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.  Executive Summary

The pediatric study eport was submitted on 03/12/04 for Agrylin (anagrelide HCI). Study
SPD422-202 was a Phase I, randomized, open-label, single-arm, multiple-center, safety,
pharmacokinetic (PK) and pharmacodynamic (PD) study conducted in 18 adults/adolescents
(A/A patient group; ? 16 years old) and in 17 pediatrics/adolescents (P/A patient group; < 16
years old). The evauations for PK, PD (reduction in platelet counts), and cardiovascular
monitoring for safety assessment related to the vasodilatory and positive inotropic effects of
anagrelide and its active metabolite BCH24426 were obtained on Day 30 for analysis.

Between-group comparisons for the entire PK dataset when normalized to 1 mg and a body
weight of 70 kg showed that the systemic exposure, C., and AUC, . of anagrelide was
substantialy lower in P/A patient group than in A/A patient group. The reduced exposure to
anagrelide in the P/A patient group could be partly due to a higher metabolic function in younger
patients (mean: 11.4 years old) compared to that in A/A patient group (mean: 63.4 years old).
However, no differences in exposure to the active metabolite (BCH24426) were found.



For PD, 1) decreases in platelet counts were significantly correlated with anagrelide and
BCH?24426 based on entire data from the study and 2) significant positive correlations were
identified between increases in heart rate and corresponding Cnax Of anagrelide and BCH24426.
However, no apparent correlation was found between diastolic blood pressure decreases and
corresponding G,,. of anagrelide and BCH24426.

Regarding analyses on total daily starting dose and dose adjustments, there appeared to be no
differences in the dosing between P/A and A/A patient groups.

Overall, sponsor recommends adult dosing administration guidelines to pediatrics as well and it
appears reasonable.

A.  Recommendations
The Supplement SE5-008 to NDA 20-333 is acceptable from the Office of Clinical
Pharmacology and Biopharmaceuticg/Division of Pharmaceutical Evaluation 11
(OCPB/DPEII) viewpoint provided that a mutually satisfactory agreement can be reached
between the sponsor and the Agency regarding the language in the package insert.

B. Phase IV Commitments: None



[1. Tableof Contents

Page
l. EXECULIVE SUMMIAIY ...ttt et et et e e e et e e et e e 1
. Table of CONtENES ... ..o e e 3
1. Summary of CPB FiNAINGS ......cviitiie i e et e e e e e e e aenes 3
LV QB R e e e 4
V. Detailed Labeling Recommendations ..........cc.ooeviiiieiie i e e e 12
RV T Y o o T T o= 13

1. Summary of Clinical Phar macology
and Biophar maceutics Findings

On 11/26/02, Shire submitted the proposed pediatric study request (PPSR) for Agrylin. A
pediatric exclusivity written request (PEWR) was issued on 03/27/03 and subsequently several
amendments were made. In this submission, results from study SPD422-202 were submitted to
fulfill the requirements of PEWR. The PEWR called for a single study to determine safety, PK,
and PD of agrylin in pediatric subjects

Study SPD422-202 was a randomized, openlabel, single-arm, multiple-center, safety, PK, and
PD study conducted in 18 adults/adolescents (A/A patient group; ? 16 years old) and in 17
pediatrics/adolescents (P/A patient group; < 16 years old). On Day 30 of treatment, evaluations
for PK, reduction in platelet counts, safety assessment related to the vasodilatory and positive
inotropic effects were obtained.  Because the blood sampling scheduled for PK on a 7-year-old
pediatric female patient (No. 14-002) could not be obtained due to vira infection, the PK and PD
data were obtained from7 out of 8 patients in the <12 year old age group. Each patient group
contained 3 subgroups depending on dosing status at entry, i.e., anagrelide naive patients,
patients in titration phase, and anagrelide experienced patients. Overall, six naive patients were
recruited (5 in A/A patient group and 1 in P/A patient group) with others already on anagrelide
treatment.

Plasma levels of anagrelide, active metabolite BCH24426 (or 3-OH), and inactive metabolite
RL 603 were obtained and analyzed. Only the PK of anagrelide and BCH24426, were employed
to explore the potential relationship between plasma exposure with reduction of platelet count
from baseline (PD) and heart rate and systolic/diastolic blood pressure (safety). The
retrospective data on anagrelide starting dose, dose adjustment to maintain platelet counts, and
adverse events (AE) were also analyzed for correlation.

Between-group comparisons for 1) entire PK data set when normalized to 1 mg and a body
weight of 70 kg and 2) a subgroup dataset based only on patients receiving 0.5 mg BID showed
that the systemic exposure, C,,.x ahd AUC,: of anagrelide was substantialy lower in P/A patient
group than in A/A patient group. The reduced exposure to anagrelide in the P/A patient group
could be partly due to a higher hepatic function in younger patients (mean: 11.4 years old)
compared to that in A/A patient group (mean: 63.4 years old) under the assumption of the same
or similar bioavailability (F) vaue between two patient groups. No differences in exposure to
the active metabolite (BCH24426) were found.



For PD, 1) decreases in platelet count were significantly correlated with anagrelide and its active
metabolite (BCH24426) based on entire data from the study and 2) significant positive
correlations were identified between increases in heart rate and corresponding Cnax Of anagrelide
and BCH24426. However, no apparent correlation was found between diastolic blood pressure
decreases and corresponding G, Of anagrelide and BCH24426.

Regarding analyses on total daily starting dose and on dose adjustments, there appeared to be no
differerces in the dosing between P/A and A/A patient groups.

Overdll, sponsor recommends adult dosing administration guidelines to pediatrics as well.

V. Question Based Review

A. Genera Attributes

Agrylin was approved on 03/14/97. It is indicated for the treatment of patients with
thrombocythemia, secondary to myeloproliferative disorders (MPD), to reduce the
elevated platelet count and the risk of thrombosis, and to ameliorate associated symptoms
including thrombo-hemorrhagic events. The treatment $iould be initiated under close
medical supervision. The recommended starting dosage of Agrylin® is 0.5 mg QID or 1
mg BID, which should be maintained for at least one week. Dosage should then be
adjusted to the lowest effective dosage required to reduce and maintain platelet count
below 600,000/uL, and ideally to the normal range. The dosage should be increased by
not more than 0.5 mg/Day in any one week. Dosage should not exceed 10 mg/Day or 2.5
mg in asingle dose.

B.  Genera Clinical Pharmacology

The PK objective of Study SPD422-204 was to assess steady-state PK profile of
anagrelide and its metabolites in P/A patient group and to compare with those in A/A
patient group. The PD objectives were to 1) evaluate the correlations if any, between
anagrelide daily dose, resultant anagrelide plasma PK data and platelet counts between
P/A and A/A patient groups and 2) explore any relationship between heart rate and blood
pressure and PK data of anagrelide and its metabolites.

PK Analysis:
Q1l: ArePK parameterssimilar between P/A and A/A patient groups?

The dosing regimens employed in Study SPD422-202 are shown below:



Table 1. Dosing Regimen on Day 30

Since different dosing regimens were employed, a direct comparison between A/A and
P/A patient groups was only possible based on a regimen of 0.5 mg BID. The PK
parameters for the 0.5 mg BID dosing regimen are shown below in Table 2:

Table 2. Plasma levels obtained from direct comparison based on 0.5 mg BID
Dosing Regimen (n=4 in A/A patient group and n=6 in P/A patient
group)

A decrease in the mean Guax (39% ? ) of anagrelide was seen between the two patient
groups.

A further comparison of PK data normalized to a dose of 1 mg and a bodyweight of 70 kg
for al subjects using al dosing regimens was made. The results are shown in Table 3.



Table 3. Plasma levels obtained from All Patients Employing All Dosing

Regimen

The sponsor concluded that;

1) Exposure to anagrelide was significantly lower in P/A patient group (mean G, 52%
? and AUG,.: 45% ? ) compared to that of A/A patient group (p=0.0021 and
p=0.0047, respectively),

2) No significant differences in mean Gnax and AUC,.: for BCH24426 were found,

3) The mean anagrelide CI/F was 62% greater in P/A patient group than in A/A patient

4)

group (p=0.0047), and

The mean ratios of normalized (dose/weight) AUC,: for anagrelide: BCH24426:
RL603 were reported to be 1.0:22.3:1.6 for A/A patient group and 1.0:3.3:0.6 for P/A
patient group indicating that there is a higher systemic exposure of the active
metabolite, BCH24426 in the P/A patient group than that in A/A patient group.

The sponsor speculated that these findings may be attributable to a higher hepatic and
renal function of younger P/A patient group under the assumption of the same or similar
F value between two patient groups

PK/PD Andysis:

Q2. Are there correlations between reduction of platelet counts and

plasma PK data in P/A and/or in A/A patient group and between
changes of heart rate and blood pressure and plasma PK data of
anagrelide and its metabolites?

General assessments of the safety finding of this study are deferred to the reviewing
Medical Officer. Thefollowing is a discussion of the potential correlations between
PK parametersand PD (and safety) parameters.



Correlations in patient groups with apparent association between the exposure, G,a Of
anagrelide or BCH24426 and maximal change in diastolic blood pressure were explored.
The results are shown below in (Tables 4 and 5):

Table 4. Correlation Between Anagrelide Cnhax and Maximal Change in
Diastolic Blood Pressure

Tables. Correlation Between BCH?24426 Cn.x and Maximal Change in
Diastolic Blood Pressure

No significant correlations between anagrelide Cnax levels and maximal changes in diastolic
pressure were found nor were for BCH24426.



Correlations in patient groups with apparent association between the exposure, G, of
anagrelide or BCH24426 and maxima change in heart rate were also explored. The results are
shown below in (Tables 6 and 7):

Table®6. Correlation Between Anagrelide G, and Maximal Change in Heart
Rate

Table7. Correlation Between BCH24426 G, ,, and Maximal Change in Heart
Rate



Both anagrelide and BCH24426 G, levels were apparently correlated with maximal
heart rate changes (Tables 6 and 7).

The decrease in platelet count (from pre-treatment) against anagrelide or BCH24426
daily AUC (determined on Day 30) was performed in 21 patients (n=9 in A/A patient
group and n=12 in P/A patient group) who had a platelet count of ? 600 x 10°/L. The
results are shown in Table 8 below:

Table8. Summary of Individual Patelet Count Changes from Baseline to Day
30 and AUC for Anagrelide and BCH24426

No significant levels in correlations from the above &ble were found. However, when the
evaluable data from patients in both groups were combined, statisticaly significant positive
correlation was found (p=0.027). Statistically significant positive correlation was also found
(p<0.01) for the AUC valuesof BCH24426 and platelet counts.

The starting dose and final dose are summarized below in Table 9 below:



Table9. Starting Dose and Final Dose of All Patients

1C



There does not appear to be any differences in dose adjustments (mean changes from starting
dose to final dose) between patient age group (1.1 mg for pediatric group, 1.5 mg for adolescent
group, and 0.8 mg for adult group).

Overdl, sponsor recommends adult dosing administration guidelines to pediatrics as well and
this appears reasonable.

C.

Intrinsic Factors;

Linear regression of the PK dataset for anagrelide or BCH24426 against age reveadled a
significant positive correlation for anagrelide, but not for BCH24426. However, the
slope (R = 0.19) was relatively shallow.

Extrinsic Factors: Not Analyzed
Genera Biopharmaceutics

The currently approved Agrylin 0.5 and 1 mg capsules were used.
Analytical Section:

An analytical method using solid phase extraction followed by LC/IMSMS assay . @@
for the quantitation of anagrelide and metabolites The method
was found to be adequately validated.

Anagrelide:

Standard Curve: (n=8)

0.05, 0.1, 0.5, 2.0, 10.0, 15.0, 18.0, and 20.0 ng/m_

Recovery(%):

95.4 (n=6), 98.6 (n=3), 105.4 (n=5), 103.5 (n=6), 97.3 (n=6), 96 (n=6), 98.9 (n=6),
and 103.5% (n=6), respectively

Precision (CV%):

7.3 (n=6), 12.9 (n=6), 9.6 (n=5), 5.3 (n=6), 6.9 (n=6), 9.0 (n=6), 10.6 (n=6), and
3.5% (n=6), respectively

QC: (n=4)

0.15, 8.0, 17.5, and 35.0 ng/mL

Recovery(%):

104.0 (n=12), 108.3 (n=12), 100.0 (n=12), and 99.1% (n=2), respectively
Precision (CV%):

11.8 (n=12), 11.3 (n=12), 9.7 (n=12), and 6.7% (n=2), respectively
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BCH24426:

Standard Curve: (n=8)

0.1,0.2,0.5, 1.0, 4.0, 20.0, 30.0, 36.0, and 40.0 ng/mL

Recovery(%):

97.7 (n=6), 94.5 (n=6), 108 (n=5), 103.5 (n=5), 97.5 (n=5), 100.0 (n=6), 96.7
(n=5), and 103.3% (n=6), respectively

Precision (CV%):

12.0 (n=6), 14.2 (n=6), 15.4 (n=5), 11.0 (n=5), 8.6 (n=5), 11.9 (n=6), 5.1 (n=5),
and 3.3% (n=6), respectively

QC: (n=4)

0.3, 16.0, 35.0, and 70.0 ng/mL

Recovery(%):

114.3 (n=12), 106.3 (n=12), 100.3 (n=12), and 96.7% (n=2), respectively
Precision (CV%):

17.3 (n=12), 13.5 (n=12), 14.5 (n=12), and 1.5% (n=2), respectively

Standard Curve: (n=38)

0.05, 0.1, 0.5, 2.0, 10.0, 15.0, 18.0, and 20.0 ng/m_

Recovery(%):

110.2 (n=2), 96.1 (n=5), 101.8 (n=6), 101.5 (n=5), 98.9 (n=6), 90.7 (n=6), 98.3
(n=3), and 108.5% (n=6), respectively

Precision (CV%):

3.0 (n=2), 10.5 (n=5), 8.6 (n=6), 6.5 (n=5), 7.4 (n=6), 6.7 (n=6), 11.8 (n=3), and
5.0% (n=6), respectively

QC: (n=4)

0.15, 8.0, 17.5, and 35.0 ng/mL

Recovery(%):

97.3 (n=12), 108.0 (n=12), 101.1 (n=12), and 92.9% (n=2), respectively
Precision (CV%):

17.3 (n=12), 10.6 (n=12), 13.1 (n=12), and 7.6% (n=2), respectively

V. Labeling Recommendations

The proposed package insert is attached in Appendix 1 Although this package insert contains
other changes related to drug-drug interactions, these will be addressed in a separate review as
data pertaining to this was administratively changed to supplement SLR-009 (with the same
submission date of 03/12/04). Clinical Pharmacology related changes (blue underlined for
addition; red with double strikethrough for deletion) regarding pediatrics are shown below.
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1 Under Clinical Pharmacology Section (P.15)

Pharmacokinetic (PK) data from fasting pediatric (agerange 7-14 years) and adult (age range 16-86
years) patients with thrombocythemia secondary to a myeloproliferative disorder (MPD), indicate
that dose- and body weight-nor malizedexposure, Gyax and AUC;, of anagr elide were lower in the
pediatric patients compared to the adult patients (C,,,., 48%, AUC, 55%)

2 Under Pediatric Clinical Studies Subsection of Clinical Trials Section (p.17):

V1. Appendices

1 Proposed Package Insert (Original and Annotated)

2. Study Synopsis for SPD422-202



NDA 20-333 (SE5-008) for Agrylin
(Anagrelide HCI) 0.5 and 1.0 mg Capsules

Appendix 1

Sponsor’s Proposed Labeling
(03/12/04 Version)

9 Pages of Draft Labeling have been Withheld in Full as
B4 (CCI/TS) Immediately Following this Page
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NDA 20-333 (SE5-008) for Agrylin
(Anagrelide HCI) 0.5 and 1.0 mg Capsules

Appendix 2

Study Synopsisfor Pediatric Study
SPD422-202

24






2€






This is arepresentation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Tien-Mien Chen
7/14/04 03:54:54 PM
BIOPHARMACEUTICS

Suresh Doddapanent
7/14/04 04:20:17 PM
BIOPHARMACEUTICS





