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Executive Summary

1. Recommendations

1.1 Recommendation on approvability

From a preclinical standpoint, approval of NEXIUM (esomeprazole
magnesium) is recommended for the short-term ‘treatment of
gastroesophageal reflux disease (GERD) and erosive esophagitis
(EE) in pediatric patients 1 to 11 years of age.

1.2 Recommendation for nonclinical studies: None
1.3 Recommendation on labeling: None

2. Summary of nonclinical findings:

The results of the l-month oral toxicity study in neonatal
rats (#900404) and 3-month oral toxicity study in neonatal dogs
(#900186) indicated that treatment with esomeprazole increased
gastrin levels and stomach weight in the neonatal rats and dogs
and increased the volume and number of ECL-cells in the neonatal
rats. These findings were also identified in the previous
toxicity studies with esomeprazole in the adult animals
including 1-month and 3-month oral toxicity studies in rats and
3-months oral toxicity study in dogs. Re-examination of the
heart tissues from the 3-month oral toxicity study in neonatal
dogs -(#900186) revealed minimal chronic epicardial inflammation
in one control female, one male treated at 28 mg/kg/day, and one
male treated at 55 mg/kg/day.

In the complementary 3-month oral toxicity study in
neonatal dogs (900715), the chronic epicardial inflammation was
identified in all dogs treated with esomeprozole at dose of 28
mg/kg twice a day (55 mg/kg/day). This was not seen in the
control and 28 mg/kg once a day groups in this. study. It
appears that treatment with esomeprozole significantly increased
the incidence of the chronic epicardial inflammation at 55
mg/kg/day but not at 28 mg/kg/day in neonatal dogs. The dose of
55 mg/kg/day was substantially higher than the proposed clinical
dose of 10 or 20 mg/day and thus, the potential risk to
pediatric patients is minimal.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22,101
Review number: 01
Sequence number/date/type of submission: June 29, 2006

Information to sponsor: Yes () No (x)
Sponsor and/or agent: AstraZeneca LP
Wayne, PA

Manufacturer for drug substance:

AstraZeneca AB
Sddertalje, Sweden

Reviewer name: Ke Zhang

Division name: Division of Gastroenterology Products
HFD #: 180 .

Review completion date:

Drug:
Trade name: Nexium Delayed-Release Granules for oral
Suspension
Generic name: Esomeprazole
Chemical name: Bis(5-methoxy-2-[(S)-[(4-methoxy-3,5-

dimethyl-2-pyridinyl) methyl]lsulfinyl]-1H-benzimidazole-1-y1)
magnesium trihydrate.

Structure:

Hy
HsC CHy _OCH,
O @/ Mg® - 3H,0
N™ “CHpre§” N
J 2

Molecular Formula: C;;H34N¢O¢S,Mge3H,0 ' MW: 767.2
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Relevant INDs/NDAs/DMFs: IND 53,733

Drug class: Gastric parietal cell H'/K'-ATPase inhibitor.

Indication: NEXIUM suspension (esomeprazole magnesium) is
proposed for the short-term treatment of gastroesophageal reflux
disease (GERD) and erosive esophagitis (EE) in pediatric

patients 1 to 11 years of age.

Clinical formulation: Esomeprazole Sachets consist of
esomeprazole pellets and excipient granules filled into single-
.use sachets in e strengths - 10, 20, and 40 mg. The total
contents of a sachet should be added to water to form a viscous
suspension prior to wuse. 'The suspension 1is suitable for
administration by spoon, drinking or through an enteric tube.

Table k Composition of Esomeprazole Sachels
Compouents Quantity fmgfoxched) Fuznctisn Standard
{eame according to SviraZemecs) limg Wmg d0mg
: — strenpth  sirengih  sirengfh
Esomeprazie pelies®
Bsomspramle _ 10 b % Active substonte  AstraZeneca
{romesonding to PRI .
espmeprazeds magnesium trifydrate) 23 4.5

Ghyosmol monosteatate $0-55

~.

Byadroxypeopy! ceflulose S,
Hyiroxypeopy! methylcelbaloss
L]

Mapnesium stearate
Methacrylic acid copolymes type C
Bolysorbate 83
Suger sphenes.’  QEEE
© Trethyl citras
R
Weight of esonteprazole paliets 217 £5.8 1716

b(4)
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Table ) Compositisn of Esowmeprazele Sacheis
Componants . Quanlity mgsacket} Foscticn Standard
{nmme seeoriivg to AxiraZensea) mg 2mp {dmr )

Gincose aphydrons
Xanthar gy

Cirde acid a

From oxide.
H’:ﬂkmwom;ﬂulm b(a)
L
Weight of ezcipient gragules
_ Toul weight in sachet

Route of administration: Oral suspension.

Disclaimer: Tabular and graphical information are constructed
by the reviewer unless cited otherwise.

Data reliance : Any information or data necessary for approval
of NDA 22,101 that AstraZeneca LP does not own or have a written
right to reference constitutes one of the following: (1)
published literature, or (2) a prior FDA finding of safety or
effectiveness for a 1listed drug, as described in the drug’'s
approved labeling. Any data or information described or
referenced below from a previously approved application that
AstraZeneca LP does not own (or from FDA reviews or summaries of
a previously approved application) is for descriptive purposes
only and is not relied upon for approval of NDA 22,101.

Studies reviewed within this submission:

(1) A 3-Month Oral (Gavage) Toxicity and Toxicokinetic Study in
‘the Neonatal Beagle Dog (a Second Complementary Study)

(2) The amendments of the 3-month oral toxicity study in
necnatal dogs (#900186) and 8-week oral toxicity study in
~neonatal and young adult dogs (#900544).
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Following studies were submitted to IND 53,733: pharmacokinetic
studies and toxicity studies in neonatal rats (l1-month oral
toxicity studies in neonatal rats, study # 900404 and #900127)
and dogs (3-month oral toxicity study in neonatal dogs study
#900186 and 8-week oral toxicity study in neonatal and young
adult dogs study #900544). These studies were reviewed on June
16, 2006. The pharmacology review of this amendment is attached
in Appendix I. ‘ ’

Studies not reviewed within this submission: None.

2.6.6 TOXICOLOGY

2.6.6.3 Repeat-dose toxicity

Esomeprazole Magnesium: A 3-Month Oral (Gavage) Toxicity and
Toxicokinetic Study in the Neonatal Beagle Dog (a Second
Complementary Study)

(900715)

Testing Laboratories: - “(A)

Study Start and Completion Date: September 25, 2005 and
August 29, 2006

GLP Requirement: Sponsor included a statement of compliance
with GLP regulation and a quality assurance statement.

Animals:

Male: 0.7-0.9 kg, 10 days old
Female: 0.6-0.8 kg, 10 days old .
Beagle dogs (2/sex/group).

Drug Batch No.: 800/02

Methods: The main objectives of this complementary toxicity
study were to investigate the toxicokinetics of esomeprazole,
cytochrome P450 activities, and in vitro metabolism of
esomeprazole following different dosing regimens at various ages
of dogs. Esomeprazole was given to the neonatal dogs orally at

0 and 80 umol/kg (0 and 28 mg/kg) once daily for 92 days.
Another group received oral dose of 80 umol/kg (28 mg/kg) once a
day from days 1-27 and then twice a day from days 28-92 (160
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wmol/kg/day or 55 mg/kg/day) .

The parameters assessed were

summarized in Table 5 in this report and this table is attached

below.

Table 5

Summary of main investigations

Greup No/group
Naos and sex

Assessmients (all animals in each group)

Days pp

ltod =4
M+ 2F)

Day 1 of dosing:
a} Toxicokinetics '
20 MAD and 1 HAD only in controls,
20MAD, 1, 4 and 7 HAD in esomeprazole treated aninals
Day 14 of dosing:
a) Texicokinetics
20 MAD and 2 HAD only in confrols,
20MAD, 1,2, 3 and 4 HAD 1n esomeprazole
treated animals .
Day 27 of dosmg:
a} Serum iron, TIBC, UIBC
b) Hematology

10

23

36
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Table 5

Sammary of main investigations

Group No/group
Nes and sex

Assessments (all animals in each group)

Days pp

Day 28 of dosing (first day of increased dose for Gr 2 and 4):
a) Toxicokinetics (afier both daily doses in Groups 2 and 4)

20 MAD and 2 HAD in Group 1 (vehicle controls, once daily)
20MAD 1 2HAD 1, 4H20 MAD laandéHADi‘mGﬁmpZ
{vehicle conirols twice daily)

20 MAD, 1 HAD, 2 HAD, 3 HAD and 4 HAD in Group 3
{esomeprazole, once daily)

20MAD 1, 1HAD 1, 2HAD 1,3 HAD ], 3HSSI\&AD1B
41!-12()1\»'113;{)1z 5HAD 1, GHADI‘ 7HAD I‘anéSHAD Pin
Group 4 (esomeprazole, twice daily)

b) Serum Gastrin 2 HAD (after the first daily dose only in Groups 2

and 4°

Day 42 of dosing:
&) Toxicokinetics (after both daily doses in Groups 2 and 4)

20 MAD and 2 HAD in Group 1 (vehicle controls, once daily)
20MAD 1, 2 HAD 1, 4H 20 MAD 1* and 6 HAD 1" in Group 2
{vehicle confrols, twice daily)

20 MAD, 1 HAD, 2 HAD, 3 HAD and 4 HAD in Group 3
{esom@razoie ongce daily)

20MAD1, 1HAD 1,2 HAD 1,3 HAD |, 3H 55 MAD 1°,

4H 20 MAD 1° ,SHAD 1% 6HADI . 7HAD 1° and 8 HAD 1°
in Group 4 (esomeprazole, twice daily)

Day 55 of dosing
a) Serum iron, TIBC, UIBC
b} Hematology
Day 56 of dosing
a) Toxicokinetics (after both daily doses in Groups 2 and 4)

20 MAD and 2 HAD in Group 1 {vehicle controls, once daily)
20MAD 1, 2HAD 1, 4H 20 MAD 1* and 6 HAD 1* in Group 2
{vehicle confrols, twice daily)

20 MAD, 1 HAD, 2 HAD, 3 HAD and 4 HAD in Group 3
(esomeprazn%e once daily)

20MAD1, 1HAD1 2HAD 1,3 HAD 1, 3HSSMAD1"
4H20MAS§‘ SHAD 1, 6 HAD 1°, THAD I“andSHAD m
Group 4 (escmeprazole, twice daily)

b) Serum Gastrin 2 HAD (after the first daily dose only in Groups 2

and 4)°

Day 91 of dosing (after 3 months® dosing):
a) Toxicokmetics {after both daily doses in Groups 2 and 4)

20 MAD and 2 HAD in Group 1 (vehicle controls, once daily)

20 MAD 1,2 HAD 1, 4H 20 MAD 1° and 6 HAD 1 in Group 2

{vehicle controls, twice daily)

20 MAD, 1 HAD, 2 HAD, 3 HAD and 4 HAD in Group 3

{esomeyrazoie onece daily)

20MAD1,1HAD 1 2HAD 1,3 HAD 1, BHSSMABI
H?ONIAB 1%, SHAD 1*, GHAD 1?, 7HAD 133ﬂ(§8HAD fin

Group 4 (esomeprazole, twice daily)

b) Serum Gastrin 2 HAD (after the first daily dose only in Groups 2

and 4Y°

37

51

65

160
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Table § Summary of main investigations
Group No/group  Assessments (all animals in each group) Days pp
Nas and sex
Terminal investigations (after 3 months’ dosing): 102
&) Serum 1ron, TIBC, UIBC
b) Hematology
<) Organ weights, gross pathology
d) CYP enzyme investigations + in vitro metabolism in liver
IniCrosomes
508 n=4 Untreated animals: 10, 23, 37
(M + 2F) a) CYP enzyme investigations + in vitro metabolism in liver and 65, in
microsomes Groups 5, 6,
7and 8,
respectively
Pp= post partum

MAD 1 or 2= Minutes afier the first or second daily dose
HAD 1 or 2= Hours affer the first or second dose

a  FromDay 28 of dosing, the TK samples afler the second daily dose were taken 20 MAD 2 and 2 HAD 2 in
the controls treated twice daily (Group 2), and 20 MAD, 1,2, 3 and 4 HAD 2 in the esomeprazole animals
treated twice daily (Group 4). However, these sampling times were expressed as 4H 20 MAD 1, SHAD 1,
6HAD 1, 7HAD 1 and 8 HAD 1 (as relevant in the different groups) in the raw data and on the sampling
sheets, to assist TK caleulation '

b From Day 28 of dosing, the 5® sample after Dose 1 was taken 3 H 55 MAD, mstead of 4 HAD in Group 4,
to enable the second dose to be given exactly 4 hours after the first dose in Group 4

¢ Samples for gasirin were taken at the same time as the sample taken for TK evaluation, 2 HAD 1

Results:

1. Clinical Signs: One male given 80 umol/kg esomeprazole had
convulsions, slight tremors, increased vocalization, slight in-
coordination, skin pallor and lied on its side for a short
period of time post dosing on Dose Day 72. Vomiting was noted
in the twice daily dosing group.

2. Mortality: There were no deaths in this study.

3. Body Weight: The mean initial and final body weights in the
control animals were 652 g and 5.2 kg (males) or 583.5 g and 5
kg (females), respectively. Slightly higher body weight gain
was noted in the treatment groups as compared to the control.
The results were presented in Table 11 in this report. This
table is attached below.
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Table 11 Summary of body weight gains (kg) for neonatal/juvenile dogs given
esomeprazole once or once/twice daily for 3 months

Sex '  Males v Females
Group 1 2 3 4 1 2 3 4
Dose (umolkg) 1] o 86 80/160° 0 o* 86 86/160%
Dose Days 1-28 (10-37 pp) 10 14 13 15 10 1.1 14 12
Dose Days 28-50 (37-5% pp) 1.1 1.2 11 1.5 1.3 0.7 12 09
Bose Days 50-91 (5910 100pp) 2.6 25 . 27 23 23 14 24 1.7
Dose Days 1-91 (10-100 pp) 47 51 51 53 4.6 32 560 38
{% of relevant control} , {109) (104) {109) {119}

a  Commencing on Day 28 of dosing (Day 37 post partum), the given dose in this group was administered
twice daily, at approximately 4 hours apart

4. Growth Measurement and developments: Growth (height and
length) at the end of treatment was not clearly affected by the
treatment. The results were summarized in Table 12 in this

report and this table is attached below.

Table 12 Summary of growth (height and length) for neonatal/juvenile dogs
given esomeprazole once or once/twice daily for 3 months

Sex Males Females

Gronp 1 2 3 4 1 2 3 4

Dase (nmol’kg) 0 o 86 80/160° © g° 80 80/166°

Height (cm)

Dose Days -3 {0 26 7.6 70 78 8.¢ 7.5 62 6.8 82

{Days 7 to 35 pp) :

{% of equivalent control) (1) () 1 (132)

Dose Days 26 to 89 122 16.8 10.7 9.2 i0.7 5.0 117 8.0

{Days 3510 98 pp)

{% of equivalent control) (88) (85) (109} {89)

Length (cm)

Dose Days -3 {0 26 133 85 8.5 14.5 123 9.7 10.5 133

{Days 7 to 35 pp) :

(% of equivalent control) (64) 71 {85) 137

Dose Days 26 io 89 18.7 2G5 225 16.2 17.7 138 213 147

{Days 35 to 98 pp)

{6 of equivalent control) (120} (79) {120) {107y

a  Commencing on Day 28 of dosing {Day 37 post partum), the given dose in this group was administered
twice daily, at approximately 4 hours apart .

Nursing behavior, auricular startle, pupillary closure, gait and
behavior were unaffected. The day of development of vaginal
opening and preputial separation was not clearly affected by the
treatment. '

The parameters measured in the qualitative observational battery
were not affected and the results were presented in Table 32 in
this report. This table is attached below.
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Table32 Observational battery - Group summary (Greups 1 to 4, only)

Week 6 - Males
Group 1 Group 2 Group 3 Group 4
Vehicle Control Vehicle Control Esomeprazole Esomeprazole
0@2x0) : 160 (2 x 80)°
0 pumol/kg/day umolikgiday 80 pmolkg/day wmolkeiday
No. % Ne. % No. % No. %
Category _ 2 100.0 2 106.0 2 100.0 2 100.0
Home cage
Body position
4 Lying on side‘curled Up 0 0.0 3 100.0 2 100.0 0 0.0
§  Sitting/standing 2 100.0 0 oo 1 50.0 2 100.0
Locomotor activity level: (spatial movement)
0 None; resting 0 0.0 1 50.0 0 0.0 4 0.0
2 Slight movement 0 0.0 1 50.0 2 160.0 0 0.0
4 Moderate movement 2 100.6 ] 0.0 1 50.0 2 100.0
6 Vigorous moverment, sudden darting 0 0.0 4 00 4] 0.0 0 a0
ET Eating 0 0.0 1] 0.0 [ 0.0 H 50.0
Avena
Body position
2 Lying down on ventral surface ¢ 0.0 0 0.0 1 50.0 0 Q.0
s Sitting/standmg 2 100.0 2 100.0 2 1000 2 1000
Locotnotor activity level: {spatial movement)
4 Moderate movement 2 100.0 2 100.0 2 100.0 2 100.0
8 Vigorous movement, sudden darting 0 0.0 0 090 2 100.0 i 506
Bizarre/stereotypic behavior
0 None 2 100.0 2 100.0 2 10090 2 100.0

No treatment effects by the neurclogical examination were noted
in all animals during Weeks 6, 9 and 12.

5. Hematology: Slight decreases in red blood cell counts,
hemoglobin and hematocrit values were noted in males treated at
80/160 upmol/kg esomeprazole on Days 27 and 55. These changes
were not noted at the end of the treatment period. In females
treated at 80/160 pmol/kg esomeprazole, slight reductions in red
blood cell counts, hemoglobin and hematocrit wvalues were also
noted on Dose Day 55. The results were presented in Table 13 in
this report. This table is attached below.
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Table 13 Summary of noteworthy haematology findings in neonatal/juvenile dogs
given esomeprazole once or once/twice daily for 3 months
Parameter measured and Dase (pmol/kg)
sampling occasion 0 0" 80 80/160° 0 ¢ 86 86/160°
Males __Females

Group 1 2 - 3 4 1 2 3 4

Red bload cell count (10%7pL)
Dose Day 27 (Day 36 pp) 45 48 42 3.7 4.4 43 43 42
Dose Day 55 (Day 64 pp) 54 58 4:9 4.2 56 57 50 4.1

End of dosing (Day 101 pp) 59 6.1 62 6.4 6.5 6.2 57 59
Haemoglobin (g/dL) : ’

Dose Day 27 (Day 36 pp) 9.6 104 94 8.1 94 92 96 - 95

Dose Day 55 (Day 64 pp) 11.0 126 = 89 6.8 11.83 116 98 74

End of dosing (Day 101 pp) 119 132 10.7 113 134 132 11.7 111
Haemafocrit (%o} ' :

Dose Day 27 (Day36pp) 31 34 32 26 31 30 33 31

Dose Day 55 (Day 64 pp) 34 39 31 23 37 37 32 24

End of dosing (Day 101 pp) 37 40 35 37 41 40 37 36
Reticulocyte count (16°/1)

Dose Day 27 (Day 36 pp) 187 187 252 103 218 173 224 120

Dose Day 55 (Day 64 pp) 137 98 222 101 112 103 158 107

End of dosing (Day 101 pp) 107 110 216 23 91 139 130 115

a  Commencing on Day 28 of dosing (Day 37 post partum), the given dose in this group was administered
twice daily, at approximately 4 hours apart
Numbers in bold indicate freatment-related changes

6. Clinical Chemistry: Slight increase in total iron binding
capacity (TIBC) was noted in the treatment groups. The results
were presented in Table 14 in this report. This table is
attached below.
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Table 14 Summary of serum iren, UIBC and TIBC in neonatal/iuvenile dogs
given esomeprazole once or once/twice daily for 3 months
Parameter measured and Dose (junol’kg)
sampling occasion 0 o 80 80/160* ¢ 0 80 80/160°
' Males Females

Group 1 2 3 4 1 2 3 4

Serum Iron (ug/pl)
Dose Day 27 (Day36pp) 110 132 135 52 184 71 154 71
Dose Day 55 (Day 64 pp) 212 116 214 63 150 101 259 65

End of dosing (Day 101 pp) 190 204 219° 146 190 100 237 381
UCIBC(ug/dl)
Dose Day 27 (Day 36 pp) 132 126 196 310 73 227 213 302
Dose Day 55 (Day 64 pp) 146 219 236 332 201 228 177 305
End of dosing (Day 101 pp) 207 151 212 263 186 263 176 148
TIBC (ug/dL) |
Dose Day 27 (Day 36 pp) 242 258 331 362 257 297 366 373
Dose Day 55 (Day 64 pp) 357 335 430 395 351 329 436 370
End of dosing (Day 101 pp) 396 354 431 409 375 362 413 455
a  Commencing on Day 28 of dosing (Day 37 post partum), the given dose in this group was administered
twice daily, at approximately 4 hours apart , .
Numbers in bold indicate treatment related changes

7. Serum gastrin: Serum gastrin levels were increased in the
eésomeprazole groups as compared to the controls. The results
were summarized in Table 15 in this report. This table is
attached below.

Table 15 Mean (range) serum gastrin levels (pg/mL) in neonatal/juvenile
dogs given esomeprazole once/twice daily for 3 months

Dase Males Females

Gronp 2 4 2 4

Dase (pmol/ke) o 80/160° 0* 80/166°

Dose Day 28 (Day 37 pp) 71 (60-82)° 408 (401-414)° 70 (6871 95 (85-105)°

Fold change compared to controls - 157 - 114

Dose Day 56 (Day 65 pp) <LLOY® 1719 (13642075 <LLOQ® 1439 (1426-1453)°

Fold change compared to controls - 1104 - 187

Dose Day 91 (Day 100 pp) s1. 1288 (1115-1461)° <LLOQ® 1610 (1341-1879)°

Fold change compared o controls - 125 - 198

<LLOQ= lower limit of quantitation (33.1 pg/mL)

a  Commencing on Day 28 of dosing (Day 37 post partum), the given dose was administered twice daily, at
approximately 4 hours apart '

b n=2

¢ Both of the values were <LLOQ. Haif of the LLOQ (ie, 16.5 pe/mL) has beet used for the control value in
the comparison between the esomeprazole-treated and control animals

d  n=1; one of the 2 values was <LLOQ
Numbers in bold indicate treatment-related changes
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8. Cytochrome P450 enzyme: The total P450 enzyme activity and
the activity of each of individual enzymes were either slightly
increased or slightly decreased at the end of the treatment

period. The results were summarized in the fol lowing table.

Table 2 Mean cytochrome P450 and bs content and CYP enzyme activities in
dog liver microsomes after 3 months’ oral administration of the
vehicle or esomeprazole '
Group 1 2 3 4
Treatment Vehicle Vehicle Esomeprazole Esomeprazole
Dose (nmol/kg) 0 o/ 86 80/160"
Age at sampling (Day pp) 162 102 102 102
Tatal P450™° 899 +£70.3 901480 793 £168 1089 249
Fold change’ - - 1088 112
Total b;™© 499 67 507 £32 445 161 495 £G4
Fold change® - - 1088 1098
EROD activity Bie [CYP1A12] 417 £101 246 £19 623 £8% 759 100
Fold change® - - 119 123
BROD activityb" [CYP2B11] 464+ 78 409 £34 299 358 341 363
Fold change® - - 1068 1078
CZXH activity B [CYP2E1}] 2080 486 1676 £376 2142 +438 3105 1069
Fold change® - - 111 11.7
. TESH activityb" [CYP3A12] 1441 £205 1648 £315 908 £156 954 £211

Fold change® - - 1059 10.62
DEMD ac.tivityb’ * [CYP2DB15} 176 £32 139 +14 105 £3.9 103 £17
Fold change® - - 1067 1065
DIFH activity Be [CYP2C21] 104 £31 108 £13 69 x16 77115
Fold change® - - 1065 10.73

Day pp= Day post partu

n=2 males and 2 females in each group

a  The dose of vehicle or esomeprazole was increased to twice daily (approximately 4 h apart} from Dose
Day 28 (Day 37 post partum) in Groups 2 and 4

Values are expressed as the mean £SD {males and females combined)

The units for the P450 and bs cortent are pmol/mg protein

Fold change compared to the combined controls {} = increase, | = decrease)

The units for the CYP enzyme activities are pmol/mg protein*min

[ = e B

The total and individual P450 enzyme activities were increased
with age in the untreated animals. The results were summarized
in the following table.
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Table 3 Mean cytochrome P450 and bs content and CYP enzyme activities in
liver microsomes from untreated neonatal/juvenile dogs of different ages

Group 5 6 7 8 1+2*
Treatment Untreated Untreated Unfreated Untreated Controls®
Age at sampling (Day pp) 10 23 37 65 102
Total P456>° 527 200 581 +40 678 £187 892 +129 900 £70
Fold change? - T11 113 117 117
Total bs>* : 322484 396 £32 385 61 518 +101 503 £49
Fold change? ‘ - 112 112 116 +116
EROD activity™* [CYPIAL/2] 49420 4048 199 £77 431 £74 331+114
Fold change® - 1082 141 188 168
BROD activity™® [CYP2B11] 44 %15 150329 291 £33 361 442 437 263
Fold change® - 134 166 182 199
CZXH activity™* [CYP2E1] 434483 760 £109 1426 £353 2128546 18782457
Fold change? - 118 133 149 143
TESH activity™* [CYP3A12]  1466+745 20022404 17493457 18484356 15444270
Fold change® - 114 112 113 111
DEMD activity * [CYP2D15] 211347 158 £16 167 £17 169 26 158 £30
Fold change® - 1075 1079 10580 1075
DIFH activity »* [CYP2C21] 32188 4441 64396 91 6.7 106 £9.2
Fold change! - 114 12.0 12.8 133
Day pp= Day post partum

n=2 males and 2 females in each group -

a  These are the combined results from the 2 vehicle control groups {Groups 1 and 2), representing untreated
pups at 102 days of age

b Values are expressed as the mean +SP) {males and females combined)

¢ The units for the P450 and bs content are pmol/mg protein

¢  Fold change compared the to the values in the youngest age group of paps [i.e.10 days post partim] (1 =
increase, | = decrease)

e  The units for the CYP enzyme activities are pmol/mg protein*min.

9. Organ Weights: Increased liver and stomach weights and
decreased spleen and thymus weights were noted in the treatment
groups as compared to the controls. The results are presented
in the following table.
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Table 19 Treatment-related changes in absolute and relative (% brain) organ
weights in neonatal/juvenile dogs given esomeprazole once or
once/twice daily for 3 months :
Males Females

Group _

Daose (pumol/’kg) 0 0 80 86/ 8 0° 80 86/

_ , 160° i60°

Brain weight Absolute (g} 64 67 67 70 71 60 66 65
(% of relevant control) {105 (104) {93) (108)

Stomach weight  Absolute (g) : 48 59 89 102 47 37 87 72
{% of relevant control) 8% (@173 aAss  (195)
Relative to brain weight (%) 76 87 132 47 66 62 133 110
(%tof relevant control) ' a7 (169 202y A7

Liver weight Absolute {g) 168 177 209 251 159 135 190 167
(% of relevant control) 124 (142 {119y (24
Relative to brain weight (%) 262 264 311 361 225 235 289 256
{% of e relevant control) {119y (137 {128y (114

Spleen weight  Absolute (g) 224 305 202 191 301 252 189 158
(% of relevant control) 8 (63 63) (63)
Relative to brain weight (%) 351 455 300 274 431 420 287 24.0
{% of relevant control} {85} (60) {67) &hH

Thynus weight  Absolute (p) 88 82 64 136 97 97 58 7.3
(% of relevant control} B 55 (166} {69) (75)
Relative fo body weight (%) 137 123 95 195 140 162 89 111
{% of relevant control} {69) (159 {64) (69)

a  Commencing on Day 28 of dosing (Day 37 post partum), the given dose was administered twice daily at
- approxmnately 4 hours apart
Numbers in bold indicate treatment-refated changes

10. Gross Pathology: There were no treatment related changes.

1l. Microscopic Pathology: Chronic minimal inflammation of the
epicardium localized on' the left atrium and ventricles (at the
base, adjacent to the atrium) was noted in all 4 pups treated at
80/160 umol/kg. The inflammation was characterized by formation
of fibrous papillary projections covered by enlarged mesothelial
cells. These animals were from the same litter. The chronic
inflammation was not seen in the control groups and in the group
of 80 umol/kg once a day. .

No ECL-cell hyperplasia was noted in any of the animals examined
on light microscopic examination of the Sevier-Munger stained
stomach specimens.

12. Toxicokinetics: The toxicokinetic results were summarized
in the following table.
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Table 1 Summary of median (range) Cumaxi, Camax2, AUC (.45 and AUC for
esomeprazole in neonatal/juvenile dogs following oral administration
of esomeprazole for 3 months
Daily Group Dase Day  Cpax Craxz AUCu1m) AUC
dose Day pp {yumol/L) (ppmol/L) (pmel*h/L) (pemol*/L)
(punol’kg) .
80 3 1 10 29 (17-15) NA 67 (43-119) 72 (47-122)
80 3 14 23 27(22-48) NA 26 (15-40)° 22 (15-40)
80 3 28 37 72(57-88) NA 53 {46-15) 53 (46-75)
80 3 42 51 453.0-71) NA 62(2.6-37) 6.9 (2.7-37)°
80 3 56 65 12(5.7-14) NA 11 (310-11)° 11 (3.7-11)
80 3 91 100 6.3{(2.2-7.1) NA 5.1(43-5.5) 5.1(44-5.5)
80 4 1 16 43 (37-62) NA 64 (53-108) 91 {68-113)°
80 4 14 23 21(9.2-74) NA 15 (10-49Y° 17 (10-49)
80+80 4 28 37 59 (21-98) 33 (29-37) 47 (29-80) 82 (59-120)
80+8¢ 4 42 51 9.0{48-12) 24 {14-35) 8.5 (3.8-10) 33 (26-54)
80+80 4 56 65 16483-21) 26 (17-38) 13{9.4-18) 58 (36~65}h
80+80 4 91 100 34(30-9.1) 30 (5.4-61) 3.5(22-7.0)  29(6.647)
Pp=post partum

NA= not applicable

N =2M+2F except whera noted
a  2MHF

b IMH2F

¢ OMH2F

In summary,

orally at 0 and 80 umol/kg

days.

(0 and 28 mg/kg)

Esomeprazole was given to the neonatal dogs
once daily for 92
Another group received oral dose of 80 umol/kg (28 mg/kg)

once a day from days 1-27 and then twice a day (160 umol/kg/day
or 55 mg/kg/day) from days 28-92. Convulsion, slight tremor,
-increased vocalization, in-coordination, and skin pallor were
noted in one low dose male. As expected, serum gastrin and
stomach weights were increased in treatment groups.
Histopathological examination revealed chronic inflammation of
the epicardium localized on the left atrium and ventricles in
all animals treated at 80/160 pmol/kg (none in the control and
28 mg/kg once a day groups). The control animals had a small
but clear increase in some CYP enzyme activities and in total
cytochrome P450 and b5 content with age.

Amendments for the 3-month oral toxicity study in neonatal dogs
(#900186) and the 8-week oral toxicity study in neonatal and
young adult dogs (#900544)

Due to the chronic inflammation identified in the epicardium of
the left atrium and ventricles in dogs treated with esomeprozole
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in the second complementary 3-month oral toxicity study in
neocnatal dogs, the sponsor re-examined histopathologically the
heart tissues from the previous 3-month and 8-week toxicity
studies in neonatal dogs (#900186 and #900544) .

3-month oral toxicity study in neonatal dogs (#900186)

Table 1 Groups and dase levels

Group Animals Animal reference Treatment Daily dose level
nmmbers pmolikg mg/kg
Phaze If (Main dose phase)” '
i 5M 10:-105 Vehicle 0 ¢
4F 151-154
2 SM 201205 Esomeprazole 80 28
3F 251-253
3 4M 301-3647 Esomeprazole 160/120° 5541
SF 351-355°
Recovery snimals”
1 2M 161, 105 Vehicle ) 4
2F 153,154
2 M 201,204,205 Esomeprazole 3¢ 28
iF 253
3 M 304 Esomeprazole 160/120° 55/41
3F 353,354

All doses referred to in this report are expressed in terms of the parent form of test compoand

a  Phase II: Animals were dosed for 3 months (Day 10 to Day 101, 102, or 103 pp), followed by s 3 month
recovery period.

b Onpemsle (302} and 1 female (355) from Group 3 were enthanised as moribund and the dose was lowered
for the surviving animals in this groug, from Day 53¢54 to termination of dosing

Sections of heart were examined for all animals, Minimal chronic epicardial inflammation
was found in the following dogs:

- Dog No 151 (Group 1 female, control: necropsy after 3 months' dosing)

- Dog No 201 (Group 2 male, 80 umelkg esomeprazole: necropsy after 3 months’
dosing + 3 mo;%t_hs‘ TECOvery)

- Dog No 301 (Group 3 male, 160/120 pmol/kg esomeprazole: necropsy after
3 months’ dosing ‘

In summary, the minimal chronic epicardial inflammation was
identified in one control female, one low dose male (28 mg/kg),
and one high dose male (55 mg/kg) .
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8-week oral toxicity study in neonatal and young. adult dogs
(#900544) '

Table 1 Groups and dose levels

Groupf No. of Animal Days of Treatment Daily dose level
Age® Animals  reference  (reatment pmolikg mg/kg
numbers
1-Pups M 101-103 Days 10-65 pp Vehicle 0 o
IF 151
2 -Pups 2M 201-202 Days 10-65 pp Esomeprazole 8o 28
2F 251252
3 -Pups M 301-302 Days 10-65 pp Esomeprazole  80/120° 28041°
2F 351-352 :
4 -Pups M 401402 Days 10-60 pp° Esomeprazole  1207180°  41/629
_ 2F 451452 _
5 -Pups M 501-502 Days 10,23,37,51 Esomeprazole  80° 28*
F 551-352 & 65 pp
6-Young M 601-502 DoseDays 1-56  Esomeprazole 80 28
adulidogs  2F 651652

All doses referzeqt to i fhis report are expressed in terms of the parent form of test compound.

The animals in Groups 1 to 5 were 10 days old at the start of dosing. The animals in Group 6 were approximately 6 to
8 months old at the start of dosing, '

The doses were increased by 50% on Dose Day 28, from 80 to 120 ymolkg,

The antmals in this group were terminated or Days 58 or 60 post partum

The doses were increased by 50% on Dose Day 28, from 120 to 180 pmolikg.

Group 5 was dosed intermittently, once every 14 days, ou Days 10, 23, 37, 51 and 65 paost partum {Dose
Days 1, 14, 28, 42 and 56 in the other groups of pups).

nof0 o

Sections of hieart were examined for all animals. Minimal chronic epicardial inflammation
was found in the following dog:

-Drog No 351 (Group 3 female, 80/120 umol/kg esomeprazole: necropsy after 2 months'
dosing)

In summary, the minimal chronic epicardial inflammation was
identified in one female treated at 28/41 mg/kg but not at
higher dose of 41/62 mg/kg.

LABELING:

The preclinical portion of the proposed labeling is consistent
with the Nexium labeling. Therefore, no change in the current
labeling is recommended.
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3.6 OVERALL conclusions and recommendations

Esomeprazole magnesium is a S-enantiomer of the racemic
proton pump inhibitor, omeprazole, which inhibits H*'/K'-ATPase
activity in the gastric parietal cells and thus blocks the final
step of the gastric acid secretion. In the present NDA, the
sponsor is seeking approval to market esomeprazole magnesium for
the short-term treatment of gastroesophageal reflux disease
(GERD) and erosive esophagitis (EE) in pediatric patients 1 to
11 years of age. The proposed dose is 10 or 20 mg once daily
for up to 8 weeks. '

According to the BAmended Written Requests for pediatric
studies for Nexium® (esomeprazole magnesium) Delayed-Release
Capsules issued on December 20, 2005 under IND 53,733, the
sponsor 1is required to conduct (1) a 4-week repeated dose
toxicity study in neonatal rats and (2) a 90-day repeated dose
toxicity study in neonatal dogs. The reports of these studies
were submitted to IND 53,733 and reviewed on June 16, 2006. The
pharmacology review of this amendment is attached in Appendix I.

In the 1-month oral toxicity study in neonatal rats
(#900404), rat pups were given esomeprazole (0, 93 or 280 mg/kg)
or omeprazole (140 mg/kg) by oral gavage, once daily, for 28
days, from Day 7 to Day 34 post partum. Esomeprazole was lethal
at 280 mg/kg. One pup treated with 93 mg/kg esomeprazole was
also found dead on Dose Day 4. The clinical signs of toxicity
observed prior to death included cold to touch, labored
breathing, decreased activity, weak and/or thin appearance. The
gastrin levels and stomach weight were increased in the
treatment groups as compared to the control. The small
increases in the volume and number of ECL-cells were noted in
the esomeprazole/omeprazole-treated rats. The toxicokinetic
evaluation indicated that the plasma levels of both esomeprazole
and omeprazole were decreased with the duration of treatment
and/or the age of the animals. The central nervous system and
the stomach were the target organs of toxicity.

In the 3-month oral toxicity study in neonatal dogs
(#900186) , esomeprazole was given to 10-day old Beagle pups
orally at 0, 80 and 160 umol/kg (0, 28 and 55 mg/kg) once daily
for 92 days. The higher dose was reduced to 120 umol/kg (41
mg/kg) after 53/54 days of dosing due  to clinical signs of
toxicity. Treatment with esomeprazole induced clinical signs of
toxicity (convulsions, head shaking, eye discharge, salivation,
and oily fur), decreased body weight gain and growth, and
increased gastrin secretion. Treatment-related increases in the
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stomach weight, stomach reference (tissue) volume and height of
the gastric mucosa were observed in both esomeprazole-treated
pups. The plasma levels of the test drug were much lower at the
end of the treatment than those on day 1. The central nervous
system and the stomach were the target organs of toxicity. Re-
examination of the heart tissue revealed that three dogs (one
control female, one male treated at 28 mg/kg/day at the end of
recovery period, and one male treated at 55 mg/kg/day at the end
of 3 month dosing) had minimal chronic epicardial inflammation.

In the current submission, the sponsor also submitted a
complementary. 3-month oral toxicity study in dogs (900715). In
this study, esomeprazole was given to the neonatal dogs orally
at 0 and 80 umol/kg (0 and 28 mg/kg) once daily for 92 days.
Another group received oral dose of 80 umol/kg (28 mg/kg) once a
‘day from days 1-27 and then twice a day from days 28-92 (160
pmol/kg/day or 55 mg/kg/day). Convulsion, slight tremor,
increased vocalization, in-coordination, and skin pallor were
noted in one low dose male. As expected, serum gastrin and
stomach weights were increased in treatment groups.
Histopathological examination revealed chronic inflammation of
the epicardium localized on the left atrium and ventricles (at
the base, adjacent to the atrium) in all animals treated at
80/160 umol/kg. This was not seen in the control group and in
the 28 mg/kg/day group. The control animals had a small but
clear increase in some CYP enzyme activities and in total
cytochrome P450 and b5 content with age.

Esomeprazole is approved for treatment of GERD in adult
patients. In the current submission, the sponsor is seeking
approval to market esomeprazole magnesium for short-term
treatment of GERD in patients 1-11 years old. The results of
the 1-month oral toxicity study in neonatal rats (#900404) and
3-month oral toxicity study in neonatal dogs (#900186) indicated
that treatment with esomeprazole increased gastrin levels and
stomach weight in the neonatal rats and dogs and increased the
volume and number of ECL-cells in the neonatal rats. These
findings were also identified in the previous toxicity studies
with esomeprazole in the adult animals including 1-month and 3-
month oral toxicity studies in rats and 3-months oral toxicity
study in dogs.

In the complementary 3-month oral toxicity study in

neonatal dogs (900715), the chronic epicardial inflammation was
identified in all dogs treated with esomeprozole at dose of 28
mg/kg twice a day (55 mg/kg/day) . This was not seen in the

control and 28 mg/kg once a day groups in this study. Re-
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examination of the heart tissues from the 3-month oral toxicity
study in neonatal dogs (#900186) revealed minimal chronic
epicardial inflammation in one control female, one male treated
at 28 mg/kg/day, and one male treated at 55 mg/kg/day. It
appears that treatment with esomeprozole significantly increased
the incidence of the chronic epicardial inflammation at 55
mg/kg/day but not at 28 mg/kg/day in neonatal dogs. The dose of
55 mg/kg/day was substantially higher than the proposed clinical
daily dose of 10 or 20 mg and thus, the .potential risk to
pediatric patients is minimal. From a preclinical standpoint,
this NDA is approvable. The preclinical portion of the proposed
labeling is consistent with those in the approved labeling and
therefore, no revision is needed.

Recommendations:

From a preclinical standpoint, approval of esomeprazole
magnesium is recommended for the short-term treatment of
‘gastroesophageal reflux disease (GERD) and erosive esophagitis
(EE) in pediatric patients 1 to 11 years of age.

Ke Zhang, Ph.D. Date
Pharmacologist, HFD-180

Comments:

Jasti B. Choudary, B.V.Sc., Ph.D. Date
Supervisory Pharmacologist, HFD-180

CC:

IND 53,733

NDA

HFD-180

HFD-181/CS0
HFD-180/Dr. Choudary
HFD-180/Dr. Zhang

R/D Init.: SChakder 5/25/07

C:\DATA\WORD\221012071.DOC
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Appendix I: Pharmacology review of Amendment #351 of IND 53,733
dated March 6, 2006. ' :

PHARMACOLOGIST’S REVIEW of IND 53,733
(Amendment #351 Dated March 6, 2006)

Reviewer: Ke Zhang, Ph.D.
Pharmacologist

Sponsor and Address: AstraZeneca LP
Wilmington, DE

Dates of Submission: March 6, 2006

Date of HFD-180 Receipt: March 7, 2006

Date of Review: June 16, 2006

Drug: Nexium / H 199/18, delayed release capsules

Category: Gastric parietal cell H'/K' ATPase Inhibitor.

H 199/18 is an enantiomer of omeprazole.

Submission Contents: (1) pharmacokinetic studies, (2) 1-month
oral toxicity study in neonatal rats, (3) 3-month oral toxicity
study in neonatal dogs, (4) 8-week oral toxicity study in

neonatal and young adult dogs (a complementary study) .

Background: Amended Written Requests for pediatric studies for
Nexium® (eéomeprazole magnesium) Delayed-Release Capsules were
issued on December 20, 2005. In the requests, the sponsor is
asked to conduct (1) a 4-week repeated dose toxicity study in
neonatal rats and (2) a 90-day repeated dose toxicity study in
neonatal dogs. The sponsor submitted the reports of these
studies in the current submission.

Pharmacokinetics:
Esomeprazole: Comparison of the In Vitro Plasma Protein Binding

of [14C]Esomeprazole in Neonatal, Juvenile and Adult Rat and Dog
(Zen/12)

Methods: To determine the in vitro plasma protein binding of
esomeprazole in neonatal, juvenile and adult rats and dogs,
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plasma samples were collected from previous studies (CTBR study
references 900404 and 900186). The plasma protein binding of
esomeprazole-14C was determined at 2 concentrations (5 and 50
pM) by equilibrium dialysis techniques in neonatal, juvenile and
adult rat and dog plasmas. These concentrations represent the
plasma levels observed in the low to intermediate range in the
toxicity studies . in neonatal and adult animals. Plasma had been
collected from animals of the following ages: '

Rat: Day 7, Day 34 and Day 122 + 2 post partum
Dog: Day 23, Day 37, Day 71/75, Day 101 and 191/192 post partum

Results: The results were presented in Tables 1 and 2 in this
report. These tables are attached below.

Tablel Plasma protein binding of esomeprazole in neonatal, juvenile and adult
rat
Nominal
Esomeprazole Day7pp | Day 3 pp Dayl122x2pp
Conc. .
Rat 5uM Mean 947 906 928
=8D =04 =07 +08
50 ud{ Mean 888 806 218
+5D =18 06 06
PP = post parium
Table 2 Plasma protein binding of esomeprazole in neonatal, juveiile and adult
dog
Nominal .
Day Day Day
Esomeprazole DayBep Day3mr mypspy  w0ipp 10119209
Dog SuM Mean 903 89.6 916 913 917
+=8D =13 +08 =95 =05 +=06
50 M Mean 838 824 8589 851 870
+5D 14 =06 =10 +13 09
PP = post parium

. The results indicated that there were no clear differences
in the degree of protein binding at the different age in both
rats and dogs. The degree of protein binding was slightly lower
(~6%) at 50 uM than that at 5 uM on at Day 7 post partum in
rats. In dogs, the degree of protein binding was ~6% lower at
50 uM than at 5 uM in all age groups. ’

Esomeprazole: In vitro Metabolism Studies using Liver Microsomes
from Esomeprazole Treated Neonatal and Young Adult Dogs
(26154)
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Methods: To investigate the metabolism of esomeprazole in the
liver of neonatal and young adult dogs, the livers obtained from
the dogs in the repeat-dose toxicity studies (studies 900544 and
500204). The liver samples were collected from the dogs at 66
days old (neonatal) and at 9 to 10 months old (young adult).
The neonatal dogs were treated orally with the vehicle or 80
umol/kg (28 mg/kg) esomeprazole daily. The neonatal dogs were
also treated intermittently (once every 14 days) with 80 umol /kg
esomeprazole. The treatment was initiated at Day 10 post partum
for 8 weeks. The young adult dogs were treated orally with 80
umol/kg/day esomeprazole for 8 weeks.

Esomeprazole was incubated at an initial concentration of 2
nmol/L and. a liver microsomal protein concentration of 0.5 mg/mL
for 30 minutes. The half-life (t¥%) of esomeprazole consumption
and the ‘capacity of the dog liver microsomes to metabolize
esomeprazole (the intrinsic clearance, CLint) were determined.

Results: The results were summarized in Table 1 in this report.
This table is attached below.

Table 1 Metabolic stability of esomeprazole in dog liver microsomes (obtained
from Study Nos 900544 and 500204, as described by CTBR)

Age and sex Group No - Kentification Doselevel . 4.7 CLin®
{pmolke) {min) {pL/minmg)

Study No 960544

Neonatal dogs 1- Vehicle controf, daity oral g Bo=x61 388176

(BM+IF) treatment

Neonatal dogs 2- Esomeprazole, daily oral 80 25444 53903

(MH2FY treatment

Neonatal dogs 5- Esomeprazole, intermittent 86 374284 537=133

(IMI+IF) oral treatment”

Young adultdogs 6 Esomeprazole, daily oral 80 35059 40468

(2MH2F} . treatment

Study No 560204 ‘

Young adult dogs  1- Vehicle conirof, continuous 0 472+135 31380

(3M+3F) IV infusion

> Mean=SD

®  Dosed cnce every 14 days

The data indicated that there were no differences in the
half-life or intrinsic clearance of esomeprazole in liver
microsomes obtained from the vehicle and esomeprazole-treated
neonatal dogs, suggesting that repeated oral daily or
intermittent dosing with esomeprazole (28 mg/kg) did not alter
the hepatic metabolic clearance rate of esomeprazole in neonatal
dogs. Slightly 1lower intrinsic clearance was noted in the
esomeprazole-treated young adult dogs as compared to that in the
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neonatal dogs. In the control animals, a longer half-life and
lower intrinsic clearance of esomeprazole were noted in the
young adults as compared to the neonatal animals.

TOXICITY:

Esomeprazole Magnesium: 1-Month Oral (Gavage) Toxicity Study
in the Neonatal Sprague-Dawley Rat
(900404)

Testing Laboratories:- -_—_—
Testing Laboratos - b(4)

Study Start and Completion Date: May 17, 2004 and
February 28, 2006

GLP Requirement: Sponsor included a statement of compliance
with
GLP regulation and a quality assurance statement.

Animals:

Male: 13.9-14.6 g, 7 days old
Female: 13.4-13.8 g, 7 days old
Harlan Sprague-Dawley (Hsd:SPRD.SD®)

Drug Batch No.: 800/02

Methods: The toxicity of H 199/18 magnesium was characterized
in neonatal rats. There are three phases in this study. In the
phase I study, three groups of rat pups were given esomeprazole
(0, 93 or 280 mg/kg) or omeprazole (140 mg/kg) orally, once
daily, for 28 days, from Day 7 to Day 34 post partum. The study
~design for phase I was summarized in Tables 3-4 in this report.
These tables are attached below.
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Table 3 Groups and dose levels: Phase I, main study and recovery animals
Growp  Subset® Noof Animal reference numbers Treatment® Baily dose fevels
animals
pmobkg mghks
Afain study animals (sobset &)
1 A aM 1001-1010 Vehiclecontrot 0 6
0F 1501-1510
2 A aM 2001-2010 Esomeprazole 270 93
10F 2501-2510
3 A 1aM° 3001, 3003, 3605, 3007-3010, Esomeprazole 800 280
305230554
1IF° 3501, 3303, 3505, 3507-3510,
3552-3555¢
4 A oM 40014010 Omeprazole 400 140
10F 45014310
R v znimals (sebset B)
1 B 1M 1911-1026 Vehicle control ]
10F 1541-1520 .
2 B oM 2011-2020 : Esomeprazole 270 93
10F 2511-2520
3 B 18M 3011, 30133015, 3017-3020, Esomeprazole 800 280
‘ 3062-3064
10F° 3511, 3513, 3515, 3517-3520,
3562-35641
4 B WM 114020 Omegprazole 400 146
10F 4511-4520
3 One pupisexflitter from 10 separate fitters was randomly assigned fo subsets A, B, C and D as flustrated in
Appendix A (Assignment to groups). The animals in subset A were treated for 1 month snd then
enthanised the day afier the final dose (on Day 35 post partums). Those in subset B were slso dosed for
1 month, bat were allowed a 3-month recovery period prior fo necropsy (on about Day 125 post parium)
b Al doses and concentrations referred to in this report are expressed in terms of the parent form of the test
compound, ie, neutral esomeprazole or emeprazole
¢ RatNo 3055 was found desd on Day 27 post partum (zfter 21 days of treatment), ie, prior to the intended
date of Becropsy. An additional male aniimal was therefore included in this subset. Rat No 3554 was
euthanised as moribued on Day 23 post partum {after 17 days of raatment), ie, prior fo the intended date of
Decropsy. An additional fomale antmal was therefore included in this subget
d  Because of excessive mortality noted for the Group 3 pups at the beginming of the study, additional litters

were added to the study to ensure that 2 sufficient number of pups wonld be availsble to populate the
varions subsets. This is the reason for the non-sequential numbers in this group

Rat No 1017 (male) was found dead on Day 123 post partum (nesr the end of the recovery pesiod), rat No
3517 (female) was found dead on Day 7! post partun: (after sbout 5 wesks of recovery), and rat No 3562
(female} was found dead on Day 122 post partum (pear the end of the recovery period). None of these rats
were replaced
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Table 4 Groups and dose levels: Phase L, foxicokinetic evaluation Dose Day 28
Groap  Subset® Noof Anfmal reference numbers Treatment® Daily dose levels
: animals”
pmolkg mplkg
Satellite animals for toxicokinetic evaluation on Day 28 of dosing (subsets C ard D)
1 c ™ 1211027 Vehicle conirel 0 0
7F 15211927
D ™™ 1031-1037
7F 153115374
2 C 1351 2021-2028 ) Esomeprazole 270 43
iF 2521-2527
D M 2031-2038
IF 35312537
3 C 6M 3002, 3022-3024, 3026,3027°  Esomeprazole 800 280
TF 3502, 3504, 3527, 3529, 3530,
35713573
D 8M 3012, 3016, 3031-3033, 3037°
7F 3331, 3533, 3535, 3537, 3538,
3583, 3587"
4 C ™ 4021-4027 Omeprazale 400 140
IF 45214527
D ™ 40314037
TF 4531-4537

2 One pup/sexlitter from 10 separate litters wes randomly assigned to subsets A, B, C and I a2 fllnstrated in
Appendix A (Assignment to gronps). The animals in subsets C and D were freated for | wionth and blood
samples for toxicokinetic evalustion were tsken on the final day of dosing (on Day 34 post parfum)

b Blood samples for TK evaluation were taken from 4 rats/sex and group at 2 different time points after
dosing in the control group (Group 1), and from 6 to 8 rate/sex at 7 different timepoints after dosing in the
groups treated with esomeprazole or omeprazole (Groups 2 to 4). A maximum of 2 samples was taken from
each individual rat

¢ Al doses and concentrations referred fo in this report ate expressed in terms of the parent form of the test
compound, ie, neuiral esomeprazole or omeprazole

4 Inthe control group the blood samples taken from the first 4 animals/sex and subset were used to confirm

e ahsence of the test compounds in the plasma of the conirol animals. The blood samples taken from the
izst 3 snimals/sex and subset were used in an in vitro investigation of the plasma protein binding of
esomeprazole m varons ages of rats

Because of excessive mortality noted for the Group 3 pups at the begimning of the study, additionat litiers
were added to the study fo snsure that 2 sufficient number of pups would be available to populate the
various subsets. This iz the reason for the non-sequential numbers in this group

The parameters monitored in phase I were summarized in Table
This table is attached below.
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Table 5 Sumimary of main investigations: Phase I, main study, and recevery
animals
Groups & FotalNe  Assessment No per Oe dazys post parium
subset animals™ assessment
Growpe 1-4,  10M#+I0F  Developmental paranseters (during the
subset A dosing period):
{main toxicity Observationz] battery WOM+IOF  16,14,17,21,34
i“g;m,s Ophthalmoscopy HOMHIOF 3241
dosing) “E" water maze HOM+I0F 2842
Clinical pathology (at end of dosing):
Haematology HMHIOF 35
Biochensistry (including sermm 1OM+10F 35
gattrin 24 houns after dosing)
Urinalysis (overnight) HIMHOF 3435
Necropsy (at end of dosing):
Orpan weights IOMHOF 35
Grost pathology HMHOF 35

Histopathology (as appropriate + . IOM+I0F 35
gastric ECE~celle Groups 1,3 & 4)

Groups {-4, 10M+10F  Developmentsl parameters (during both

subset B the dosme and recovery periods):
{main toxicity Eye opening 10M+10F  FromDay 12
SIMY;&.( Auricular startle response 10M+10F  FromDay 12
4 ::'i;g . Observational battery HMHOF 16,14, 17, 21,34, 1172)
3 months® Vaginal opening 10F From Day 26
recovery} Preputial separation oM From Day 35
Ophthalmoscopy 10MFI0F 3241 11743
Locomotor activity OMAHOF 2841 6022
Auditory startle habituation IOM+IOF 301, 5522
“E" water maze IOM+IOF 653
Clinical pathology (during recovery):
Hzematology HIMHIOF 7022, 12242
Biochemistry (including serum HMHIOF 7682, 1224
gasirin 24 hours after dosing)
Urinalysis (overnight} OM+10F 6597043, 121-32222
Plasma protein binding (at end of
TeCOVETY):

1 time point {Group 1 only) HOM+10P® 1222
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Table 5 Summary of main investigations: Phase 1, main study, and recovery
animals
Groups & TotalNo  Assessment No per On days post pertum
subset animals” assessment
Necropsy {at-end of recovery):.
Organ weights 10M+10F  About Day 125
Grose pathology 10M+10F  About Day 125
Histopathology {as appropeiate+ 10M+10F  About Day 125
gastric ECL-cells Groups 1,3 & 4)
Group 1, 20M+20F°  Toxicokinetics {at end of dosing)
subsets C+ D 2 time points gMegFt 34
{toxicokinetic/ Plasma protein binding (at end of
eserverals, dosing): -
i?@ﬁs 1 time point 6M46F® 34
ositg) Reserve animals EMHF  As appopriate
Groups 24,  20M+20F°  Toxicokinefics (at end of dosing)
subsete C+ D 7 time points 14M+14F° 34
{toxicokinetic/ ; -
) s, Reserve animalg SM+6F° As appropriste
I montk’s ’
dosing)

a  Target munber of aniurals, including dosed reserves in subsets C and D

b Samples for investigation of the in vifro plasma protein binding of esomeprazole were taken from the

control antmals only (Group 1, subsets C and D at the end of the dosing perfod and subset B at the ead of

the recovery period)

Total number of animals in subsets C and D together

Samples for toxicokinetic evalustion were taken from 4+4F animals per time point. A maximum of

2 samples were taken from sach individual rat

e The last 3M+3F per group sud subset in subsets C and D served as dosed spares, and were used as
appropriaiely fo replace other amimals in Phase I

an

In the phase II study, a group of 20 male and 20 female rat pups
were given omeprazole 400 pmol/kg (140 mg/kg) orally once daily
for 8 days, from Day 7 to Day 14 post partum. Control animals
(4/sex) received the vehicle. The following parameters were
monitored: mortality and clinical observations, body weights, TK
and serum gastrin. The animals were terminated following
completed blood collection on Dose Day 8 (Day 14 post partum).
The study design and the parameters monitored -for phase II were
summarized in Tables 6 and 7 in this report. These tables are
attached below. ‘ '
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Table 6 Groups and dose levels: Phase I, toxicokinetic evaluation Dose Day 8
Grovp  No ofanimal®  Amimal reference nembers® Treatment® Baily dose levels
pmol/kg  mgikg
Satellite animals for toxicokinetic evaleation on Day 8 of dosing
5 24 ’ 5001-5004 Vehicle contro]l 0 9
4F 3501-5504
6 19M 6001-6019 Omeprazole 400 140
18F §301-6510, 6512-6519

a  Blood samples for TK evaluation were taken from 4 rate/sex and group at a single time point affer dosing in
the control group (Group 53, and at 3 different time points after dosing in the group treated with omeprazole
{Group 6). A single sample was taken from each individual rat

b Some additional snimals were bled in Group 6, but these samples were mitsing from the analysis (due to
technical problems) and therefore these rats are not incTaded in this table. The intended number of rats in
Group 6 was 20M and J0F. However, when samples were missing, no replacement animals were availsble

€ Aﬂdosesan&concemmﬁousrefenedminthismponareecprasedintetmsaftbepnentfomofﬁ:e(est

compound
Table 7 Summary of main investigations: Phase Xi, toxicokinetic evaluation Dese
Day 8 .
Group TotalNo  Assessment Noper On days post partum
animals® assessment
Group 5 4M+4F Toxicokinetics (at end of dosing)
1 time point EM+AF® 14
Sexum gastrin (3t end of dosing)
1 time point 4M+4F° 14
Group 6 20M+20F°  Toxicokinetics (at ead of dosing)
5 time points AMH4EY 14
Serum: gastrin {at end of dosing} )
1 time point $MAFC 14
a  Target number of animals
b Ssmples for toxicokinetic evaluation were taken from 4M+4F animals per time point. A single sample was
taken from each individual rat

¢ Samples for senum gastrin analysis wese taken from JM+4F per group, at the same time as blood was
sampled for toxicokinetic evaluation, 2 hours affer dosing

In phase III study, three groups of rat pups, each consisting of
up to 28 males and 28 females, were given esomeprazole or
omeprazole orally once, on Day 7 post partum. The dose levels
were 270 or 800 pmol/kg (93 or 280 mg/kg) for esomeprazole, and
400 wpmol/kg (140 mg/kg) for omeprazole. A control group
consisting of 20 males and 20 females received the vehicle. The
animals in phase TIII were used for blood sampling for
toxicokinetic evaluation only. Four pups/sex were bled at each
TK sampling time point. The study design and the parameters
monitored for phase III were summarized in Tables 8 and 9 .in
this report. These tables are attached below.
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Table 8 Groups and dose levels: Phase ITI, toxicokinetic evaluation Dose Dayi
Group  Noofanimal®™  Animal reference sumbers® Treatment® Daily dose levels
pmoblkg  mgikg
Sateilite animals for toxicokinetic evalnation on Day 1 of dosing
7 20M 7001-761%, 7013, 7015-FR2 Vehicle coniral ~ © 0
20F 7301-7516, 7518-7521°
g I6M 8001-8¢05, 8008-8015, Esomeprazole 270 93
B018-8022, 8024-8028,
$029.8032
25F 8502, 8503, 8505-8514,
§517-8529
9 5M $001-9009, 5012-9020, 2022, Esomeprazole 800 280
9023, 9025-9029
28F 9501-9507_9509-9514,
$517-9321, 9523, 9524, 9526,
95289534
1 23M 16001-16004, 10006-10008, Omeprazole 400 14¢
10012-10021, 16023-16027,
16029-10031
28F 10301-10506, 10508-1053%

a  Blood samples for TK evaluation were taken from 4 rafs/sex and group at 2 different time points after
dosing in the centrel gronp (Group 7), and ai 7 different time points afer dosing in the groups treated with
esomeprazole or omeprazole {Groups 8 to 10). A single sample was taken fiom each individual rat

b Some additional animals were bled in Groups &, 9 and 10, but these samples were either missing from the
analysis (due to technical problems) or the sample tubes were empty or contained an msufficient quantity
for analysis, and therefore these mats are not included in this table. The intended mumber of rats i Groups 8
fo 10 was 28M and 28F. However, when samples were missing, replacement animals were not abways
available

e  All doses and concentrations refered to in this report are expressed in terms of the parent form of the test
compound

d  Inthe control group the blood samples isken from the first 8 snimals/sex were used to confirm: the absence
of the test compounds in the plasma of the control animsls. The blood samples taken from the last 12
antmals/sex were used in an 1 i fvestigation of the plasma protein binding of esomeprazole in varions
ages of rafs :

4132 Summary of main investigations and sumber of animals per assessment
This Summary is given for the Phase IIT animals cnty, in Table 9 (see below).

Table 9 Summary of main investigations: Phase HI, toxicokinetic evaluation
Dage Day 1
Group Totok No.  Assessment No per On days post partum
animals* assessment
Group 7 20M+20F  Toxiookimetics {on frst day of dosing}
: 2 time poiats SM+8F® 7
Plasma protein binding (on first day of
dosing):
1 time point 12612 7
Groups8-10  28M426F  Toxicokinetics {on first day of dosing)
: 7 time points 28MHIF° 7

&  Target munber of animals

b Samples for toxicokinetic evaluation were taken from 4M+4F animals pey time point. A single sample was
taken from each individual rat

¢ Ssmples for investigation of the in viire plasms protein binding of esomeprazole were taken from the
control animals only (Group ). A single eample was taken from each individual rat
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The dose selection was based on the results of the previous
toxicity studies for esomeprazole (a l-month oral toxicity study
in neonatal rats, #900127) and the racemate omeprazole (GI.000-
012-011, 1996) in young rats. The two doses of esomeprazole
tested in the current study are the same as the mid and high
doses used in Study No 900127. The dose of esomeprazole (800
nmol/kg or 280 mg/kg) resulted in mortalities (about 19%) in the
neonatal pups during the first days of dosing in Study No
900127. This is the high dose used in adult rats using
esomeprazole in earlier studies. The dose of omeprazole (400
umol/kg or 140 mg/kg) was the high dose tested in both young and
adult rats in earlier studies.

Results:

1. Clinical Signs: Following clinical signs of toxicity were
observed prior to death: cold to touch, labored breathing,
decreased activity, weak and/or thin. Clinical signs of
toxicity were summarized in Table 15 in this report. This table

is attached below.

Table 15 Summary of preweaning, treatment-related clinical observations in
neonatal rat pups given esomeprazele or omeprazale for up fo 28 days

CHinical signs Group No and sex Group No and séx
IM 2\  3M 4M I IF  IF  4F

Dose levet (umolkg) 8 276 800 460 O 270 860 400

Test Compornd Con Eso Ese Ome Con Ess Eso Ome

No of animals per group 40 40 64 46 40 40 64 46

Activity decreased 0 0 ) 0 ] & o

Cold to touch Y ¢ 4 o 0 0 g 0

Thin o 0 7 g 0 o 5 0

Fur staining, nmzzle/cranium i} 0 3 & 0 ¢ h g

Far stzining, urogenital region 0 O 50 ] 0 ¢ 42 0

Fur staining, thoracic ragion(s) 0 Q ] ¢] i 8 H 0

Fuar staining, abdominal/lumbar/

sacral region(s) 8 0 3 ] 0 o 2 ¢

Fur stzining, hindpaw(s)lndtmbds) [ [ x» @ 0 ¢ 28 ¢

Skein red anus e o 7 0 5 ] 3 0

Found dead g 1 0 0 g B0

Con= Control Eso= Esomeprazole Ome= Omeprazole

2. Mortality: A total of 37.(out of 128) dosed pups was found
dead during the pre-weaning period (up to Day 18 post partum) in
the neonatal pups given 280 mg/kg esomeprazole. The majority o
these deaths occurred during the first 4 days of dosing. Six
litters were added to this group due to the high mortality in
this group. During the post-weaning treatment period, one male

and one female given 280 mg/kg esomeprazole were found dead on
Dose Day 21 and 17 (Days 27 and 23 post partum) respectively.
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One pup given 93 mg/kg esomeprazole was found dead on Dose Day 4
(Day 10 post partum). The deaths were considered as treatment
related since the majority of deaths were in the high dose
group. However, the cause of death could not be determined.

During the recovery period, one control male was found dead
on Day 123 post partum. Two females in the 280 wmg/kg
esomeprazole-treated group were found dead on Days 71 and 122
post partum. :

3. Body Weight: The mean initial and final body weights in the
control animals were 13.9 g and 118 g (males) or 13.4 and 102 g

(females), respectively. Mean terminal body weight gain was
decreased by 19% in males or 16% in females in pups given 280
mg/kg esomeprazole as compared to the controls. The body

weights for the 93 mg/kg esomeprazole-treated pups and the 140
mg/kg omeprazole-treated pups were similar to those of the
control group. The results were summarized in Tables 16 and 17
in this report. These tables are attached below.

Table 16 " Sumunary of pre-weaning bedy weights and weight gains in neonatal
rats given esomeprazale or omeprazole once daily
Dose Males Females
© (pmolikg) DoseDayl DoseDaylf Gain Dose Bayl DoseDayls Gain
Day7pp Day2ipp (% contrel} DayT7pp Bay2ipp {%% contrel}
¢ 13.048.7 52920 390 134206 508%1.9 374
270 (Esa) 14413 33.752.9 393(160) 135213 499230 36.4(97)
800 (Eso) 141216 43.8£6.8*  28.7(76) 137214 43.7542%  30.0(80)
400 {Ome) 14.621.6 53223 386591 13813 499227 36197y
**  p=0.0f ¥+ pal.001

6= 10 litters in the vehicle conirol, &so_meyrmle 270 ymolkg and 400 pmobkg omeprazole groups, 16 litters in '

the esomeprazole 800 umolkg group
Eso: Esomeprazole Ome: Omeprazole
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Table 17 Sommary of post-weaning and recovery body weighfs and weight gains
in juvenile rats given esomeprazole or omeprazele once daily for 1
month, followed by 3 months of recavery :
Males {Subset A) Misles (Subset B) Females (Subset A) Females (Subset B}
Body weights (g/animaf) 4
Dose Day24 Day3ipp Day24 Day3s Bay24  Day3s Day24 Day3Spp
Gumollkz)  pp b4 b4 e b4 /d
0 644 1188 634 138£16 62&5 102+6 5824 1188
27 (Bso} 6514 11628 6334 13627 6026 100£8 5824 §14+8

800 (Eeo) S3EB¥F OREIITTe SIZI3% 119421%% 5327 SR410%*  S0=FYT [0deTs
(econtrol (83} &3 @5 86 83 (86) 8%) @8
400 (Ome)  64%5 1138 6545 14129 5026 160£8 58%7 11426

Body weight gains (gfanimal)
5

Dose 3435 35119p 2435 35119 2435 3519 2435 3501
(pmolksy  pp e pp w F.d w b d
[} 54 NA B 300 40 NA 59 152
270 (Eso} 5t NA n 326 40 NA 56 £52
800 (Eso} . 43 NA 68 343 35 NA 54 177
400 (Ome) 51 NA 76 138 41 NA 56 166
* p<0.05 = peh 01 +5% b0 001
Eso= Esomeprazole Ome= Omeprazole
pp= post partum NA= not spplicable
4. Food Consumption: The average food consumption in the

control group was 11-18 g/animal/day for males or 11-16
g/animal/day. Food consumption was lower in the high dose group
(9-17 g/animal/day) as compared to the control. The food
consumption for the 93 mg/kg esomeprazole and the 140 mg/kg
omeprazole groups was not affected.

5. Ophthalmoscopy: Anterior suture cataracts were found in 1
control male, 6 females in the 280 mg/kg esomeprazole group, and
3 males and 3 females in the 140 mg/kg omeprazole group. The
lenticular opacities were usually faint and unilateral and no
longer present during the re-examination on Day 117.

6. Developmental Parameters: There were no treatment related
changes in eye opening, auricular startle, and vaginal opening.
The mean day of development of preputial separation for the 280
mg/kg esomeprazole-treated males was Day 47 post partum, as
compared to Day 45 post partum in the control group. The mean
day of development for preputial separation was not affected in
the 93 mg/kg esomeprazole-treated males and the 140 mg/kg
omeprazole treated males.

7. Functional Observational Battery: There were no treatment
related changes.
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8. Behavioral Performance: There were no treatment-related
effects on locomotor activity and learning/memory-“E” water
maze. A statistically significant increase in mean maximum

startle was noted for the 280 wmg/kg/day esomeprazole-treated
females and the 140 mg/kg/day omeprazole-treated females. This
was not seen during the recovery period.

9. Hematology: Slight decreases (10-24%) in hemoglobin,
‘hematocrit, mean red cell volume (MCV) , mean _red cell
haemoglobin (MCH), and mean red cell haemoglobin concentration

(MCHC) wvalues were noted in the high dose group as compared to
the control.

Slight increases in platelet count (15-21%), mean platelet
volume (19-26%), red cell distribution width (RDW, 32-41%) and
reticulocyte counts (45-53%) were also found in the high dose
group as compared to the control. These changes were recovered
during the recovery period. The results were presented in Table
23 in this report. This table is attached below.
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TFable 19 Summary of noteworthy haematology findings in juvenile rats given
esomeprazole or omeprazole for 1 month or after 3 months of recovery
Dose {(pmol/kg) / Males Females
parameter 1 170 800 490 0 70 800 408
Test Compound Con Ese Esa Cme Con Eso Eso Ome
REC (10%aL)
Day 35 ppr 63 6.7+ 63 6 ** 6.5 69 6.6 6.8
Recovery (7052 pp) 85 86 83 85 81 85 22 84
Recovery (12222pr) 93 93 %) 95 RS 89 87 28
Hb (g/dly
Day 35 pp 129 12.6 10.2%sx  1190% 135 129 0.7 124

Recovery (70:2ppy 164 163 159 1690 158 160 15.0 16.2
Recovery (12222 ppy 163 163 160 166 156 162 5.8 §6.4

HT (%)

Day 35 pp 41 42 36+ 41 4 £ 37* 2

Recovery (1142 ppy 52 52 50 51 4 50 46 50

Recovery (1222 pp) 51 s 50 52 48 50 48 0
MCV @)

Day 35 pp 66 & Sy G1s 66 6 56+ 61+

Recovery (7352 pp} 61 & 60 60 0 59 ST* 59

Recovery (12332 pgy 55 55 55 55 57 57 56 6
MCH {pg)

Day33pp 20 19 16% 18 3t 19+ 164 g

Recovery (T152pp) 19 19 19 1 19 15+ 18 19

Recovery (1122 pry 18 18 17 17 o) 12 13 19
MCHC (g/dl) '

Day35pp 317 30%* 2gses Qg 33 308 JgEEr gpees

Recovery (7152 pp} 31 31 32 33 3 32 32 Ex)

Recovery (1242 pp) 32 32 32 32 33 32 33 33
RDW (%)

Day 35 pp 151 178 214% 183* 149 168 197+  173%

Recovery (7:2ppy 107 I18% 125+ 122%+ 04 116*  [370ee {3 5ees
Recovery (122:2pp} 120 133 124 126 108 108 109 11.2
Platelet (10%4E)
Day35pp : 1705 1768 1955 1964  17TM 1708 BI* 1905
Recovery (Ti22pp) 1161 1203 1265 1344 1162 988 1208 1194
Recovery (12242pp) 1100 1045 © 142 1164 969 1648 1096 1140
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Table 19 Summary of nofeworthy haematology findings in juvenile rats given
esomeprazole or omeprazole for 1 month or after 3 months of recovery

Dose (umol/kg} / ) Males Females
parameter ¢ 270 806 460 )] 276 864 406
Test Compound ~ Comn Eso Ese Ome Con Eso Eso Ome
MPV (L)
Day 35pp 83 83 ggee 85 85 84 10.7¢ 86
Recovery (7152 pp) 85 81 82 LA 88 5.0 g1 90
Recovery (122+2pp) 68 70 23 7.1 79 16 74 74
Reticulocyte {10%L)
Day35pp 613 798 g3peE 752 564 715 818 636

Recovery (F122pp) 194 103 23 210 175 152 09 A6
Recovery (122#2pp) 169 180 201 188 163 165 in 183

Reticulocyte (35)
Day35pp 98 19t 1480 112 87 113 123* 114
Recovery (7122 pr) 23 23 27 25 22 1.8 26 26
Recovery (122+2pp) 18 19 22 26 19 19 20 21
WRC {10%L} .
Day 35 pp 31 26 22 28 . 30 30 23 27
Recovery (7122 pm) 96 29 103 98 68 73 7.2 6.4
Recovery (1222pr) 86 21 91 86 Y] 56 53 54
Lymphocytes (106%4L)
Day35pp 27 23 Lg* 26 27 27 i$ 2.4
- Recovery (7122 pp) 82 &5 9.0 83 58 62 61 54
Recovery (12242pp) 69 65 75 69 49 47 43 46
* o< 05 = <0 01 +% 0 061 '

Con= Control Eso=Esomeprazole Cme= Omeprazole

10. Clinical Chemistry:

Increases in the alkaline phosphatase (16-26%), cholesterol (20-
29%), blood urea nitrogen (12-31%), serum iron (20-24%), total
iron binding capacity (TIBC, 61-63%), and unsaturated iron
binding capacity (UIBC, 73-75%) were noted for the 280 ng/kg
esomeprazole-treated animals. For the 93 mg/kg esomeprazole-
treated animals, increases in the serum iron (34-56%), total
iron binding capacity (TIBC, 26-27%) and unsaturated iron
binding capacity (UIBC, 16-26%) were found. For the 140 mg/kg
omeprazole-treated animals, increases in the cholesterol (15-
17%), serum iron (20-69%), total iron binding capacity (TIBC,
29-34%), and unsaturated iron binding capacity (UIBC, 17-38%)
were noted. These changes were not seen during recovery period.
The results were presented in Table 20 in this report. This
table is attached below.
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Table 20 Summary of noteworthy bleod biochemistry changes in juvenile rats
given esomeprazole or omeprazole for 1 month or affer 3 mouths of
recovery
Dose (umolkg)f Males Females
parameter ) L] 176 808 460 [ 27 ] 400
Fest compound Con Eso Eso Ome Con Esa Ese Ome
ALP
Day3Spp 188 204 237 213 162 169 188 186
Recovery (7152 pp) 124 133 144 134 o3 105 105 97
Recovery (12252 pp) 91 88 100 89 69 72 81 64
BUN
Day35pp 17 17 19 17 16 17 21 19
Recovery (712 pp) 18 19 19. 2 i8 17 19 19
Recovery (12222 pp) 19 20 21 22 i 20 20 21
Cholesterel )
Bay3Spp o1 99 117+#%%  105* 112 135 134%+ 31+
Recovery (7153 pr) 100 101 104 116 106 106 2 119
Recovery {12282 gy 111 131 140 180* 116 112 1235 133
Iron
Pay35pp 86 115 103 103 98 153 121 166
Recovery (712 pp) 154 146 141 141 310 338 315 272
Recovery (12282 ppy 132 147 156 132 361 391 376 316
TIBC
Day35zp 403 SI3* 658 S4itv 44 507* 6495+ 523+
Recovery (712 pp) 528 520 504 496 504 532 487 436
Recovery {12222 gpy 519 479 476 435 335 336 333 487
UIBC
Bay 35 pp 317 398* 555%%% 437+ 305 354 528%++ 356
Recovery (712 pp) 374 374 363 355 94 194 177 214
Recovery (12222 o) 367 331 kvs | 304+ 174 145 149 171
* 5<0.05 ** p<0.01 *2 520 001
Con= Counirol Eso= Esomeprazole Ome— Omeprazole

11. Serum gastrin: Serum gastrin levels were increased 24 hours
after dosing in both the esomeprazole- and omeprazole-treated
animals as compared to the controls. = These increases were not
clearly seen during the recovery period. The results were
summarized in Table 21 in this report. This table is attached
below.
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Table 21 Serum gasirin levels (mean+SD) in juvenile rats 24 h after oral
administration of esomeprazole or emeprazole

Sex : Males Females
Group I 2 3 4 1 2 3 4
Test compound Con  Eso Eso Ome Coun Eso Eso Ohme
Dose (umoiikg} [ 276 869 400 ] b141] 863 400
Serum gaztrin: (pg/mL), 46 3% 3]s 179% 38 143%  23gxs )3
Day 35 pp (dose phase, subset A) +18 258 +86 +84 £ +42 117 +132
%% of confrol value - 31 809 389 - 376 526 587
Serum gastrin (pg/mL), 56 53 62 56 41 49 71 37
Day 7042 pp (subset B, recovery) 22§ 29 +32 =31 = *14 £35 £
Serum gastrin (pg/ml), 43 54 47 53 36 41 49 35
Day 12243 pp (subset B, recovery) 11 +31 +i2 *17 = 5 +i4 =4
¥ o005 ** p<B Ot 2 020001
Con= Cantrol Eso= Esomeprazole Ome= Omeprazole

12. Urinalxsis: There were no treatment related changes.

13. Organ Weights: The absolute and relative stomach weights
(to brain weight) were increased in both esomeprazole and
omeprazole-treated groups as compared to the controls. The
results were presented in Table 19 in this report. This table

is attached below.

Fable 22 Sto b weights § SD} in § ile rats after oral administration
of ezomeprazele or omeprazole

Sex Males Females
Group 1 2 3 4 1 b4 3 4
Test camponad €om  Ese Esp Ome Com Eso Ezo Ome
Dose {rmolike} 1] ] B8 448 L] Ime o0 408
Absohate storaach weight (=), 0 2% 11 1.2+ 083  LEet 1] 1w
Dy 35 zpr (subyset A) =031 =008 0I5 =010 I 03T 2009 =008
Relative stomarh weipht (34 & Bl gEeex gpa &7 Tk Rleds  goew
Day35pp(scbset &) 274 259 498 265 <70 264 481 464
% of caztrof vatue {relagive wi} - 23 124 nt - 118 12t i1s
Absotute stomack weight (2}, 24 24 24 23 17 17 17 18
Day 13222 2o {subser By 026 =18 H022 =020 I3 MW I 20727
Ralative sropach weight {363, 27 214 138 134 [ 3 i 08 ic8
Dhay 12222 p (mbset B) =25 0% =36 =120 287 L0 =158 =138
* p045 * pnl **+ 0,001
Cau= Control Eso=E: One=0

14. Gross Pathology: Increased incidence of renal pelvic

dilatation and surface irregularity in animals given 280 mg/kg
esomeprazole or 140 mg/kg omeprazole was noted.

15. Microscopic Pathology: There were no treatment-related
histopathological findings.

16. Morphological and morphometrical examination of the gastric
nucosa: ‘
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There were no statistically significant differences in the
reference volume of the stomach and mucosal height between the
controls and the esomeprazole treated group.  However, an
increase in the ECL-cell volume fraction and profile density was
noted in the esomeprazole treated group (mainly in males) at the
end of the 1 month dosing period. The median increase in the
ECL-cell volume fraction for males and females combined was
about 50%, .and that for the ECL-cell profile density was about
36%. These were not seen at the end of the 3 month recovery
period.

Increases in the ECL-cell volume fraction and profile density
were also noted in the omeprazole-treated rats as compared to -
the control. The stomach reference volume and mucosal height
were also increased in the omeprazole-treated males but not
females. The results were presented in Tables 23 and 24 in this
report. These tables are attached below.

Table 23 Resuits of the gastric morphomefry (median and range) in juvenile rats
af the end of the I-month dosing period (subset A}

Test compound ) C E o C E ‘ O

Dose {pmob/ke} [ 880 400 ] 800 400

Croup and sex M 3IM 43 1F 3F ¢F

Stomnach reference vol, (e, 760 730 810 630 780 G

Day 35 pp (subset A) (716990}  (680-]006)  (590-1100)  (S70-830)  (SS0-908)  (680-860)

%a chanze vs controls - -39 6.5 - 24 17

ECL-cell volums feaction #1685, 11 3% 18 15 20 12

Day 33 pp {subset A) £7.0-18) {12-38) G121 Q618 {7.3-28) {8.4-20)

%5 change w controls. - 118 64 - 25 <23

ECL-cell profile demsity (mm™D 77 140% 100 82 160 95

Dizy 35 pp (subset A) ¢53-110) (83-170) (73-110) (74-110) {50-170) {65-120)

% change vs controls - - 82 30 - 8.7 32

Gastic wucosal height (om) 520 520 456 400 156 449

Day 35 pp (subset 4) Q205600  (290-750)  (160-730)  (280-480)  (250-6283  (420-790)

% change vz controls - 4] -13 - =235 15

Gronp and sex IM+F AM+F 4M+F

Storaach reference vol, (mer), 710 750 750

Day 35 pp (subset A) £570-950) {550-1000)  (590-1100)

% change vs controls - 3¢ 56

ECL-oall volume fraction #10°, 14 24 13

Day 35 pp (subset &) €7.0-18) {7238 8421

% change vs controls - - 58 -7.1

ECL-cell profile density (mm™) 88 120% o6

Day 35 pp (subset A) (53-116) (50176} (65-120)

% chapge vs controls - 35 91

Gastric mucosal height (um) 420 470 450

Diay 35 pp {subset A) €220-560)  (250-750)  (160-750)

% change vs coxtrols - 12 EA

¥ pL00S > p200t B <0001

€ Controt E Esomeprazole O Omeprazote

P postpaortum
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‘Fable 24 Results of the gasiric morphometry (median and range) in juvenile rats
at the end of the 3-month recovery (subset B)

Test compound C E o [od E Q
Dose (umolike} 0 380 450 4 800 400
Groop and sex IM k3. 4M 1F 3F 4F
Stomach referance wol, (mun), 1500 16 2109+ 1260 1400 1400
Day 12222 pp (subset B) (1300-1700)  (1300-1800) (1900-2200) (E000-1300) {1300-1600)  (1195-1500)
26 change wr controls - i3 40 - 17 17
ECL~celf vohmte frzetion *10°, 26 24 30 23 pei 31+
Day 12242 pp {subset By £9.31) {21-30) £22-33) {18-30} {11-31) 2744}
% changs vz controls - 217 15 - 38 48
ECL~celi profile density (™) 160 170 paiid 150 26 b3l
Day 12252 pp (subset B) £140-210) (170-210) {190-240) {240-240) {95:260) {210.290)
% change vs controls - £3 k34 - 47 40
Gastric mucosal height () 340 470 10+ 346 560 460
Day 122+2 pp (subset B) £340-670) (380-830) €620-920) {290-830) {#10-610) (310-730)
%6 change vs controls - -12 31 - 37 -15
Group and sex . IM+F IM+F 4M+F
Stomach refarence vol, (mm’), 1360 1586 1700
Day }22+2 pp (sabset B) (3000-17003  {1300-1B00)  (1100-2200)
%% change vs coptrals - 15 31
BCL-zelt volume fraction *10°, 24 27 K L
Day 1222 po (subset B} {18-31) ar3n (22-48)
% change vs controls - 13 29
BCL-celt profile density (mm™) 166 200 b3 [
Day 12242 pp (subset B} {J40-240) {95-260) £196-256)
% change vs controls - 28 31
Gastric wueesal height (um) 540 540 670
Day 12242 pp (subset B} £256-830) (380-6303 (310-920)
% change vz controls ~ 0 24
* p=R.03 = p00l B n001
C  Controt E Esomeprazole O Omeprazole
Y postparfam

16. Toxicokinetics:

and 14 in this report.

The results were presented in Tables
These tables are attached below.

Table 13 Sammary of median Cox. and AUC for esomeprazole and the
metabolite H 165/66 in juvenile rats following oral dosing with
esomeprazele

Daily dose  Dose Day Days post Sex Arnalysed Can AUC

(umolkg) partum compound (pmol/L) (umol*sA)

270 1 7 M+F Esomeprazole 521 140

28 34 M+F Esomeprazole L96 262

800 i 7 M+F Esomeprazole 51 256

8 34 M+F Esomeprazole 27 288
800 I 7 M+F H 16866 482 443
28 34 M+F H 168/66 632 112

13
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Table 14 Summary of median C.,,: and AUC for omeprazele in juvenile rats
follewing oral dosing with emeprazole’
Bailydose  Dose Day  Days post Sex Analysed Conr AUC
(pmolilg) pariw commpoend (xmol/L) (pmol*&/L)
406 H 7 M+F Omeprazole 832 288
8 14 M+F Onieprazole 6832 934
28 - 34 M+F Omseprazole .16 8.26

The plasma levels were much lower on day 28 than those on day 1.

In summary, esomeprazole was lethal at 280 mg/kg. One pup
treated with 93 mg/kg esomeprazole was also found dead on Dose
Day 4. The clinical signs of toxicity observed prior to death
included cold to touch, labored breathing, decreased activity,
weak and/or thin. Additional clinical signs of toxicity
observed in the 280 mg/kg esomeprazole included fur staining
(red, brown and/or yellow) at the
urogenital/thoracic/sacral/abdominal regions and/or fore and/or
hindpaws/limbs and/or cranium prior to weaning. After weaning,
occasional yellow fur staining of the urogential region was
noted in a few males.

The gastrin levels and stomach weight were increased in the
treatment groups as compared to the control. The small increases
in the volume and number of ECL-cells were noted in the
esomeprazole/omeprazole-treated rats. The toxicokinetic
evaluation indicated that the plasma levels of both esomeprazole
and omeprazole were decreased with the duration of treatment
and/or the age of the animals. The results did not reveal any
unexpected toxicity. The central nervous system and the stomach
were the target organs of toxicity. No effect dose and
tolerated dose were not clearly identified.

Esomeprazole Magnesium: A Repeat-Dose Toxicity Study with Up to
3Months’ Oral (Gavage) Administration in the Neonatal Beagle Dog
(900186)

Testing.LaPorato;ies: - bun
’__\’-

Study Start and Completion Date: October 30, 2003 and
: February 28, 2006
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GLP Requirement: Sponsor included a statement of compliance
' . with ' '
GLP regulation and a quality assurance statement.

Animals:

Male: 615 g, 10 days old
Female: 730 g, 10 days old
Beagle dogs

Drug Batch No.: 800/02

Methods: The toxicity of H 199/18 magnesium was characterized
in 10-day old Beagle pups. Esomeprazole was given to the
neonatal dogs orally at 0, 80 and 160 umol/kg (0, 28 and 55
mg/kg) once daily for 92 days. The high dose was reduced to 120
umol/kg (41 mg/kg) after 53/54 days of dosing (Day 62/63 post
partum) due to severe adverse clinical signs of toxicity. About
half the animals in each group were necropsied and examined
directly following completed dosing, while the remaining animals
were allowed a 3-month recovery period after cessation of dosing
and prior to necropsy. The following parameters were assessed:
clinical signs of toxicity, length (nose to tail) and height
measurements, body weight, haematology, clinical biochemistry,
serum gastrin, plasma concentrations of esomeprazole, lymphocyte
transformation test, organ weights and gross and microscopic
pathology (including gastric morphology and morphometry) . Blood
samples were collected for TK analysis on Dose Days 14, 28 and
92 in all surviving pups.

Results:

1. Clinical Signs: Convulsions and head shaking were noted in
the 55 mg/kg group. The majority of the pups at the reduced
dose of 41 mg/kg showed a clear eye discharge, salivation, oily
fur and a skin rash on the forelimbs, hindlimbs, ventral region,
muzzle, and pinnae. The results were presented in Table 9 in
this report. This table is attached below.
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Table 9 Sumsmary of noteworthy clinical signs during the dosing period
Clinical sign : Number cfmmismwhmhsxgn ohsesved (on total
sumber of days}
Group No and sex - Gmup No end sex
M 2M M iF F 3F
Dose favel (pmobics) g 80 1607120 0 80 160:120
No of aninals per group 5 b 4 4 3 b
Convuisions (1} L] L] 4] ¢ 1{1}
Head-shaking 0 o 2 o o
Tremors (1 ¢ iR 4)
{ o o
Uncoosdinated/abriosmal gait o o 1 0 0 o
. Decreased activitythunched posture [ 1 1 0 0 1
Retching/vomitus
. H [ [ 0 1
Salivation post doging 6 2
0 ¢ 0 3
Thintbackbone promyinentiweak [ e 2 1] 0 3
Dehrydration &) @ 1 0 0 1
Piosis 4] ¢ 1 1] 0 0
Eye discharge, clear il g 3 0 0 4
Fur ofly 4] G 1 4] Y 3
Fur thin cover [ 2z 2 2 2 3
Sldn rash, lesions or seratching on forelimba/sing 0 P 5 2 " 4
hinibs/ventral region/pmzziefpinnale)

2. Mortality: One male and one female in the 55 mg/kg group were
sacrificed on Dose Day 53 or 52 due to severe toxicity. The male
pup had weight loss, tremors, retching, incoordination, head
shaking, and ptosis. The female pup had weight loss and was
weak, thin and dehydrated with decreased activity.

3. Body Weight: The mean initial and final body weights in the
control animals were 615 g and 6 kg (males) or 730 g and 6.2 kg
(females), respectively. Treatment with esomeprazole decreased
terminal body weight gain by 14% (males) and 21% (females) in
the 28 mg/kg group and by 26% (males) and 37% (females) in the
55 mg/kg group. The results were presented in Table 10 in this
report. This table is attached below.
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Table 10 Body weight and weighf gain {meantSD) in Beagle pups during 3
menths’ oral esomeprazole treatment and 3 months’ recovery
Dose Males Females
{jumol’ke)

Pre-weaning (g, Dose Days 1 to 47, Days 10 to 55 post partum)

Day 10 pp Day 56 pp Gain Day 10 pp Day 56 pp Gain
(% controf) {% control)
Q 615=121 31802477 2565 730=57 34202208 2650
-80 T89=72 28304210 2041 ¢36) 6TE43 275473 W77
169120 61386 22302465 1617 (5% 540186 1854380 1314 (49)
Post-weaning (kg, Dose Days 48 te 92, Days 57 te 101 post partum)
Day%pp Day10ipp  Gein Day 59 pp Deyliipp Gain
(% condrol} - % control)
0 3.3405 6.0:09 27 33502 62405 27
80 2903 34202 25093 29101 50501 21{78)
166120 2306 4.6:0.6 23 (85) 1904 4.040.6 21{78)
Recovery (kg, Days 102 to 189 post partum)’
Day10ipp Day18pr  Gain Day105py Day18pp  Gain
(% control} %6 control)
0 F1£1.0 124418 53 6508 116514 5.1
80 58 117 58109 52 104 52410%)
1667120 54 11 5.6{106} 3.740.7 7.60.9 3976
P post pattam

The vahues in bold indicate 2 frextment-related effiect

4. Growth measurements: Growth length and height were décreased
in a dose-related manner. Final length was 98% and 90% (males)

and 90% and 86% (females) of the control in the 28 and 55/41
mg/kg groups, respectively. The final heights were 94% and 88%

(males) and 86% and 83% (females) of the control in the 28 and
55/41 mg/kg groups, respectively. The results were summarized
in Tables 11 and 12 in this report and these tables are attached
below.
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Table 11 Growth (fength) (tnean+SD) in Beagle pups during 3 months’ oral
esomeprazole freatment and 3 months’ recovery
Dose  Males Females
Pre-weaning (cm, Dose Days 5 to 47, Days 14 to 56 post partum)
Pay 4 pp Day 56 pp Growth* Day 14 pp Day 56 pp Growth®
(% control) {% controf)
g 2319 41223 18 26x1.0 41216 15
b 411 35407 15(83} 24205 36+1.0 12(80)
1604120 23207 3622 13(Ty 2324 3527 12.30)
Post-weaning (cm, Bose Days 47 to 89, Days 56 to 98 post partumi)
DayS6pp  Day9%pp  Growtl’ DayS6p  Day%Bpp  Crowth®
(% control} {% controf)
0 41£23 Sz bl 4121 6 5113 16
80 3940.7 50207 11 (110) 3610 46413 10{100)
1607120 36422 46126 10 (100) 35£27 4443.0 9.0 (50)
Recovery (cm, Days 105 to 189 post partumn)
Day105pp Day180pp  Growsh' Dayi05pp Dayl8pp Growth’
(% control} {% control)
0 5653 68+7.8 12 52207 63100 11
80 51 6521 1117 43 61 o 13118
160/120 49 &6 17 (142) 4442 1 61£2.1 17 (155
a  Growth between Days 14-56 post partunt (pp)
b Growth between Days 56-98 post parium
¢ Growth between Days 103-89 post parum
The values in bold indicate & treatment related effect
Table 12 Growth (height} (meaniSD) in Beagle pups during 3 months’ oral
esomeprazole freatment and 3 months’ recovery
Dose Aales Females
{pmolkyg)
Pre-weaning {cm, Dese Days S to 47, Days 14 to 56 post partum)
Day 14 pp Day 56 pp Growth* Day 14 pp Day 56 pp Growith®
(% control} {% control}
[ 14485 2517 11 14107 2613 12
80 1540.7 25:0.8 16 (1) 14263 24+03 16483
160/120 1440.7 | 2309 9{82) 1313 22416 9(75)
Post-weaning (cxn, Dose Days 47 to 89, Days 56 to 98 pest partum)
Day56pr  Day98pp  Growth® Day56pp  Day9pp  Growtt®
{% control} : (% coatrol)
0 23417 3415 9 26x13 35109 9
80 25+0.8 32406 7@8) 24403 30:08 5(67)
1607120 2309 30£15 7{78) 22416 28829 7{78)
Recovery {om, Days 105 to 189 post partun}
Day105py Dayi8pp  Growth® DayWdpp Dayi9pp  Growth®
{% controf) {356 control
a 34418 4332 9 3511 428225 7
80 33 42308 9 {100) 33 40 7{100)
1607120 31 41 104111} 2033 38425 {129y

o w

Growth between Days 14-56 post pastum: (pp)
Growth between Days 56-98 post partam.

Growth between Days 105-189 post partum:

The values in bold indicate a freatment-refated effect
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Slight decreases

5. Hematologx:

(17-21%) in the red blood cell

counts, haemoglobin, and haematocrit in the high dose
esmeprazole group on Dose Days 29 as compared to the control.
The results were presented in Table 24 in this report. This

table is attached below.

Table 13 Summary of noteworthy haematology findings (meau+5D) in Beagle
pups during 3 months’ aral esomeprazole treatinent and 3 months®
recovery

Parameter measured and Dase

sampling occasion ¢ 8¢ 16607120 a 8¢ 1601120

' No animalsigronp

] Females

Main Study 5 5 4 4 3 5

Recovery 2 3 i 2 1 2

Red hlood celt count (20°/pL)

Dase Day 26 42403 3801 3507 44403 3.8:0.1 3.6:07
Dose Day 93 59403 5506 51506 59202 60507 5385
Recovery 67x03 6402 64 72401 63 68:04

Haemoglobin (g/dL)

Bose Day 29 91206 8203 T642.1 100405 89302 8.1:20
Bose Day 93 132205 106418  HL.&132 13. 1402 185319 1LI07
Recovery 157503 14509 147 16.8+063 154 15207

Haematocrit (35)

Bose Day 29 36£1.6 27x10 2559 33221 28406 26:6.1

Bose Day 93 A0+18 AR50 33540 40£1 3 3556 3526

Recovery 4717 44824 45 50506 46 4719
MOV @l

Dose Day 20 7213 7217 70523 74403 7409 72534

BDose Bay 93 67408 61452 6516 67206 5836 652 4

Recovery TIHH6 69222 Fi 69203 71 6517

MCH (pg)

Dose Day 29 2106  2H6 2118 3307 23203 231 4
Bose Day 93 22404 19323 2102 22265 18£15 21£1.0
Recovery 24406 2319 23 23203 24 2305

MCHC (gfdL) ,

Dose Bay 29 3005 31405 Kii-3%.3 31208 31202 31208
Dose Pay 93 33403 3214 306 33207 3008 32208
Recovery 3346 33204 33 34102 34 3301
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Table 13 Summary of neteworthy haematology findings (mean+SD) in Beagle
pups during 3 menths® oral esomeprazole treatment and 3 months” recovery
Parameter measured and Dose
samapling occasion 0 80 160/120 Q 80 1607220
No animals/group
Meles Females
Main Study 5 3 4 4 3 5
Recovery 2 3 13 2 1 2
Reticudocyte count (16%/uL)
Dose Day 20 174249 132224 8646 251443 154237 9241
Dose Day 93 9124 121216 12746 79£34 15178 15326
Recovery 8032 109£17 82 9320 85 82+5
Platelet count (10° L)
Dose Day 29 26640 §80:00 60844 28059 4822141 659176
Dase Day 93 302439 T04:167 6042172 32457 633145 662263
Recovery 23911 386366 269 306445 239 313225
Dose Days 29 and 93 correspond to Days 38 znd 102 post partum, respectively. The recovery sampling
was performed on Day 191 or 192 post parfum

The values in bold indicate a ireatment refated effect

6. Clinical Chemistry:

binding capacity (TIBC)

is attached below.

Slight increase
was noted in the high dose group.
results were presented in Table 20 in this report.

(11-14%) in total iron
The
This table

Table 14 Semmary of serum iron, UIBC and TIBC (mean+SD) in Beagle pups
during 3 months’ oral esomeprazole treatment and 3 months’ recovery
Parameter measured and Dose (umolkg)
sampling occasion @ 86 1661129 ] 86 166/120
No apimals/group
Mles ' " Females
Mazin Study 4 Ks 3 4
Recovery 2 3 2 1 2
Serum Iron (ug/uk)
Pro-dose 25347 334446 305450 342547 27070 25759
Dose Day 13 194433 18274 234458 22732 3242218 254273
Diose Day 29 124£106 98252 143£107 28858 134535 115585
Dose Day 93 14841 104459 119556 153521 15849 T3:47
Recovery 13525 11637 133 208464 156 164236
UIBC(pg/dL)
Pre-dose 0200 0£0.0 0.0 G£0.0 37264 2545
Dose Day 13 14565 146285 137492 6247 326 10173
Dose Day 29 222122 23864 | 251148 7138 21543 264:133
Dose Day 93 23441 3044105 316593 247427 28541 371250
Recovery 23554 25452 200 21759 203 2152102
TIBC (pg/al}
Pre-dose 253247 334246 30854+50 342247 30717 259458
Dose Day 13 33B£34 328233 3706+33 288+18 32721 354223
Dase Day 29 346423 35635 394459 350430 349234 37054
Dosze Day 93 IRzl 40848 433438 40011 444433 44416
Recovery 329 373223 342 42543 361 379266

The values in bold indicate a treatment-related effect
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7. Serum gastrin: Serum gastrin levels were increased in the
esomeprazole groups (18 and 25 folds in males and 48 and 23

folds in females) as compared to the controls. The results were
. summarized in Table 21 in this report. This table is attached
below. ’
Table 15 Serum gasirin concentrations (meantSD) 2 h after desing in Beagle
pups during 3 months’ oral esomeprazole treatment and 3 months’
recovery
Dase Pre-dose Day 4 Day28 Day 92 End Recovery

{pmol/kg) (Day 9 pp) (Day 22 pp) (Day 37 pp) D=y 101pp)  (Day 190pp)
Concentration, pg/iiL (fold difference compared to controls)

Males

0 121464 114473 62419 9118 <LLOQ

8¢ 156463 363 683 1686=* 35, <11OQ
=196 {3) +586 (11} +846 (18)

160:120 89420 387 1373 2285%%% 43
=54 (3} =705 22) 456 (25)

Females

] Q134 155287 8646 6612 <LLOQ

80 13340 257 843 3158%%+ <ILLOQ
=111 (Y £357 (0} +1020 (48)

1686/120 113229 281 1631 1538%%*% 42, <11L0Q
255 (2 =817 3% 2634 (23}

** 9<801 #*¥+ oL 0,001 (ttest)

Data shown are mean valves for pre-dose, Days 14, 28 and 92 of freatment. For the end of recovery,
individual vatees are shown, as fhe mmber of animals was low and many vafues were <LLOG

The number of samples analysed during the dosing period varied between 3 and 5 for each group and sex
Numbey in parenthesis are x fold of the corresponding control

LLOG foaxeer limit of guantification

The samples taken daring the dosing period were taken 2 h post-dose. The pre-dose and recovery samples
were taken in the morning (as dosing was ot performed on these occasions)

The values in bold indicate 2 treatont related effert

8. Lymphocyte transformation test: There were no treatment
related changes. '

9. Organ Weights: The absolute and relative stomach weights (to

brain weight) were increased 1in. both esomeprazole and
omeprazole-treated groups as compared to the controls. The
results were presented in Table 19 in this report. This table

is attached below.
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Table 16 Absolute and relative (to brain weight) stomach weights (meaniSD)
in Beagle pups following 3 months’ oral esomeprazole freatinent and
3 months® recovery
- — —
Dose ¢umolkg) [ 86 1607120 & 80 1607120
No/group exansined 3 2 2 2 2 2

Terminat body weight (ke) 54404  SH04 4308 61301 4800 43202
Absolute stomach weight{g) 54627 04568  TRRIS9  Gi358 6904  B5%T7

Relative wt (34 brain weight) 80 b2 114%=# 82 107+ 1195+=
=43 +64 *12 +70 +09 +1L.7

%4 of control value (relativewt) - 185 143 - 130 157
Recovery period
No/group examined 2 3 1 2 1 2
Terminal body weight (kg) 12218  116£10 107 113x16 102 7409
Absclute stomach weight {g) 76494 H252 W7 1370 4 7483
Relative wi (% brain weight} §r136 13527 146 91225 113 105142
% of control value (efative wt) - 155 168 - 124 11s

* <005 > p2 001 % o< (1001

The vakoes in bold indicate 3 treatment-related effeci

10. Gross Pathology: Dark, discoloration of the skin and/or
scabs on the paws, limbs and/or head (lower jaw/pinnae) were
noted in the high dose animals.

11. Microscopic Pathology: There no treatment-related changes.

12. Morphological and morphometrical examination of the gastric
mucosa:

There were increases in the reference volume and mucosal height
of the stomach and in the total number of ECL-cell profiles per
stomach in the esomeprazole-treated groups. The results were
summarized in Table 17 in this report. This table is attached
below.
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Table 17 Results of the gastric morphomefry (median and range} in juvenile
dogs after oral administration of esomeprazole for 3 months, foBowed
by 3 months® recovery

Necropsy time End dose End dose Exd dose End rec End rec End rec

Test compouad c E E C E E

Doge (molikg) L 80 16126 a 8 160120

Stomach reference volume 54 A 76 68 9 n

(em? (5167 (68-1703 (27-9%) (64-76) 67197 657

% change vs controls - 46 4 - 37 44

Total munber BCL-cell 4060 5200 3400 8500 700 8200 ’

profilesistomack (3300-7000)  (3500-7000)  (2500-8000)  {(54060-2100)  (6500-9100)  (5300-83G0)

3% change ys controls - 8 2% - -16 35

Nummber BCL-celt 83 70 2 120 87 110

profifesistomack vol {em™®)  (59-1 20) 0-523 62-110) £76-145) {497 €38-136}

56 change vr controls - -16 (.34 - -28 -83

Gastric mmeoszl height 870 1100% 1100+ 1100 1200 1106

{um) (740-890) {980-1200) (1100-1400)  (990-1200) (1600-1300)  (©16-1300)

%% change vx controls - 26 2% - S0 8

Ree= Recovery C="Confrol E= Esomeprazole

¥ ps0.05 ** 52001

13. Toxicokinetics: The results were presented in Table 8 in
this report. This table is attached below.

Table 8 " Summary of Cuy and AUC values for esomeprazole in Beagle pups
after oral dosing with esomeprazole for up to 3 months

Stedy Dailydoss wnandsex DoseDay Daypp  Cen' auvc

Phase  (jumobleg} (pmoliL) (umoFR/L)

i 40 IMEHIF 1 10 85.2¢ 28,40

1 40 IMEIF 7 i6 43,27 2. 44

I &0 IMFIF 1 i1 30,46 62,83

I 80 1MFIF 7 17 27,67 23,14

o 80 SMAH3F 14 23 33(23-86) 30 (21-60)

i 80 M#F 18 37 17(1.92%) 1822200

i1 80 SMEF 92 10t 783329 582728}

I 160 2MEIF 1 16/11 64,60,72.86 194, 197256, 246

1 160 INBIF 7 16717 62, 46,56, 29 124,58,84.76

i 160 4AMESF 14 23 116 ¢43-161) 10D (44-138)

bid 160 AMESE 28 37 S8 (39-132) 642187}

i 120° SMHF 92 16t 2(16-Y7) TE21-12)

a2 The medisn and range are given for sampling during Phase I. However, the sumber of aninsls in Phase
was limited, and thus individoal values are given

b o= 5SM+2F

¢ The dose in Gronp 3 was reduced fiom 160 to 120 ymolikg after about 7 weels® treatment (62/63 days pp).
At the same time that the dose was reduced, 2 animals i this gronp were removed from the study, due to

The plasma levels of the test drug were much lower at the end of
the treatment than those on day 1.

In summary, esomeprazole was given to 10-day old Beagle
pups orally at 0, 80 and 160 umol/kg (0, 28 and 55 mg/kg) once
daily for 92 days. The higher dose was reduced to 120 pmol/kg
(41 mg/kg) after 53/54 days of dosing due to clinical signs of
toxicity. Treatment with esomeprazole induced clinical signs of
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toxicity (convulsions, head shaking, eye discharge, salivation, -
and oily fur), decreased body weight gain and growth, and
increased gastrin secretion. Treatment-related increases in the
stomach weight, stomach reference (tissue) volume and height of
the gastric mucosa were in both esomeprazole-treated pups. No
effect dose was not identified. The dose of 28 mg/kg was
tolerated. The study did not reveal any unexpected toxicity.
The central nervous system and the stomach were the target
organs of toxicity.

Esomeprazole Magnesium: An 8-Week Oral (Gavage) Toxicity and
Toxicokinetic Study in the Neonatal and Young Adult Beagle Dog
(a Complementary Study)

(900544)

'E‘estf'.pg _Laboratories: -_— , b(4)

ey,

Study Start and Completion Date: September 10, 2004 and
February 22, 2006

' GLP Requirement: Sponsor included a statement of compliance
’ with
GLP regulation and a quality assurance statement.

Animals:

Male: 615 g, 10 days old
Female: 730 g, 10 days old
Beagle dogs

Drug Batch No.: 800/02

Methods: To compare the toxicokinetic profiles of esomeprazole
in the neonatal and adult dogs, the sponsor conducted a
complementary study to the 3-month oral toxicity study with in
neonatal dogs (Study No 900186). In the current study, the
toxicokinetics of esomeprazole in various ages of dogs and after
different dosing regimens were performed. Five groups of Beagle
pups (10 days old) and a single group of young adult dogs (6 to
8 months old) were included in this study. These animals were
given esomeprazole orally at 80, 80/120 or 120/180 umol/kg (28,
28/41 or 41/62 mg/kg), once daily for up to 8 weeks (Days 10 to
65 post partum). The dose 1levels in the mid and high dose
groups were increased from 80 to 120 umol/kg and 120 to 180.
umol/kg, respectively, from Dose Day 28 (Day 37 post partum).
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Another group was also given a dose of 80 umol/kg (28 mg/kg) on
Days 1, 14, 28, 42 and 56 (Days 10, 23, 37, 51 and 65 post
partum in the pups). For comparison, a group of young adult
Beagle dogs (2 males and 2 females) received 80 umol/kg (28
mg/kg), once . daily for 8 weeks. The plasma levels  of
esomeprazole and its metabolite H 168/66, liver microsomal
cytochrome P450 enzyme activity were determined. The blood
samples were collected on Dose Days 1, 14, 28, 42 and 56 (Days
10, 23, 37, 51 and 65 post partum in the pups).

Results: The results indicated that the plasma levels of
esomeprazole were comparable between males and females at
various ages. The results were presented in Table 1 in this
report. This table is attached below.

Table 1 Median (range) Cmax and AUC values for esomeprazole in neonatal
dogs given esomeprazole once daily or intermittently for 8 weeks
€z (E00LL) AUC {pmol /L)
Dose regimen Baily Daily Baily Inter- Daify Daily Daily Inter-
. miftent mittent
Bose (pnotkg) 89 86/120* 120/180F 80% 8 867126  1201180° §¢°
Day pp
1 0 B P 3 3 T 733 [i¥) )
@13 ss5s1y G769 G4 OST) (8T G2 gson
14 ) 46 26 17 19 28 20 ) &
{1833y (73353 (1225 (12.92) (1730 (113 (112G 22-117)
22 . 37 b} ) 65 20 17 54 % 2
(16.61) (4104 (G2105) (1430) (1149 (1287) (51D grag
12 51 18 6.1 5t ) 93 52 54 38
{7823y (3164 Q497 (433849 (E918) Q354 Q2471 (264
56 65 87 29 NA 54 71 38 Na 94
(39-14) (26359 (18-745 (3148) (1945 3.1-13)
DD=dose day prepost parfum NA=Not applicable {group termynsted}

a  The ziven doses were increased by 30% from Dose Day 28 (Hay 37 post partum)

b TbesexnimlsxwwedmedmeveryI4days,mthedaysnfmsamﬁng‘(ie,mys10, 23, 37,51 and 63
posi partum}
¢ n=4 QMFIF) with the exception of this value, where n=3 (1M+2F)

The plasma levels of esomeprazole were decreased with the
duration of treatment and/or the age of the pups. The plasma
levels of esomeprazole in the young adult dogs were also
decreased following the first dose, but subsequently remained at
a relatively similar level throughout the rest of the 8-week
dosing period. The results were presented in Table 2 and this
table is attached below.
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Table 2 Median (range) Cpay and AUC values for
esomeprazole in young adult dogs given
esomeprazole 80 pmeol/kg once daily for 8 weeks

' Cone (miOVL)  AUC (umal*h/L)

Dose Day v

1 48 (44-55) 65 (52-77)

14 14 (8.7-21) 25 (18-37)

28 19(7.3-30) 38 (14-41)

42 16 (6.8-26). 27 (13-38)

56 24 (10-29) 27 (21-30)

=4 OMH2F)

H 168/66 is one of the main esomeprazole metabolites in adult
dogs. Similar to the parent compound, esomeprazole, the plasma
levels of H 168/66 were also decreased with the duration of
treatment and/or the age of the animals.

The results of the P450 enzyme analysis using livers microsomes
indicated that the total cytochrome P450 content (but not the b5
content) of the microsomes, chlorzoxazone hydroxylase activity
(CZXH or CYP2El), and 7-ethoxyresorufin-oO-deethylase activity
(EROD or CYP1Al/2) were increased in both pups and young adult

dogs. The benzoxyresorufin-0O-dealkylase activity (BROD or
CYP2B11) and testosterone-6Rf hydroxylase activity (TESH or
CYP3A1l2) were decreased. The results were summarized in Table
3. This table is attached below.
Table 3 Total amounts of CYP Pys and bs proteins, and CYP dependent
enzyme activities in dog liver microsomes after oral administration of
esomeprazole
Age Dose Total P’ Totaibss  EROD’ BROD* CZIXH' TESH®
' CYP14A)2 CYP2Bl11 CYP2E1 CYP3A12
pmol’kg nmolifmg  nmol/mg mmolimg of nmol'mgef nmolimgef nmelingef
protein protein profein/min  protein/min  protein/min  protein/min
Pups Vehicle 0476023 04110016 01520067 0.1720031 204045 1.8+6.32
dai}. < .
Pups gé} » 097+032 0503016 162054 0.063£0.015 55+£15 1.3£0.32
{daily) {12.1x) (1 11x) {(1037x) {12.8x) {(1072x)
Pups 80 091x0.3¢ 0512018 091036 0.16£0.050 3.0+12 1.1:0.025
(intermiftent) (1 1.9%) (1 6.1%) {} 0.61%)
Young 80 085069 0433018 1.2+0.78 0.106+:003% 37826 0.95+6.38
adults  {(daily) {1.8%) {1 8.0x) (i 0.53%)

a  Values shown are mean +8D {males and females combined)
Numbers in parenthesis reflect comparison with vehicle control group
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It appears that treatment with esomeprazole increased the total
cytochrome P450 content of the microsomes and 7-ethoxyresorufin-
O-deethylase activity (CYP1A1/2) in both neonatal and adult
dogs. However, no comparison between the enzyme activities in
the control neonatal dogs and the control adult dogs was made.

SUMMARY AND EVALUATION:

Amended Written Requests for pediatric studies for Nexium®
(esomeprazole magnesium) Delayed-Release Capsules were issued on
December 20, 2005. In the requests, the sponsor is required to
conduct (1) a 4-week repeated dose toxicity study in neonatal
rats and (2) a 90-day repeated dose toxicity study in neonatal
dogs. The sponsor submitted the reports of these studies in the
current submission.

In the 1-month oral toxicity study in neonatal rats, rat
pups were given esomeprazole (0, 93 or 280 mg/kg) or omeprazole
(140 mg/kg) by oral gavage, once daily, for 28 days, from Day 7
to Day 34 post partum. Esomeprazole was lethal at 280 mg/kg.
One pup treated with 93 mg/kg esomeprazole was also found dead
on Dose Day 4. The clinical signs of toxicity observed prior to
death included cold to touch, labored breathing, decreased

activity, weak and/or thin. The gastrin levels and stomach
weight were increased in the treatment groups as compared to the
control. The small increases in the volume and number of ECL-

cells were noted in the esomeprazole/omeprazole-treated rats.
The toxicokinetic evaluation indicated that the plasma levels of
both esomeprazole and omeprazole were decreased with the
duration of treatment and/or the age of the animals. The results
did not reveal any wunexpected toxicity. The central nervous
system and the stomach were the target organs of toxicity. No
effect dose and tolerated dose were not clearly identified.

In the 3-month oral toxicity study in neonatal dogs,
esomeprazole was given to 10-day old Beagle pups orally at 0, 80
and 160 umol/kg (0, 28 and 55 mg/kg) once daily for 92 days. The
higher dose was reduced to 120 umol/kg (41 mg/kg) after 53/54
days of dosing due to clinical signs of toxicity. Treatment
with esomeprazole induced clinical signs of toxicity
(convulsions, head shaking, eye discharge, salivation, and oily
fur), decreased body weight gain and growth, and increased
gastrin secretion. Treatment-related increases in the stomach
weight, stomach reference (tissue) volume and height of the
gastric mucosa were 1in both esomeprazole-treated pups. The
plasma levels of the test drug were much lower at the end of the
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treatment than those on day 1. The results did not reveal any
unexpected toxicity. The central nervous system and the stomach
were the target organs of toxicity. No effect dose was not
identified. The dose of 28 mg/kg was tolerated.

The toxicity profiles of H199/18 were characterized in
adult animals in 1-month, 3-month oral toxicity studies in rats
and 3-months oral toxicity study in dogs under NDA 21,153. The
stomach and kidney were the target organs of toxicity as
evidenced by histopathological changes in the stomach (minimal
foci of the chief cell eosinophilia, acanthosis, and
hyperkeratorsis, mucosal fibrosis, hyperplasia, chief cell
atrophy, and focal necrosis) and kidney (basophilic cortical
tubules and inflammatory cell infiltration). The results of the
1-month oral toxicity study in neonatal rats and 3-month oral
toxicity study in neonatal dogs did not reveal any unexpected
toxicity.

The plasma levels of esomeprazole and omeprazole were lower
at the end of the treatment period (28 day or 92 days) than
those on the first day in both neonatal rats and dogs.
Treatment with esomeprazole increased the total cytochrome P450
content of the microsomes and 7-ethoxyresorufin-O-deethylase
activity (CYP1Al/2) in both neonatal and adult dogs. However,
no comparison between the enzyme activities in the control
neonatal dogs and adult dogs was made.

There were no clear differences in the degree of protein
binding at the different age in both rats and dogs. Slightly
lower intrinsic clearance was noted in the esomeprazole-treated
young adult dogs as compared to that in the neonatal dogs.
Treatment with esomeprazole (28 mg/kg) did not alter the hepatic
metabolic clearance rate of esomeprazole in neonatal dogs. The
mechanism of higher plasma levels of esomeprazole in the
neonatal animals 1is not clear. The sponsor may initiate the
clinical study with pediatric patients of less than one year old
with esomeprazole. However, the clinical dose of esomeprazole
should be adjusted accordingly for these patients.

RECOMMENDATION:

1. The sponsor may initiate the clinical study with pediatric
patients of less than one year old with esomeprazole.

2. The sponsor should closely monitor the dose and exposure of
esomeprazole in the clinical study.



NDA 22,101

Page 59
Ke Zhang, Ph.D Date
Pharmacologist, HFD-180
Comments:
Jasti B. Choudary, B.V.Sc., Ph.D. Date
Supervisory Pharmacologist, HFD-180
CC:
IND
HFD-180

HFD-181/CS0

HFD-180/Dr. Choudary
HFD-180/Dr. Zhang

R/D Init.: Jchoudary 5/26/06

C:\DATA\WORD\53733606.DOC



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

/s/
Ke Zhang

6/4/2007 10:33:49 AM
PHARMACOLOGIST

Sushanta Chakder
6/5/2007 01:15:23 PM
PHARMACOLOGIST

Signed for Dr. Choudary



