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NDA Review
L BACKGROUND
Drug Classification: 3S

7 Dosage Form: Ointment for topical application (0.03% and 0.1%)
B Indication: For the treatment of atopic dermatitis in adults and pediatric
patients 2 years of age and older.

Pharmacologic Class: A macrolide immunosuppresant produced by Streptomyces
tsukubaensis ( a soil bacterium found in Mount Tsukuba, Japan). It
- : is also known as FK506. Tacrolimus inhibits the early activation
o - of T-lymphocytes resulting in decreased production of cytokines.
e Atopic dermatitis is considered to be an immunologic dlsorder
believed to be modlﬁed by T—]ymphocyte activation. '

Dosage and administration: Apphed toplcally twice daily as a thm layer to affected
_areas of the skin. The use of occlusive dressingsisnot ~— -
- recommended.

Foreign marketing history: World-wide in both intravenous (Prograf®, NDA 50-708, ’
April 1997) and oral formulations (Prograf®, NDA 50-709, April
1994) for the prevention of organ rejection following allogenic
liver or kidney transplantation. 0.1% tacrolimus ointment has been
approved for marketing in Japan since June 1999.

Formulation: Tacrolimus Ointment is an oleaginous ointment in which the drug
C substance is dissolved in droplets of propylene carbonate, which
are uniformly dispersed in vehicle. Thc cintment will be supplied



II.

in 30 and 60 gram tubes. The composition of 0.03% and 0.1% is
provided in the following table.

- - Ingredient 0.03% (%wiw) | 0.1% (%wiw)

Tacrolimus - 0.03 0.1

White Petrolatum, USP - ]
Mineral Oil, USP - ) ]
Propylene Carbonate, NF .

White Wax, NF ) |
Paraffin, NF o —s |
Total 100 | 100 '

RECOMMENDATION

The application is-acceptable based on the pharmacokinetic results of the single and
‘Tultiple dose study in healthy volunteers and adults and pediatric patients with atopic
dermatitis. The labeling changes recommended on page 21 of this review along with the
comment on analytical validation should be conveyed to the sponsor. Please also refer to

the addendum of the review for evaluation of additional studies submitted and the overall

conclusions. N
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IIL. ANALYTICAL VALIDATION:

s the analytical validation adequate for evaluating the
oncentrations of tacrolimus (FKE506) and its metabolites (M-I and
_M-ID)? ' ’

Tacrolimus has been analyzed in the blood by two mcthbdo]ogies, both of which have
been adequately validated and are summarized in the following section of this review.
Blood to plasma partitioning of tacrolimus is saturable and variable, therefore the

~ pharmacokinetics of tacrolimus has been expressed in terms of blood concentration.

Report R94-0150-506-C-E (FK506-in human blood):

-

:

" In Phase 1 and 2 studies, some subjects that had no exposure to tacrolimus showed--
measurable concentrations 2-3 times higher than the LOQ, hence — was further
modified to reduce background noise. The following methodology had a higher limit of
detection as-compared to the previous report.

Report R97-0070-506-C-E (FX506 in human blood):

.

_1

Report 1339/1-1010 (FK506 and M-I and M-11 in human blood)

( I
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III. PHARMACOKINETIC STUDIES:

The systemic absorption of tacrolimus ointment (0.03, 0.1, and 0.3%) has been evaluated
in healthy volunteers (N=12) as well as adult patients (N=52) and children (N=8) with

T —-atopsc dermatitis. 0.03 and 0.1% tacrolimus ointments-are the to-be marketed strengths
with a twice daily treatment regimen. The sponsor has also evaluated the exposure at a
higher dose of 0.3%, which would give an understanding to the systemic levels observed
at extreme situations. The results of the pharmacokinetic studies are summarized below.
The conclusions at the end-of each section will answer the questions raised.

In Healthy Voluntears

Is tacrolimus absorbed systemically upon topical application in
lhealthy volunteers as single and multiple doses?

Double-blind, 4-way cross over, randomized and placebo-controlled study with repeated
application to investigate the relative bioavailability, tolerance and safety of 3 topical
applications of FK506 (0.03%, 0.1%, And 0.3%) to healthy volunteers (Study FG-06-04)

Investigator o

Study Design

Tacrolimus ointment or vehicle was applied to a 1000 cm?” area of back skin of 12 healthy



volunteers (6M & 6F, mean age 31.8 years) once daily for 14 days. Approximately 5g of
ointment was applied. To ensure that the volunteers took up the ointment equally, they
were asked to remain undressed and abstain from lying down for approximately 0.5 hours
after dosing. The subject demographics are attached in the Appendix on page 24. Each
treatment period was followed by one week of washout. The randomization was on the
basis that each volunteer received the 0.03% tacrolimus ointment before any of the other
active treatments. _
Serial blood samples were taken on days 1 and 14 of each treatment period for assessment
of tacrolimus pharmacokinetics:
Day 1: Predose and 1, 2, 4, 6, 8, 10, 12, and 24 hours postdose
—Day 5, 8, 11, 12, 13: Prior to administration (trough concentration) ]
Day 14: Predose and 1, 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144, and 168 hours postdose

Tacrolimus whole blood conccntxatlons were measured bY memmmme——  assay (LOQ:
- ng/mL).

Observations

The individual subject blood concentration of tacrolimus following administration of
——-0.03, 0.1 and 0.3% tacrolimus ointment is attached in the Appendix on pages 25-27.

¢ Following 0.03% tacrolimus ointment administration, whole blood
concentrations of tacrolimus were detectable in only one subject starting Day 11
(range: ng/mL). Blood concentrations were detectable up to 120 hours

after the final application.

¢ Measurable blood tacrolimus concentrations (range: ng/mL) were .
obtained at sporadic timepoints of the sampling schedule in 4 subjects at 0.1%. The
maximum concentration of = . ng/mL was observed on predose on Day-1Z-of the
study. Nopharmacokinetic evaluations were possible for the 0.03% and 0.1%-
administration periods since a complctcconccntrahon -time profile was not obtained
for any subject. -

e With the 0.3% tacrolimus ointment, only a few measurable concentrations were

obtained over the sampling schedule for 6 subjects (range ——— ng/mL); in
one subject, a concentration profile was obtained thus providing data for further
analysis.

In this subject, the terminal half- life estimated from blood tacrolimus concentration
cata obtained 24-120 hours after the last dose was 68.6 hours; the maximum whole
blood concentration (Cmax) was 0.127 ng/mL; the Tmax was 2 hours; estimated area
under the concentration-time curve estimated to infinity (AUCo-inf) was 11.5 ng-h/mL.



e Tacrolimus metabolites (MI and MII) concentrations were also evaluated (LLOQ:
— ng/mL). The concentrations of both metabolites were below the limit of
detection at all time poi: .3, at all concentrations of tacrolimus. ’

" Reviewer's Comment

The LOQ used in this study was ~ pg/mL. Tacrolimus blood concentrations as reported
in Tables (Pages 22-24) show several samples as ——-pg/mL. However there are
concentrations within brackets as low as 1 pg/mL. When the calibration range for the

. assay was =" pg/mL, it was unclear how the sponsor could quantitate low

levels as 1 pg/mL. Upon additional request the sponsor stated that the numbers within
the brackets are at the limit of detection. However, the standard curve or the calibration
range does not justify the ability to detect quantities as low as 1 pg/mL. Any values

“reported below the limit of quantitation have no regulatory significance.

Conclusions

e The results indicate that systemic availability of tacrolimus in healthy volunteers
following topical administration of ointment at 0.03%-0.3% strengths was sporadic
(blood levels in 1/12 volunteers using 0.03%, 4/12 using 0.1% and 6/12 using 0.3%
ointment). The highest concentration seen was == ng/mL (LOQ: - pg/mL).

¢ The pharmacokinetic parameters could be estimated from only one subject applying
0.3% tacrolimus ointment.

.o The metabohtes M-I and M-II were not dctcctcd in any volunteers (LOQ: =~ pg/mL) -

In adult paticnts and children with atopic dermatitis

Is tacrolimus absorbed systemically upon topical application of
smgle and multiple doses in adult patients and children with

~ atopic dermatitis?

e Is there any accumulation after multiple dosing?

e Is the systemic aborption similar in children and adults?

le Is the systemic absorption similar when the ointment is applied to
different parts of the body?

e Is the systemic absorption more in patients as compared to
healthy volunteers?

The sponsor has conducted two studies in patients with atopic dermatitis with single as
well as multiple applications of the ointment using the 0.1% and 0.3% strengths. The two
studies are summarized here, followed by the conclusions obtained. The conclusions at
the end of this section will answer the questions raised.



. Pharmacokinetics of Tacrolimus 0.3% in adult and pediatric patients with atopic
dermatitis following the topical administration of tacrolimus ointment for 8 days.
(Pre.ccol 94-0-008)

Investiggtor

- -

The pharmacokinetics of tacrolimus in patients was assessed in an open label, single and -
repeat application study. The population was adult (N =31: 16M & 15F, > 13 years of
age) and pediatric (N = 8, <13 years of age). The treatment period was 8 days followed

by a 3-day washout phase. 0.3% Tacrolimus ointment was applied once daily on Days 1
and 8 and twice daily on Days 2 through 7. The demographics are attached in the
Appendix on page 28. '

Treatment assignments were made on the basis of patient age, disease location and area of
involvement.

Treatment Age N ~Locationof | Amount 0.3% Area of Tacrolimus
Group Range Disease Ointment per | Application | Exposure per -
— (Years) Applicatio (cm’) Applicstion
@ - (mg)
Aduh A 14-39 6 Trunk/limbs 05 100 1.5
B 2461 7 Face 05 100 15 =
— C 18-64 6 Teunk/limbs 25 500 7.5 -
D 25-18 6 TrunkAlimbs . 50 1000 15.0
E 1432 6 | Trunkimbs 15 5000 . 450
- - 56+ 4 | Trunkimbs 025 501 0.75
" | Pediatric
7-11 4 TrunkAimbs 05 100 1.5

{Patients 3-6 years of ags were aliowed by the protocol. but no one <5 years of age enrolled. —
$For the first application, ointment was inadvertently appﬁ‘e‘d over 100« cm' in two patients.

In the adult treatment groups, blood samgles for pharmacokinetic analysis were collected
just before application and at 1, 2, 4, 6, 8, 12, and 24 hours after application on days 1
and 8; just prior to application (i.e., trough levels) on days 2 through 7; and at48-and 72.
hours after the last application on day 8. In pediatric patients, blood samples were
obtained prior to application and at 1, 4, 8, and 24 hours after application on days 1 and
8; just prior to application on days 3 and 6; and 72 hours after the last study application
on day 8. Biood tacrolimus concentrations were determined by - (LOQ: ~—
ng/mL). R

'The pharmacokinetic parameters (Mean £ SD) in the adult and children are shown in the
following table along with the concentration time profile for the 5 adult-patient groups.
The individual subject blood levels and pharmacokinetic parameters are attached in the
Appendix on pages 29-40.



1Patients aged 3-6 years were allowed to enroll in this treatment group according to the protocol

howcvcr. no patieats <5 years of age enrolled in the study.

T Treatment Treatment Study Day AUCq2 Cas Tees
Group “"Area (ng/hr/mL) (ag/mL) (br)
_| (Mean % BSA)
Adults A 05 Day 1 37143 04104 48137
<Trunk/timbs) ) Day 8 22108 02101 57136
B Adults B 05 Day 1 1521122 14109 6035
(Face) ) Day 8 1491136 | 09109 69132
Adults C 2 Day | 24120 0210.1 60142
(Trunk/limbs) ) Day 8 31144 02402 35144
Adults D s Day | 16.1 £20.7 12114 60131
(Trunk/limbs) - Day 8 881122 06106 53135
i Adults E . ~ Day| 4251371 35131 63+32
(Trunk/limbs) Day 8 2731340 | 14115 48139
Children _ ’
- Day | 1731107 19113 50£20
- 6yrst 07 Day 8 37225 | 0201 | 43129
$371 020 312
(Trunk/limbs) Y
Children
) Dhay 1 09110 01101 25+17
7-11 yrs 038
) Day 8 19112 02101 25+17
{Trunk/limbs)
BSA: Bodv surface area.
LOQ: = ngmL -
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Figure 1: Mean tacrolimus blood concentration-time profiles in adult atopic dermatitis patients on

Day 1 (Panel A) and Day 8 (Panc! B) following the once/day topical application of 0.3%

and S000 cm’ (4) treatment arcas.

tacrolimus ointment to 100 cm’ (m), 500 cm’ (@), 100 em?, facial (A), and 1000 em’ (@)

The mean tacrolimus blood concentration-time profile in pediatric patients on Day 1 and
8 are shown in the following figures.
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Figure 2: Mean tacrolimus blood concentration-time p;oﬁks in pediatric atopic dermatitis patients
on Day 1 (Panel A) and Diy 8 (Panel B) following the once/dsy topical application of 0.3

tacrolimus ointment to 50 em® (0) and 100 cm’ (O) treatment areas.

Although variable, systemic exposure on Day 1 and 8, as measured by the AUCo-24,

tended to increase as the treatment area increased when applied to trunks and limbs in
both adults and children.

Day 1 and 8-area under the concentration-time curve (AUCo-24) values were
disproportionately higher in adults with facial lesions compared to adults with the
same area treated on the trunk/limbs, suggesting site specific permeability.

On Day. 1 AUCo.24 values were higher in the four children aged 5-6 years compared to--
patients in the other groups /

Reviewer's Comment

9

_For the first application, ointment was inadvertently applied to over 100 cm* in two of

the four patients, instead of 50 cm*. However, these concentrations were lower than

—_another patient who received the correct dose (see page 30). Hence; the effect of

treatment area error on absorption is difficult to ascertain. With only four subjects it
is difficult to derive the overall conclusion. )

The sponsor has not conducted the study in pediatric patients lower than 5 years of
age, however, some information in children between the ages 2-5 is available from
the Phase I clinical studies where random blood samples have been analyzed and
are discussed on page 15 of the review.



e AUCo-24 values tended to be lower on Day 8 relative to corresponding day 1 values, ,
with the exception of adults treated on the trunk/hmbs (area of application 500 cm?)

- and chxldrc:nﬁL 11 years, area of application 100 cm?).

e The highest concentration observed was == ng/mL (5000 cm? exposure area) in one

patient (see Appendix page 40).

e -More adverse events were seen (100%) when tacrolimus was applied on the facial and

neck parts of the body. These group of patients also showed the maximum systemic

absorption of tacrolimus.

Tacrolimus bioavailability was estimated by ’compariASon of mean AUCo-24 after topical

administration relative to historical mean AUCo-24 from normal adult volunteers who-__

were administered intravenous and oral tacrolimus.

— Absolute Relaiive

A dﬁ;l;::aot:d ?n‘:;‘)’ “’(:’g'.‘h':,?"%" AUCropiydose x 100 | AUCroydose x 100
-1 AUCw/dose AUCO,,.,/dose

Intravenous (1V) 2 346 (173) e s B

Oral (PO) 5 | 163(33) % , =

Topical (day ) | .o 42.5 (09) 0.5 27

Topical (day 8) 27.3 (0.6) 03 1.8

(): AUC normalized to | mg

tHighest amount appliéd in the study.

The relationship of mean Day 1 and 8 AUCo-24t0 dose of tacrolimus appllcd ona
mg/sq.m basis is shown in the following figure.

Dose ve. AUC Day 1

Day _B,V,HUC vE. Dose

S0 T 1 0 T
_ a0 A 1 ol Bj — - |
T x4 {1 x4 1
P o
b
R ] 4
o 20 <.D { 24
A
2 |° .
04+ - 04 -
[ ] - e -
‘a0 s ws B8 200 X0 30 %  spo w5 ®1 29 25 09
Dase (mg/sq.n) Dose (mg/sq.m)
Figure 3: Mear Day 1 (Panel A) and Day 8 (Panel B) AUC,,, plotted as function of tacrolimus

applied. Group 1, 100 em® (@), Group 2, 500 cm® (W), Group 3, 100 cm’ facial (#),
Group 4, 1000 cm® (A), Group Sa, 100 cm* (O), Group 5b, 50 cm’ (00), Group 6, S000

om’(a).
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This shows that facial application area group did not fall in the linear range on both the
days. , .

Comparison between adult and children receiving comparable doses:

children (7-11 yrs) and the adults had the same area of application (100 cm? to the trunks
and limbs) and same exposure of tacrolimus per application (1.5 mg). The younger
children had both the area of application and the amount of tacrolimus per application
that were half of the previous groups (ie. 50 cm? and 0.75 mg, respectively). The Cmax
and AUC(0-24) hour have been compared graphically for the three groups in the
following figures.

35 - 35
’ —
- 39 i‘mJ 3
: - o _
8 251 5 251
2 .
§ | . g ] _
5 2 : 2 :
5 15 215
£ k3 °
> 1 3 104
059 . < 51 « .
. hd Y 0% - -

(o]

eAdUls e5Gyschid & 7-11yrs child SAdds ¢ 5EysChld  47-11yrs Chid

From the figure it is clear that the older children (7-11 years) receiving the same dose as
that of the adults have similar AUCs and Cmax’s, with a trend towards are lower Cmax.
But the younger children (5-6 years) who have been exposed to half the dose of the adults ~
have Cmax and AUCs, which are 2-3 times higher than adults and older children.

Conclusions - - o

"~ & Tacrolimus ointment 0.3% is systemically absorbed in adult patients and children.- - -

- The AUCo-24 values were highly variable (0.9-42.5 ng/hr/mL). I

e It appears that atopic dermatitis lesions on the trunk and limbs in older children (7-11
years) and adults have comparable permeability characteristics of tacrolimus. Atopic
dermatitis lesions on trunk and limbs of younger children (5-6 years) appear to be
more permeable than those of older children and adults, leading to higher exposure
and Cmax values. '

~* Face and neck lesions in adults are more permeable to those on the trunks and limb

lesions of adults. Face and neck regions in children have not been evaluated.



. Trough blood concentrations on Days 2-7 (pages 26-31) and lower AUCs on Day 8
indicate that no appreciable accumulation of systemic tacrolimus occurred over the 8
days of the study. However, in children (7-11 years) and in adults with an area of
application of 500 cm?, the Day 8 concentrations were higher than that of Day 1. In

~ adults where tacrolimus ointment was applied on the face, the Day and 8
concentrations were similar (15.2 and 14.9 ng.h/mL, respectively)

e Decreased absorption on Day 8 may be a consequence of improvement of skin
condition over the treatment period.

o Comparison of historical systemic data indicated that the bioavailability of topical
tacrolimus relative to oral administration is less than 5% and the absolute
bioavailability is less than 0.5%.

¢ The systemic absorption of tacrolimus is more in patients as compared to healthy
_volunteers. The maximum concentration observed in a healthy volunteers applying
0.3% tacrolimus ointment was = ng/mL, where as the maximum concentratlon
seen in patients receiving the same dose was = ng/mL (5 g of 0.3% in 1000 cm? area
of exposure- Adult Group D).

Phase 2 Pharmacokinetic and safety confirmation study of Tacrolimus ointment (0.1 and
0.3%) in patients with atopic dermatitis (Study FJ-106)
- The systemic absorption and safety of tacrolimus ointment after single and multiple
“applications to extensive area of skin (precise area for subjects not mentioned) was
evaluated-in this-study in 21 adult atopic dermatitis patients. The list of investigators and
centers for this study is attached in the Appendix on page 41. The study was divided into
- 6 slages in a dose-escalation design as shown in the following table.

N e
) - 1 0.1% .-1.25g/aume 1.25mg
,7 Single application -2 ©0.3% 1.25¢/ume 3.7§gg
(for 12 hours) 3 0.1% - Sg/ime 5mg
B - 4 1% 10g/time 10mg
Multiple application 5 0.1% S¢/time Smgxl4times
 for 7 days rwice daily) ¢ T 0.1% 10g/time | 10mgxidtimes

For patients who received a single application, blood samples were drawn for tacrolimus
concentration measurement at 3, 6, 9, 12, 24, 36, 48, and 72 hours post application. For
patien‘s who received twice daily application for 7 days, blood samples were drawn just
before the next application on days 1, 3, 6, 7, and 10 (day of first dose=day 0).

12



Blood levels after single application of tacrolimus ointment

Blood conceniratiss (ngml)

FH506 cuntment § Apsount
Stage | Conemtrstont | oobl Case | 30 | $0v | 95
amount appled apphed .
img)
B i1
) 0.1%/ L2sg 135 | 12 r
' 12
;u
: 0.I%i 1.25¢ as | r2
13
= |
2
3 Y U1 ™ ] s 32
33
41
4 0.1%/10g 10 | e2
a2

nmlumlsm

b

Tihes

Adverse drug

/

h (Y

elinscal Laboratory teat values

| Bugping senssson (Mdd)
Buraing soasataon Mid)y

Buraing rsuation (Moderaic) »GTPT

Flush (Moderate)

Flush (Modeeste)

Flush (Mikl)

Flush ¢ ichungModerate)
|Srusatim of irrits tion (M}

N.D.: Below detection limit  seeeng/ml)

Maximum tacrolimus blood concentrations after single-application ranged between

=~ ng/mL, with the exception of one subject with a 10 g dose showing a maximum

concentration of = ng/mL. This ~oncentration reached to — ng/mL at the end of 72 -
hours. Maximum blood concentrations were reached between 3-6 hours.

Blood levels after multiple applications (twice daily for 7 days) of tacrolimus ointment:

FK506 aptment | Amount of _ Blowd conccatration (ng/ml) .
5 K508 . . Ad d :
e Concentratwoe 7 :wl-‘d C:‘ 1day afier {3 davs alicr | 6 duys aiter] 7 J!w afier | 10 davs after 1 sl ':N ::::‘:T:. oy
| ited / ¢ i ' (1 day after . «“ ‘:yx afier 1e3< values f snfociums 7
nwhuuu yenod h B completian) | ceawpleuca)
] 777 | 5.1 r Flush (Mild)
oi% - —
— - {5244 Buraing sensatwa (Mudcrate:
Heat Muld
s Spiume Szla 53 - Bemtdd)
(Twice daily) 54 Flush * uching (Mhild)
) Folliculite (Mild)
?dayu 58 _ Fhmb (NAJMI’
Hewt ! hyperestheaa (Moderate!
o1 &1 - Madars
[ 10gime 10234
Twice duily) —
62 Flusk (Moderaze)
Tdays
63 Burnang seasation (Mild)
' ltehaag (Modersis)
Follizulitis (Mild}
N 1 ] | I i
Below detection limit i === ng/mL)

ND.:

Disconanued afier 4-day applcation duz to patient desire hased an symptom improvement

Discontunued afier 2-day application due to the occurrence of bepatic disorder aitributable o anubnouu
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‘Maximum blood concentrations after multiple applications ranged between ==~

ng/mL with the exception of one subject showing a level of = ng/mL after one day of

application (10 g; twice daily) of tacrolimus ointment. His level decreased t~ =~ ng/mL 7 _
days after application of the medication. No causal relationship was observed between

the blood concentration of tacrolimus observed at various time points and the degree of
side effects observed. -

A comparison of the concentration-time profiles of tacrolimus in atopic dermatitis
patients in U.S. Study 94-0-008 and the Japanese FJ-106 study is illustrated in the
following Figure. As shown in the figure, the shapes of the concentration-time curves are
in accordance to the doses applied im the two populations. The highest concentration was

the U.S. group that received the equivalent of 45 mg of tacrolimus (i.e., 4.5 times the

highest amount applied in the Japanese population).

3,50 ; Sty Symbel | Amosnt of Oistment Avount of
N ’ ) " y ; ApeBed Tacralimas Appled
S - ! [ {mp)
3L T  alaa ] ’ 13 1
€ RN P06 ﬂ: = 3'5”

250 1 \ | 3
c 1 F] 1 10

- ’L:: \\ T 0 [ 13 !
| y 1w sk —
’(::—J j | ) 1§ & “-'}
aJ
()

C _——
5 B
(8]
8 ]
® 9
- . APPEARS THIS WAY
ON ORIGINAL

Mcan tocrolimus bload coacentratons afler the mitial wpical application of the following amounts of
ointuent to adult Jupancse sopic dermatitis patients (Swdy F)-106) or adoh Caucasian aopic dermaitis
patients (Smd) 94-0-008). N=Vgroup is the FJ- 106 study; N=O/group in the $4-0-008 smd)

Conclusions

» Once again, the blood concentration of tacrolimus was higher in patients as compared

to healthy volunteers. Healthy volunteers receiving the same dose showed a_

maximum concentration of - ng/mL, whereas one of the patients showed a

maximum concentration of = ng/mL (5 g of 0.1% ointment over extensive area)

¢ By using the two studies in patients combined, the blood concentration profiles for

tacrolimus were in accordance to the doses received.
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Comparison of Tacrolimus concentrations in blood during Japanese, European and
United States clinical trials

Mean blood concentrations were measured during the Phase 2 and 3 clinical trials after 1
week, 3 or 4 weeks, 3 months, 6 months and 1 year of tacrolimus ointment application.
“Various clinical trials were conducted with 0.03%, 0.1% or 0.3% tacrolimus ointment.

. Adult Patients - .

The maximum concentration in 7 clinical trials (# 97-0-035, # 97—0—036 #FG-06-12, #F)-
111, #95-0-013, #FG-06-01 and # FJ-103) in adults patients ranged from
ng/mL . The distribution of patients with maximum blood concentration is shown in the
following table.

e
Number of Pstients With the Maximum
—— Study QOintment N* Indicated Highest Individual Concentration | —-
Conc. Concentrution (ng/ml.) (vg/mL)
«<0.% 0.8-<S >X
0.03% 98 74 23 ]
97-0-03 54w 0.1% 91 ss 36 0 r
. 0.03% 91 63 33 l _
97-0-036¢ 0.1% 102 59 2 1
970037+ 0.03% 25 22 3 0
{pediatric) 0.1% 30 4 6 0
h 1 G-Mh- 12 0.1 3 158 155 )
NI 0.1%, 562 217 324 21
_0.01% 42 40 2 0
A {3 : -
?Pfdﬁ’; : 0.1% 45 39 6 0
03% 42 |3 10 ° 0
930009; | 003% [ 11 - 6 3 0
tpediatricy. | 019 - 12 3 8 1
0.03% 7 4 3 )
95.0-013: 0.1% 3 1 L] --0
: " 03% 7 2 4 -1
0.03% 44 38 | 6 0
FGe-0ls | o0a% —| 46 27 9 0 -
: 0.3% 42 23 19 0
F11037- 0.03‘.‘. 1 1] 0 )
(ZCI.IC AD) 0.1% 9 8 l 0
0.3% 7 5 2 0 -
_ 0.03% 5 4 i 0
(chronic AD) 0.4% 4 4 0 0
0.3% -~ 4 4 0 0
920 713 27
TOTAL 1660 e % 1.6%
-

Preucaunent values (baschine. scrvemny) are excluded -
T*N: Patients who wert treated and had tacrolinins blood concendrati ed. AD: Atopic dermatitis.

10Q: imat of quantitation. *LOQ ~ agml: *LOQ == og/ml;LOQ w pg'ml

'One 15-year-old was enroliad in this aduh study.

Pediatric Patients

The maximum concentration seen in 3 clinical trials (#97-0-37, #95-0-009, #95—0—003)
conducted in pediatric population showed maximum concentrations of tacrolimus
between — ng/mL.
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" In the following table tacrolimus blood concentration ranges for the younger children (2-6
years) on the various study days/weeks from two clinical trials have been summarized. -
This was done because the PK study was not conducted in children lower than 5 years of

_age and the younger group .5 6 years) showed higher tacrolimus concentration that the
older group and adults.

Study 95-0-009 (Limit of detection of detection of blood samplcs - ng/mL)

Age Study Day 0.03% ointment | 0.1% ointment
: Tacrolimus blood concentration ranges

3 - - -

3 1 - WN=0) i (N=6)-
4/5 -
8 - _
15722729 -

4 1 T (N=4) (N=4)
4/6 .
8
22/27/29 ,

5 1 (N=3) (N=2)
4 ] -
8 | _
22/29 -

6 1 ] “(N=4) (N=1)
4/6
8 : J 4 B
22/29 ’

% BSA varied from 6% to 100%. The subject with 100% BSA had a level of == ng/ml onDay ! and -

ng/mL on Day § evaluation.

Study 97-0-0379 (Limit of detection of detection of blood samples «-ng/ml) .

Age

Study Day

0.03% ointment

{ 0.1% ointment

Tacrolimus blood concentration ranges

2

1

8
22726

83/85796

1

8

22726
83/85/96

1
8

2226
83/85/96

1
8

-22/26 -
83/85/96

1

8

22726
83/85/96

r (N=4)

N=1) |
(N=2)

(N=3) |

™=6) |

C (N=4)

(N=1)
N=7)
(N=2) |

(N=1)
4 :

ce e e —m——e -
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——
-

This study had used = method with a higher limit of detection - ng/mL);-hence
most samples were below the limit of detection and are reported as “0.00”

Thr-3 the overall distribution of the number of pediatric patients in each category of the
younger group is as follows that had been treated with the to-be-marketed 0.03% and .
0.1% tacrolimus ointment. In addition to these 58 pediatric patients in the younger
pediatric age group there were 4 more in the PK study 94-0-008 with 0.3% tacrolimus

- ointment:

2 years old, N=8

Syesold  Nel6 APPEARS THIS WAY -
dyearsold, - N=16 ON ORIGINAL

5 years old, N=9
6 years old, N=9

In the-120-day safety update of the submission, study report of study#FG-06-19 (Phase 3)
was submitted. This study was conducted in 560 pediatric patients between the ages 2 to

15 years. Few pediatric patients {N=31) study showed extremely high concentrations, -
with the highest value of ~ ng/ml. Few other extremely large concentrations observed
were ng/mL. These concentrations are much higher than that obtained

after oral or intravenous =~ ng/mlL) administration of tacrolimus. Hence, the sponsor
explored the reasons of these implausible concentrations of tacrolimus seen in these
children.

Evaluation of data revealed that 88% (1737/1972) of samples assayed in this study were
“acrmal volume” blood samples that could be used for the assay and 12% (235/1972)
were “low volume” blood samples available for analysis. All these samples showed
concentrations >5ng/ml. The sponsor proposes that these samples are quite likely the

- result of blood collection technique. Obtaining blood samples with venipuncture was not _

_ tacrolimus samples (i.e. low volume samples). The evaluation of normal volume blood

always possible in children. Alternatively, a “finger tick” technique was used, in which a
lancet was used to prick the tip of the finger, then the distal end of the bleeding finger was -
massaged to extract several drops of blood. This resulted in only a small volume for

assay (<0.4 mL) for assay. The finger tips were used to apply the ointment and the

patients could have also scratched the affected parts of their body with their finger tips,
which may result in potential contamination of blood samples collected from this area.
Based on the pharmacokinetics of tacrolimus and the parameters observed after

intravenous and oral doses (0.05 mg/kg and 0.3 mg/kg/day, respectively), these high

values seem unrealistic.

Another explanation supporting these values being unrealistic is the absence of
metabolites (M-I and M-II) in these samples. If these high concentrations were due to
systemic levels then the metabolites would be measurable in these high concentration

samples (N=28, tacrolimus concentrations = 1 ng/mL, maximum —~ ng/mL) indicated a
clearly measurable presence of one or both metabolite in most samples. In contrast only

17
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trace levels of M-I were present in low volume samples, with no evidence of M-1I. If the
high tacrolimus concentrations were real and indicative of systemic exposure, much
higher levels of metabolites would have been observed. A histogram showing the
metabolite to tacrolimus ratio is attached in the Appendix on page 46.

V. IN VITRO STUDIES

In Vitro percutaneous absorption of Tacrolimus through human cadaver skin:

The tacrolimus ointment clinical supplies in the US and European Phase I and II studies
- were manufactured at —— Clinical supply for the
Phase ITI clinical studies were manufactured at FHI, Inc. Grand Island, NY. The
equivalence of the tacrolimus ointment, following a manufacturing site change was
_evaluated using in vitro methodology of assessing percutaneous absorption through
human cadaver skin in — diffusion cells. -

Human cadaver skin from 6 donors dermatomed to approximately 0.25 mm was used.
Tacrolimus concentrations were measured by -~ == . Overall
mean total penetration (+SE) of tacrolimus over 48 hours was 16.9+3.90% and
17.243.71% of the amount applied with the 0.03% ointment and 8.130.76% and
8.240.85% with the 0.1% ointment for the =~ —— and Grand Island ointments,

" respectively. The overall total penetration and flux for each lot of 0.03% and 0.1%
ointment is attached in the Appendix on pages 42-43. -

The overall mean-flux of tacrolxmus after a single apphcatlon of the two omtments
, (O 03% and 0.1%) are shown in then following figures.

0.6

— u [LE
“ -
L 04
g T AN e B
B ] B 034 —o~ ARGi{wtt)
o e [ 3
kd =
-3 £ gy
2as -

B T Y T 3
- ] 3 ID B M B »®» B 0

Dig-sime (br)
Feem?  Ovens Mast b of FS0S CAYR —— i ication — -
o -‘-.:;_:7— 1 Figwr2 (;:all-n-ﬂ:-dm’d\aannﬂe:ﬁamnms and Gl cintmess.
Conclusions

The in vitro percutaneous absorption appears to be similar for tacrolimus ointment
manufactured by two facilities.
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- In Vitro Metabolism Of '*C-Tacrolimus By Human Skin Homogenates

Two major metabolites of tacrolimus have been found in earlier studies, the - 4o being
M-I (13 O-demethylated product) and M-Il (31-O-demethylated product). M-II has same
activity as that of tacrolimus. The metabolism is proposed to be CYP 3A mediated from -
earlier studies. The sponsor has conducted an in vitro experiment to assess the '
metabolism of tacrolimus in human skin.

¢ tacrolimus was incubated at 37°C in the presence of NADPH with freshly prepared
skin homogenates obtained from the skin of two female donors for 60 minutes.
Determination of marker enzyme activities was done with the confirmation of the
presence of phenylacetate esterase and cytochrome c reductase activities. Incubates were
then extracted with ethyl acetate and a mass balance for the system was determined. The
extracts were assayed by for total '*C and by

= for tacrolimus and its metabolites M-I and M-I

One peak, attributed to tacrolimus was present in the extract and the recovery of ‘
radioactivity in the incubates was complete. M-I and M-II metabolites were not detected.

- The total recovery of radioactivity from human skin homogenates in each incubation has
been attached in the Appendixon pages 44-45. ’ -

Conclusion
In vitro studies suggest that Tacrolimus is not metabolized in human skin.

V. OVERALL CONCLUSIONS
—~Systemic absorption of toﬁical tacrolimus, comparison in adult and pediatric patients:
* Tacrolimus is systemically absorbed upon topical application of 0.03, 0.1 and 0.3%
ointment in adult patients as well as children (5-11 years) with atopic dermatitis.

e The sponsor has evaluated the systemic absorption of tacrolimus upon topical
application in extreme situations using 3 times the to-be marketed dose over a range
of body surface areas (0.5, 2.4 and 27% BSA in adult and 0.7 and 0.8% BSA in
children). The formulations used in these studies were the to-be-marketed.
formulation. The lot numbers used in the studies are attached in the Appendix on
page 47.

e The AUCo-24 values were highly variable (0.942.5 ng.hr/mL in adults and 1.5-29.2
ng.h/mL in children treated with 0.3% tacrolimus ointment).
e The amounts of tacrolimus applied to adults were 21 mg, 105 mg, 210 mg and 630
 mg, whereas the amount applied to children were 10.5 and 21 mg (from the 0.3%
. strength of ointment) and 1.25 to 140 mg (from the 0.1% strength of ointment).
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The Cpax observed in adult patients was 9.42 ng/ml (from study 94-0-008 with 0.3%
tacrolimus) and = ng/mL (in one patient from study FJ-106 with 0.1% tacrolimus
single dose and multiple dose for 7 days) and that observed in pediatric patients was -
3.28 ng/ml.. The Cp,, observed in adult patients from clinical trials was 14 ng/mL
(from study FJ-111) and that in pediatric patients was 9.58 ng/mL (from study 95-0-
009)

The younger children (5-6 years) had higher blood levels of tacrolimus as compared
to older children (7-11 years) and adults, when treated on the same body parts (trunk

and limbs). The Cnax observed in-a child in the younger group has been 3.28 ng/mL

on Day 1 receiving 0.3% ointment on a 50 cm? treatment area and the highest
AUCo-24 was 29.2 ng.h/mL. No obvious differences were seen when the samples

- from the clinical trials for evaluated closely for the tacrolimus blood levels in the

younger children (ages 2-6 years)

There was no significant accumulation of tacrolimus after twice a day dosing for a
week. Drug concentrations on Day 8 were generally lower than that of Day 1. These
may be a consequence of improved skin condition during therapy. However, the older
children (7-11 years) had twice the Cpax and AUCo-24 on Day 8 as compared to Day 1.

The pharmacokinetic studies have not been conducted under occlusion.

Systemic absorption in patients with atopic dermatitis vs. healthy subjects:

The systemic absorption is more (10 times) in patients as compared to healthy —

) voluntcers

S ystemtc absoprtion; treatment site dependence

" Tacrolimus ointment was more permeable through atopic dermatitis lesions on n the

- face and neck regions as compared to the trunk and limb regions. The effect of
treatmentsite has not been evzluated in children, only the trunks and limbs have been
studied. s -

Systemic exposure was the same on Day 1 and Day 8, when tacrolimus ointment was
applied on the facial lesions, whereas tacrolimus concentrations were lower on Day 8
when applied to the trunks and limbs.

Systemic absorption and comparison to oral bioavailability:

The oral absolute bioavailability of tacrolimus is 15-25% (highly variable) and the
absolute bioavailability of topical tacrolimus based on historical IV data is 0.5%. The
maximum concentration observed with a 0.3 mg/kg/day PO dose was 68.5 + 30
ng/mL and AUCq... was 519 179 ng.hr/mL in liver transplant adult patients (Data
from NDA 50-708). In kidney transplant adult patients receiving an PO dose of
0.2mg/kg/day the AUCo... was 203+ 42 ng hr/mL with a Cmax of 19.2 £10.03 ng/mL.
The maximum concentration in any of the three pharmacokinetic Phase 1 and 2 study
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- Pharmacokinetics

of tacrolimus topical application has been ~ ng/mL (N=2 subjects, receiving 10 g of
0.1 as'a single dose or twice daily for 7 days). The maximum calculable AUC
observed has been 42.5 £+ 37.1 ng.hr/mL with 0.3% drug exposed to 27% of the body
surface area of adult, wh*-h is 12-fold lower than that of liver transplant patients and
about 5-fold lower than that of kidney transplant patients.

Metabolism of tacrolimus on topical application:

e The metabolites of tacrolimus were not detected in healthy volunteers. The sponsor .

has not evaluated the presence of metabolite in patients. However, in the clinical
study FG-06-19 in pediatrics the levels of metabolites have been evaluated and
submitted as an update of 120-day safety update. With the lower concentrations of
tacrolimus observed upon topical administration, as compared to oral tacrolimus, this

should not be of concern. In vitro studies indicated that tacrolimus is not metabolized
in human skin. '

VII. LABEL

The following labeling changes in the “pharmacokinetics” section of the Vlabel proposed
by the sponsor are recommended.

—
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VIII. (/ZOIE’IMENTS (to be sent to the sponsbr)

1. The lower limit of the qixantitali_on (LOQ) used for a particular assay is the cutoff

point for assessing drug levels. Reporting drug levels below the LOQ and outside

analytical validation range are of no regulatory significance. Such practices should
be avoided in future.

| ' /S/ 7 q)z(:v

Veneeta Tandon, Ph.D.
Pharmacokineticist
Division of Pharmaceutical Evaluation IIT

'S yr

CC: NDA 50-777 (ORIG) .
HFD-540/Div File S
HFD-540/CSO/Wright -
HFD-880(Bashaw/Tandon) ~
HFD-880(Lazor)

HFD-344(Viswanathan)

CDR ATTN: B.Murphy

Team Leader: E. Dennis Bashaw, Pharm. D.
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Study FG 06-04 (Healthy Volunteers)

Summary Statistics for Demographic Data

Variable Sex R mean s.d. =min. median MAX .

Age (years) femala 7 32.43 35.3% 25.0 31.0 41.0
’ Male 7T n.u4 5.67 22.0 34.0 3.0
Total 14 31.79 $.3¢ 22.0 32.8 41.0

—— o c— -—

Height (cm) Female 7 165.86 4.71 163.0 168.0 176.0
Male 7 181.00 6.6 171.0 176.0 192.0
—— . Total 14 175.43 8.08 163.0 1176.0 192.0

Weight (kg) Female 7 66.21 €.18 55.0 €6.0 73.0
Male 7 712.81%  €.47 €3.0 715.7 1%.0
Total 14 69.51 6.98 S55.0 69.5 79.0

T - hPPEARSTHISWAY
0.~ ONORIGINAL
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Concentration of FK503 in whole human blood:

0.03% topical administration

L'

Observed

o

(ppfml)

_1(1)

A1)

X1

A

Subject oumber(Session number)

N

«n

«1)

10(1)

131) t&2)

51y

Dey 1
Day 1

§

Day 1
Day t
Day i
Dyt
Duyl 1}
Dayl 1
Day2 pre
Day 5 pre
Day 8 prec
Day il pee
Day 12 pre
Dey 13 pre
Duy 14 pre
Day 34 O1h
Day 14 02b
Duy 14 04h
Day 14 06h
Day 14 08h
Day 14 10b
Day 14 12h
Lay 15 24a
Day 1S 4fh
Day 1S 72b
Day 15 96h
Day 15 1206
Day 15 144k
—Day 1% 168t

EgES

bR

-

nn

Samples were taken up to 7 days (168 hours) from the 14" Day.

ON ORIGINAL

APPEARS THIS WAY

_Comment: The s sponsor has incorrectly reported the Days corresponding to the hours
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Concentration of FK506 in whole human blood:—-
- - £ 1% topical administration

— Towepok Otwerved iom (pg/mlL)
Setrject mzmber{Session samber) R
_ 1) X2 N4 42) M3 &8 N4 N4) I3 133 IM4)  15(7)

Deyl OGh .
Duy1 Olb r
Dayi O»
Dey1 Oéh
Dey 1 06
Day I Ofh

Deyl 100 o

Deyl 122
Dey 2 pec
- DayS pre
Duy 3 pre
Day 11 pre
Day 12 per
Dey 13 pre
- Day i4 pre
Day 14 O1h
Day 14 020
Dey 14 O4h
Dey 14 06 ~
Dsy 14 082
Day 14 100
R Day 14 120
Day 15 24b
Day 15 48b “"
""" Dey 1S T2
Day 15 96h
Day 15 12Ch
- Day 1S J44d J
- Day 1S 168k
— LA = Laborasoty Accident
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Concentration of FK5086 in whole human blood:

0.3% topical administration

Timepoine

- Otwerved coocenaration (pg/mlL)

K4d)

Subject amnbey(Session pumber)

A MDA M) &3 AN X KO 1K) WD) 150 -

Dey 1 0&
Dey 1 0lb ['
Dwy1 24
Dey1 04
Dey1 0Gh

"Dey 1 08k

Dwy 1 Ik
Dayl 12
Duy 2 pre
Day S pre

. Day8 pre

Day 11 pre
Day 12 pre
Day 13 pre
Day 14 pre

. Dey 14 Qlh

Day 14 0
Day 14 Odh
Day 14 06b
Day 14 0Bb
Day 14 10h
Day 14 12h
Day 1S 24n
Day 1S 48h
Day 1S T2h
Day 15 96k
Day 1S 120b
Day IS 144b
Day 15 163h

© L.A = Labonatory Accident. NS, w No Sample, * Insufficicst sampie 1o m-sstay

APPEARS THIS WAY
CN ORIGINAL
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Table 2. Patient Demographics
| Characteristic Group 1 Greup 2 Greup ) Greup 4 GroupSA | Croup5B | Creup é
N=¢ N=§ N=7 N=§ Nm=4 N=4 - N=§
Sex s (%) a(%) a (%) B (%) a (%) (%) (%)
B Male 3(50.0) 3 (50.0) 4(57.1) 3(50.0) 1(250) 1 (25.0) 3(500)
Female 3 (50.0) 3 (50.0) 3 (42.8) 3 (50.0) 3(75.0) 3(75.0) 3 (50.0)
Race a (%) n (%) n (%) (%) 8 (%) a (%) a (%)
Black 1(166) 5(813) 3(428) 4 (66.6) 3(@50) §-2(50.0) 3(500)
- Caucasian 4 (66.6) 1(16.6) 3 (429) 210333) 1(25.0) 2(500) 2(333)
Hispanic 1(16.6) 0O 0(0) o) 0(0) 0(0) 1(166)
Orienta) 0(0 20 1(142) o@) 0(0) 0©) 0(0)
Age (years) ‘ .
B Memn (SD) | 27.8(83) | 353(16.9) | 380(12.7) | 43.7(225) | 88017 § 5305 (25202
Range 14-39 18-64 24 -61 25-78 7-11 5-6 14-32
Height (cm) , ' .
Mem (SD) 171 3.6) 411 172(3.2) 171016) {132(139) ] 1093.0) |170(12.))
Range }68 175 163 - 187 159- )84 153 - 183 123 - 155 107-113 | 15%- 191
Wei N
Mea(SD) | 7302 | 9oy | 142 89149 | 300 | 19@9) | 79067
Range . 60-80 £0- 109 62-86 68-106 |. 31-55 16-23 | 64-104

Table 3. Baseline Characteristics aad Tacrok Dese by T Growp
Characteristle Groupl | Grewp2 Group 3 Group 4 Croup SA | Group 5B | Grewp$
Ne§ Na=g N=7y N=§ N=4 N=4 N=6

Disease Severity n (%) B (%) 6 (%) & (%) o (%) B (%) a (%)
Moderate 6 (100) 4 (66.6) 6 (85.7) 4(666) ] 4100y 4(100) 4 {66.6)
Severe 0(0) 2(33.3) 1(14.) 203.3) 00 0(0) 2(31.)

Duration of ' ’

Current AD*(mo) L
Medisn : 125 50 120 60 45 15 35
Range 1-331 1-10 2-189 1-35 1-43 5-9 0-13

- Total BSA®*(M") |— ‘ . )
Mean (SD) 1.85 2107 | 1.9012) | 20(0.17) { 1.3(0.23) [ 0.75(0.06)] 1.9(0.24)
Range - (0.09) 19-23 17-20 18-23 10-15 07-08 17723

1.7-19
Tacrolinms Dose - ’ o
(mgM’) . N
Mean (SD) o8l 3.56 (0.30) | 0.0 (0.05) | 7.53 (0.65) ] 1.190.22) | 1.01 (0.08) ] 23.93 (277
Range ©.04) 13-40 07-09 66-85 10-15 09-11 193-273
08-69
% BSA Treated
Mesa (SD) 054 24(020) | 0.54 (0.04) | 5.0(0.43) | 0.79 (0.15) | 0.67 (D.05) | 26.6 (3.08)
Range ©.03) 22-217 05-06 44-56 67-10 06-07 | 21.5-30.1

APPEARS THIS WAY
ON ORIGINAL
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Biood Concentrations of Tacrolimus in Adult AD Paticats Fellowiag

the Daily Admialstration® of 0.3% Tacrolimus Ointmaont 1o a 100 cw’ Treatmest Area (Groap 1)

Study Timse Patiemt Nomber Mean
Dsy G &5D
84001 [chJ 25003 | 25002 LlSOOJi 25004
+ 0 r 0.10x0.08
1 0.1040.06
2 0.14+013
4 0.2040.25
— 6 0 19£0.27
3 0331038
12 0.15+0.20
2 9) 0.0720.11
3 | e 0.13:013
- 4 o 009007
___ 3 - 0 0.1040.08
6 ) 0.12:0.07
7 o 0.09£0.07
gore o 0.111005
] 0.09:0.05
2 0.08:0.04
4 007D 08
6 0.1020 04
8 - 0.13:009

o 12 0122005
R 9 fo2)) ! 0.032004
10 (48) 0.0320.05
13| (123) 0.0120.03

(). Time from previous days admincarstion

. Once per day on Days ! and 8. 2x/day un Days 2-7

hatt Value s bess than LOQ wee ngfmi.)

*e¢.  last day of application

APPEARS THIS WAY
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i Blood Cencentrations of Tacrolimus is Adult AD Patients Followiag
the Dally Administration® of 0.3% Tacrolimus Olatmeat 1o & SO0 tm’ Treatment Area (Group 2).

| Study | Time Patient Number Mean
Da ') ¢ 8D
Y o 34002 | 34008 | w006 | ssoo7 | ssoos | sscos
1 o 0.01£0.03
1 r 00230.03
2. 0.07:0.05
4 0.140.17
6 012:0.16
T 0124012
12 0.10:0.09
2 9 0.100.09 ) —
3 o 0.1640.17
s 0 0.1740.15
3 o 0144017
6 ° 0.17£020
') 0 0.1620.19
8 0 0.1640.17
1 0.14£0.18
2 0.160.19
. 0.1740.23
6 0114021
M 0.1140.18
12 0.1340.18
9 ) 0.12:0.18
10 @8 ) 0.0750.16 _
1 a2 0 l0£0.11 B
() meﬁvnprmodmm—;rum - B

v

__Dnee pet day on Days | and &, 2x/day on Days 2.7
- Valuc s less than LOQ e npfml)

AP EARS THIS WAY
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Blood C atjions of Tecrob) is Adult AD Patients Following the Dafly
Administrafion® of 0.3% Tacrelimws Gistment to a 100 o’ Treatment Ares on Face (Group 3).

Study

Paticnt Number Mean
Day .

84019 | 34021 l 4022 ], ISUWJ 85013 ]uoltl 85016 *SD o

r‘ 0.03+0.038

0094009
0.5540.47
0984084
0834078
0.7620.75
0.77+0.83

0.3740.26
08240 82 _
0.67:051
0.74:0.68
0.6620.64

..

- I )
-

TR —-O 5?

Y]
<

0.5040 37

B i {wis |win

0.5040 35
05040 51
0.5410.55
0.7420.84
075090
' 0.82+0.72
0.5740.50

(24) 0.5640 49
(48) J €.2940.17
1 (12) 0211016

weomn~0|lo{ojojo |O

-]

3

(@5 Time framn previous administration -
. Once per day on Days | md 8, blds)ml)m27
.o, Value i less than LOQ . == ng/ml) T

APPEARS THIS WAY — -
04 ORIGINAL
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Biood Cancentrations of Tacrelimus in Adult AD Paticats Followiag

the Dady Administration* of 9.3% Tacrolirans Ointment to s 1000 con’ Treatment Ares (Group 4).

Sendy Time Patieat Number Mean
Day (hr) +SD
83013 l 84014 I 34018 J $S011 l 85017 1 35018
1 0 r 00340,052
1 0073011
2 0.56+0.78
4 £.1441.37
6 1.1241.33
8 0.98+1.28
12 0.6940.93
2 (24) 0.3720 47
3 ] 0762106 |
4 o 0364049
5 0 0284029
6 0 033£0 46
1 ] 0.1250.46
] 0 0.3640.50
1 0.3820.51
2 038052
4 0.4630.62
[ 0.42+0.54
¥ 0.3320.50
12 0.35:0.29
9 (24) 0 352051
10 - {48) 03240 5)
n m) 0.2620.42
(6N Ture fiom previous sdministration

Once per day on Days | and 8, 2x/day o Days -7
© Valueisless then LOQ: . ng/ml) -

APPEARS THIS WAY
ON ORIGINAL
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Blood Concentrations of Tacrolimus in Pediatric AD Paticots Following
the Dafly Administration® of 0.3% Tacrolimus Olatment fo a 100 q:’ Treatment Area (Grouwp

Study Time | - Patient Number Menn
— Dy () 84028 JJ”II I 81032 _l 85022 +5D
i 0 | 0032003
} r ? 0.09%::0.07
4 0.09:0.14 —
_ 8 0.02:6.03
- 2 4y 0.0520.08
B 3 o 0.09¢0.14
& o 0.2840.35
s o 0 0520 05 B
: ) 7 01D 0US
4 0.15£0.09 .
8 0.06+1.09 - S
9 @9 0.06+0.05
T n a2 J | 002004
x Time from previous administration
bt Once per doy on Days | and 8, 2x/day on Days 2-7 -
- .. Value is less than LOQ »~~ ng/nil) » -
- . APPEARS THIS wAY

T - 7 | O ORIGINAL

Blood Coucentrations of Tacrolimus in Pedistric AD Patients Following
the Dslly Administration® of 0_3% Tacrolimus Ointment (o 8 50 cm® Trestment Arca (Group Sh).

~1- Slu;y 1 Tame | Patient Number Mean
Day 1 -4 8D —
7 ® 1 ai0ss | wsozsee | sso2aes | sseas
i 0 r 0.04+6.04
,,,,,,, I 0.2040.16 _
- — ~ S 1.82¢1.29 T
8 0.8010.86 .
- 2 Q¥ 032402)
3 0464034 B
6 0122014
s o- 0.22:0.22
1 0.1940.09 —_—
4 Q142010
1 0.17:0.13
— 9 ah ,S 0.13:0.09 - —
1" ) 0.04£0.08

() Time from previows administration

. Once per day 0a Days | and &, 2xAdav on Days 2-7

e ‘An arcs of 100 cm® (rathey tham 50 om®) was ieadvaten:ly Urested :
esr.  VaucislessthmnLOQ «e np/mil) -



Bloed C. tions of Tacrolitaus ia Aduk AD Patients Following

the Dally Admisistration® of 8.3% Tacrelimus Olntmeat to a 5000 cxx’ Treatment Area {(Growp §).

Study | Tiee Patient Number

Mess

Day @0 04027 | ss033 ] 23036 ] 35019 l 25020 [ 25021

+3D

=

SRCAN~O

)
<

wroaw=olo|lojofe |

9 24)

(72)

0.0540.06
0.61:0.63
1525193
2912228
1882340
2872105

R

113:0.95

202219

1.55+1.58

1822195

141161

1.50x2.09

12321 47
1.26%).56
1044114
L14x018
1202125
11321 46
120+ 58

1.03£1 .37

0721076

10 48 j
n

0.5020.51

(@3 Time from previous sdministration —
. Once per day on Days 1 and 8, 2x4day on Days 2-7 i
b Value is Jess than LOQ - ey, ng/ml.}

APPEARS THIS WAY
0N ORIGINAL



"7 Individual Pharmacokinetic Parameters of Tacrolimus Ou Days 1 and § in Adult AD Patieats

Following Daily Admisletrstion of Tacrolions Ointmaent te a 100 e’ Treatment Area (Group 1).

Pay1
Patiest No. Cem / T AUC,,
- {ng/ml) (hr) Hingrhnl)
84001 Q31 8 27
___84003 0.00 o —0
85001 073 8 44
85002 056 ) 1y
- - 85003 025 4 26
85004 0.08 | 07
~ Mean (45D) 0371035 48413 37243
B Days
Patient Na. c.. T AUC,,,
(np/mL) 1) (rp-hrimL)
84001 01s 1 21
84003 AL R 26
85001 6.10 i 0.9
85002 022 8 33
R5003 ¢10 B ] 16
RSO04 022 ] 24
Mean (15D) 0.1520.05 . 5736 22408

o g o e
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T

Iadividual Phermacokinetic Par:  reny of Tucrolimus on Days § and § In Adult AD Patients
Following Dally Administration of Tacrslimus Ointment te & SU0 ew' Treatment Ares (Group 2).

— Day}
B Patient Na. Cue 2 ‘AUC.,,
(egiml) (br) (ng-hriml)
84002 0.14 12 22
84005 0.4 04
83005 044 4 S8
_ 85006 0.11 s 1S
85007 .00 ] 0
#5008 0.24 4 37
Mean (£5D) 018015 60442 24420
Day ¥ B -
Patient No. Coa T AUC,,,
~ (ng/mL) (hr} - (ngheiml)
84002 .- 063 4 19
83005 0.11 1 06
85005 006 0 a2
85006 008 2 11
85007 —0:16 - 12 - 2
RSOOR - 0.22 B ) i 26
- Meen (+ SD) 0.2140.21 35+44 31244
1 ;, -
- APPEARS THIS WAY
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Individusl Pharmacolinefic Paramctcrs of Tacrolimus on Days | sad 8 in Adult AD Patients
Followiag Dally Administration of Tacrelimus Ointrnest to & 100 enw’ Facial Treatment Ares

{Growp 3). _
_ Dsy |
Patient No. C.. j AUC,,,
{ng/mL) (hr) {ag-hriml)
84019 0.25 4 40
84021 - L4 = 4« 128
84022 o 2 a8
85009 1.52 8 23
85013 245 4 214 _
85014 243 1z - 364
85016 033 8 48
Mean (25D) 1.354C 89 60238 15.2412.2
Day3 - )
Paticnt No. Y 2 1 T . AUC,,,
{ng/ml) (hr) _(op-hifral)
#4019 0.9 I P 1)
£4021 .74 0 492%
23022 10} S 102
85009 0.t5 2 25
85013 7 - £ 124
85C14 104~ g8 208
85016 032 — a - 46
Mean (¢SD) 0921086 69412 1494136
APPEARS THIS WAY
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Individual Pharmacokinetic Parameters of Tacrolimus on Days § and & Adult AD Patients

Following Daily Administration of Tacralimes Qintwmeat 10 s 1000 e’ Treatmeat Ares {(Groap €).

Duy 1
Pationt No. Co. Tme AUCG,,,
(ng/mL) (hr) {sghrimL)
84013 376 4 ) s63
34014 007 12 0
84015 130 ‘ 4 _ 188
85011 087 6 99
85017 019 6 31
85018 0.74 l 83
Mecan (+SD) 1.162138 6043 1 16.1£207
Days - R
Paticnt No. C.. B P AUC,
(n‘ImL! (he) ~_(ng-hriml)
83013 073 6 83
84014 026 4 2.7
#401S 170 . ’ I X
85614 LR 4 14
— & 85017 022 12 , 32
’S018 os? 1 13
—1
-+ Mean (+5D) 0.6040.59 53235 884122
v — APPEARS THIS WAy

ON ORIGINAL
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APPEARS THIS WAV

1

]

0N ORiGHE

Individeal Pharmacoldnetic Parumelers of Tucrolimus oa Days 1 and 8 in Pedistric AD Patiests
Following Dally Admiabtration of Tacrolimes Oiatment to 8 108 con’ Treatment Area (Group Sa).

5)1 JI" .(',

(-0 3,4;»«=>

Dayd —
PatientNo. . T AUCL,,
{ngimL) {br) {np-kriml) -
84025 0 4 19 -
25012 006 4 0 _
34032 oor 1 °
85022 Q.14 1 N 16
" Mean (£ SD) 0.1420.11 25417 0.9¢10
~Day3
Paticnt No. c_ T AUC,,,
{ng/ml.) (O] (ng-twfml)
24025 017 N T 38
35012 0.12 4 L5
84032 0.01 1. 1.6
85022 016 1 09
Mean (£5SD) 0.1720.07 25417 19412

Individual Pharmaeokinctic Pararoeters of Tacrolimus ou Days { and 8 im Pedintric AD Patients
Following Dally Adminkitration of Tacrolimus Omimont 50 a S0 ey’ Treatment Area (Group 5b).

Day 1
" Patient No. Cou T AVC,,,
(nghnl) (br) {rg-hriml)
- 84031 0.14 . 4 32
85023 208 8 292
84023 201 4 176
85025 328 4 19
Men (25D) 3.8941.30 $D420 1732107
D2y 8 L
Patlent No. Cu T AUC,,,
(ap/ml) (hr) (ng-hriml)
84031 032 s 58
85023 022 4 41
$4024 022 4 42
~—85025 008 t 0
Mean (2SD) 0.2120.10 43£29 37425




Individual Pharmacekinetic Parameiers of Tacrolimus sn Days § 2nd 31 Aduit AD Patients
Following Dally Adralnistrative of Tacrolimes Oinhwent to 8 5000 cm’ Treatment Arca (Group 6).

- Dayt
Paticat No. C T AUG,,,
(ng/mLl) (hr) {ng-hrimL!
84027 0.52 12 - 63
_ 84033 240 4 264
84036 162 4 133
85019 308 . 4258
85020 419 3 594
#5021 542 ) 6 1072
Meso (:5D) 3.5443.14 63432 4254371
Day8. -
Paticut No. Cu T AUG,,,
(sp/inl) (hr) (nghyiml)
84027 034 12 57
84033 0.% 6 84
84036 o 2 53
#5019 125 4 280
85220 433 1 940
85921 116 3 73 -
'Mcan (28D) 1.35415] 4839 2734340




Study in Patients with Atopic Dermatitis (Study FJ-106) -

Insatution

Department

Physicaan-in-charge

=

1
+
.
i

1

Dermatology
Dermatalogy
Dermatology

Dermatology

—

. C!’fiﬂ,“n of Investigators Committee:

————— et

Attt et e

APPEARS THIS WAY
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In Vitro Studies

Table 1 Overal masn 1ot paneuaton in sech &t of ointment (n=8)

P
Tats! penetranion (% of dose)
Omnent S.E.
0.0¥% QI Prod.
oy 518 .57 ool
00I% ™ Prd .
Lot 11526095 17 e
0.03% Qi Prodt. s
357 3P .01
Lot 11830097 e = B
0.03% G! Prod.
oy 001 1452 s
003% T Sred
gt 1408 849

2

—O- 00 ™ Pra AL VNOUEE )
~8~-08V8 Ol Peus st COMI4ns W)
0-3I% o, Pud S HONNY. o
0 AL Ot Pran S0 ORI 917, el
RIS . Pvat A1 KT ey
—a— SRV On Pond B8 COOTEN. 00y

P--

figue 1

Sy of FICSOB SAAC 8 single ap

in ouch ok of

Dta mpresent man vasues of § shirs.

APPEARS THIS WAY
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Tabis 1 Oversh mean wtal pansiraion in sach ikt of oiniment (nag)

Qirment - Total penetration (% of dose)
_ Mean SE
0.1% = Prod. -
- Lot 11826079) 0?7 3
0.1% 4 Frod.
Ler COG7-002) 9 188
0.1% = :Prod
(Lot 11623087 — 178 - 1
0.1% Gi Prod. )
(Lot C037-003) .. 175
0.1%/ ~= « Prod. -
o Lot 13£25009) s 118
0.1% Gi Prod. .
>_ Lot CO37-02%) , 7.08 12
I-IJ 06~ -
) (aa] 0s- ~ -
I
U) 04 - O1% = Prod. (Lot 1152079, wwb)
C/J E O~ Q1% Gl Prod. (Lot 07002, 36} B
o *3 a3 ‘1] ——~ 01% === Pyad (Lot 11526087, s=8)
n. 3o - ~2~ 0.1% Gl Prod. (Lox COI7-000. #s6)
P s S 8- 01% =™ Prod (Lot 11526069, u=6)
Juom £ -0~ 0.1% Gi Prod. (Lot TS, 8<6) B
m ° v R S 2 L L \J L)
27 S w15 W B WV B w© -
. ~ bisd-time (he) - - -

Figurc | —~Mcan fhux of FKS06 aficr a sisgle application ia each lot of oistment.

Daia cepresent mean values of 6 skins. -

APPEARS THIS WAY
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In Vitro Skin Metabolism

r W e am . e e ———— g S ———

Extraction efficiencies and recovery of radicactivity in extracts following
incubation with bumsn skin homogenates for wp to 50 min at 37°C

Sample  Replicsse DM in DPM in orpanic Total Extraction lmyd

identity agueos - - (x 1000 DPMia  officiocy madioactvity
. {z 1000) otract t 3 %
(x 1000)
IFA 1 15 2588 2600 » 1o
173 1 s T 7080 2068 » o
2 1] s 2306 9% ™
IFC i 28 2402 27 B Y 10
2 r 4 perld o] » e
D 30 216 2346 9 »
2. 2 24 D® » %
1F blank 3 s uss . na o o5
2FA 1 1 2092 %05 % 106
3 " 2400 2422 » e
2FB ) 25 5% 2410 ] 12
2 2 2407 un 9 ™
2FC 1 2 23% 242 9 102
2 » F237) 2560 9- 108
2FD ! _” 2420 2452 LT 104
a2 n un 2504 » - 106
2F blank 1 51 _ 2400 234 % 104
2 52 % 2533 o 107

All values arc th result of & duglicate determinstion

Blank incubati ined a0 skin homng DPM appliad i incubstioas = 2364300

* Thess valuos rep the proportios of radiosctivity p in the organic exwact

! Foliowing stofage st ¢w -70°C, it was difficolt to distinguish betwaen ths labeis e the containors for -
1782 aod 1FD2 and it was not possible 1o confinm the identity of these samples

APPEARS THIS WAY
ON ORIGINAL
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CwmmthmdeSO‘ndpdeﬁhlnﬂaboﬂtsthﬂMuhaﬁnﬁw
with humsn skin bomogenates for incubation periods up te & min at 37°C

Sample Raplhicaie wo
ideaticy

Coacentratios: * . “scubste (aM)

o FRS08 M M-
- IFA 1 25.10 ~ ND ND
IF8 ) 2.7 ND ND
2 nm» . ND ND
o I¥c 1 M0 ND ND —
’ 2 3042 ND ND--
D 1 2.16 ND D >.,
. > 24.38 D ND Q.
1F blask 1 4.0 ND ND o
2FA 1 %007 ND ND Q
2 245 ND ND
2FB 1 .91 ND ND- il
- 27 25.26 ND N 3
2Fc ) 7n ND ND —y
2 oy ND ND m
B 2FD t 2% ND ND _ o
2 1.3 ND ND O
T 2F blank 1 nn ND ND D
- 2 28.41 ND — ND
ND & Not detectad - 5 .
* Followmg sorage & o8 -70°C, it was difficuk 1o distinguish berween the labets o the coutamers for LLd
1FB2 and JFD2 and it was ot poesiblc 40 confirm the ihuntity of these mmpies m

APPEARS THIS WAY .
oN ORIGINAL .
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‘@ M-UTacrohmes I8 M-I/ Tacrolimns
H - T T i

¢
31

l! \

Low Volume Sl.ple-.
R

- Kormal Volume Samples
4
&

o - o0 004 o6 008 ar  _p12 ous

06l

- ___ Ratio of Metabolite/Tacrolimus

APPEARS THIS WAY
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Tabhle §:

sored Stodies

Lot Numbers for Fujisawa-S
~iocol 0.03% Tacrolomus o Sembers T 03% Tacrolimes | -
Number Ointment 0.1% Tacrolimws Oiotmenf” Ointment
Clinical Pharmdacoloyy Sindies
94-0-0041 11524007 11524009 11524005
93-0005% 11524007 11524009 11524005
94-0-006¢ 11523007 11524009 11524005
53.0.007F 11333007 11574000 11524005
5-0011¢ 11535025 11525027 11525023
97-0-0%6F C037016 C03 7003 NA
FG0605% | 11524007 11524009 11524005
94-0-008 " NA NA 11524005, 11524017
930030t | NA C037-002, C238-004A N/A
F3-1068 NA B02531K B02631K
FG06-17% | — NA 709467K 70956 7K
(linical Smdg’;r: Phase 2
95-0-0037 11525002, 11525025 11525003, 11525027 11524017, 11525023
95-0-000 11525037 11525035 — 11525033%*
95-0-013¢ 1325025 11525035 11525033
11525037
FG06013 17525002 11525004 1524017 -
FJ.105% 627535K GII633K 837735K
FI-1015 603331K ~Te0IK SOG4 1K
FI-105¢ NA T 60I4IK 641K
FII07S 608054K GO8154K NA
APPEARS THIS WAY
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Clinical Phai'macology/BiOpharmaceutics Review

——

NDA: 50777 SUBMISSION DATE: 6/2/00, 6/28/00
- 8/21/00
NDA TYPE: 3S° 4 S

PRODUCT: PROTOPIC™
(Tacrolimus Ointment, 0.03% and 0.1%)

SPONSOR: Fujisawa Heathcare Inc.- REVIEWER: Veneeta Tandon, Ph.D.

h

NDA Review (ADDENDUM)

| B BACKGROUND

This addendum reviews additional studies ar;d analysis provided by the sponsor upon

. request. This additional data was called for during the review cycle due to the

conclusions provided by the Review Pharmacologist (Dr. Barbara Hill, Ph.D) from the

__carcinogenicity studies. A strong signal of lymphoma was observed in the mouse dermal

carcinogenicity. ‘Hence, further aualysis of the exposure levels of tacrolimus were
required and-compared to that of the levels after systemic use-of tacrolimus and the
1ncigcnce of lymphoma observed in those cases.

The sponsor was requested to conduct a pharmacokinetics study in adult and pediatric
population with severe atopic dermaiitis using the 0.1% ointment under maximal use

_conditions, as AUCs after the use of 00.1% ointment was not available in the original

submission. The sponsor had conducted a pharmacokinetic study in adults and pediatrics

_ using the 0.3% tacrolimus ointment; which is 3 to 10-times higher than the to-be-

marketed strength of tacrolimus ointment. The sponsor was also requested to conduct a
population analysis to get rough estimates of AUC while the definitive study was being
~conducted. The sponsor has submitted results from the definitive pharmacokinetic study

and the NONMEM analysis of blood concentrations from clinical studies.

The sponsor has provided data from two studies conducted in Europe in patients with
moderate to severe atopic dermatitis to evaluate the pharmacokinetics of tacrolimus
following topical application of 0.1% oirtment, one which was recently completed in
adults (FG-06-22) and one ongoing study in children (6-12 years of age) (FG-06-23).
These two studies provide initial and study end AUC data for both adults and children
with moderate to severe atopic dermatitis applying the higher of the to-be-marketed
concentrations (0.1% tacrolimus ointment) over an extensive portion of their body surface
area.

T e e  —



The study results will be summarized in this addendum and conclusions drawn will be

highlighted at the end of the study. The contribution of these studies to the overall
conclusions will be discussed at the end in this addendum.

II. RECOMMENDATION

The pharmacokinetic studies conducted with single and repeat applications (b.i.d. for 13
days) 0.1% tacroimus ointment in adult and pediatric patients (age 6-12 years) is
acceptable from the clinical pharmacokinetics standpoint. The tacrolimus blood
concentrations obtained from these studies (FG-506-06-22 and FG-506-06-23) were
comparable to that obtained from Phase III clinical studies and Study FJ-106, with the
exception of two samples showing a higher tacrolimus blood concentration of = ng/mL
after single of multiple (twice daily) application of 0.1% tacrolimus ointment of 7 days

__(from Study FJ-106). The 0.03% strength being lower than 0.1% strength of tacrolimus,

has not been evaluated in a pharmacokinetic study, though has been studied clinically.
The blood concentrations obtained after topical administration of 0.1% tacrolimus
ointment was <5 ng/mL in most subjects, hence, that obtained after the application of
0.03% will produce even lower systemic levels of tacrolimus.

o Study RePOrt FG-506-06-22.........coovuererenceresioesssensaesrenesesusesasseas SO 3
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III. PHARMACOKINETIC STUDIES

Pharmacokinetics in adult patients after single and multlgle doses of topical 0.1%
tacrolimus ointment

_Study Report FG-506-06-22: A pharmacokinetic study of tacrolimus ointment in adult

patients with moderate to severe atopic dermatitis following first and repeat application
of the tacrolimus ointment.

Study Design: Single center, open label study in adult patients with moderate to -
i severe atopic dermatitis to determine systemic exposure of
. tacrolimus after single and repeat application of 0.1% tacrolimus
ointment for 14 days. - T
Study population: 37 patients of age 18 and older enrolled, 32 completed (2
withdrew, 3 had incomplete profiles). Diagnosis of severe atopic —
dermatitis done using Rajka and Langeland criteria.
Treatment Sex Age (yrs) Weight (kg) Height (cm) Estimated total
Group BSA (m%)
1 IM/10F 215 62+11 1676 1.69 + 0.169
2 SM/7F 234 67+12 173+ 10 ~ 1.80+0.198
3 2M/TF 258 63+ 16- 1678 1.70 £ 0.160
Dosage: Twice a day dosing for 13 days, single dose on Day 14, three

treatment groups stratified by size of application area. The mean (
s.d.) areas treated as an absolute value and as a percentage of total
body surface area (BSA) on the days when pharmacokinetic

—- " profiles were taken are shown in the tables below. The ointment
was applied to the same designated area(s) for 14 days 1rrespcct1ve

of any eczema healing.
Treatment . | Area rang; (cmz) Mean treated = | % of total -
1 Group area (cm?) BSA
I (n=11) <3000 2410+ 454 16%5 ‘ -
2 (n=12) >3000£6000 4159 + 892 25+6
-3 (n=9) >6000 < 10000 8553 +1308 5317

Allhough the treated area remained the same throughout the 14 days the mean amount of
ointment required to cover the same area on Days 1, 4 and 14 decreased. This could be
related to the improvement of skin condition over a period of time.

Indmdual information on % BSA mvolvcment and dosing is available in the Appendix
on pages 16-18.

APPEARS THIS WAY
ON ORIGINAL



Treatment Profile 1 - DAY I Profile 2 - DAY 4 Profile 3 - DAY 14
Group . .
gointment/ | mgkg - | gointment/ mg/kg g ointment/ mg/kg
.. application tacrolimus application tacrolimus application tacrolimus
1 33214 0.05+£0.02 29+1.0 0.05£0.01 2.1x09 0.03 +0.01
2 3115 0.05+0.03 3013 0.04 £0.02 23+1.2 0.04 £ 0.02
3 63%1.7 0.11+0.04 59+20 0.10 + 0.04 4425 0.07 £ 0.05
Blood Samples: Collected on Days 1, 4 and 14 following ointment application.
' Analysed by methodology with a LLOQ of ===
- ng/mL. The assay validation is acceptable.
Profile 1: 0 (Predose), 2, 4, 6, 8, 10, 12 and 24 hours after first application (Dayl).
Profile 2: 0 (Predose), 2, 4, 8 and 12 hours after application on Day 4. o
Profile 3: 0 (Predose), 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144 and 168 hours after -
last application (Day 14).
Pharmacokinetic Results: -

The mean plasma concentration time profile for the three groups on Days 1, 4 and 14 is
shown in the following figures.

_ Tacrolimus conzentration (ng/mL)

MEAN TACROUMUS BLOCD CONCENTRATION PROFILE (PROFIIE 1-DAY 1)

F..-Gmup 1 —e— Group 2 —o—Groxﬂ]

12
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APPEARS THIS WAY.

011 CRIGINAL

The mean blood concentrations at each time point with the minimum and maximum

MEAN TACROUMUS BLOOD CONCENTRATION PROFLE (PROFILE 2 - DAY 4)

100 1

1.0 —_—

0.1

Tacmlh’ us concentration (ng/ml)

0.0

4 - 6 8 w0
Time (hours)

12

[-O—Gmm 1 —e—Group 2 ~0—Group 3j

10.0 5

1.04

o
=

Tacrokmus concentration (ng/mL)

o
=]

MEAN TACROLIMUS BLOOD CONCENTRATION PROFLE (PROFLE 3 - DAY 14)

S

24

8 1 % 120 144

" Time (hours)

(-;—Giibi—o-&mpz—o-mil

168

APPEARS THIS WAY
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concentrations are attached in the Appendix on pages 19-21. The summary table showmg -
the highest plasma concentration value and the time point associated with it is given

below for all thethree groups. .
[ Group I, Absolute Values (Observed)
Day -1 Time (hr) Maximum Observed Concentration (ng/ml)
1 4 -
4 0 -
14 0 jo-—
Greup 11
Day Time (hr) Maximum Observed Concentration
1 4 -
4 0 -
14 48 b -
Group 111
-| Day Time (hr) Maximum Observed Concentration
1 4 — -
4 4 -
14 —— 0 |-




The number of samples showing the various tacrolimus concentrations are shown in the

following table.
Tacrolimus conc. (nglmL) Number of samples Cumulative count Cumulative %

< 0.025 201 201 23.1

0.026 - 0.100 261 - . 462 53.1

0.101 - 0.250 173 635 73.0

0.251 - 0.500 108 743 85.4

0.501 - 1.000 90 833 95.7

1.001 - 2.000 27 . 860 98.9

. 2.001 - 3.000 6 866 99.5
>3.000 4 870 ©100.0

The mean (+SD) pharmacokinetic parameters are tabulated below. The individual subject
pharmacokinetic parametcr are attached in the Appendix on pages 22-23. '

PROFILE 1 - DAY 1

Parameter " GROUP I(N=11) GROUP 2(N=12) GROUP 3 (N=9)

Cpnax (ng/mL) 0.14£0.16 0.25+0.42 0.66 + 0.85
tmax (h) 4 (median) 4 (median) 4 (median)-

AUC, 2 (ng.h/mL) 1.1+14 1.6+2.8 48163 _
tin (h) —  86+23 94452 86145

PROFILE 7~ DAY 4

Parameter GROUP 1 GROUP 2 GROUP 3

B Cre (ng/mil.) - 0214024 1.10+2.78 0.96 + 0.80
: " L (h) 2 (median) 7 (median) 4 (median)
— | _AUCgy; (ng.h/mL) [ 21+23 39+50 102492

PROFILE 3-DAY 14. -~ _  _ .

Parameter GROUP 1 .. GROUP2 " GROUP 3
Cpax (ng/mL) 0.60 + 1.62 0.19+0.22 0.65 £ 0.38
sy () 2 (median) 3 (median) 4 (median)

AUCg,; (ng.h/mL) 1.7+23 1.5+15 54128
tin: (h) 7031148 - 78.8+29.8 77.8+20.9

The individual subject AUCy.); values are shown in the following figures for the three
groups.
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Note P1, P2 and P3 are profiles for Day 1, 4 and 14 respectively.i



Observations: .

e The highest mean AUCy,; values were obtained on Day 4 for all the groups, with the
highest mean "‘AUCq.4, being 10.2 ng.h/mL. N

e The systemlc exposure was low, but highly vanablc (AUC4.12:0-30.97 ng.h/mL) and
increased as the treated body surface area increased. This highest value of 30.97
ng.h/mL was observed with a subject of Group 3 on Day 4. The mean + SD AUCo-inf
following an initial oral dose of Prograf® (dose =0.2 mg/kg/day in two divided doses)
for patients receiving a kidney transplant is 203 +42 ng.hr/mL (Prograf package
insert). If this value is compared with the mean AUCo-12 observed in the atopic
dermatitis study (10.2 ngehr/mL), which is 20-fold for atopic dermatitis patients.

e Following repeated application of tacrohmus ointment there was no systemic
accumulation observed. il

o The Cmax values though not shown graphxcall;Lwere below 5 ng/mL. Two subjects
had values higher than 5 ng/ml: ~ ng/mL for group I subject on Day 14,9.8 and —
ng/mL for Group II subject on Day 4 and 14 respectively). The subject showing a
value of = ng/mL had all values on Day 14 below the LOQ, except at 48 hours where
alevel of ~ ng/mL was reported. This value was not included in the calculation of
the Cmax. The blood levels are comparable to those obtained from study FJ-106 in
the original review of the NDA

e On Day 14, following the last application blood samples were collected up to 7 days.

The figure for Day 14 profile shows a slow elimination, with a half-life of 77122

hours (range === hours). This may be indicative of a slow absorption of the drug

from the skin. Slow absorption was also seen from profiles of previous studies.

) In pedlatnc patients after single and multlple doses of toglcal 0.1 % tacrolimus
omtment

Srudy Report FG-505-06-23: A pharmacokinetic study of tacrolimus ointment in pediatric
patients with moderate to severe atopic dermatms following first and repeat a Jplzcatzon

" of the ‘acrolimus ointment.” -

Study Design: Multi center, open label study in pediatric patients with moderate
- to severe atopic dermatitis to determine systemic exposure of
tacrolimus after single and repeat appllcatlon of 0.1% tacrolimus
°, ointment for 14 days.
Study population: A total of 36 patients of ages between 6 and 12 years of age are
: planned to be enrolled, and 20 have completed so far. This is an
interim report submitted by the sponsor. Diagnosis of severe
atopic dermatitis done using Rajka and Langeland criteria.
Individual subject demographics are attached in the Appendix on
pages 25-26.
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‘Treatment Sex Age (yrs) Weight (kg) Height (cm) Estimated total
Group ' BSA (m?)
1 SM/6F 9+2 30+9 132411 1.041 +0.199
2 SM/2F 9+2 - 31+12 129 + 17 1.050-+ 0.267
3 2M/OF 12+1 54+4 - 158+ 14 . 1.535+0.109
Dosage: Twice a day dosing for 13 days, single dose on Day 14, three

- treatment groups stratified by size of application area. The mean (+
s.d.) areas treated as an absolute value and as a percentage of total
_ body surface area (BSA) on the days when pharmacokinetic
- N profiles were taken are shown in the tables below. The ointment -
' - was applied to the same designated area(s) for 14 days irrespective
_. of any eczema healing.
The mean (* s.d.) areas treated as an absolute value and as a percentage of total Body
Surface Area (BSA) on the days when pharmacokinetic profiles were taken are shown™
below. ' -

Profile | - DAY 1 Profile 2 - DAY 14

Treatment Area range Treatment % of Dose (g) of | Treatment % of Dose (g) of
Group (sz) area (sz) total BSA | ointment area (sz) total BSA ointment
-1 - L1500 950 + 329 33%9 32 596+ 315 19+ 10 1.7
2 >1500<3000 | 2080+583 | 6311 30 1051 + 659 32423 1.9
T 3 >3000 <5000 | 4225+955 | 61+16 25 1325+ 460 31+8 2.8
Blocd Samples: Collected on Days 1 and 14 following ointment application. i

Analysed by '——————— methodology with a LLOQ of «m—
ng/mL. The assay validation is acceptable.

Profile 1: o 0 (Predose), 2 4,
Profile 2: - O (Predose), 2, 4,

, and 24 hours after first application (Day1). -
, 24, and 96 hours after last application (Day 14).

00 00

~Pharmacokinetic Results” o

~ The mean plasma concentration time profile for the three groups is shown in the

following figures for Day 1 and Day 14.

i ON ORIGINAL
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The mean p;lénnacokineticparamcters for Day 1 are tabulated below and the individual
are in the Appendix on page 29.

PROFILE 1 - DAY 1

Parameter GROQUP1 (N=11) GROUP Z (N=7) GROUP 3 (N=2)
Crax (ng/mL) 0.24 £0.26 0.62+0.48 0.70£0.98
tmax (h) 4 (median) 8 (median) 12 (median)
AUC 24 (ng.h/mL) 32+35 8.9+8.8 10.6+15.0

APPEARS THIS WAY

ON GRIGINAL

Tacrolimus concentration (ng/ml.

MEAN TACROUMUS BLOOD CONCENTRATION PROFLE (PROFLLE 2 - DAY 14)

-

77
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The mean pharmacokinetic pa;ameters for Day 4 and Day 14 are tabulated below.

DAY 4 - TROUGH LEVELS

GROUP 2

Parameter GROUP 1 GROUP 3
. Crin (ng/mL) 0.12+0.07 0.59+0.38 033+£0:39
PROFILE 2 - DAY 14 -
GROUP 1 GRQUP 2 GROUP 3
Crax (ng/mL) 0.16+0.22 0.211£0.18 0.33.£0.38
~ tmax (h) — 2 (median) 4 (median) 1 (median) C
AUCg 4 (ng.h/mL) 30+£35 41£36 47+£53
T1  a; caomipl] | » © Growp 2 P1
12{ = ® Growp I P2 » ) e |aGow2P2
L )
£ 101 )
5 E®
b5 B -4 ~
b4 J . ? 15
3 6 " 'é' - -
3 4 - L ] ¢ 2 10- . ‘ ® -
2 1 : i S 4 - ¢ !
0 +—8— — v s =
0 2000 4000 6000 8OO0 D m' o0
Subject Nurmber Subject Number
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The individual blood concentration at each time point and the trough concentrations are
attached in the Appendix on pages 27-28. The summary table showing the highest plasma
concentration value and the time point associated with it is given in the following table

for all the three groups.
Group 1 Absolute Values (Observed)
Day ‘Time (hr) -Maximum Observed Concentration (ng/mL)
1 8 — -
Group I —— ] —
Day : Time (hr) Maximum Observed Concentration
1 - 8 ) - -
14 - 4 ]
Group 111 .
{ Day Time (hr) Maximum Observed Concentration
1 24 -
14 2 p -

The number of samples showmg the various tacrollrnus concentrations are shown in the-
following table. :

e Tacrolimus conc. (ng/ml) Number of samples Cumulative-count - Cumulative %
[ < 0.025 58 58 : B 25.9
0.026 - 0.100 73 131 — 58.5
C.101 - 0.250 48 179 ) 79.9
0.251 - 0.500 22 201 _ 89.7
0.501 - 1.000 19 220 . 98.2
1.001 - 1.500 -3 223 99.6
1.501 - 2.000 1 224 100
Observations:

Tne systémic exposure to tacrolimus increased as the treatment area increased.

o These data indicate that following repeated application of tacrolimus omtmem thce
daily for 14 days, there is no systémic accumulation of tacrolimus. — ‘

e The AUCGC,.54 was highly variable, ranging between 0-27 ng h/mL.

¢ Tacrolimus blood trough levels decreased with improvement of skin condition.

e The highest blond concentration observed was =~ ng/mL on Day 1. Typical whole
blood trough concentration in pediatric liver transplant patients range from 5-20
ng/mL (from PDR®-Prograf®).

e The highest mean AUCq.24 (10.6 ng.h/mL) was observed on Day 1. By Day 14 the
mean AUC).,4 in the same group of patients decreased by more than 50% to 4.7
ng.h/mL. Pediatric liver transplant patients have a mean AUC of 337 ng.h/mL
following oral administration of 0.15 mg/kg/day (PDR®-Prograf®). The AUC after

11



topical administration is approximately 4% of the oral administration in pediatric L
patients.

Pop-iation Analysis of Cumulative Exposure

- The sponsor has also attempted to calculate the average cumulative across 462 subjects
from the phase III clinical trials. Blood samples were taken within the first 10 hours of

* the start of the study and around the end of the study, which was over a treatment period
that ranged from 3 weeks to 12 weeks. Whole blood samples were less than 5 ng/mL in
most cases. The average cumulative AUC across all 462 subjects was determined to be
332 ng.h/mL and the average steady state concentration was 0.428 ng/mL. This

“cumulative exposure can only be compared to the theoretical average cumulative
exposure obtained from study FG-506-06-22, which would be an overestimation of the
exposure based on the average values.

The highest average AUCq. 3 pous Was observed in the adult study (FG-06-22) on Day 4 in the
highest %BSA treated group (group 3). For this group, the mean AUCq.1; pouss for Day 1 was 4.8
ngchr/mL, for Day 4 it was 10.2 ngehr/mL and for Day 14 it was 5.4 ngehr/mL

1. Convert these mean AUCy,, values to daily equivalents (i.e., AUCp 24 48X 2=96
hours) T 10.2 X 2=204
- ' - 54X2=10.8
2. dAas;:me that the Day 1 mean daily AUC is maintained for the first 3 9.6 X 3=29
3. Assume that the Day 4 mean daily AUC is maintained for the next 10
days of treatment and assume that the Day 14 mean daily AUC is 204 X 16=,, 04

maintained for the next 109 days of treatment, Day 14 through Day 122
(median time to onset of PTLD inthe 15 transplant recipients for which
a theoretical AUCg o5 Was determined).

10.8 X 109=1177

4. Determine the total AUC over that 122 day period. In most case the | 29+ 204 + 1177
- %BSA involved is decreased after a week of treatment

=1410 ng.h/mL
5. Aye[age cumulative exposure from Phase I NONMEM analysis of 332 ng h/mL
blood Ievelsr : i
Conclusions: ~ - =

The average cumulative exposure from the Phase I NONMEM analysis of blood levels
i5 4-folds Iower than the theoretical cumulative exposure obtained. The theoretical
exposure is likely to be an overestimation, because the % BSA involved decreases during
the treatment ducation. - :

VI. OVERALL CONCLUSIONS
Systemic absorption of tacrolimus in adults patients on 0.1% tacrolimus ointment:
e The systemic exposure was low and highly variable with AUCy.); ranging between O-

30.97 ng.h/mL or an AUCqy.4 ranging between 0-61.94 ng.h/mL and a highest mean
AUC.;2 of 10.2 ng.h/mL. '

12_
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The Cmax was below 5 ng/mL in most pateints, with the exception of blood levels of
~— ng/mL for group I subject on Day 14, 9.8 and =~ ng/mL for Group I subject on
Day 4 and 14 respectively. i

There was no systemic accumulation of tacrolimus following repeat application.

Systentic absorpnon of tacrolimus in pediatric patients (ages 6-1 2) on 0.1% tacrolimus
ointment:

The systemnic exposure was low and highly variable with AUC,.,4 ranging between 0-
27 ng.h/mL and a highest mean AUC.55 of 10.6 ng.h/mL.

The Cmax was below 1.6 ng/mL in all patients.

There was no systemic accumulation of tacrolimus following repeat application.

Comparison of systemic exposure between adu[i patients and pediatric patzenls on
0.1% tacrolimus ointment:

There are no significant differences in systemic exposure between adult and pediatric
patients (6-12 years of age) based on studies FG-506-22 and FG-506-23. The highest

-AUCy.24 observed in a 5 year old child from Study 94-0-008 was 29.2 ng.h/mL. No

obvious differences were seen when blood samples from Phase III clinical trials were
evaluated closely for blood levels in younger children (ages 2-6 years). The highest
Cmax observed from clinical trials was 9.58 ng/ml from Study 95-0-009 in pediatric
patients. The pharmacokinetic study (94-0-008) did show a trend towards higher
concentration in the younger children {ages 5-6 years), but there were only 4 children
in this study and a 3-10 times higher strength (0.3%) than a to-be-marketed strength-
(0.03 and 0.1%) was used in this study.

Con:parison of systemic absorption after oral and topical administration of tacrolimus:
The oral data in the following table has been taken from the PDR® on Prograf®.

Population - : N Route of Tacrolimus Highest mean | Highest
1 administration AUC, 5, Observed
B (Dose) . ng.h/mL. Cnax
. : T - | (range) ng/mL
Healthy o o I [ Topical o 11:5° 0.127
P ] - ) (03%qd for 14 days)
7T Atopic Dermatitis Adult Patients 37 | Topical 204 +184 — | 14975°
B ' _| (0.1% b.i.d for 13 days, (0-61.94)
16-53% of total BSA)
Atopic Dermatitis Pediatric Patients 20 Topical - 106+150 | 1.513 —
(0.1% b.i.d for 13 days, (0-27.0) -
- 33-61% of total BSA)
Liver Transplant Pediatric Patients 9 Oral 3374167° 43 4+27.9°
(0.15-0.2 mg/kg/day)
Kidney Transplant Adult Patients 26 | Oral 20342° 19.2£10.3°
(0.2 mg/kg/day)
Liver Transplant Adult Patients 17 | Oral 519£179° -
(0.3 mg/kg/day)

“The highest concentration of = ng/mL was observed in 2 patients after single and muitiple applicatiiin of 0.1%

tacrolimus ointment from another study. AUC calculations could not be done for this study. PAUC ;o “mean Cmax
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e Based on the evaluation of the data it is apparent that the systemic absorption of
tacrolimus after topical application of 0.1% tacrolimus ointment is very low relative
to the exposure generated from oral dosing. What is left unanswered is the amount of
tacrolimus that enters the lymphatic system following topical administration.

Drainage of the drug from the skin to the lymph system will be more reievant rather
— -~ than the skin/blood partitioning. ’

o | ' /S/ ‘7/1(/00

Veneeta Tandon, Ph.D.
Pharmacokineticist
 Division of Pharmaceutical Evaluation III
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