was no significant difference in the pharmacokinetic parameters of sirolimus
except for Tmax, which increased after the simultaneous and staggered administration by
17% and 16%, respectively. It is recommended that if sirolimus is administered with
Neoral, it should be given 4 hours after Neoral.

i A
abl & tC _
AN T _MEAN 3 SD WHOLE BLOOD CSA PHARMACOKINETIC PARAMETERS

o Conn tn AUC CL/FWT

Treatment Statistic (h) (np/mL) (h) (ng-he/mL) . (mL/Mr/kg)
CSA Mean 150 1560 127 7640 558
Alone Sb 0.59 292 25 1470 102
CsA +Suolimus ~ Mean 1.64 1640 128 7930 536
Simulaneous SD 0.66 414 38 1600 112
CSA + Sirolimus ~ Mean 1.64 1450 125 7040 608
Stappered* SD 0.66 329 1.8 1520 122

&: sirolimus 4 hours afler (SA

Cycosporine liquid (Sandimmune®): Investigation of the potential effect of
cyclosporine (Sandimmune®) on the pharmacokinetics of sirolimus was based on a
comparison of the whole blood sirolimus average trough concentrations in 150 psoriasis
patients receiving sirolimus alone or a combination of sirolimus and Sandimmune®.
Patients were randomized to treatment groups for sirolimus alone were administered 0.5,
1.5, and 3.0 mg/m’ oral doses of sirolimus. Patients randomized for combination therapy
received in a randomized fashion the same sirolimus doses administered to those who
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received sirolimus alone but each patient also received a concomitant 1.25 mg/kg oral
dose of CsA. The increase in average sirolimus trough concentrations for the 0.5, 1.5,

3.0 mg/m’ were 63%, 80% and 72%, respectively, when compared to when sirolimus was
administered without cyclosporine. The intersubject variability (%CV) for sirolimus
trough concentrations ranged from 39.7 to 68.7%.

There was no significant effect of single or multiple dose sirolimus on cyclosporine
liquid (Sandimmune®) trough concentrations. However, the interpatient variability
(%CV) was very large, ranging from 85.9% to 165%. The effect of liquid cyclosporine
(Sandimmune®) on sirolimus is not conclusive from this study in psoriasis patients and
additional study is needed to determine the magnitude of changes in sirolimus
concentrations. In addition, it is recommended that the applicant study the interaction
between sirolimus and other formulations of cyclosporine (e.g. SangCya) to determine
the effect of these formulations on sirolimus and vice versa. It is recommended that
sirolimus concentrations be monitored if it is to be administered with Sandimmune®.
Cyclosporine oral solution, USP, (Sandimmune®) is not bioequivalent to cyclosporine
soft gelatin capsules, USP (Modified) (Neoral®) and should not be used interchangeably.

The following table provides a summary of the potential effects of some concomitantly
administered drugs on the pharmacokinetics of sirolims.

| awe,l) GLS MEAN RATIOS OF SIROLIMUS PHARMACOKINETIC PARAMETERS AFTER
CO-ADMINISTRATION WITH POTENTIALLY INTERACTING DRUGS

Ratio of Sirolimus Pharmacokinetic Parameter™™*

Subject Type Interacting Drug loe Con tyr AUC CL/FIWT
Healthy Diltiazem 1.29 1.43 085 - 1.60 0.38
Volunteers Ketoconazole 138 4.42 - 109 0.085
Acyclovir 0.95 o « o o
Glybuode « - « « ©
Nifedipine - “ o - -
Digoxin 1.03 o “ © ©
Lo/Ovral® . - - 0.86 1.08 -
Rifampin - 029 - 0.18 553
Neoral® (simultaneous) 192 216 - 330 - 030
Neoral® (staggered) 1.58 137  L10 1.80 056
Renal Post- Transplant Bactrim® o s - ) -
Psoriasis Sandimmune® (simulaneous) - - 1.75¢ -

& 0% CJ of the rauos do aai Lic withio the 050 1 | 25 equivalence window
b Ratio s (sirolimus + drug): (sirolines alone)

© ¢ = 9% C1 of the ration are withio the range of 0.50 10 1.28

<& Rado of frobinms trough »

&

A summary of the potential effects of sirolimus on the pharmacokinetics of some
concomitantly administered drugs is given in the following table
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.. COMPARATIVE SIROLIMUS EXPOSURE AMONG PHASE | DRUG-INTERACTION

’F‘Ua«u* \Q STUDIES

AUC (ng-hc/mL)

Sirolimus Exposure in Drug Interaction Studies
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BEST POSSIBLE 0o

R LY [ GLS MEAN RATIOS OF PHARMACOKINETIC PARAMETERS OF POTENTIALLY
RACTING DRUGS AFTER CO-ADMINISTRATION WITH SIROLIMUS™

Dase Ratio of Pharmacokinetic Parameter* -
Subject Type Interacting Drue Regmen _ t.. Con  Un  AUC  CL/F/WT

Healthy Diltiazem SD 087 - el -
Volunteers Desacetyldiltiazem o o - et -
Desmethyidilatiazem ' 090 - o -

Acyciovir MD 105 o - o RS
Glyburide SD 1.10 1.20 - « -
Nifedipine K1) 1.14 084 - 087 -
Digoxin MD 1.24 o - © -

Lo/Ovnl® MD :

Ethinyl Estradiol 141 088 - < -
Norgesirel 092 < - o -
Rifampin MD - - - - -

Neoral® (simultaneous) sD .17 - - - “

Neoral® (staggered) SD 1.16 - - - «

Renal Post-Transplant  Neoral® {sunppered) MD «F o° - 1.15° 0.64°

¢

2:90% C1 of ratos & no bie with io the 80 10 125% bicequivalence wi
b: Raulo = (drug sstrotioen ) (dw alone)

€ 4 = 907 C] of the rties are within the range 0.80-1,.25

& AUC over 0 1o 482

€ Rario of mean vatues for (sioliaws seanmenl grosps) (placebo group)

The applicant provided studies that evaluated the pharmacokinetic interaction of
sirolimus with possible drugs that could be coadministered to patients. Other possible
classes of compounds not evaluated were the macrolides (e.g. erythromycin,
clarithromycin) and protease inhibitors (e.g. ritonavir, indinavir) which are known to be
inhibitors and/or substrates for CYP3A4. Therefore, extreme caution should be exercised
if these compounds are coadministered with sirolimus.

Label: Please refer to the final printed label; labeling comments are incorporated in the
final negotiated label.
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Comments

2) To better define an adequate time of dosing of sirolimus with respect to cyclosponne
administration, it is recommended that the sponsor evaluate in a study various times
when sirolimus and cyclosporine administration could be staggered. This study will
provide a better understanding of the magnitude of sirolimus increase if patients do
not comply with taking sirolimus 4-hour after the cycclosporine dose.

3) The sponsor should consider conducting additional drug-drug interaction study with
drugs metabolized by CYP 3A4, especially macrolides and protease inhibitors

4) It is recommended that the sponsor conduct in vitro studies to better define the effect
of the p-glycoprotein efflux system on sirolimus pharmacokinetics.

5) It is recommended that the applicant further evaluate, in future clinical studies, the
effect of ethnicity on the pharmacokinetics of sirolimus. This will facilitate the
determination of the optimum dosing regimen in patients from other ethnic origin.

6) Itis recommended that the applicant validate the optimum therapeutic concentration
range for sirolimus and further evaluate the value of reduced CsA concentrations in
combination with sirolimus as suggested by the logistic regression modeling exercise.
The evaluation could be done in a small clinical study or if feasible in planned future
clinical studies employing therapeutic drug monitoring. This will facilitate the
determination of the optimum dosing regimen for sirolimus in renal transplant
patients.

Recommendation

The studies submitted to the Human Pharmacokinetics and Bioavailability section of
NDA 21,083 to fulfil sections 320 and 201.5 of 21 CFR are acceptable and support a
recommendation for approval.
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