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PHARMACOLOGY/TOXICOLOGY REVIEW
Pharmacology/Toxicology studies conducted with lanthanum carbonate (Fosrenol) were
reviewed earlier (Original NDA Review dated January 13, 2003). The following three

additional toxicology studies are submitted with the Fosrenol NDA resubmission:

1. Four-week oral toxicity study in the rat — comparison of the carbonate and
C 3 of lanthanum

2. Intravenous bone marrow micronucleus test in the rat using lanthanum chioride, and

3. Unscheduled DNA synthesis in rat liver following 28 consecutive daily iv bolus
injections of lanthanum chlovide.
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Four-Week Oral (Gavage) Toxicity Study in the Rat — Comparison of the Carbonate
and £ 3 of Lanthanum

The objective of the study was to compare the toxicity of lanthanum carbonate and
lanthanum ¢ 3 (a degradation product of lanthanum carbonate) when
administered orally to the rat daily for 4 weeks, for the purpose of qualification of the
degradant [

Key Study Findings: Oral administration of equivalent doses (in respect of the amount
of elemental lanthanum delivered) of lanthanum carbonate L , 1 for 4
weeks in rats produced histopathological lesions in the stomach (glandular and
nonglandular epithelial hyperplasia, mineralized foci and submucosal inflammation). The
incidences of the stomach lesions appeared to be slightly higher for the C i

J than for the carbonate salt. Plasma lanthanum exposure was comparable for the two
salts.

Study Number: SPD0136
Volume # and Page #: 11 & 5-1
Conducting Laboratory: L

Date of Treatment Initiation: Junc 5, 2003
GLP Compliance: yes
QA Report: yes
Drug Lot # and Purity: Lanthanum carbonate — lot # F020010, purity - ~— metal
impurities - none detected
Lanthanum €. 7 A-lot # LIMS 19859, purity —
—  metal impurities - not provided

Formulation: formulated daily as a suspension in aqueous .5% carboxymethylcellulose.

Methods

Animalg
Species/strain: Ratv. CD (SD) IGS BR VAF PLUS obtained from C
]
No./Sex/Group: 10 for main study and 9 for toxicokingtics
Age: 5-6 weeks
Weight: males — 157 to 221 g; females — 137 to 188 g

Animals were housed in groups of 3 or 5, by sex, in grid bottomed cages suspended over
paper-lined trays. A pelleted diet [ 1 rodent diet [
1 and tap water were available ad libitum.

Treatment
Daoses administered: lanthanum carbonate — 0, 200 and 2000 mg/kg/day

lanthanum [ 3 -0, 160 and 1600 mg/kg/day
(clemental lanthanum doses of 103 and 1030 mg/kg/day were supplicd by the low and
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high doses, respectively, of each salt)
Route/Volume: Oral gavage/10 ml/kg.

Observations and Measurements
Clinical Signs: daily
Mortality: twice daily

Body Weight: one week before the initiation of treatment and then weekly thereafter up
to and including the day of necropsy.

Food Consumption. week before the start of treatment and weckly during the treatment
period (control and main study groups only)

Ophthalmoscopy: pre-dose (control and main study groups) and week 4 (control and
two high dose groups only)

Hematology: weck 4 [parameters evaluated - RBC, WBC (total and differential) and
platelet counts, hemoglobin, PCV, MCV, MCH, MCHC, prothrombin and activated
partial thromboplastin time (control and main study groups)]

Clinical Chemistry: week 4 [parameters evaluated - urea, creatinine, glucose, alkaline
phosphatase, aminotransferases, total protein, albumin/globulin ratio, bilirubin,
cholesterol, calcium, inorganic phosphate, sodium and potassium (control and main study

groups)]

Urinalysis: week 4 (parameters evaluated — volume, specific gravity, glucose, pH,
protein, color and appearance, phosphate and creatinine {control and main study groups)

Toxicokinetics: Blood samples were collected from the satellite groups on Day 26 at 0
(pre-dose) and 1, 2, 3,4, 6,9, 12 and 24 hours post-dose (3 rats/sex/group/time point).

Postmortem Evaluation: At the end of the trcatment period, complete necropsies were
performed on all animals, and adrenals, brain, heart. kidneys, liver, lungs, ovaries,
pituitary, prostate, salivary gland (submandibular), scminal vesicles, spleen, testes,
thymus, thyroids and uterus were weighed. The tissucs listed in the Table below were
fixed, and slides were prepared for microscopic examination. (The eyes, optic nerves and
Hardenan glands were fixed in Davidson’s fluid, and testes and epididymides were first
fixed in Bouin’s fixative for 24 hours and then transferred to neutral buffered
tormaldehyde. All other tissues listed were fixed in neutral buffered formaldehyde.) All
tissues from control and high dose animals were examined microscopically.

Statistical Analysis: Data werc analyzed using analysis of variance and Dunnett’s
multiple comparison tests. Non-parametric analysis was done using Kruskal-Wallis
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ANOVA and Wilcoxon’s rank sum tests. Fisher’s exact test was used for the analysis of

urinalysis data.

Tissue

Weigh

ay]
e

Slide
Preparation

Microscopic
Exarnination

adrenal glands

agrta

SEN

brain (3 levels examined)

caecum

colon

duodenum

epididymides

€3 (incl. optic nerves)

femur and joint (incl. marrow)

Harderian glands

heart

ANENENENENEN ENENTY

Animal identification

lleumn (inck. Peyer’s patch)

jejunum

kidneys

iarynx

liver

lungs (incl. mainstem bronchi)

mesenteric lymph node

oesophagus

ovaries

pancreas

pituitary

prostate

AN

rectum

salivary gland (submandibuiar)

scialic nerve

seminal vesicles (incl. coagulating gland)

site of mammary gland

skeletal muscle

skin

spinal cord (3 levels examined)

leen

stermum

stomach

submandibular lymph nodes

lestes

thymus

thyroids (incl. parathyroids ¥

Y RSN

tongue

trachea

ureters

urinary bladder

uterus (incl. wierine cervix and oviducts)

vagina

all gross lesions
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# weighed after fixation
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Results
Mortality: There were no deaths during the study.

Clinical Signs: There were increased incidences of hair loss in all male groups given
lanthanum carbonate or lanthanum .T. 3 There were no other clinical signs
that were considered to be related to drug treatment. (One low dose larithanum
C 3 group animal showed abnormal gait and reduced hind limb muscle
tone during the study. This isolated occurrence was considered to be not treatment
related.)

Body Weights: There were no treatment-related effects on body weight.

Food Consumption: Food consumption was slightly increased, compared to controls,
for high dose females given fanthanum §. ]

Ophthalmoscopy: There were no treatment related findings.

Hematology: Higher than control total WBC counts were seen in high dose males and
females given lanthanum carbonate T . 1 This difference was more
pronounced in males and was mainly due to higher absolute lymphocyte counts. Dose-
dependent reductions in PCV values were noted in treated females for both carbonate and
L 1

Clinical Chemistry: Slightly higher than control alanine aminotransfcrase and
potassium levels, and decreased total protein, albumin and globulin levels were observed
in females given high dosc lanthanum ¢ 7 Inorganic phosphale levels
were slightly higher, compared to control, for high dose males and females given
lanthanum carbonate . L. 7

Urinalysis: Urine phosphate levels were decreased at high dose levels for both
carbonate C. 7 except in females given carbonate, where the urine
phosphate level was hlgher than control. Increased urinary pH was noted in high dose
males given either salt,

Organ Weights: Reductions in absolute and relative thyroid weights were observed in
high dose males given lanthanum carbonate and also in high and low dose males given
L J

Gross Pathology: There were no treatment-related macroscopic findings.

Histopathology: Microscopically, treatment-related findings were observed only in the
stomach. The incidences of these lesions are given below.
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7
Test article Control Lanthanum carbonate Lanthanum j
Male Female Male Female | Male , Female
Dose level 0 2000 1600
(mg/kalday)
Number 10 10 10 1} 10 10
examined
Glandular 1 0 5 q 10 10
epithelial
hypesplasia -
Mineralised 0 0 4 i 4 5
foci
Submucosal 0 0 5 5 8 9
inflammatory
| infiltrate | - I
Marginal ridge 0 0 1 2 6 6
hyperplasia/
vacuolation L
The incidences of submucosal inflammatory infiltrate and the marginal ndge
hypcrplasia/vacuolation were higher in lanthanum U ) J treated males and
females than in lanthanum carbonate treated animals. The incidences of glandular
epithelial hyperplasia in males and minperalized foci in females were higher in
L ] 3 treated groups than in carbonate treated groups. In summary, although
the overall responses of the stomach to both lanthanum salts are similar, the incidences of
the stomach lesions were slightly higher for the ¢ Frhan for the
carbonate salt.
Toxicokinetics: The toxicokinetics data are given below.,
Sex Males Femates
Test arlicle Lanthanum Lanthanum Lanthanum | anthanum
carbonate r 1 carbonate
€
Dose level (mg/kg/day) 200 2000 160 1600 200 | 2000 | 160 | 1800
Day 26 C man {1FTY) 0870 | 2606 | 052 1948 | 0374 | 0899 | 0708 | 5203
T ar (hOUITS) 0 4 6 4 2 ;6 | s 3
AUCo2(AUC 000-24.0) (ng hvml) | 6084 | 21460 | 5380 [ 26161 | 5847 | 15476 | 7827 | 17.226
AUCyAAUCIHH) (ng himl) NA | 27897 | NA 42513 NA NA NA NA
T1/2 (11/2 2) (hours} NA 106 NA 174 NA NA NA NA
- NA — not possible o calculate
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Lanthanum AUC values were generally similar for both salts in males and females,
although these values at high dose levels were lower for females (both salts) than for
males. The lanthanum Cy.x value for the high dose lanthanum ¢ 7 female
group was higher than the corresponding value for the high dose lanthanum carbonate
female group or either of the high dose male groups.

APPEARS THIS way
C¥ ORIGINAL

APPLARS THIS waY
ON OkiGIRAL
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Intravenous Bone Marrow Micronucleus Test in the Rat using Lanthanum Chloride

[This intravenous micronucleus study was conducted with a soluble salt of lanthanum in
order to evaluate the clastogenic potential of lanthanum at higher plasma (and
consequently bone marrow) exposure ievels than obtained from oral studies. ]

Key Study Findings: There were no significant increases in micronucleus frequency in
the bone marrow cells of rats treated intravenously with lanthanum chloride at doses up
to 0.1 mg/kg, a dose that produced a plasma lanthanum concentration about 2000 times
the steady state plasma concentration in patients at the maximum recommended daily oral
dose.

Study Number: —— 7 (contract lab number)
Volume # and Page #: 12 & 5-323
Conducting Laboratory: T

Date of Treatment: November 20, 2002

GLP Compliance: yes

QA Report: yes

Drug lot # and Purity: 0117352, purity not provided

Formulation: The test article was obtained [ 1asa 10% aqueous
solution of lanthanum as the chloride salt. This stock solution was diluted with
physiological saline for injection to obtain necessary concentrations for dosing,

Methods

Strain/Species: young adult male Sprague Dawley rats from £
(7 weeks-old and weighing 236-296 g)

Doses used in Definitive Study: 0.025, 0.05 and 0.10 mg/kg, iv (dosc volume — 5 ml/kg)

Basis of Dose Selection: Doses were selected based on known clinical exposure levels
and toxicokinctic data from previous rat studies. A dose of 0.10 mg/kg was selected as
the high dose since this dose was shown to be the maximum iv dose associated with
linear pharmacokinetics in the rat. Furthermore, it was estimated that this dose would
provide a substantial multiple of plasma lanthanum exposure at stcady state in patients
recetving the maximum recommended daily oral dose of lanthanum carbonate. (The
mean plasma lanthanum concentration achieved at this high dosc in the current study was
about 2000 times the steady state plasma concentration in patients.)

Negative Control: Saline

Positive Control: Cyclophosphamide dissolved in saline (2 mg/ml) given at 20 mg/kg.
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Study Design: Groups of six male rats were given single iv bolus injections of saline,
lanthanum chloride, or cyclophosphamide. Bone marrow samples (from one femur) from
these animals were collected about 24 hours after dosing. From addittonal groups of rats
given vehicle or lanthanum chloride at 0.1 mg/kg, bone marrow samples were collected
48 hours post-dose. The other femur (not used for the preparation of the bone marrow
smears) was removed from vehicle and test article treated antmals and frozen for future
analysis of lanthanum content of bone marrow. (No analysis of these femurs was
performed.)

For toxicokinctic analysis, satellite groups of five rats cach were dosed with vehicle or
cach concentration of test article as described above and blood was collected about 2, 15
and 60 minutes after dosing. These animals were discarded after blood collection.

Analysis: Counting method — Bone marrow slides (2/animal)} were stained with acridine
orange. At least 2000 polychromatic erythrocytes (PCE) per animal were counted for
micronucleated PCE evaluation and 1000 erythrocytes {PCE plus normochromatic
erythrocytes (NCE)] were counted for the determination of relative proportion of PCE
and NCE (PCE/NCE ratio).

Data were statistically analyzed using UKEMS guidelines (Lovell et.al. 1989. Statistical
analysis of in vivo cytogenetic assays. In “Statistical Evaluation of Mutagenicity Test
Data”. UKEMS sub-committce on guidelines for mutagenicity testing. Report. Part III).
Ed. D. J. Kirkland. Cambridge University Press.). For each group, inter-individual
variation in the numbers of micronucleated PCE was estimated using a hcterogeneity y°
test. The numbers of micronucleated PCE in each treated group were then compared with
numbers in vehicle control groups using a 2 x 2 contingency table to determine . A
linear trend tht was used to evaluate possible dose-response relationships. If the
heterogeneity y” test provided evidence of significant variability between animals within
at least one group, then non-parametric analysis (Wilcoxon rank sum test) was
performed.

The assay was considered valid if:

1. the incidence of micronucleated PCE (MNPCE) in the vehicle control group fell within
or close to the historical control range

2. at least frve animals out of each group were available for analysis, and

3. the positive control chemical induced a statistically significant increase in the
frequency of MNPCE.

The test article was considered as positive if:
1. a statistically significant increase in the frequency of MNPCE occurred at least at one

dosc level, and
2. the frequency of MNPCE at such a point exceeded the historical vehicle control range.
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Results

The mean PCE/NCE ratios and the mean frequency of micronucleated PCEs for both
time points are presented in the Table below. There were no significant treatment related
differences, compared to concurrent control, in the PCE/NCE ratios or in the frequency
of micronucleated PCEs at either 24 or 48 hr time points. 1t is noted that there was no
evidence of any test article-induced toxicity to the bonc marrow (indicated by a notable
decrease in PCE/NCE ratio) even at the high dose (0.10 mg/kg), a dose that produced a
plasma lanthanum concentration about 2000 times the steady statc pecak plasma
concentration in patients. Although the mean frequency of MNPCE at the high dose for
the 24 hr time point was slightly higher than the concurrent control value, the difference
was not statistically significant. Moreover, it was within the laboratory’s historical
vehicle control range.

The positive control showed a significant increase in the frequency of MNPCEs (p <
0.001), compared to concurrent control, and a2 marked decrease in PCE/NCE ratio.

Mean peak plasma lanthanum concentrations (Cuay) were 346, 905 and 1093 ng/ml for
0.025, 0.050 and 0.10 mg/kg dose groups, respectively. These represent substantial
multiples of the steady state peak plasma level (1.06 ng/ml) measured in patients
receiving the maximum recommended daily oral dose of lanthanum carbonate.

APPEARS THIS WAY
OH ORIGIRAL
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Summary of groap mean data

Lanthanum Chlonide

24 hour time point

Treatment group Kili Time Sex Mean Raiio Group mean Irequency of
(mgkg) (hours) PCENCE micronucleated PCE
{per 1000 cells) per treatment group
(sd)

Vehicle {0) 24 M .48 0.42 %038
Lanthanum Chloride (0.025) 24 M 218 0172026
Lanthanym Chlcride (0.05) 24 ™ 157 0.33 + 0.61
Lanthanum Chloride (0.10} 24 M 1.38 0.75 + 061
Pasitive control, CPA (10) 24 M 046 7.50+ 268

sd  Swndard deviation
M Male

48 hour time point

Treatment group Kill Time Sex Mean Ratio Group mean frequency of
(mgkg) {hours) PCEMNCE micronuchkeated PCE
{per 1000 cells) per treatment group
{xsd)
Vehicte (3} 48 M 1.70 083 +0.52
Lanthanum Chlaride (0.10) 48 M 1.42 0.25 4 042

4 Standard deviation
M Male
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Unscheduled DNA Synthesis in Rat Liver Following 28 Consecutive Daily iv Bolus
Injections of Lanthanum Chloride

Key study findings: Rats treated daily for 28 consecutive days with iv bolus injections of
lanthanum chloride at doses up to 0.1 mg/kg showed no induction of unscheduled DNA
synthesis (UDS} in hepatocytes.

Study Number: —  (contract lab number)
Volume # and Page #: 12 & 5-371
Conducting Laboratory: T

_ 3
Date of Treatment Initiation: July 1, 2003
GLP Compliance: yes
QA Report: yes
Drug Lot # and Purity: 0117352, purity not provided
Formulation: The test article was obtained T s a 10% aqueous
solution of lanthanum as the chloride salt. This stock solution was diluted with
physiological saline for injection to obtain necessary concentrations for dosing. Test
article preparations were made weekly and stored at room temperature protected from
light.

Methods

Strain/Species: male Han Wistar WI e — IGS BR rats from C
1 (7-8 weeks-old and weighing 189-227 g)

Doses: 0.025, 0.05 and 0.10 mg/kg/day, given as an iv bolus injection once daily for 28
consecutive days (dose volume = 5 ml/kg)

Basis of Dose Selection: In a previous iv micronucleus study in rats, 0.1 mg/kg was
selected as the high dosc since it was the maximum iv dose associated with linear
pharmacokinetics in this species and, further, it provided plasma lanthanum concen-
trations that werc 2000 fold higher than the pcak levels in patients given the maximum
recommended daily dese. Hence, the same high dose (0.1 mg/kg) was considered
appropriate for the current study. Two lower doses of 0.05 and 0.025 mg/kg were also
selected.

Negative Control: Physiological saline

Positive Control: 2-acetamidofluorenc (2-AAF), suspended in comn oil (7.5 mg/ml), was
given orally by gavage at 75 mg/kg on day 28 (one day only) - dose volume = 10 ml/kg

Study Design: Groups of 4 male rats were given iv bolus injections of salinc or test
article for 28 days. A further group of four rats received 2-AAF and served as the positive
control. About 12-14 hours after the final dosc administration, animals were sacrificed
and liver was perfused with collagenase. Primary cultures of hepatocytes were made from
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three animals per group and treated with ["H] thymidine. Six slides from each animal
were prepared with fixed hepatocytes, and of these, 3 slides werc prepared for
autoradiographic analysis.

Groups of five satellite animals were dosed for 28 days (as described above) with each
concentration of test article or vehicle, for the determination of lanthanum levels in
plasma and liver, evaluation of liver histopathology, and analysis of liver function
markers (alanine and aspartate aminotransferases, alkaline phosphatase, gamma glutamyl
transferase, triglycerides, cholesterol and bilirubin). Blood was collected from thesc
animals about 2, 15 and 60 minutes after final dose administration. Samples of liver were
collected from each animal and were frozen in liquid nitrogen for lanthanum level
determination, or preserved in 10% neutral buffered formalin for histopathology
evaluation.

Analysis:  Autoradiographic slides were examined microscopically, nuclear and
cytoplasmic grains were counted, and the net grains/nucleus (NNG; the number of grains
present in the nucleus minus the mean number of grains in three equivalent areas of
cytoplasm) was determined. One hundred cells per animal were analyzed using two of the
three slides.

The study was considered valid if:

I. the negative control animals had a group mean NNG value that did not exceed the
upper himit of the historical control range, and

2. the positive control treatments had group mean NNG values of 5 or more with 50% or
more cells having NNG counts of five or greater.

The test article was considered positive if:

at any dose it yielded group mean NNG valucs greater than zero with 20% or more of
cells in repair (mean NNG values >5)

Results

Mean net grain count values and the percent of cells in repair for each trcatment group
are summarized in Table 1. with individual animal values presented in Table 2.
Treatment with lanthanum chloride at doses up to 0.1 mg/kg/day produced group mean
net grain count values in the range -2.7 to -3.9, well below the threshold net grain count
value of zero required for a positive response. At any dose level of lanthanum chloride
tested, no more than ©.3% cells were seen in repair. The positive control produced a mean
net grain count value of 36.4 with 100 % of cells in repair.

Mean peak plasma lanthanum concentrations were 702, 1332 and 3539 ng/mi,
respectively, for the 0.025, 0.050 and 0.10 mg/kg dose levels, the concentration at the
high dose being more than 3000 times the steady statc peak plasma Janthanum
concentration (1.06 ng/ml) observed in patients given the maximum recommended dose.
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Mean liver lanthanum concentrations were 4.0, 5445.0, 12274.0 and 33974.0 ng/g,
respectively, for the 0, 0.025, 0.050 and 0.10 mg/kg dose levels. The highest mean liver
lanthanum concentration observed in the current study was about 27 times higher than the
median liver concentration measured at the end of the oral carcinogenicity study
performed with lanthanum carbonate in the rat.

There were no treatment related effects on markers of liver function or liver
histopathology.

The assay is considered valid since the group mean net grain count for vehicle treated
animals (-2.2) was less than the upper limit of the historical control range (-4.2 to 0.7)
and the positive control chemical induced increases in group mean net grain counts of
five or more (36.4) and more than 50% of cells (100%) had net grain counts of five or
more. The results indicated that the test system was sensitive to a known DNA damaging
agent requiring metabolism for its action.

[Note: The criteria for a positive UDS test result for

(where the present assay was performed), did not include a dose-related increase in
group mean net grain counts, but only an increase in counts at least at one dose level.
However, the group mean net grain counts (in the range of -2.7 to -3.9), obtained in the
current study, were well below the threshold net grain count value of zero required for a
positive response. ]

AP PE'A
488 1,
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Table 1:  Lanthanum chloride: group mean net grain count values
Dose Compownd Net grain Percent of Net grain
(mg/kg/day) ot cells in repair count of cells
(NNG) (NNG 25) in repair
mean SD mean 5D mean D
0 Saline -22 04 0.3 0.6 6.0 -
"0.023 Lanthanwm -2.7 03 - - - -
chlonide
a.05 Lanthanum -14 0.2 0.3 0.6 8.0 -
chloride
G.} Lanthanum -39 04 - - - -
chloride
75 1-AAF 36.4 711 100.0 0.0 364 71
Table 2:  Lanthanum chloride: individual animal net grain count values
Compound Animal Net grain % cells Met grain No. of
(mg/kg/day) number count in count of cells cells
{(NNG) repair in repair scored
mean SD (NNG 25} mean SD
Saline 501 -1.68 0.14 .00 - - 100
0 503 -2.44 0.42 0.00 - - O
512 -2.42 .34 1.00 6.00 - 100
Lanthanum 506 -2.94 0.38 0.00 - - 100
chloride 516 -2.B6 0.03 0.00 - - 100
0.025 517 -2.37 0.24 0.04 - - 100
Lanthanum 504 -3.19 0.80 0.00 - - 100
chloride 510 -144 0.38 0.00 - - 100
.05 515 -3.47 0.25 1.0 §.00 - 100
Lanthanum 507 -4.37 1.00 0.60 - - 160
chloride 508 -1.80 0.25 0.00 - - 100
1 513 -3.64 0.74 (.0 - - 100
2-AAF 502 43.93 8.15 LOL00 43,93 815 100
75 509 29.88 2.78 100.00 29.88 278 100
Sil 315.45 5.67 -100.00 35.45 5.67 100

16
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SUMMARY AND EVALUATION

Lanthanum carbonate (Fosrenol) is being developed as a phosphate binding agent for the
treatment of hyperphosphatemia in patients with end stage renal disease, since it inhibits
the absorption of phosphate, thereby reducing the serum phosphate level. In the presence
of HCI in the stomach, a greater portion of the administered lanthanum carbonate is
converted to highly soluble chloride salt, with the release of carbon dioxide. The activity
of lanthanum carbonate as a phosphate binder is dependent on the availability of soluble
La’" ions in the GI tract and the high affinity of La’" for PO,” ions that arc released
during the digestion of proteins. This binding results in the formation of highly insoluble
lanthanum phosphate, a salt which is excreted in the feces, significantly reducing
phosphate absorption.

The initial recommended total daily dose of Fosrenol is 750-1500 mg lanthanum, with
weekly titration until an optimum serum phosphate level is reached (usually 1500-3000
mg lanthanum per day).

The nenclinical studies conducted with lanthanum carbonate were reviewed earlier
(Original NDA Pharm/Tox Review dated January 13, 2003). Three additional toxicology
studies were included and reviewed under this NDA resubmission.

A four-week oral toxicity study was conducted in rats to qualify a degradant L
. ) 3 that was identified since
the original NDA submission. Groups of rats were orally dosed with vehicle or equivalent
doses (in terms of elemental lanthanum delivered) of lanthanum carbonate ¢
- daily for 28 days. The only histopathological lesions observed (for
both salts) were in the stomach (glandular and nonglandular cpithelial hyperplasia,
mineralized foci and submucosal inflammation). Although the stomach lesions were
similar for both salts, the incidences of these lesions appeared to be slightly higher for the
L. 7 2 than for the carbonate salt. Plasma lanthanum exposure for both
salts was comparable.

The stomach lesions observed in the present study werce similar to those observed in
previous chronic studies in rodents with lanthanum carbonate. No stomach lesions were
seen 1n the dog. It is believed that the longer duration of direct contact of lanthanum with
the stomach wall (due to nocturnal feeding habits), together with the inability to vomit an
irritant material, is likely to make rodents more susceptible than dogs to stomach lesions.
It was shown that lanthanum carbonate is better tolerated if administered to dogs and
humans with food.

For qualification of the impurity lanthanum [ 3 a genotoxicity test was
considercd not necessary since, in the presence of hydrochloric acid, both

7 and carbonate salt forms are converted to the same salt form (soluble
chloride salt) upon dissolution in the stomach. Hence, irrespective of the salt form
administered, only elemental lanthanum ions are absorbed, and since a full battery of
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genotoxicity tests were conducted earlier with lanthanum carbonate, further testing with
the [ 3 was considered unnecessary.

Two new genotoxicity studies submitted with this NDA resubmission showed that there
were no significant increases in micronucleus frequency in the bone marrow cells or any
induction of unscheduled DNA synthesis in hepatocytes of rats treated intravenously with
lanthanum chloride at doses up to 0.1 mg/kg, a dose that produced plasma lanthanum
concentrations about 2000 — 3000 times the steady state peak plasma lanthanum
concentration in patients (who received the drug via the oral route of administration at the
maximum recommended dose), indicating that lanthanum chioride is not genotoxic. (It is
noted that in animal oral toxicity studies, at maximum tolerated doses, steady state peak
plasma lanthanum concentrations were only up to 11 fold higher than the peak plasma
level in patients receiving the maximum recommended dose of 3 g elemental lanthanum
per day.)

All studies appeared to be adequately performed.

In summary, as noted in the original NDA pharmacology/toxicology review, there are no
approvability issues for lanthanum carbonate based on the non-clinical toxicity-testing
program.

APpr,
8 Ty
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RECOMMENDATIONS

The NDA is approvable with the following changes to the sponsor’s proposed package
insert (submttted on January 26, 2004).

l. The proposed CLINICAL PHARMACOLOGY, Pharmacokinetics section of the
label should address significant tissue accumulation and slow clearance with treatment

cessation in rats and dogs given lanthanum carbonate orally.

The fifth paragraph presently reads as follows:

(

We recommend that the above text be revised to read as follows.

“Studies in mice, rats and dogs [
tissues

3 lanthanum concentrations in many

There 1s no
evidence from animal smudies that lanthanum crosses the blood-brain barrier.

2. Under PRECAUTIONS, General, the first sentence of paragraph 2 should be deleted

since the [ 3 was addressed earlier under CLINICAL
PHARMACOLOGY, Pharmacokinetics.

The first sentence of paragraph 2 presently reads as follows:

3. Under PRECAUTIONS, Carcinogenesis, Mutagenesis, Impairment of Fertility,
the doscs used in animal studies should be compared to the human dose on a body surface
area basis.

The text of the above section presently reads as follows:

|

)
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-

Lanthanum carbonate tested negative for mutagenic activity in an in vitro Ames assay
using Salmonella typhimurium and Escherichia coli strains and in in vitro HGPRT genc
mutation and chromosomal aberratlon assays in Chmese ‘Hamster Ovary cells.
Lanthanum carbonate 1 [.

Lanthanum carbonate, at doses up to 2000 mg saltkg/day (f

]

We recommend that the above text be revised to read as follows:

“Oral administration of lanthanum carbonate to rats for up to 104 weeks, at doses up to
1500 mg of the salt/kg/day [2.5 times thc maximum recommenced daily human dose
(MRHD) of 5725 mg ~ on a mg/m’ basis, assuming a 60 kg subject] revealed no
evidence of carcinogenic potential. In the mouse, oral administration of lanthanuin
carbonate for up to 99 weeks, at doses up to 1500 mg of E Tkg/day (1.3 times the
MRHD, o .31 was associated with £ ' 7
glandular stomach adenoma in male mice.

Lanthanum carbonate tested ncgative for mutagenic activity in an in vitro Ames assay
using Salmonella typhimurium and Escherichia coli strains and in vitro HGPRT gene
mutation and chromosomal aberration assays in Chinese hamster ovary cells. Lanthanum
carbonate also tested negative in an oral mouse micronucleus assay at doses up to 2000
mg - kg (1.7 times the MRHD -— and in
micronucleus and unscheduled DNA synthesis assays in rats given iv lanthanum chloride
at doses up to 0.1 mg/kg, a dose that produced plasma lanthanum concentrations > 2000
times the pcak human plasma concentration.

Lanthanum carbonatc, at doses up to 2000 mg ——  g/day (3.4 times the MRHD —
1 did not affect fertility or mating performance of male or female rats.”

4. The text under PRECAUTIONS, Pregnancy presently read as follows:

“Pregnancy Category C. No adequate and well-controlled studies have been conducted in
pregnant women —— The effect of Fosrenol on the absorption of vitamins
and other nutrients has not been studied in pregnant women. Fosrenol is not
recommended for use during pregnancy —
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1

We recommend that the Pregnancy subsection be revised to read as follows, and also to
include subsections on Labor and Delivery and Nursing Mothers, to read as follows:

Pregnancy

“Pregnancy Category . No adequate and well-controlled studies have been conducted in
pregnant women. The effect of Fosrenol on the absorption of vitamins and other nutrients
has not been studied in pregnant women. Fosrenol is not recommended for use during
pregnancy.”

“In pregnant rats, oral administration of lanthanum carbonate at doses as high as 2000 mg

—  'kg/day (3.4 times the MRHD) resulted in no evidence of harm to the fetus. In
pregnant rabbits, oral administration of lanthanum carbonate at 1500 mg/kg/day (5 times
the MRHD) was associated with a reduction in maternal body weight gain and food
consumption, increased post-implantation loss, reduced fetal weights and delayed fetal
skeletal ossification.”

“Lanthanum carbonate administered to rats from implantation through lactation at 2000
mg —— kg/day (3.4 times the MRHD) caused delayed eye opening, reduction in
body weight gain and delayed sexual development (preputial separation and vaginal
opening) of the offspring.”

“Labor and delivery
No lanthanum carbonate treatment-related effects on labor and delivery were seen in

animal studies. The effect of lanthanum carbonate on labor and delivery in humans is
unknown.
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Nursing mothers

It is not known whether lanthanum carbonate is excreted in human milk, Because many
drugs are excreted in human milk, caution should be exercised when Fosrenol is
administered to a nursing woman.”

Xavier Joseph, D.V.M.

Accepted by on
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a1
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DISCLAIMER: Tabular and graphical information is from sponsor’s submission unless
stated otherwise.
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Executive Summary

I. Recommendations
A. Recommendation on Approvability
Lanthanum carbonate 1s approvable from a nonclinical perspective.
B. Recommendations for Nonclinical Studies
None

C. Recommendations on Labeling

The NDA is approvable with the following changes to the sponsor’s proposed package
insert (submitted on Apnl 30, 2002).



- l pages redacted from this section of
the approval package consisted of draft labeling
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U

II. Summary of Nonclinical Findings

A. Pharmacologic Activity

Lanthanum carbonate hydrate i1s being developed as a phosphate binding agent for the
treatment of hyperphosphatemia in patients with end stage renal disease. Lanthanum ions
act by binding with dietary phosphate in the stomach, forming insoluble lanthanum
phosphate that is excreted in the feces, and thereby significantly reducing the absorption
of dietary phosphate.

In in vitro studies, lanthanum carbonate showed high affinity for phosphate binding.
When present in a two-fold molar excess, lanthanum carbonate removed more than 97%
of the available phosphorus at pH 3 and 5, and more than 66% at pH 7.

In isolated perfused rat gut preparations, lanthanum carbonate (30.8 mg/kg) showed
greater ability in inhibiting the transport of labeled phosphate across gut lumen (34.4%
inhibition) than did an equimolar dose of aluminum hydroxide (17.5% inhibition).
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In rats, single dose oral admunistration of lanthanum carbonate (1.5 or 2000 mgkg)
produced dose-dependent reductions (23-41%) in serum phosphate levels with no effects
on serum calcium levels.

Studies in rats also showed that daily oral administration of lanthanum carbonate (1000
mg/kg) resulted in the excretion of about 56% of the administered labeled phosphate in
the feces (versus 31% in controls).

In safety pharmacology studies, lanthanum carbonate had no significant effects on central
nervous, cardiovascular and gastrointestinal systems.

B. Brief Overview of Pharmacokinetics

Lanthanum s minimally absorbed in rats and dogs after oral administration of lanthanum
carbonate. Oral bioavailability was estimated to be 0.0007% in the rat and 0.00005% in
the dog. Companson of mean plasma levels and AUCg_24n) values after single and repeat
dose administration of lanthanum carbonate showed no evidence of accumulation
following repeated dosing in rats, mice and rabbits. In the dog, AUC values reached a
steady state by week 13 of treatment. Plasma lanthanum exposures in animal toxicity
studies, at maximum tolerated doses, exceeded the exposure in humans [at the maximum
recommended human dose (MRHD) of 3000 mg lanthanum per day] by up to 7 fold.

The mean plasma protein binding ranged from 99.7% in humans to 99.9% in mouse, rat,
rabbit and dog.

Animal studies showed that following administration of lanthanum carbonate, lanthanum
is widely distributed in tissues, and the concentrations in many tissues (particularly
gastrointestinal tract, bone and liver) greatly exceed the plasma concentration in mice,
rats and dogs, and achieve steady state levels, at least in dogs, by approximately 26
weeks. Clearance of lanthanum from many tissues (stomach, femur, liver, spleen and
sternum) 1s slow, with high lanthanum levels remaining 6 months after treatment
cessation. Significant toxicity was not associated with these tissue lanthanum levels.

In vitro studies showed that lanthanum was not a significant inhibitor of any of the
human liver cytochrome P450s (CYP 1A2, 2C9/10, 2C19, 2D6 and 3A4/5) examined,
indicating a low potential for drug-drug interactions.

In the rat, an oral dose of lanthanum was shown to be excreted almost exclusively in the
feces (99.3%). In the dog, about 93% of the administered dose was recovered either in the

feces or vomit. Urinary excretion was minimal.

C. Bref Overview of Toxicology Findings

Chronic toxicity studies with lanthanum carbonate showed dose-related increased
inctdences of stomach lesions (epithelial hyperplasia of the limiting ridge and non-
glandular region, sub-mucosal inflammation and inflammation of glandular epithelium)
in rats and mice, but not in dogs. (The 52-week dog study did not reveal any significant




NDA 21468 6

toxicity.) It was shown that lanthanum carbonate is better tolerated if administered to
dogs and humans with food. Nocturnal feeding habits result in rodents receiving the drug
(during the day) on an empty or partially-empty stomach. It is believed that the longer
duration of direct contact of lanthanum with the stomach wall, together with the inability
to vomit an irntant material is likely to make rodents more susceptible than dogs to
stomach lesions.

Two years of oral administration of lanthanum carbonate at doses up to 1500 mg/kg/day
(2 5 times the MRHD, on a mg/m’ basis) did not produce any treatment-related tumors
in the rat. In the mouse, oral administration of lanthanum carbonate for 99 weeks, at
doses up to 1500 mg/kg/day (1.3 times the MRHD), produced a significant increasing
trend for glandular stomach adenomas in males. Occurrence of these benign tumors was
limited to the high dose treatment group (4/50 animals) and, on the basis of historical
data, 1s considered to be a rare event in CD-1 mice.

In a fertility and embryonic development study in rats, lanthanum carbonate, at doses up
to 2000 mg/kg/day (3.4 times the MRHD), did not affect fertility or mating performance,
or produce any harm to the fetus. In a rabbit developmental toxicity study, oral
administration of lanthanum carbonate (1500 mg/kg/day, 5 times the MRHD) was
associated with maternal toxicity, increased post-implantation loss, reduced fetal weights
and delayed skeletal ossification. In a study in which rats were dosed with lanthanum
carbonate from implantation through lactation, 2000 mg/kg/day caused delayed eye
opening, reduction in body weight gain, and delayed sexual development (preputial
separation and vaginal opening) of the offspring. Mating performance and fertility of
offspring were unaffected by the matemal treatment.

Lanthanum carbonate tested negative for genotoxicity in in vitro (bacterial reverse
mutation assay, and mammalian cell gene mutation and cytogenetic assays in Chinese
hamster ovary cells) and in vivo (mouse micronucleus assay) test systems.

In a chronic renal failure (CRF) rat model, oral administration of lanthanum carbonate (0,
100, 500, 1000 and 2000 mg/kg/day) for 12 weeks caused osteomalacia at 1000 (3 of 7
rats) and 2000 (1 of 4 rats) mg/kg/day doses. These bone effects were not seen in rats
with normal renal function (NRF), given the same doses of lanthanum carbonate.

D. Nonclinical Safety Issues Relevant to Clinical Use

It was thought that the osteomalacia observed in CRF rats might be related to an
excessive accumulation and/or direct toxic effect of lanthanum on the bone. However,
bone analyses showed that there was no significant difference in the bone lanthanum
concentrations between CRF (1.6 pg/g wet tissue) and NRF (1.2 pg/g wet tissue) rats,

indicating a lack of direct relationship between bone lanthanum concentration and -

osteomalacia. It was also shown that higher bone lanthanum levels than observed in CRF
rats were seen in chronic toxicity study animals (animals with normal renal function), in
which no bone toxicity was observed.
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It was observed that the doses of lanthanum that produced osteomalacia in renally
impaired rats also caused marked reductions (78-86%) in urinary phosphate excretion,
compared to NRF rats, indicating a state of phosphate depletion in CRF rats. The
hypothesis that the osteomalacia in CRF rats was produced by phosphate depletion
associated with high doses of a phosphate binder, and not by excessive accumulation or
direct toxic effect of the compound on the bone, was tested using a non-absorbed, non-
metallic phosphate binder (sevelamer), comparing its effects with that of lanthanum
carbonate. Oral administration of sevelamer (1000 mg/kg/day) to CRF rats for 12 weeks
produced impaired mineralization in 4 of 7 rats, while lanthanum carbonate produced
these effects in 1 of 4 rats, indicating that the bone effects were secondary to phosphate
depletion assoctated with high doses of a phosphate binder. Published literature also
supports that hypophosphatemia, by any cause, can result in impaired bone
mineralization,

At high doses of a phosphate binder, there is inadequate absorption of phosphate from the
gut in CRF rats, requiring phosphorus mobilization from the bone, and thus causing a
muneralization defect. In end stage renal disease patients, as hyperphosphatemia, rather
than phosphate depletion, is a prerequisite for treatment with a phosphate binder, bone
changes are unlikely to occur during treatment with lanthanum carbonate.

The glandular stomach adenomas observed in male mice were associated with
proliferative changes due to gastric imtation induced by the very high stomach
lanthanum concentration at the dose at which the tumors occurred in this species (2189
Kg/g in mice vs 827 pg/g in rats and 349 pg/g in dogs). No neoplastic lesions (benign or
malignant) were associated with lanthanum carbonate administration in the rat. In view of
the above and in the absence of evidence of a genotoxic potential for lanthanum
carbonate, the mouse tumor finding is not considered 1o be an approvability issue.

The apparently drug-related effects on rabbit embryo/fetal survival and development
occurred at a relatively high dose, about 5 times the MRHD (on a mg/m?) basis, and may
have been secondary to matemal toxicity observed at this dose. Moreover, the values
observed in the study were within the sponsor’s historical control range. Although in a
study in which rats were dosed from implantation through lactation, 2000 mg/kg/day was
associated with delayed eye opening and delayed sexual development of the offspring,
mating performance and fertility of the offspring were unaffected by the maternal
treatment. We do not consider the above findings to constitute an approvability issue.

Administrative
174
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B. Supervisor signature: Concurrence /C ‘
CRareA. Resnick, Ph.D
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PHARMACOLOGY/TOXICOLOGY REVIEW
1. PRIMARY PHARMACOLOGY

[Doses for all non-clinical studies are expressed on a saft basis (mg lanthanum
carbonate/kg/day). 1000 mg lanthanum carbonate = 524 mg lanthanum.]

Sponsor’s summaries of pharmacodynamic studies are provided below.

Summary of In Vitro Studies to Identify a Suitable Phosphate
Binding Agent for Preclinical and Clinical Evaluation (Report
No. X00293-LAM-IIF; DIVO1054)

The purpose of this investigation was 1o evaluate a number of different compounds for
their relative ability to bind to phosphatc and to assess the potential for absorption in to
the systemic circulation. The aim was to identify the optimum compound for further
development. Forty-five compounds were screened in the in vitro assay. Lanthanum
carbonate removed >97% of phosphorus at pH 3 and S and >66% at pH 7, with a
maximum element ion concentration of 302 ppm at pH 3 declining to | ppmn at pH7.
The effects of lanthanum were comparable to aluminium hydroxide and superior to
calcium salts. Lanthanum carbonate was chosen for further development.

The grinding of lanthanum carbonate demonstrated that the rate of binding could be
altered by changes in particle size but that the final level of binding and element ion
refease was unchanged. ‘

In conclusion, lanthanum carbonate was shown to be an effective phosphorus binder in
vitro with low levels of released element ions at a pH range of 3-7.
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A Comparative Study Between Lanthanum Carbonate
and Aluminium Hydroxide as Inhibitors of inorganic
{**P} Phosphate Absorption from the Intestinal Tract
(Report No. 37/06/SHIR/2)

The purpose of this comparative study on isolated perfused rat gut was to measure the
transport of phosphate across the gut lumen into the circulating perfusates and to compare
the efficiency of lanthanum carbonate to that of aluminum hydroxide at binding and
retaining the phosphate (**PO4™") in the gut lumen inhibiting the transport of PO~ into
the circulation.

Three experiments were performed in which the vehicle and *2PO,> were administered
into the gut lumen. The amount of *PO,* "absorbed into the perfusate accounted for
approximately 60% of the administered dose for two of the three control experiments; the
third experiment revealed that only 43.1% of the administered 2P0, transferred across.

The comparison between lanthanum carbonate and aluminum hydroxide at equimolar
doses revealed that at the lowest dose levei (lanthanum carbonate 9.2 and aluminum
hydroxide 1.35 mg/kg) there was little difference between them in their ability to inhibit
phosphate transport. At this dose, lanthanum carbonate showed no inhibition whereas
aluminum hydroxide only reduced phosphate transport by 4 8%. At the highest dose
{lanthanum carbonate, 30.8 and aluminum hydroxide, 4.56 mg/kg), lanthanum carbonate
was more efficient at binding and retaining phosphate than aluminum hydroxide. At this
level, there was an inhibition in the phosphate transport of 34.4% by lanthanum carbonate
compared to 17.5% for an equimolar dose of aluminum hydroxide.

In conclusion, lanthanum carbonate administered into the small intestines at a dose of
about 30 mg/kg body weight is capable of reducing the amount of 32p0,*absorbed from
the isolated perfused rat gut by approximately 30%. At this dose of lanthanum carbonate,
the theoretical maximum would be 60%. By comparison, equimolar aluminum
hydroxide is less efficient (18%) at preventing the transintestinal transport of POs* over
3 hous.

AY
PPEARS THIS W
A ON ORIGINAL
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Acute Oral (Gavage) Investigative Study in the Rat (Report
No. SPD/82/96)

The purpose of this study was to investigate the effects of a single oral (gavage) dose of
lanthanum carbonate (1.5 and the 2000 mg/kg) on plasma and serum ionized caicium and
phosphorus levels in male rats at 2 to 24 hours post dosing.

Seventy two male  CD(SD)BR rats were divided into {2 groups of six. Two groups of
rats were either not dosed or dosed with vehicle alone (0.5% */, carboxymethylcellulose)
and served as controls. The remaining groups were administered lanthanum carbonate at
a doses of 1.5 mg(salt)/kg or 2000 mg(salt)’kg. Blood samples were collected from the
untreated control group and urine samples were collected from the control group given
vehicle. Urine samples were collected from one group of treated rats each at the 1.5 and
2000 mg(salt)’kg doses. Blood samples were collected at 2, 4, 8, and 24 hours post
dosing from 6 rats/time point at the 1.5 and 2000 mg(salt)/kg doses.

lonized phosphorus in control rats averaged 9.5 + 104 mg% and 9.3 + 104 mg % in
plasma and serum, respectively. Dose-dependent reductions in plasma and serum levels
of lonized phosphorus were observed in rats treated with lanthanum carbonate (23 to 24%
reductions at 8 and 24 hours afler administration of the 1.5 mg/kg dose compared to
controls, and 33 10 41% reductions at § and 24-hours after dosing at the 2000 mg/kg
dose). Levels of ionized calcium in plasma or serum were not affected by lanthanum
carbonate at either dose tested over the 24-hour sampling period.

The 2000 mg/kg dose caused a decrease in urinary volume and a reduction in urinary
calcium levels over 0-6 hours. Urinary volume retumed to normal over 6-24 hours when
the animals had access to food and water. The 2000 mg/kg dose caused a decrease in
urinary calcium levels over 0-6 hours.

Analysis of plasma samples indicated that minimal absorption of lanthanum carbonate
occurred at a dose level of 2000 mg/kg. There was no evidence of any absorption ata
dose level of 1.5 mg/kp.

In conclusion, the administration of lanthanum carbonate as a single dose of 2000 mg/kg
by oral gavage did not cause any changes in the levels of plasma or serum calcium.
However this dose caused a dose-dependent reduction in plasma and serum inorganic
phosphate levels after 8 and 24-hours. There were no signs of further reduction after 24-
hours. Urine volutne was decreased over 0-6 hours but returned to normal when the
animals were allowed access to food and water. Calcium levels in the urine were reduced
over 0-6 hours as well. Analysis of plasma saraples at this dose level indicated that
minimal absorption of lanthanum had occurred.
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Studies to Compare the Efficacy of Lanthanum Carbonate
and other Phosphate Binding Agents on the Gastrointestinal
Absorption of **P-labelled H3PQ, in Rats (Report No. R00216-
LAM-NIF; SPD/0?7)

The study objective was to provide comparative information on the effects of phosphate-
binding agents on the rates and routes of excretion of radioactivity, and thereby on the
extent of absorption of phosphate from the gastrointestinal tract. This comparison was

made on the assumption that essentiaily all the absorbed phosphate was excreted in the
urine.

Groups of rats received daily oral doses of phosphate binding agents at a nominal dose
level of either 100 or 1000 mg (saltykg. On Day 7, the rats received a single oral dose of
60 mg/rat of [*’P)” H;PO,.

After a single dose of *PJ HyPO, 1o five male rats, following the administration of
lanthanum carbonate (100 mg (saltykg), a mean of 12.5% dose was excreted in the urine
during 0-144 hours. Most of this radioactivity was excreted within the first 48 hours,
representing 11.6% of the dose. During the 6 days after dosing, 2 mean of 29.5% of the
dose was excreted in the feces with most (26.9%) occurring within the first 48 hours.
Radioactivity remaining in the carcass accounted for 53.7% of which 36.4% was
associated with the residual bone following digestion of the carcass. The total mean
recovery of radioactivity after 144-hours was 95.8% of the dose.

After a single dose of [*’P} H3POj; to five male rats, following the administration of |
lanthanum carbonate (1000 mg (salt)’kg), a mean of 2.4% of the dose was excreted in the

urine during 0-144 hours. Most of this radioactivity (2.2%) was excreted in the urine

after 48-hours. During the 6 days after dosing, a mean of 55.6% of the dose was excreted

in the feces with most of this (53.4%) within the first 48 hours. Radioactivity remaining

in the carcass accounted for 31.6% of which 21.1% was associated with the residual bone

following digestion of the carcass. The total mean recovery of radioactivity after 144
hours wag 89.6%.

In rats with normal renal function, lanthanum carbonate, aluminum hydroxide, calcium
carbonate, and sevelamer increased fecal excretion, and reduced urinary excretion, of
orally administered * ’P-phosphorus at 1000 mg (salty’kg. The increased fecal phosphorus
excretion was higher for lanthanum carbonate, alominum hydroxide, and calcium
carbonate compared to sevelamer, whereas reduction in urinary phosphorus excretion
was similar for all drugs. These findings are consistent with a reduction in the absorption
of phosphorus due to the binding and precipitation of irisoluble phosphate salts in the
gastrointestinal tract. All drugs similarly reduce the urinary excretion of oxalate at 1000
mg (salt)’kg, but not at 100 mg (salty/kg, consistent with binding and precipitation of
insoluble oxalate salts 1., the gastrointestinal tract.

In conclusion, these results indicate that the phosphorus binding agents administered as
1000 mg(salty'kg reduce the absorption of phosphorus in the gut.
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II. SAFETY PHARMACOLOGY

Sponsor’s summaries of safety pharmacology studies are provided below.

Effects on Central Nervous System

Single dose studies were performed with lanthanum carbonate in the mouse. Doses of 0,
200, 500, 1000 or 2000 mg lanthanum carbonate/kg were administered orally via gavage.
Doses employed in these studies were selected on the basis of maximum tolerated doses
determined in an acute toxicology study (SPD/42/96). These doses of lanthanum
carbonate were 1.7, 4.4, 8.7, and 17.4 times, respectively, the anticipated maximum
therapeutic dose (114.5 mg lanthanum carbonate/kg/day) for a 50 kg individual on the
basis of body weight.

In addition, an [rwin Screen was conducted in mice during Week 62 of the mouse
carcinogenicity study (SPD/§8/C) and neurctoxicity assessments were conducted in dogs
during Week 26 of the 52-week toxicity study (SPD/66/TK). No significant adverse
effects were observed in either assessment.

Irwin Test in Mice Including Body Temperature
Alterations (Report No. SPD/62/PH)

This study was performed to investigate the effects of lamthanum carbonate in the [rwin
Test and on body temperature in mice,

Four groups of six male CD-1 mice were fasted overnight prior to dosing. Thirty minutes
prior to dosing, rectal body temperature of each mouse was recorded and the parameters
of the Irwin Screen were recorded. Each mouse received an oral dose via gavage of either
vehicle, or lanthanum carbonate (200, 500, and 1000 mg/kg). Mice were observed 1, 2,
and 4 hours afier dosing for changes in the parameters according to the method of Irwin.
The body temperature of each animal was also measured at these intervals.

No animals died or were euthanized prematurely duriag the study. No clinical signs of
reaction to treatment were observed in the Irwin Screen and the minor changes detected
were not regarded as pharmacologically significant.

-Lanthanum carbonate did not produce any effects on the Irwin Screen parameters or body
temperature up to 4 hours afier dosing. On the basis of lack of an adverse effects in this
screen, the NOEL was determined to be >1000 myg (salt)keg.
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Spontaneous Motor Activity in Mice (Report No,
SPDI63/PH)

This investigation assessed the effect of lanthanum carbonate on the spontaneous moior
activity of mice-

Five groups of six male CD-1 mice were fasted overnight prior to dosing. Mice were
orally administered via gavage, vehicle, lanthanum carbonate (200, 500, or 1000 mg/kg)
or the positive control, chlorpromazine (5 mg/kg). Three hours after dosing, each animal
was placed inside a perspex box in which the floor was divided and marked into four
sections. The number of crossings from one section to another in a 3-minute interval was
recorded.

No animals died or were sacrificed prematurely during the study. Lanthanum carbonate
administration was not associated with any adverse clinical observations other than those
recorded as spontancous motor activity.

Mice administered the standard, chlorpromazine, had a statistically significant reduction
{p<0.001) in mean line crossings. In comparison, the mean line crossings for mice
receiving lanthanum carbonate were similar to control values.

On the basis of these findings, Janthanum carbonate had no effect on spontaneous activity
in mice. The NOEL was determined to be >1000 mg (salti’kg.

APPEARS THIS WAY
OM ORIGINAL
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Assessment of Proconvulsant Activity in Mice
Following Orat Administration (Report No. SRU
003/992850)

The objective of this investigation was to assess the proconvulsant effects of orally
administered lanthanum carbonate using both metrazol-induced and electroshock-induced
convulsions in the mouse.

Mice were fasted overnight prior to conducting this study. Lanthanum carbonate was
administered orally via gavage to male ICR CD-1 mice {1 (/group in the metrazol test and
12/group in the electroshock test) at doses of 500, 1000, and 2000 mg/kg. Control group
animals for each test received vehicle (0.5% w/v carboxymethylceliulose) or
amphetamine sulfate (30 mg/kg) in the metrazol test or bemegride (40 mg/kg) in the
electroshock test. Employing amphetamine sulfate and bemegride as positive controls
ensured validity of the test systems.

Forty-five minutes after oral administration of test treatments, each animal 1eceived either
a subthreshold convulsive dose of metrazol (535 mg/kg, subcutaneous) or a subthreshold
convulsive clectroshock applied via ear electrodes. Mice were observed for the
occurrence of convulsions for 45-minutes (metrazol test) or for one minute (electroshock
test).

In the metrazo! test, observations included the occurrence of generalized clonic seizures
accompanied by loss of posture. The time to occurrence of this first seizure was recorded
for each mouse. The presence or absence of tonic flexion or tonic extension of the
hindpaws and the number of lethalities at the termination of the observation period was
recorded. Signs of proconvulsant activity were also recorded.

In the electroshock test, the stimulus selected caused tonic extension of the hind limbs in
a minority of vehicle-treated mice. Observations that were recorded included the presence
or absence of tonic extension or tonic flexion of the hind paws and of clonic convulsions
during a 1-minute-post shock period. Lethalities were also recorded.

In the metrazol test, tanthanum carbonate produced no significant proconvulsant activity
(0/10) at oral doses of 504, 1000, and 2000 mg (salt)kg. The positive control,
amphetamine sulfate, produced marked and statistically significant proconvulsant activity
(10/10) and decrease in mean time to first seizure.

In the electroshock test, ianthanum carbonate produced proconvulsant activity (i.e., tonic
extension) in 6/12 animals at oral doses of 1000 and 2000 mg(salty’kg that was not
statistically significant in comparison to vehicle control group (3/12). The lanthanum
carbonate dose of 500 mg/kg did not produce any statistically significant proconvulsant
activity (4/12) in this test. In comparison, bemegride proauced the expected statistically
significant proconvulsant effect in 8/12 animals. Since lanthanum carbonate at the
highest dose evaluated did not induce statistically significant proconvulsant activity in the
metrazol and electroshock tests, the NOEL was determined to be >2000 mg (salty/’kg .
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Assessment of Anticovulsant Activity in Mice
Following Oral Administration (Report No. SRU
005/952851)

The purpose of this investigation was to assess the anticonvulsant effects of orally
admipistered lanthanum carbonate using both metrazol-induced seizures and
supramaximal electroshock-induced seizures in the mouse.,

Lanthanum carbonate was orally administered via gavage to mate iCR CD-1 mice
(10/group) at doses of 500, 1000, and 2000 mg/kg. Additional controf groups received
cither vehicle (0.5% w/v carboxymethylcellulose) or sodium phenabarbitone (30 mg/kg).
Sodium phenobarbitone was included as positive control in both tests.

Forty-five minutes after dose administration, each animal received either metrazol (85
mg/kg, subcutaneous) or was subjected to a supramaximal shock applied via ear
electrodes. In the metrazol test, all animals were continuously observed for 30 minutes
for the cccurrence of generalized clonic seizures accompanied by loss of posture. The
presence or absence of tonic flexion or tonic extension of the hind paws and the number
of deaths at the termination of the observation period were aiso noted. In the electroshock
test, cach mouse was observed for the presence or absence of tonic extension or tonic
flexion of the hind paws and of clonic convulsiens during the [-minute post-shock
period.

In the Metrazol Test, oral administration of lanthanum carbonate at doses of 500, 1000,
and 2000 mg(salty’kg produced no marked or statistically significant effects on the
numbers of animals displaying clonic convulsions or on the mean time to the first
convulsion when compared to the vehicle-treated group. In contrast, sodium
phenobarbitone produced a statistically significant anticonvulsant effect in this test.

In the Electroshock Test, there were no statistically significant differences in the
responses 10 supramaximal electroshock between mice dosed with any dosage of
lanthanum carbaonate and the vehicle-treated mice. In contrast, sodium phenobarbitone
produced a statistically significant anticonvulsant activity in this test.

No signs of ataxia were observed following administration of lanthanum carbonate in
either test,

Since {anthanum carbonate did not produce significant anticonvulsant activity in either
the metrazol or supramaximal electroshock tests, the NOEL was determined to be >2000
mg (saltykg.
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Effects on Cardiovascular and Respiratory Function

Cardiovascular and Respiratory Parameters in the
Anaesthetised Dog (SPD/64/PH)

The object of this investigation was to assess the effect of intraduodenal administration of
lanthanum carbonate on various cardiovascular and respiratory parameters in the
anesthetized dog.

Doses employed in this study wete selected on the basis of maximum tolerated doses
determined in an acute and 14-day repeat oral dose range finding study in the Beagle dog
(SPD/44/96). Doses evaluated in this study were 0, 200, 600, and 2000 mg (salt)’kg.
These doses of lanthanum carbonate were 1.7, 5.1, and 17.4 times, respectively, the
anticipated maximum therapeutic dose (114.5 mg lanthanum carbonate/kg/day) for a 50
kg human on the basis of body weight.

Four groups of three Beagle dogs were intraduodenally administered either vehicle
(0.5% wiv carboxymethylcellulose} or lanthanum carbonate at dose of 200, 600, or 2000

mg/kg.

Each dog was anesthetized and surgically prepared to monitor blood pressure (femoral
artery, systolic, diastolic and mean), heart rate, left ventricular pressure (end diastolic
pressure, and dp/dt), ECG (QRS amplitude, P-R interval, and S-T interval), blood flow
(mean and peripherat resistance), and respiration (rate, tidal volume, and minute volume).

No antmals died or were euthanized prematurely during the study. No clinical signs were
observed that were related to treatment.

L anthanum carbonate at 200 mg/kg and higher did not cause any change in blood
pressure, left ventricular pressure, femoral flow rate, peripheral resistance, and in
respiration parameters (minute volume, rate, and tidal volume). Analysis of
electrocardiographs revealed no effects on QRS, PR and ST intervals. All parameters
remained stable throughout the 4-hour measurement period.

Since lanthanum carbonate at the highest dose tested did not adversely effect any
cardiovascular or respiratory parameter, the NOEL was determined to be >2000 mg
{salt)ykg.
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Analysis of Electrocardiograms Obtained form Study
SPD/64/PH for the Assessment of Potential Effects on
QT Intervals (Report No. SPD/64/a)

The objective of this study was to re-analyze data from SPD/64/PH to determine potential
effects on QT Intervals following intraduodenal treatment with lanthanum carbonate ont
anesthetized Beagl: dogs.

Electrocardiogram traces were re-examined and the R-R interval was measured to
calculate the heart rate. Q and T waves were verified and the QT interval measured.
From this data the corrected QT (QTc) value was calculated.

No effects were observed on heart rate (calculated from R-R intervals) or QT interval
after administration of the vehicle control or lanthanum carbonate at a dose of 600
mg(salt)’kg and higher. These parameters remained stable throughout the 4-hour
observation period. There were o clear effects of treatment at any dose level upon the
QT¢ value.

On the basis of this re-evaluation, the NOEL was detetmined to be >2000 mg (salt)kg.

APPEARS THIS WAY
ON ORIGINAL
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Effects on Gastrointestinal Function

Charcoal Meal Transit in the Rat Smalt intestine
(Report No. SPD/47/PH}

This study was performed to identify any activity of lanthanum carbonate o
gastrointestinal motility. :

Five groups of six male CD rats were administered via gavage one of the following:
vehicle (0.5% carboxymethylcellulose in water), lanthanum carbonate at doses of 200,
500, or 1000 mg/kg, or morphine used as standard at 20 mg/kg. Two hours afier dosing
with vehicle or lanthanum carbonate, or one hour after dosing with morphine, charcoal
meal was orally administered. Rats were killed 30 minutes after charcoal meal
administration, and the small intestine was removed. The distance traveled by the
charcoal meal as a percent of the total length of small intestine was recorded.

No animals died or were euthanized prematurely during the study. Clinical observations
included intestinal contents that were very fluid and some yellow liguid in all rats
administered 500 and 1000 mg (saltykg. A minimal residue of intestinal charcoal meal
was present in all animals given 1000 mg (saltykg. The mean percentage distances
traveled by the charcoal meal in rats treaied with lanthanum carbonate at dose levels of
200, 500 and 1000 mg/kg(salt)y/day were 42, 43, and 39%, respectively. In comparison,
the mean percentage distances traveled by the charcoal meal was 56% in the untreated
control rats, and 29% in rats treated with morphine (20 mg/kg). On the basis of these
findings, lanthanum carbonate was determined to have no significant effect on mean
transit time in rats. However, the content of charcoal meal in the intestine was reduced at
1000 mg/kg lanthanum carbonate, as indicated by the presence of a yeliow substance in
the intestine that was probably the test article associated with mucus. These latter
findings suggested that lanthanum carbonate inhibited gastric emptying at the 1000
mg(salt)/kg high dose.

On the basis of these observations, the NOEL for effects on gastric emptying was
determined to be 500 mg (saltykg.
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Gastric Acid Secretion in Shay Rats (Report No.
SPD/48/PH)

This study was conducted in order to identify any effects of lanthanum carbonate on
gastric function by analysis of gastric fluid secretion.

Five groups of six male CD rats were fasted prior to start of study. Approximately two
hours before surgery, four groups of rats received, via gavage, vehicle or lanthanum
carbonate doses of 200, 500, or 1000 mg/kg. Rats were anesthetized and the pylorus
ligated. A fifth group of rats was intraduodenally administered the standard cimetidine at
60 mg/kg. Four hours after dose administration, rats were kilied. Gastric fluid was
collected and the volume, pH, and pepsin activity were measured.

No animal died or was euthanized prematurely during the study. There were no visible
signs of reaction to treatment in any animal. At Japarotomy the stomachs of the animal
dosed with 1000 mg(salt)/kg lanthanum carbonate were observed to be partially
distended. This may have been attributable to the test article remaining in the stomachs.

The standard, cimetidine (60 mg/kg), significantly reduced (p<0.01) the volume of
secretion and the hydrogen ion concentration. Cimetidine reduced pepsin activity, but this
reduction was not statistically significant.

Oral administration of lanthanum carbonate had no effect on the volume of secretion or
pepsin activity, but the hydrogen ion concentration was reduced in a dose-dependent
manner and this reduction was significant (p<0.01} at 1000 mg/kg.

In conclusion, lanthanum carbonate, when orally administered at dose levels of 200, 500,
or 1000 mg(salty'kg in the rat, had no effect on the volume of gastric fluid, or pepsin
activity but the presence of lanthanum carbonate within the stomach of the rat reduced
the acidity of the gastric contents by neutralization.

Ou the basis of these observations, the NOEL was determined to be 500 mg (sali)ykg.
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Urinary and Faecal Qutput in Rats (Report No.
SPD/49/PH)

This study was designed to assess the effect of oral administration (gavage) of lanthanum

carbonate on urinary and fecal output.

Five groups of six CD male rats were fasted overnight and deprived of water 2 hours
prior to dosing. At the end of this two-hour interval, saline was administered. Thirty
minutes later, each group of rats were orally administered via gavage one of the
following: vehicle, lanthanum carbonate (200, 500, and 1000 mg/kg) or furosemide (20
mg/ke). Immediately after dosing, each rat was housed in a metabolic cage for the
remainder of the day. Neither food nor water was available until 6 hours after dosing.

Urine and feces were collected at 3, 6, and 24 hours after dosing. Urine volume was
measured and a sample taken for the determination of sodium, potassium, chloride, and
phosphate concentrations. Fecal weights were also determined.

No animals were found dead or euthanized prematurely during the study. There were no
visible signs of reaction to treatment with lanthanum carbonate in any animal. No
episodes of diarthea were recorded. These clinical obscrvations suggested no disturbance
of intestinal function.

The standard, furosemide, resulted in significant increases in urine volume and in sodium
(p<0.001), chloride and potassium (p<0.01), and phosphate (p<0.05) concentrations in
comparison to control values 3 hours post-dosc. Furosemide produced an approximately
6-fold increase in urine volume and an approximately 10-fold loss in sodium in
comparison to control values in this same time interval. No significant differences were
obsetved for any parameters at 6 hours. Significant decreases in the concentrations of
sodium (p<0.05) and chloride (p<0.01) and an increase in phosphate (p<0.01) in
comparison to control values were observed at 24 hours.

No significant changes were observed in urine volume or clectrolyte concentrations
following treatment with lanthanum carbonate at 3 or 6 hours. The concentration of
phosphate was reduced (p<0.05) approximately 5-fold following administration of 500
mg/kg lanthanum carbonate in comparison to contro} values at 24 hours. Less than 2-fold
increases in urine volume (p<0.05) and sedivm concentration (p<0.01) were observed
following administration of 1000 mg/kg lanthanum carbonate. Phosphate concentration
was decreased at this lime interval, but this change was not statistically significant.

On the basis of the increases in urine volume and sodium concentration at 1000 mg/kg,
and the lack of an affect on fecal weights at the highest dose of lanthanum carbonate, the
NOELS for urine output and fecal output were determined to be 500 and 1000 mg
(saltykg, respectively.
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Gastric Lesions in the Rat Stomach {Report No.
SPD/50/PH)

The objective of this study was to assess whether lanthanum carbonate produces lesions
int the rat stomach.

Five groups of six male CD rats were administered orally via gavage, vehicle, lanthanum
carbanate at doses of 200, 500, or 1000 mg/kg, or the positive control, aspirin, at 150
mg/kg. All animals were sacrificed 3 hours after dose administration. Stomachs were
opened and examtined for macroscopic gastric damage as indicated by hemorrhagic
lesions.

No animals were found dead or sacrificed prematurely during the study. There were no
clinical observations related to treatment in any animal prior to examination of the
gastrointestinal tract.

Examination of the gastrointestinal tract revealed bloated appearance of the stomach for
animals in the 200 (1/6), 500 (2/6} and 1000 (4/6) mg(salt)kg dose groups. These
observations were cotrelated 1o the presence of test article in the stomachs of these
animals. The observations of retained fluids and test article in stomachs were attributed to
the physical character of the formulation delivered to the rats,

In contrast to the positive control, aspirin, which showed gasiric lesions in all treated
animals {6/6), the incidence of gastric lesions from lanthanum carbonate at doses as high
as 1000 mg/kg was identical to the incidence in the control group (0/6).

In conclusion, ianthanym carbonate was shown not to cause gastric damage in the rat.
Tacretare, the NOEL was determined to be 1000 myg {saltykg.

APPEARS THIS WAY
0N ORIGINAL
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The Effect of Lanthanum Carbonate on Aspirin
Induced Gastric Damage in Rat {Report No. SPD/51/PH)

The objective of this investigation was to assess whether lanthanum carbonate affects
aspirin-induced gastric damage in the rat.

Six groups of six male CD rats were fasted overnight prior to dosing. Groups 1 and 3-6
received aspirin (150 mg/kg) following treatment with vehicle, sodium chloride (6%), or
lanthanum carbostate (200, 500, or 1000 mg/kg). Group 2 rats received a Janthanum
carbonate dosage of 1000 mg/kg alone. Administration of all substances was orally via
gavage. Three hours after dose administration, all animals were sacrificed, stomachs
opened, and examined for macroscopic gastric damage.

No animals died or were killed prematurely during the study. There were no clinical
observations related to reaction to treatment in any animal prior to examination of the
gastrointestinal tract.

Examination of the gastrointestinal tract revealed the presence of test article and retained
clear fluids in the stomach for animals given either lanthanum carbonate (1000 mg/kg)
alone or lanthanum carbonate (200 mg/kg and higher) in the presence of aspirin. A
bloated appearance of the stomach generally correlated with these observations. This
bloated appearunce was attributed to an effect of the test article on gastric emptying and
was considered related to the physical character of the formulation delivered to the
stomach of the rat (see Study Number SPD/50/PH).

Gastric lesions were observed in all animals {6/6) given the positive control, aspirin,
Sodium chloride (6%) was gastroprotective. This was considered attributed to its
hypertonicity. Sodium chioride in the presence of aspirin produced a statistically
significant decrease (p<0.01) in mean number of gastric lesions in comparison to the
incidence with aspirin alone (3 versus 7). Lanthanum carbonate in the presence of aspirin
was also gastroprotective, Lanthanum carbonate produced statistically significant
decreases (p<0.05 to p<0.01) in the mean number of gastric lesions at all dose levels in
comparison to animals receiving aspirin alone.

On the basis of the lack of gastric irritancy at the highest dose and the gastroprotective
action at the lowest dose of lanthanum carbonate, the NOELs for gastric irritancy and
gastric protection were determined to be > 1000 mg(saltykg and <200 mg (saltykg,
respectively.
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Effects on Bone }

The Effects of Lanthanum Carbonate on the Activity
and Differentiation of Bone Cells In Vitro (Report No.
VO0D008-00011-LAM-IIIF; SPD/LAJ01-04)

The purpose of this investigation was to evaluate the effects of lanthanum carbonate on
the activity and differentiation of bone cells in vizre. Four assays were performed which
included (1) bone resorption assay, (2) osteoclast differentiation assay, (3)osteoblast
differentiation assay, and (4) bone formation assay

The bone resorption assay cultures osteoclasts on bone slices, which are allowed to resorb
bone. The amount of bone resorbed during the culture period is determined by measuring
the amount of collagen cross-links released into culture medium.

Osteoclast differentiation is investigated by employing bone marrow cultures. Osteoclast
precursors in bone marrow can be induced to form multinucleated osteoclast-like cells
{MNC) in the presence of vitamin D; or parathyroid hormone. MNC express high levels
of tartrate-resistant acid phosphatase (TRAP) and calcitonin receptors. The amount of
TRAP released from ostecclasts in culture is measured and has been shown to correlate
with the number »f osteoclasts formed.

The osteoblast differentiation assay monitors the following three distinct periods of
osteoblast development: cell proliferation and secretion of extracellular matrix (ECM),
ECM maturation and ECM mineralization. During these developmental periods there is a
sequential expression of osteoblast phenotypic markers. These markers are alkaline
phosphatase expression during maturation of the osteoblast and the deposition of calcium
into mature orgaric matrix with the onset of mineralization.

The bone formation assay monitors the activity of mature osteoblasts by following their
ability to form mineralized bone matrix. This is accomplished by demineralizing the
formed bone matrix, and determining the amount of calcium released.

Positive control substances were employed to show that the assays were capable of
detecting the desired response. Specifically, inhibition was demonstrated by baftlomycin
Al in the bone resorption assay and by 17-P estradiol in the osteoclast differentiation
assay, and activation was demonstrated by vitamin D in the osteoblast differentiation
assay and by 17-3 estradiol in the bone formation assay.

Lanthanum carbonate was added to cultures to give final concentrations of 100, 500,
1000, 3000, and 15000 ng of elemental lanthanum per mL of medium.

In the bone resorption assay, there was no significant etlect of lanthanum either on the
amount of ~  released into the medium or on osteoclast number. The positive
control, bafilomycin A1, completely inhibited (p<0.001) bone resorption. A non-
statistically significant concentration-dependent inhibition of bone resorption was
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abserved at 100 and 500 ng/mL. The slight non-statistically significant decrease observed
at 15000 ng/mL dict not appear to be due to slight toxic effects at this high concentration.
Microscopic analysis of the morphology of the osteoclasts did not reveal any toxic
effects. Therefore, the NOEL was determined to be >15000 ng/mlL.

In the osteoclast differentiation assay, thete was a concentration-dependent inhibitory
response with lanthanum carbonate concentrations of 500 ng/mL and higher. This
inhibitory effect was statistically significant at 100 ng/mL (p<0.01} and from 1000 ng/mL
10 15000 ng/mL (p<0.001). On the basis of this inhibitory activity, the NOEL was
determined 6 be <100 ng/mL.

In the osteoblast differentiation assay, lanthanum showed a concentration-dependent
response. Test concentrations of 5000 and 15000 ng/ml. inhibited (p<0.001) while 100
ng/mL significantly activated (p<0.05 to p>0.01, respectively) osteoblast differentiation.
No significant response was observed at lanthanum concentrations of 500 and 1000
ng/mL. Therefore, the NOEL was determined to be 1000 ng/ml..

In the bone formation assay, all concentrations of lanthanum showed statistically
significant (p<0.001 and p<0.01 to p>0.001) activation of bone formation activity of
mature osieoblasts. Lanthanum concentrations of 5000 and 15000 ng/mL. may also have
cytotoxic effects on osteoblast precursor cells, which may moderate the activation of
mature osteoblasts in vivo (see osteoblast differentiation discussion betow). On the basis
of these effects, the NOEL was determined to be <100 ng(base)'mL.

RS T
oy ORIGH‘ELJ’W
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1H. PHARMACOKINETICS/TOXICOKINETICS

Sponsor’s summaries of pharmacokinetic/toxicokinetic studies are provided below.

Absorption

Endogenous (background) systemic levels of lanthanum (i.c. those systemic
concentrations estimated following administtation of placebo were generally close to or
below the limit of quantification of the assay (— ng/g). In general, oral administration
of increasing doses of lanthanum carbonate (200 to 2000 mg/kg/day) resulted in dose-

_ dependent, but less than proportional, increased levels of systemic exposure. At the
highest dose levels tested in mice, rats, rabbits and dogs, exposure was 2- to 10-fold
greater than that observed in placebo-treated animals. In general, systemic exposurein -
ferale animals was not significantly differcnt than that seen in males.

As lanthanum is not metabolized, the fraction of an oral dose that is absorbed will
approximate the drug’s bicavailability. (Oral bioavailability was estimated to be 0.0007%
in the rat and 0.00005% in the dog (Study Nos. SPD0102 and SPD0104). However, the
true oral bioavailability may be greater, since the intravenous doscs used for calculating
the oral bioavailability, 0.03 and 0.003 mg(salty/kg/day for the rat and dog, respectively,
were in the linear part of the dose/ exposure curve, whereas exposures after oral doses of
1500 and 2600 mg(saltykg/day in rat and dog, respectively, were less than proportional.
Nevertheless the data indicate that lanthanum is minimally absorbed when administered
as the carbonate salt.

‘The time to peak plasma exposure (T after first administration was variable,
consistent with a poorly absorbed drug. The mean in healthy human subjects ranged
from approximately 3 to 6 hours {Study No. LAM-IV-108) compared to 1-6 hours in
mice (Study Nos. SPD/85/C; SPD(098; SPD/86/C), 2 to 8 hours in rat (Study
Nos.SPD/61/W; SPD0099), 8 hours in rabbit (Study No. SPD0097) and 1 to 9 hours in
dog (Study No. SPD/78/W; SPD0100; SPIY/46/96).

Comparison of mean plasma levels and AUC g 24 values after single and repeat dose
administration of lanthanum carbonate showed no evidence of accumulation following .
repeated dosing in rats (Study No. SPD0099) and mice (Study Nos. SPD/85C,
SPD00098, SPD/36/C) and Rabbits (Study No. SPD0097) . However, in dogs, exposure
{AUCy.14n) was significantly increased after 4-weeks of repeated oral dosing at a dose of
2000 mg/kg compared to Week 1 values (Study No. SPD0100-TK). Comparison of
AUCg24y) values in dogs at doses of 200, 600 and 2000 mg/kg across studies at weeks 4
(Study No. SPD/46/96), 13 (Study No. SPD59/96), and 25 (Study No. SPI/66/C) showed
that exposure at Week 13 was increased relative to values at Week 4, but were
comparable ot higher than respective values at Week 25, suggesting that exposure had
attained steady state levels by Week 13 in dogs. This is also supported by comparable
plasma lanthanum concentrations during Weeks 26 and 51 of the 52- week oral toxicity
study in dogs (Study No. SPD/66/C).
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Comparison of Plasma Exposure in Animals and Man

At steady state, plasma lanthanum exposure in animal toxicology studies (AUCo.2am)
exceeded exposure in humans at the maximum therapeutic dose of 3 g by up to 7 fold in
orat studies and by up to 6,679 fold in intravenous studies (Table 5-3).

Table 5-3 Comparison of the Maximal Steady State Plasma Lanthanum
Exposures During Oral Toxicology Studies to the Average Human

Plasma Exposure at the Maximum Intended Clinical Dose of 3 g/day
Oral Dose Cous AUC 140 Mullipie of Patient | Study
Species | g(saltykg/day) | (agrmi) (ng*d/m) AUCo.1.0) 84 (Crr} | Reparts
Man
(healthy
subjects) 145" 0.53 10.0 0.3 (0.5) LAM-IV-109
Man -
(dialysis
patients) il4s5* i.06 311 t() LAM-IV-111
Mouse’ 1500 1.8 2596 0.8 {1.8) SPDOO9S
=3 1500 0.79 14.6 0.5(0.N) SPDH09Y
Rabbit 1500 2.57 380 1.2(2.4) SPDG0O9T
Dog 2000 11.4 207 6.7 (10.8) SPDO10Y
Intravenous
Rat 0.3 1,588 2,790 90 (1498) SPDO102
Dog® 1.0 22,065 207,722 6,679 (20816) SPDO104
* Assuming a 50kg patient taking 3g clemental lanthanum per day
® Femates

Cvalues = avecrage plasma concentrations (ng/mL)

Tabulated summaries of the pharmacokinetic and toxicokinetic data from nonclinical
studies are provided in Appendix [1. Briefly, these data show that plasma exposure to
lanthanum generally increased with increasing oral doses of lanthanum carbonate in
animals and man, although the increases were less than proportional to the dose
increment, especially at maximum tolerated doses. For example, mice treated for 4
weeks at 100, 500 or 1500 mg(salt)/kg/day (dose ratio 1: 5: 15) had AUCa4nratios of 1:
2.2: 4.0 (males) and }: 6.0: 11.9 (females) (Study No. SPFD0098); and dogs treated for 13
weeks at 200, 6G0 or 2000 mg(saltykg/day (doses ratio [: 3: 10) had AUCqu ratios of 1:
3.7: 4.2 (males) and 1: 1.8: 3.1 (females) (Study No. SPD/59/96). This is consistent with
the low aqueous solubility and poor oral bicavailability of lanthanum.

" In contrast to oral dosing, exposure after intravenous administration of lanthanum
chloride to rats and dogs, increased approximately proportionately with dose, except at
maximum tolerated doses, where it was greater than propottional. Rats dosed for 4
weeks at 0.003, D.03 and 0.3 (dose ratie 1: 10: 100) had AUCq.z4, ratios of 1: 11: 259
(males) and 1: 7: 224 (females); and dogs dosed at 0.003, 0.05 and 1.0 mg(salt)/ke/day
for the same period (dose ratio 1: 17: 333) had AUCo.24n ratios of 1: 18: 2387 (males) and
1:33: 3279 (females). These findirgs suggest that plasma clearance mechanisms may
become saturated at exposure levels substantially above those occurring in patients at
therapeutic doses.
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The plasma elimination half-life (t %) of lanthanum after oral administration was
estimated to be approximately 36 hours in man (Study No. LAM-IV-109), 9 hours in
mouse (Study No. SFD0098), 13 to 20 hours in rat (SPD0099), 20 hours in rabbit (Study
No. SPD0097) and 20 to 26 hours in dog (Study No. SPD0100). In view of the retention
of lanthanum in tissug compartments {sce below), the t % values possibly relate to an
initial, albeit major, plasma clearance phase and underestimate the true terminal
climination half-life of the drug. The initial clearance phase reflects the transfer of
lanthanum in to tissue pools as well as excretory processes.

Tissue lanthanum concentrations in animals were higher than plasma concentrations,
sometimes by several orders of magnitude. Whilst tissue concentrations may be a more
relevant indicator of overall body burden, such datz are not available for man and so
could not be used for safety margin calculations. As plasma and tissue concentrations are
in equilibrium at steady state, it is reasonable to use plasma lanthanum concentrations for
cross-species exposure compatisons although, in so doing, it is assumed that
plasma:tissue concentration ratios are the same between species.

Safety margins for systemic toxicitics observed in animal studies were therefore
calculated by comparing the steady state human AUCq.z4 at the expected maximum
therapeutic dose of 3y lanthanum/day with the animal AUCq.245 at the no effect dose for
the relevant toxicity. In healthy volunteers, orat administration of 3g lanthanum/day for 5
days resulted in a steady state Cp,, 0f 0.53 ng/ml and AUCq 24, of 10 ng.h/ml (Study No.
LAM-IV-109). Regular monitoring of plasma lanthanum throughout a Phase I clinical
study showed that mean concentrations after 3g lanthanum/day ranged from 0.4860 to
0.5986 ng/ml (Study No. LAM-IV-301), but was somewhat higher and considerably
more variable at steady state in renal dialysis patients (Cmax: 1.06 + 98.3 ng/ml; AUCq24
w: 31.1 2 130.3 ng.b/mL; Study No. LAM-IV-111). A human AUCq.24, of 31.1 ng.-h/ml
{Study No. LAM-IV-111) was therefore used for safety margin calculations.

Distribution

Plasma Protein Binding

The extent of protein binding in patients could not be accurately determined owing to the
low levels of lanthanum measured in patients {approximately 0 5 ne/ml) and limitations
of the assay seasitivity. With a lower limit of quantification of — ng/ml, it is
theoretically impossibie to quantify levels of protein binding above 90%.

However, in vitro studies using blood samples from mouse, rat, rabbit dogs and humans
(Study No. V00117-LAM-IIIG, SRU002) and an ex vivo study in rats (Study No.

ROO185-LAM-IIIQ, SRU059) suggest that lanthanum binds extensively to plasma
proteins.

Results from in vitro analysis of lanthanum over a concentration range of 0.1 to 250

ng/mL to plasma protzins in human, mouse, rat, rabbit and dog plasma are presented in
Table below.
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Binding of Lanthanum to Plasma Preteins

Study No. VOORIT-LAM-IIIG,

SRU/0O2 Mean Protein Binding (%)

Lanthavum Conc. (ag/mL} ’ o1 05" 25° ' 50 250
Humao Plasma Proteins 385 9.3 G719 90 993 9.7
Mouse Plasma Proteins 474 888 976 99.4 993 999
Rat Plasma Proteins 22.5 85.2 97.5 993 999 >99.9
Rabbit Plasma Proteins 1.5 85.6 973 99.4 99.9 999
Dog Plasma Proteins 34.4 9.2 93.2 99.6 999 99
Human }acid glyceprotein 733 75.5 95.0 98.3 99.8 9.2
Human Serum Albumen 953 96.8 93.7 99.6 99.9 999
Humaa Transferrin 40.0 574 26.9 994 99.7 >99.9

a Lower % binding &t this concentration is an aricfact of the assay quantification limit

Briefly, at 250 ng lanthanum/m), which represents approximately 470 times the peak
plasma concentration in man after a dose of 3 g elemental lanthanum, lanthanum was
shown to be extensively bound to plasma proteins. In vitro binding ranged from 99.7 to
>99.9% in human, mouse, rat, rabbit and dog plastna (Study No. V00117-LAM-TIIG
SRU/02). These results suggest a high capacity for protein binding of lanthanum in all
species.

Lanthanum was similarly highly bound to human serum albumin (99.9%), transferrin
(>99.9%) and a;-glycoprotein (99.8%) at physiological concentrations of the isolated
proteins (Study No. V00117-LAM-IIIG, SRU/002). However, these may not be the main
carrier proteins i vive due to competition from higher-affinity endogenous ligands. For
example, the affinity of transferrin for Fe’* exceeds its affinity for lanthanide ions and
spectroscopic studies have failed to detect the presence of transferrin-lanthanide ion
complexes in blood (Evans (f), 1990).

The resuits of these in vitro assays are also supported by ex vive resuits in rats following
i.v. dosing (Study No. RO0185 LAM-IIIG, SRU 059/013227). In the latter study, the
distribution ratio of lanthanum in whole blood to plasma was calculated to be 0.55 (based
on caiculations using AUC values), suggesting that lanthanum is distributed almost
entirely to the plasma compartment with negligible amounts bound to the cellular
components of blood

Collectively, the results suggest that there is a high capacity for plasma protein binding of
tanthanum in al! species. According to Evans (Evans {c), 1990), the major ligand on
proteins for lanthanide elements is the carboxyl group and, in many cases, calcium-
binding sites are occupied with varying affinities relative to calcium (depending on the
protein).
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Tissue Concentrations of Lanthanum

The distribution lanthanusn in tissues following single and repeated oral dosing for 4-
weeks was studied in rats and dogs

Following administration of a single oral dose of lanthanum carbonate (600 mg/kg) in
rats, greatest concentrations of lanthanum occurred in cecum and stomach followed by
jejunum or colon (Study Nos. SPD/091 and SPD/093).

Similarly, after 4-weeks of repeated oral administration of lanthanum carbonate (1500
mg(salt)kg) in rats (Study No. SPD0099) highest concentrations were observed in the
gastrointestinal tract and associated lymph nodes. The median concentration of
lanthanum in most tissues, including femur, teeth, liver, and kidneys, was <1 pg/g and
was lower at 4 and 26 weeks of drug free withdrawal than at the end of dosing.

Clearance of lanthanum was tissue dependent with the slowest elimination observed in
femur, teeth, trachea, kidney, glandular stomach and mesenteric lymph nodes (Study No.
SPD0O99) (see Section 5.5.5.4.4).

In dogs, repeated daily oral administration of lanthanum carbonate (2600 mg(salt)/kg) for’
4 weeks resulted in increased exposure (Cyax and AUC) compared to that observed on
day 1 of dosing (Study No. SPD0100-TK; see discussion above). At the end of the 4-
week dosing period medium concentrations of lanthanum in most tissues were <1pug/g.

1n particular, levels in the brain and other neuronal tissues were below the limit of
detection for the assay { ==.g/g). Cerebrospinal fluid concentrations were also close to
the limit of quantification: — ng/mL). Tissues which exhibited median levels >t pg/g
included stomach (corpus, fundus, and pylorus), rectum, teeth, duodenum, liver, and
ileurn {Study No. SPD0100-TK). Clearance anneared slow or absent from liver, femur,
and fundic stomach:

Repeated Oral Dosing in Chronic Toxicity Studies

Additionally, tissue levels were determined in the long-term toxicity and carcinogcnicity

studies after dosing for 80 weeks in the mouse, 78 weeks in the rat and ?2 wc?ks in the

dog (Study Nos. SPD/88/C, SPD/87/C, and SPD/66/TK). For ease of discussion, tissues

from these studies have been arbitrarily categorized into those that had generally low (~1
i i i than 10 pg/g) median

pglg or less), intermediate (10 pgfg or less) or high (grcater _

lanthanum concentrations at the highest doses administered (See Table 5-5 below).

APpr

ARs TH
H)
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Table 5-5
Range of median concentrations (j1p/g wet tissue)

Species: Mouse Rat
Weeks dosed: 80 weeks 78 weeks 52 weeks

| Maximum dose: 1560 mg (salt)kg/day 1500 mg (szltykp/day 2000 mg (saitVkp/day
Study Reference: SPD/8SC SPD/RT/IC SPD/GWTK
LOW CONCENTRATION TISSUES (<LLo@Q to 1.0 ug/g wet tissue)

| Aorta 0.481 - 0.432 1.09- 1.48 nd
Adrenals <10.642 - <1.46 0.216 - 0.544 nd
Brain 0.031 -0.059 <0.007 - 0.059 0.046 - 0.056
Epididymides 0.087 0.089 nd
Eyes 0.145-G. 146 0.094-0428 nd
Heart 0.115-0.139 0.052-0.077 0.130 - 0.455
Kidney 0.197 - 0.291 0.784 - 1.54 0.503 - 0.659
Lacrimal glands nd 0.099 - 0.140 “Ind
Mammary gland 0.141-0.234 0.707 — 0.782 nd
Ovarics 0312 0278 nd

[ Pituitary 335-<386 0,961 _ 1385 nd
Prostate <0.175 0.177 0.086
Salivary gland 0.185-0.193 0679-0.144 0171 -0.227
Sciatic nerve <0.460 - <0.532 0.038 - 0.267 nd
Semimal vesicles 0.050 ¢.097 nd
Skeletal muscle 0.057 - 0.071 0.023 -0.076 0.787 - 0.905
Spina! cord 305-6901 283-3. 101 0.243 -0.313
Spleen 0.820--1.43 0.392-2.12 0.086 -C.115
Submandibular LN 0.992-1.06 0.694 - 1.09 nd
Testes 0.113 0.201 0.798
Thymus <0.320 - 0226 0034 -0230 0.197- 0814
Thyroids <1.524- 1475 0.285-0418 nd
Urinary bladder <0.197-0.292 0.087-0.135 0374 -195
Uterus 0.203 0.126 3137
Vagina 0.313 0.102 nd
INTERMEDIATE CONCENTRATION TISSUES (>1.0 to 10 ug/g wet tissue)
Bone marrow nd nd 1.06-8.13
Femur — plate 563-8.15 3.39-445 323-31.389
Femur - shaft 3.60-508 2323-424 1.84 -251
Liver 2.34-1.59 1.26 - 1LY 725114
Stemum 3.49-6.71 248-278 nd
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Table 5-5 (Continued)

32

HIGH CONCENTRATION TISSUES (10ug/g wet tissue)
Cecum 716-2,337 467-534 nd
Colon 222 - 506 128 - 158 248- 12
Bluodenum 798 - 190 96.4 - 123 11.4-13.1
Ileum 370 - 3,696 989 - 1,354 ad
Jejunum 384-872 537 - 583 nd
Mesenteric LN 240-53.8 36.1 - 767 1.37-1.54
QOcsophagus 224-216 174 - 214 ad
Rectum 233-999 6.06-19.5 35.1-60.6
Stomach 2,024~ 2,189 578 - 827 248 - 349
NOT CATEGORIZED (results possibly influenced by contamination)
Fat nd - 0.066 — 0.839 1.10 - 6.56
Lungs 0.207-0.214 0.197- 105 2.58-4.00
Pancreas 270-215 1.16 - 4,98 0.121-0.175
Skin 0.423 - 0.612 2.83-626 nd
Tongue 0.320 - 1.42 4.24 -4.45 nd
Trachea 60.4 - 181 134-177 nd

nd = pot determined

¥ comparision with intraverious data suggests higher levels duc to contamination fiom serounding bone

Tissues with Low Concentrations

Briefly the data in Table 5-5 above show that lanthanum concentrations were low”
(defined as ~1ug/g wet tissue or less), in the majority of tissues in mice, rats and dogs
after chronic oral administration, even with chronic treatment at maximal doses. Tissues
that generally had low median concentrations (1 ug/g wet tissue or less), irrespective of
route, dose or treatment duration were: brain, epididymides, mammary gland, ovaries,
pituitary, prostate, sciatic nerve, seminal vesicles, skeletal muscie, thymus and thyroids.
Additionally, adrenals, aorta, heart, kidney, lacrimal glands, salivary glands, spleen,
submandibular lymph node, urinary bladder, uterus and vagina generally had low
concentrations in oral studies, although concentrations above 1 pg/g were observed after
intravenous dosing. Other tissues that may have fallen into this category include the
tungs/trachea, pancreas and skin, all of which have a high potential for contamination
from misplaced dose, surrounding tissues or feces.

Considering the CNS toxicity (encephalopathy) that has been associated with exposure of
renal dialysis patients to aluminum, distribution of lanthanum to the brain and
cerebrospinal fluid is discussed in detail below.

Brain, Cerebrospinal Fluid and Blood: Tissue Barriers

Table 5-6 below shows the distribution of lanthanum to brain and cerebrospinal fluid, As
is shown, tissue levels of lanthanum in brain and cerebrospinal fiuid (CSF), were
consistently below os around the lower limit of quantification for ihe assay (LLoQ =~ —
ng/g for brain tissue and + — 1g/mL for CSF), except afier very high intravenous doses.




NDA 21468

Table 5-6 Brain and Cerebrospinal Flaid Lanthanum Concentrations at
Maximum Tolerated Doses in Animals

ﬁange of
Species Duration | Dose Medians Overall Range
(Report) Route | of Dosing { mg(saltVkg/day | {ug/g wet tissue) {pg/g wet tissue)
Brain i
Rat
(SPD0099) po 4 weeks 1500 <0014 <G.004—-0.025
Rat
(SPD/BT/C) pe 78 weeks | 1500 <0.007 - 0.059 <0.007-0.123
Rat :
{SPD0102) iv 4 weeks-. | 0.3 <0.007 - 0.009 <0.007-0.013
1000 (NRF) 0013 <0.007-0.255
1000 {CRF) 0.023 0.010 - 0.072
fat - Uremic 2000 (NRF) 0018 <0.008 ~ 0.025
(LAN-02) _ |[po 13'weeks | 2000 (CRF) 0.051 0.030-0.144
Dog
(SPDO 100} po 4 weeks 2000 <0.011 -0.016 <0.011 - 0.605
Dog .
(SPD/66/TK) | po 52 weeks | 2000 0.045 - 0.046 0.016-0.139
Dog :
(SPDO(04) iv 4 weeks 1.0 0.035-0.162 0.032 - 0.224
Mouse
(SPD/88/C) po { 80 weeks | 1500 0.031 - 0.059 0.015 -0.369
Cerebrespiaal Fluid (CSF) )
Dog
(SPDO100) po 4 weeks 2000 - <0.05-0.190
Dog 0.05 <0.05-0.07
(SPDY104) iv 4 weeks 1.0 - 0.07-0.860

"CRF - chromic renal fatlure
NRF — normal renal function

Table 5-6 above shows that even at the maximum tolerated intravenous dose in dogs
{lmg (saltykg/day), which was asseciated with peak plasma lanthanum exposure more
than 20,000 times higher than in patients, the range of median concentrations of
lanthanum in cetebellum, cerebrum and mid brain was 0.035 to 0.162 pg/g wet tissue and
0.22 to 0.85 ng/ml in CSF. Concentrations in the CSF were more than 3 orders of
magnitude lower tharn Cp;, plasima concentrations (plasma: CSF ratio 2954 to 7459)
(Study No. SPDO104). Although, lanthanum levels in spinal cord were higher in mice
and rats following chronic oral dosing compared to dogs, comparison of oral and
intravenous data, as well as data from other neuronal tissue, suggests that spinal cord has
a low potential for accumulation of lanthanum, and that contamination from surrounding
tissues may be responsible for elevated concentrations in some oral studies.

APpg 4‘?
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Tissues Containing Intermediate (10 ug/g or less) or High (greater than 10 pp/g) Levels
of [.anthanum

Lanthanum concentrations in bone, liver and gastrointestinal tract showed the clearest
relationship to dose, route and treatment duration. Median concentrations in bone and
liver generally remained intermediate (defined as 10 pg/g wet tissue or less), even after
chronic oral administration at maximal doses, although they exceeded this concentration
after intravenous administration. The highest concentrations after chronic oral
administration occurred in the gastrointestinal tract where, at maximal doses, they
exceeded 100 or even 1000 pg/g wet tissue. Although, it is likely that residual lanthanum
from the lumen of the gastrointestinal tract contributed in part to these high levels,
relatively high levels in glandular stomach following intravenous dosing suggest the
possibility of selective distribution in this tissue. Given the patterns of distribution in
bone, liver, and gastrointestinal tract; these tissues are discussed individually below in
relation to toxicological findings observed in each tissue.

Bone

Bone lanthanum concentrations measured at maximum doses in animal studies are
summarized in Table 5-7 below in comparison with the concentrations measured in
dialysis patients receiving lanthanum carbonate.
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Table 5-7 Femur Lanthanum Concentrations at Maximum Tolerated Doses in

Animals
Dose Range of
Species . Duration of | {(mg Medians Overall Range
(Report) Route | Dosing (saltVkeg/day) {pg/g wet tissue) | (ug/g wet tissuc)
Man (dialysts
paticat) Upto 52
(LAM-IV-303) | po weeks Up to 143° 1.8
Rat
(SPDO099) po 4 weeks 1500 035-058
Rat
(SPD/87/C) po 78 weeks 1500 22-44 |
Rat
(SPDO102) iv 4 weeks 03 69-32
Rat - Uremic 2000 (NRF) 19
(LAN-02) po 13 weeks 2000 (CRF) 1.6%
Dog
(SPDO1GO) po 4 weeks 2000 0.33 -0.77
Dog
(SPL¥66/TK) po 26 weeks 2000 20-313
Dog i
(SPD/66/TK) po 52 weeks 2000 1.8-19
Dog
{SPDOL04) iv 4 weeks 1.0 26.0-54.5
Mause
{E{’DISSJC} po 80 weeks 1500 16-8.1 -

CRF — chronic renal failure

NRF — normal renal function

Ost — associated with osteomalacia

2 — range of patient doses 500 to 3750mg/day, ic 19 0 143 mg (saltyke/day for a 50kg patieni.

The data in Table 5-7 above show that highest levels.of femur lanthanum concentrations
were observed following 4-weeks of repeated daily intravenous dosing, with median
concentrations ranging from 6.9 - 8.2 pg/g wet tissue in rats (Study No. SPD0102) and
from 26.0 - 54.5 pg/g wet tissue in dogs (Study No. SPD0104).

Chronic repeated oral administration of lanthanum carbonate at maximal doses of 1500
and 2000 mg(salt)/kg/day), in rats and dogs, respectively, was associated with an
increased range of median concentrations of lanthanum in femur compared to respective
values observed following 4-weeks of dosing. In dogs, bone lanthanum concentrations
-were comparable between 26 and 52 weeks, suggesting the achievement of steady state
and the lack of continued accumulation in this tissue after 26 weeks of repeated oral
administration (Study Nos. SPD0100 and SPD/66/TK).

Bone concentrations in long — term animal studies exceeded those measured in renal

dialysis patients in bone biopsies taken after one year of lanthanum treatment-

A study using ' L. .
1 investigated any morphological localization of lanthanum in the bone of rats treated
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with 1500 mg(saltykg/day for 4 weeks (Study A00068-LAM-TIIG). No association with
specific morphological features such as the growth plate were observed, but there was a
general co-localisation of lanthanum with calcium.

Median femur concentrations in renally impaired rats dosed for 12 weeks were up to 1.6
pg/g wet weight compared to 4.4 pg/g wet weight in rats dosed for 78 weeks (Study No.
SPD/87/C), 8.1 pg/g wet weight in mice dosed for 80 weeks (Study No. SPD/88/C) and
3.9 pg/g wet weight in dogs dosed for 52 weeks (Study No. SPD/66/TK).

In renatty impaired tats, some of which developed osteomalacia (Study Nos. LAN-G1 and
LAN-02), bone concentrations were substantially below those measured in longer-term
studies in normal animals, in which no bone toxicity was observed. In addition, there
was no substantial rise in bone lanthanum concentrations in the renatly impaired,
compared to renally competent, rats.- Collectively these data suggest that the lesions ~

observed in renally impaired rats were unlikely to be a direct response to the lanthanum
present in bone. .

Liver

Liver lanthanum concentrations measured at maximum doses in animal studies are
summarized in Table 5-8 below.

Table 5-8 Liver Lanthanum Concentrations at Maximum Tolerated Doses in

Animals
Dose Range of
Species Duration of | (mg Medians Overall Range
(Report) Route | Dosing (saltykg/day) (ug/g wet tissue) | (pg/g wet tissue)
Rat
(SPD0099) po 4 weeks 1500 0.61 - 0.86
Rat
__(_EPDIS'HC) po 78 weeks 1500 13-19
Rat
{SPDO102) v 4 weeks 0.3 532-824
Rat — Uremic 2000 (NRF) 0.98
(LAN-02) po 13 weeks 2000 {CRF) 3.5 7
Dog ’
(SPDO100) po 4 weeks 2000 1.5
Dog
- | (SPD/66/IK) po 26 weeks 2600 6.2-74
Dog -
(SPD/66/TK) po 52 weeks 2000 73-101
Dog 1.0 4084539 ;
(SPDO104) iv 4 weeks 0.05 18.0-20.7
Mouse
(SPD/38/C) po 80 weeks 1500 24-36 .

CRF — chronic renal faiture
NRF — aormal renal fenction
Hep — associated with hepatitis
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Median liver lanthanum concentrations afier oral administration generally remained
below 10 pg/g wet tissuc in all species (Table 5-8). Concentrations increased between 4
and 26 weeks of treatment in dogs, but there was little further increase between 26 and 52
weeks, indicating achievement of steady state after approximately 26 weeks. In
intravenous studies, extremely high concentrations of 369 to 535 ug/g wet tissue were
associated with hepatitis in dogs (Study No. SPD0104). No toxicity occurred at
concentrations of 17.8 to 23.7 pg/g (0.05 mg (saltykg/day} in the dog, or 41.7 10 92.6
pg/g (0.3 mg (salty/kg/day) in the rat (Study Nos. SPD0104 and SPDO0102).

In contrast 10 bone, renally impaired rats had significantly higher liver lanthanum
concentrations compared to sham-operated control rats (Study No. LAN-02) although
they were 100 times less than those associated with toxicity in the dog.

Gastrointestinal Tract

Stomach lanthanum concentrations measured at maximum doses in animal studies are
summarized in Table 5-9 below.

Table 5-9 Stomach Lanthanum Concentrations in Animals
l.llng: of

Species Duration Dose Medians Overall Range
(Report) Route | of Dosing (mg (saltykg/day) | (pg/g wel tissuc) (pglg wet tissue)
Rat
(SPD0099) po 4 weeks 1500 46.3-90.1
Rat 100 82.7-113
(SPD/37/C) po 78 weeks | 1500 558 - 8270 \
Rat Y
{5PD0102) v 4 weeks 0.3 14-6.0
Dog
{SPDD100) po 4 weeks 2000 72-576
Dog
(SPD/66/TK) po 26 weeks | 2000 £9-783
Dog
(SPD/66/TK) po 52 weeks 2000 248 - 349
Dog
(SPDO104) v 4 weeks 1.0 468-499
Mouse 100 69.7-334
(SPD/SR/C) po 80 weeks | 1500 2024 - 218970A% |

In( - associated with epithelial proliferation and inflammation
- Ade - associated with adenoma formation

High lanthanum concentrations occurred throughout the gastrointestinal tract in all
species after chronic oral dosing, and were generally highest in the stomach. in rodents,
glandular stomach had higher concentrations than non-glandular stomach, for example,
after 4 weeks of gavage dosing in rats, median concentrations were 46.3 te 90.1 pug/g and
3.8 to 19.8 ug’g in glandular and non-glandular stomach, respectively (Study No.
SPDO099). The highest median wet weight stomach concentrations achieved in long-
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term studies were 2189 pg/g in mouse (Study No. SPD/88/C), 827 pg/g in rat (Study No.
SPD/87/C) and 349 pg/g in dog (Study No. SPI¥66/TK).

In repeat-dose studies, these very high concentrations were associated with gastric
mucosal and submucosal inflammation as well as epithelial cell hyperplasia in rodents
{Study Nos. SP1)/87/C and SPD/88/C). In the mouse carcinogenicity study, there was
progression to benign neoplasia (adenomas) in sore animals (Study No. SPD/88/C). No
significant gastric pathology occurred after oral doses of 100 mg (saltykg/day, at which
median wet weight stomach concentrations were 69.7 to 83.4 ug/g in mice and 82.7 to
113 pg/g in rats. No gastric pathology occurred in dogs treated chronically with 2000 mg
(salt)/kg/day, even though median stomach lanthanum concentrations of up to 248 pg/g
to 349 ug/g were recorded (Study No. SPD/66/TK).

Electron microscopy of the full thickness of the stomach wall was conducted on samples
from mice, rats and dogs taken at the end of the chronic toxicity and carcinogenicity
studies (Study No. X00223-LAM-IIA). This revealed electron dense inclusions in
occasional macrophages, which were assumed to be lanthanum. No degenerative
changes were present in the macrophages and no inclusions were found in other cell
types.

The better gastric tolerance in dogs may be related to several factors. Lanthanum
carbonate is better tolerated if administered with food in man and dogs (Study No.
SPD/44/96 and Study No. SPD0100). Rodents are nocturnal feeders and, as they were
routinely dosed during the day, received lanthanum into an empty or part-empty stomach.
Furthermore, dogs are able to vomit to expel an irritant material, whereas rodents are not.
The combination of greater direct contact of lanthanum with the stomach wall and an
inability to expel lanthanum is a likely explanation for the specific occurrence of
histopathological changes in the rodent stomach.

APPEARS THIS WAY
ON ORIGINAL
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Clearance of Lanthanum from Tissues

The clearance of lanthanum from tissues was studied in rats and dogs dosed for 4 weeks
and allowed a further 4-week or 26-week penod off-dose (Study Nos. SPD0099 and
SPDO10G).

In the 4-week tissue distribution and clearance study in rats (Study No. SPD 0099-TK),
after 4 weeks of oral administration of the 500 mg(salt)’kg dose, tissues in mate and
female rats that showed highest concentrations of lanthanum (median levels of 134 to
90060 ng/g) included: stomach (glandular), cecum, colon, rectum, duodenum, stomach
(nonglandular), mesenteric lymph nodes, teeth, pituitary, ileum, liver, jejunum, femur,
sternum, thyroids, trachea, skin, esophagus, kidney. The patterns of distribution and
clearance of lanthanum in male and female rats were generally similar, with no
significant sex-related differences observed.

Rates of clearance in the rat differed greatly between tissues. After 4 weeks off-dose,
more than 99% of drug was cleared from the lower bowel (cecum, colon and rectum),
more than 90% from the non-glandular stomach and ileum, and more than 75% from the
fiver. In contrast, there was little or no appreciable clearance from glandular stomach and
upper small intestine (duodenum and jejunum} over this period. Clearance from bone,
cartilage and teeth was stow, with more than 66% (stemum), 82% (femur), 60% (trachea)
and 75% (teeth) of drug still present in these tissues after 4 weeks off-dose. Tissues in
rats that exhibited >100 ng/g and that retained >50% of the levels observed at the end of
the dosing petiod included: stomach (glandular), duodenum, stomach (nonglandular),
mesenteric lymph nodes, teeth, pituitary, liver, jejunum, femur, sternum, thyroids,
trachea, kidney, and submandibular lymph nede.

At the end of 26-weeks off drug, tissues in rats that exhibited >100 ng/g and that retained
>50% of the levels observed at the end of the dosing period included: stomach
{(glandular), duodenum, mesenteric lymph nodes, jejunum, femur, sternum, and trachea.
Pituitary, thyroids and nonglandular stomach (females) also exhibited levels >180 ng/g
at the end of the 26-week off drug period, but were < 50% of the levels observed at the
end of dosing (Study No. SPD 0099-TK).

In the 4-week tissue distribution and clearance study in dogs (Study No. SPD 0100), after
4 weeks of oral administration of the 2000 mg(saltykg dose, tissues in male and feraale
dogs with highest concentrations of lanthanum (median levels of 115 to 57623 ng/g)
included: stomach (corpus), stomach (fundus), stomach (pylorus), rectum, duodenum,
submandibular lymph nodes, liver. ileum, teeth, femur (growth plate), mesenteric
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lymphnodes, colon, lungs, testes, fernur (shaft), caecum, thyroids, skin, and lacrimal
glands,

The dog showed a similar pattem of tissue clearance compared to the rat, except that drug
was cleared more rapidly from upper smali intestine (duodenum) and teeth, and more
slowly from liver, with respectively, 91%, 60% and 29% of drug cleared after 4 weeks
off-dose. More than 95% of drug was cleared from celon and rectal tissue, more than
75% from corpus stomach and ileum, and 66% was cleared from pyloric stomach after 4
weeks. In contrast, 83 to 100% of drug was retained in femur and fundic stomach over
the same pedod. Tissues in both sexes that exhibited >100 ng/g and that retained >50%
of the levels observed at the end of the dosing period included: stomach (fundus),
submandibular lymph nodes, liver, femur (growth plate), lungs, femur (shaft), cecum,
thyroids, skin. Stomach (corpus), stomach (pylorus), duodenurmn, ileum, teeth, mesenteric
lymph nodes also exhibited levels >100 ng/g, but were less than 50% of the levels
observed at the end of dosing.

At the end of 26-weeks off drug, tissues in dogs, that exhibited >100 ng/g and that
retained >50% of the levels observed at the end of the dosing period included: stomach
{fundus), liver, and femur (growth plate and shaft). Stomach (corpus), stomach (pylorus),
teeth ileum and lungs also exhibited levels of lanthanum that were >100 ng/g, but were
less than 50% of the levels observed at the end of dosing {Study No. SPDO100).

These studies demonstrate that lanthanum is cleared steadily from most tissues, but very
slowly from stomach, parts of the upper small intestine, and bone. In bone, the slow
clearance may reflect binding to extracellular bone mineral and organic matrix (Evans (f),
1990). There appear to be no adverse toxicological consequences of the retention of
lanthanum in tissues other than at the very high concentrations that were achieved in the
upper gastrointestinal tract of rodents after oral administration and in the liver of dogs
after intravenous administration.

Metabolism

Traditional drug metabolism studies were unnecessary for lanthanum carbonate because

of its elemental and inorganic form. Moreover, extensive published literature indicates

that bicchemical interactions with lanthanides are almost exclusively ionic (Evans (c},

{d), 1990} and therefore the formation of covalently bound organic metabolites in vive is
~ extremely unlikely.

Lanthanide ions have an overwhelming preference for oxygen doner atoms and therefore
the most common biological ligands are carboxyl, phosphate and hydroxyl groups. As
the carbonate, phosphate and hydroxide salts of lanthanum are insoluble at physiological
pH, chemical considerations alone might predict that lanthanum would precipitate out in
plasma. There is abundant evidence that this does not occur, because of the rapid
formation of soluble compiexes with the organic ligands present in plasma, including
proteins (see Section 5.5.5.4.1, Plasma Protein Binding), amino acids, nucleotides,
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phospholipids and numerous other endogenous biochemicals containing oxygen donor
atoms.

Within tissues, lanthanum is likely to reside predominantly in the extracellular
compartment because of its mability to pass through the plasma membrane of healthy
cells. Within this compartment, lanthanum has been shown 10 be associated with the
outer surface of cell membranes/ - This is consistent with the high
affinity of lanthanides for ionic binding to surface ligands, including membrane proteins,
the sialic acid residues of glycoproteins and phospholipid bilayers.

In an in vitro study on the effects of lanthanum carbonate on a range of isoenzyme-
specific cytochrome P450 substrates in human liver microsomes, lanthanum carbonate
did not significantly inhibit the metabolism of any of the isoenzyme-specific cytochrome
P450 substrates in hurnan liver microsomes tested, suggesting a low potential to affect the
metabolism of other drugs (Study No. SRU/006). Consistent with this, lanthanum
carbonate did not prolong hexobarbital sleeping time in mice (Study No. SRU/004).

Excretion

As expected for a minimally absorbed drug, the great majority of an oral dose of
lanthanum carbonate swas excreted in the feces. In rats, 99.3% of the dose was recovered
in feces (Study No. SPD/60/W) and in the dog, 93.4% was recovered either in feces or
vomit (Study No. SPD/78/W) within 7 days. Recovery of the dose from urine was very
low, representing less than 0.004% in rats and 1.14% in dogs over the same time period.
In a separate study, 0.007% of the dose was eliminated in the urine in 48 hours in rats
(Study No. SRU/00T). These values probably over-estimate true urinary excretion,
because in animal studies there is a strong likelihood that urine is contamninated with trace
amounts of feces owing to collection methods. In man, urinary excretion in healthy
subjects represented 0.000031% of the administered dose (Study No. LAM-IV-109).

In end-stage renal disease patients, renal function is negligible, and it is important to
consider other routes of excretion for the small fraction of the dose that is systemically
absorbed. The lack of appreciable concentration of lanthanum in plasma and tissues in
renally impaired rats compared to rats with normal renal function (LAN-01 and LAN-
02) and in plasma over time in chronic renal failure patients (Study No. LAM-TV-301}
indicates significant excretion via non-renal routes.

This is exemplified by a study in bile-duct cannulated rats following administration of a
singie intravenous dose of the more soluble lanthanum chioride salt (Study No. R00185-
LAM-IHG, SRU 059/013227). In this study, the mean iotal recovery over a 42-day
peniod, was 76.39% of the administered dose, and nearly 97% (74.13% of the
administered dose) of this total was recovered in the feces. In a separate phase of this
investigation, conducted in bite duct-cannulated rats, 79% of the total dose recovered
over the first 120 hours after intravenous administration, was recovered in the bile. These
findings show that biliary excretion is the predominate route of elimination for circulating
lanthanum in rats (ROG185-LAM-IIIG, SRU 059/013227).

TYNIOIH0 NO
AVR: SIHL SdV3ddY

tu




NDA 21468 42

In another study in bile duct-cannulated rats, 0.00007% of an orally administered dose
was eliminated in bile (Study No. R00118-LAM-IIIG, SRU/001). If it is assumed, based
on a comparison of the oral and intravenous pharmacokinetics of lanthanum, that only
0.0007% of an oral dose is absorbed in the rat, then biliary excretion is responsible for
eliminating approximately 10% of the absorbed dose over a period of 48 hours. Biliary
excretion has been demonstrated also for other lanthanide elements in the rat.

Some absorbed lanthanum is also excreted directly across the gastrointestinal tract wall
into the lumen, although in rats the proportion excreted via this route was small and
difficult to quantify relative to that excreted in the bile (R00185-LAM-IIIG, SRU
059/013227).

Oy 7S T
Y or /G/zgg’ﬂr



NDA 21468 43

IV. GENERAL TOXICOLOGY

Acute Oral Toxicity Studies in Rats and Mice

Single dose oral (gavage) administration of lanthanum carbonate to Sprague-Dawley rats
or CD-1 mice at doses up to 2000 mg/kg resulted in no treatment-related mortalities,
clinical signs or macroscopic findings (14-day observation period). Based on these
findings, the maximum tolerated dose was determined to be greater than 2000 mg/kg.

Chronic Oral Texicity Studies in Rats and Mice

1. Twenty-six Week Oral (Gavage) Toxicity Study in the Rat with a Four
Week Treatment-free Period

Key findings: Dose-related increased incidences of stomach lesions (hyperplasia
of fundus epithelium and mucus cells, sub-mucosal inflammation
and hyperplasia at the limiting ndge) were seen in treated males and
fernales, especially at the 600 and 2000 mg/kg/day dose levels.

Study number: SPD/8/C
Volume #: 1.13 - 1.14
Conducting laberatory and location: T

Date of study initiation: December 16, 1996

GLP compliance: yes

QA report: yes

Drug lot# and purity: Lanthanum carbonate lot #s 6268/960502 (12-16-1996 to 1-26-
1997) and B1066-960802 (1-27-1997 to 6-20-1997), purity —

L 1 total metal impurities -z 3
(specifications — = 1 total metal impurities — not
more than — 1 ppm)
Formulation: formulated daily as a suspension in 0.5% aqueous carboxymethyl-
cellulose)
Animals:
Species/strain: Rat:  CD (SD) BR strain (VAF plus) obtained from ¢
1

#sex/group: 20 + 5" ('S rats/sex/group were used for the recovery phase.)
Satellite groups used for toxicokinetics: All dose groups (6 rats/sex/group)
Age: 5 weeks
Weight: males — 135t0 205 g

females—115t0 161 g
Animals were housed in groups of five, by sex, in grid-bottomed stainless steel
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cages suspended over cardboard-lined trays. A pelleted diet —  rat and mouse
maintenance diet — and tap water were available ad libitum.

Dosing:
Doses administered. 0 (vehicle), 100, 600 and 2000 mg/kg/day — once daily
Route/volume: Oral gavage/10 ml/kg

Observations and measurements:

Clinical signs: daily

Mortalitly: twice daily

Body weights: pre-dose, on the first day of dosing and then weekly thereafter

Food consumption: pre-dose, and then weekly

Ophthalmoscopy: pre-dose (all rats from main study groups), and weeks 13

and 26 (control and high dose groups only)

Clinical pathology: weeks 13 and 26 (parameters evaluated - RBC, WBC (total
and differential), platelet and reticulocyte counts, hemoglobin,
PCV, MCH, MCHC, MCV, cell morphology, prothrombin
time, activated partial thromboplastin time, fibrinogen,
alkaline phosphatases, aminotransferases, aibumin, globulin,
A/G ratio, BUN, cholesterol, triglycendes, creatinine,
glucose, total bilirubin, total protein, sodium, potassium,
calcium, inorganic phosphorus and chloride. Ten main study
rats/sex/group. Blood was also collected during week 30 for
aminotransferase evaluations in recovery phase animals
(control and high dose females only).

Urinalysis: weeks 13 and 26. Urine samples were obtained from 10 rats/sex/
group {main study). In addition, urine samples were obtained from
the same animals duning weeks 12 and 25 for inorganic phosphate,
calcium and volume determinations. From recovery phase animals
(males and females from all groups), urine samples were collected
during week 29 for inorganic phosphate, calcium (females only) and
volume determinations.

Postmortem evaluation: At necropsy, blood samples were collected for

PTH and calcitonin level determinations and adrenals, brain,
heart, kidneys, liver, lungs, ovaries, pituitary, prostate, salivary
glands, seminal vesicles, spleen, testes, thymus, thyroids and
uterus (all animals) were weighed. The following tissues were
preserved for histopathological examination: All tissues from
the control and high dose animals that were killed at the end of
the study (including recovery animals), tissues of all animals
that died or were killed in extremis, stomachs from all animals
of all groups, and all gross lestons were examined microscop-
ically. Since microscopic examination of HD animals revealed
treatment-related findings in the lungs, spleen and kidneys, these
tissues from the lower groups were also examined.
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Tissues Preserved for Histopathological Examination

adrenals

aorta

blood smear*

brain (3 sections)
caecum

colon

duodenum
epididymides

eyes {incl. optic nerves)
femnur (incl. marrow)
harderian glands

heart

ileumn

Jejunum

kidneys

lacrimal glands

liver

lungs (incl. mainstem bronchi}
mesenteric iymph node
oesophagus

ovaries

pancreas

all gross lesions

pituitary

prostate

rectum

salivary gland

sciatic nerve

serminal vesicles

site of mammary gland
skeletal muscle

skin

spinal cord (3 levels)
spleen

sternum

stomach
submandibular lymph node
testes

thymus

thyroids (incl. parathyroids)
tongue

trachea

utinary bladder

uterus {(incl. cervix)
vagina

Toxicokinetics: on the first day of dosing, and on one occasion each during weeks

13 and 26 (at 2 and 20 hours post-dose; 3 rats/sex/group/time-
point). [Note: After completion of blood collection during week
26, some of the satellite animals were discarded without
necropsy, but others were used to collect tissues (liver, brain,
femur and kidneys) for lanthanum level determinations. The
femur samples were also used for total calcium and phosphorus

level analyses.]
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Statistical analysis: Analysis of variance (ANOVA) was performed on all data.
Residuals from this preliminary analysis were examined for
heterogeneity of variance using Levene’s test. If the Levene’s
test was significant at the 196 level, then a non-parametric
analysis using Kruskal-Wallis ANOVA followed by
Shirley’s non-parametric version of Williams” test was
performed. If the Levene’s test showed no significance, then
pairwise tests of all treated groups versus control were
performed using William’s test.

Results:
Mortality: There were no deaths considered to be related to the toxicity of the test

test drug. Most of the deaths were attributed to dosing injury. The
mortality data are presented below.

Dose Sex Day of Cause of death
(mg/kg/day) death /euthanesia
Main study
100 M 31 dosing error
100 M 144 ND (died at dosing)
2000 M 126 dosing error
0 F 113 dosing error
100 F 25 ND (cannibalized)
600 F 123 accidental death
TK study
2000 M 22 ND
100 F 8 ND

ND = not determined

Clinical signs: Throughout the treatment period, white feces were noted in high
dose animals and, on a few occasions, in some mid dose animals. No other
clinical signs were observed.

Body weights: Body weight data are presented in Figures 1 and 2. During most of
the treatment period, slightly higher body weight gains, cornpared to controls,
were noted for high dose main study females. For satellite animals, increased



NDA 21468

body weight gains were seen in the mid and high dose female groups during the

first 14 weeks of the study. During the recovery period, higher than control body
weight gains were observed for both high dose males and females. Body weight

gains in other treated groups were similar to that of controls.

Food consumption: Food consumption of high dose females was generally higher
than control, especially during the first 13 weeks of the study. Food consumption
values in other treated groups (main and satellite studies) were similar to control.

Ophthalmoscopy: There were no treatment-related findings.

Hematology: Shight reductions in hemoglobin and packed cell volume values (not
dose-dependent) were seen in mid and high dose males at 13 weeks, but not at 26
weeks. Reductions in MCV values were noted in mid and high dose

males at week 13, and in all treated female groups at weeks 13 and 26. MCH
levels were reduced in high dose males and females at both time points.

Clinical chemistry: Slightly higher than control inorganic phosphate levels,
were seen in high dose males at weeks 13 and 26.

Urinalysis: A dose-related increase in urine pH was noted in all treated male
groups and in the high dose female group at weeks 13 and 26. At week 13, there
was a high incidence of blood pigments in the urine from high dose males, which
was associated with the appearance of RBCs in a few animals. In females, the
above effects were less pronounced. Increased incidence of leukocytes was noted
in all treated male groups and in mid and high dose female groups. Females
treated at 600 or 2000 mg/kg/day had increased urine volumes with reduced
specific gravities. There were no significant urinary findings after the recovery
period.

At week 25, reduced inorganic phosphate levels in urine were seen in all treated
male and female groups (dose-related). A non-dose related reduction in urine
calcium levels was noted in treated female groups. After the recovery period,
reduced calcium and phosphorus levels were still observed in mid and high dose
females, although differences from control did not achieve statistical significance.

Parathyroid hormone (PTH) and calcitonin levels: After 26 weeks of treatment,
higher than control PTH and calcitonin levels were observed in high dose males
and high dose females, respectively.
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Organ weighis: Treatment-related reductions in absolute (8-9%) and relative (9-
13%}) adrenal weights were observed in mid and high dose females. Non dose-
related increases in absolute (8-17%) and relative (25%) thyroid weights were
seen In treated males,

Gross pathelogy: Macroscopically, thickened pale colored areas in the glandular
region of the stomach were seen in a large number of high dose animals and also
in some mid dose animals. Two high dose females had prominent limiting ridge in
the stomach. After the recovery period, the macroscopic stomach lesions were
observed to be less severe than those seen at the terminal kill,

Histopathology: Treatment-related findings were observed in the stomach, kidney,
spleen and lungs.

The incidence and the severity of the stomach lesions are presented in Table 1.
Increased incidences of mineralization with hyperplasia of the foveolar
epithelium (fundus and pylorus), hyperplasia of the mucus cells, presence of
eosinophilic chief cells, hyperplasia at the limiting ridge, and sub-mucosal
inflammation were noted in mid and high dose males and females. A dose-
relationship for the incidence and severity of the above lesions was noted except
for the mineralization and hyperplasia of the pylorus foveolar epithelium.
Mineralization with hyperplasia of the foveolar epithelium (fundus) and an
increased incidence of sub-mucosal inflammation were also seen in low dose
animals.

After the recovery period, focal mineralization, focal sub-mucosal inflammation
and hyperplasia at the limiting ridge appeared to persist at levels similar to those
seen at the terminal kill; however, hyperplasia of the foveolar epithelium and

eosinophilic chief cells appeared to have regressed and were less prominent
(Table 1).

A decrease in the incidence and severity of mineralization (calcification) in the
outer stnpe of the medulla of the kidney in mid and high dose females, and a
decrease in the incidence of brown pigment (hemosiderin) deposition in the
spleen in high dose animals were noted.

In the lung, an increased incidence of perivascular inflammation was noted in
treated males (not dose-dependent).
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Table 1. The Incidence and Severity of Stomach Lesions

g:;::(ggc!adayl)eve! LGt?tz.liim‘n carbonate o 100 st 2000 B 0 [ 100 I 500 f 2000
Sax Female

Number examinad 20 ‘ 18 L 20 l 18 19 { 1& 19 ) 20
Mineralisation, focal

Minimal 0 8 17 12 Q 14 20
Stight o ] 1 5 Q 0 2 g
Tatal 4] 8 1B 17 o] 1 16 20
Hyperplasia, foveotar egithelium, fundus

Minirmal Q 3 8 8 1] 0 12

Shght 0 0 2 8 o 0 5
Moderate o a Q -] o 4] 0 3
Tatat 4] 3 8 17 ] 0 17 20
Hyperplasia, foveolar epithelium, pylorus

Minimal L] 0 1 1 0 4] k] 3
Stight 0 0 3 o 0 0 1 1
Moderate o] g [v] 1 4] o 0 0
Total 0 0 4 2 o 0 | 4 4
Hyparplasia, mucous ceils e

Minimal o] [+ 4 8 0 0o 3 4
Shght o o 2 3 0 0 | 2 6
Moderate o o o 2 0 ¢ 1 0 1
Total 4] Q 6 13 a a , 5 11
Eosinophilic chief cells E
Minimat 0 0 3 | g ¢ 1 3 -}
Stight o a o o 0 o 1 0
Total 0 o] 3 8 0 g )} 4 | 8
inflammation, sub-mucosal, tocal

Minimal 2 6 E 15 0 2 | 12 14
Slight 0 ¢ 1 G a 0 o 1
Total 2 8 12 15 2] 2 32 15
Hyperplasia. limiting ridge

Minimal 0 i o[ 3wl o]ol 3T
Hyperkeratoasis, limiting ridge

Minirnal 0o ool s{afTo ] a]o
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Table 1. (contd.). The Incidence and Severity of Stomach Lesions — Recovery Groups

L R
:’“‘1’;;5;’ dav')e"” Lanthanum  carbonate |, | 444 I 600 (2000 | o [ 100 | 600 . z000
[ Sex Male Female
Number axamined 5 | 5 15 E 5§ | 8 | s | s
Mineralisation, focal
Minima [ 0 | 4 4 o a 5 : 2
Slight 0 0 | © 1 o 0 [IE
Totaf 6 | o 4| s o | o 5 ' 5
Hyperpiasia, foveclar spithelium, fundus
Minimal L o Jo ol i+ F o o] o 0
Eosinophilic chief celis
Minimal el oo+ ] o o]0y
Inflammation, sub-mucesal, focal
Minimal Ll ofoJ2aTaTo T o] 17T 4
Hyperplasia, limiting ridge ’
Minimal j o JaJol 3] ol el o]
Hyperkeratosis, limiting ridge
Minimal o JoJelT 1 ToJ o] oTo

Toxicokinetics: Plasma lanthanum levels were higher at 2 hr than at 20 hr, and a
dose related increase in plasma levels was generally observed. Lanthanum levels
in weeks 13 and 26 were generally similar to those seen on day 1 of the study,
indicating no significant accumulation with time.

Tissue lanthanum levels: A dose-related increase in lanthanum levels was seen in
all four tissues (brain, femur, liver and kidney) analyzed. It is noted that the
sample size for the assay was small (n=3), and there were wide variations between
individual values (particularly for femur values).

Bone calcium and phosphorus levels: An apparent marginal reduction in both
total bone calcium and phosphorus levels was noted in treated animals (not dose
dependent) compared to controls.
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2. Thirteen-Week Oral (Gavage) Toxicity Study in the Mouse

Key findings: Increased incidences of stomach lesions (epithelial hyperplasia of
the limiting ridge and non-glandular region, and mucosal inflamma-
tory cell infiltration in the glandular region) at 1500 & 2000 mg/kg/
day

Study number: SPD/86/C
Volume #: 1.10
Conducting laboratory and location: C

Date of study initiation: March 27, 1997
GLP compliance: yes
QA report: yes
Drug lot # and purity: Lanthanum carbonate lot # B1066-960802, purity : L
1%, total metal impurities — none detected. (specifications:

C 3. total metal impurities — not more than
ppm)
Formulation: formulated daily as a suspension in 0.5% carboxymethylcellulose
Methods
Animals:

Species/strain: Mouse. ~ CD-1 (ICR) BR strain (VAF plus) obtained from
T 1
#isex/group:; 10
Satellite groups used for toxicokinetics: 0, 500 and 2000 mg/kg/day (30 mice/sex/
group)
Age: 5-6 weeks
Weight: males —29t0 36 g
females-23t027¢g

Animals were housed in groups of five, by sex, in grid-bottomed stainless steel
cages suspended over cardboard-lined trays. A pelleted diet { —— rat and mouse
maintenance diet — ) and tap water were available ad libitum.

Dosing:
Doses: 0 {vehicle control), 500, 1500 and 2000 mg/kg/day — once daily
Route/volume: oral (gavage)/10 mi/kg

Observations and Measurements:
Clinical signs: daily
Mortality: twice daily
Body weighs: pre-dose, on the first day of dosing and weekly thereafter
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Food consumption: pre-test and then weekly

Ophthalmoscopy: pre-test (all mice from main study groups) and week 13
(control and high dose groups only)

Hematology: week 13 [parameters evaluated — RBC, WBC (total and differ-
ential}, and platelet counts, cell morphology, hemoglobin, PCV, MCH, MCHC
and MCV. A blood smear was also prepared. ]

Clinical chemistry: week 13 (parameters evaluated — alkaline phosphatase,
amino-transferases, BUN, total protein, albumin, globulin, A/G ratio, total
bilirubin, creatinine, glucose, cholesterol, triglycerides, calcium, inorganic
phosphorus, sodium, potassium and chloride)

[5 animals/sex/group (main study) were used for hematological evaluations and
the remaining 5 animals/sex from each group were used for clinical chemistry
evaluations. ]

Post-mortem examination: All animals grossly examined. Weights determind for
adrenals, brain, epididymides, heart, kidneys, liver, lungs, ovaries, pituitary,
prostate, spleen, testes, thymus and uterus. The following tissues were preserved
for histopathological examination.

adrenals rectum

aorta salivary gland

brain (3 secticns) sciatic nerve

caecum seminal vesicles

colon site of mammary gland
duodenum skeletal muscle
epididymides skin

eyes (incl. optic nerves) spinal cord {3 levels)
femur (incl. marrow) spleen

heart sternum

ileum stomach

Jejunum submandibular lymph node
kidneys testes

liver + gall bladder thymus

lungs (incl. mainstem bronchi) thyroids (incl. parathyroids)
mesenteric lymph node tongue

oesophagus trachea

ovaries urinary bladder
pancreas uterus {incl. cervix)
pituitary vagina

prostate

all gross lesions

(Though blood smears were prepared from all animals, these smears were not
examined. )

All tissues from control and high dose animals, tissues from all animals that died
or killed in extremis, and all gross lesions from all animals were examined
microscopically. Since the high dose animals showed stomach and liver lesions,
these tissues from the lower groups were also examined.
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Toxicokinetics: on the first day of dosing and on one occasion during week 13, at
the following time points: pre-dose and 2, 4, 6 and 8§ hours post-dose (3 animals/
sex/group/time point (Animals were not re-used. After blood collection, majority
of animals were discarded without necropsy, but some were used to cotlect
samples for tissue lanthanum analysis.)

Tissue lanthanum analysis: Liver, brain, femur and kidneys (3 animals/sex/
group) were collected on day 1 and during week 13 for tissue lanthanum
analysis. In addition, the femur sample was used for total calcium and
phosphorus level detcrminations.

Statistical Analysis:

Results

An analysis of variance (ANOVA) was performed on all

data. The residuals from this preliminary analysis were examined for
heterogeneity of variance using Levenc’s test. I Levene’s test was significant at
1% level, then a non-parametric analysis of the data was performed using
Shirley’s non parametric equivalent of the Williams’ test. If Levene’s test
showed no significance, then pairwise tests of all treated groups versus control
were performed using Withams’ test.

Mortality: One main study mid dose female (animal # 61) was found dead on day
7 of the study. The chimical signs observed prior to death included hunched
posture, hypoactivity, piloerection, rapid breathing and weight loss. Macroscopic
examination revealed ruptured esophagus, adhesions to lung lobes and abnormal
white material tn the thoracic cavity, suggestive of a dosing error.

Two satellite animals, a control male (# 110) and a high dose male (#164), were
killed in weeks 12 and 11, respectively, due to swollen, scabbed urogenttal area/
penis lesions with discharge.

Three other satellite males [a control (# 101) and 2 high dose (#s 159 and 163)
males] were found dead in weeks 6, 5 and 10 of treatment, respectively. The
causcs of these deaths were not determined.

Clinical signs: There were no treatment-related chinical signs.

Body weights: Body wetght data are presented graphically in Figures 3 & 4.

A non-dose related body weight gain was noted in treated main study males.
Body weight gains for treated main study females were sumilar to those of
controls. Compared to controls, the overall body weight gains were slightly lower
n satetlite high dose males and shightly higher in high dose females. The body
weight gamns in the other satellite group (low dosc) were similar to those of
control.
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Food consumption: Total food consumption values for the main study treated
males were shightly lower (about 6% lower at the high dose) than thosec of
controls (not dose related). In main study treated females, and also in satellite
males and females, food consumption values were generally similar to those of
controls.

Ophthalmoscopy: There were no treatment-related findings.
Hematology: Shightly higher hemoglobin values (compared to controls), in high

dose males and higher WBC counts in mid and high dose females (not dose
relatated) were noted.

APPEARS THIS waY
ON ORIGINAL
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Figure 3. Group Mean Body Weights (g) - Males
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Figure 4. Group Mean Body Weights - Fernales
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Clinical chemistry: A dose-related reduction in BUN levels was observed in treated
females.

Organ weights: Non dose-related increases in absolute kidney weights (10 to 18%),
but not in relative kidney weights, were seen in mid and high dose males.

Gross pathology: Macroscopically, prominence of the limiting ridge and thickening
of the glandular and nonglandular regions of the stomach were observed in mid and
high dose animals. An accentuated lobular pattern of the liver was noted in treated
animals, the incidence being higher in males than in females.

Histopathology: Treatment-related findings were seen in the stomach and liver.
The stomach lesions included increased incidences of epithelial hyperplasia and/or
hyperkeratosis of the limiting ridge, epithelial hyperplasia of the non-glandular
region, and mucosal inflammatory cell infiltration in the glandular region of

stomach of the mid and high dose animals. The incidence and the severity of these
lesions are given helow,

Males Females
Dose Grroups
Findings
l 2 3 4 1 2 3 4
Hyperkeratosis - limiting ridge
minimal 0 1 4 3 0 | 3 3
slight 0 ] 0 ¢ 0 (] t 1
moderate 0 0 0 0 0 | 0 1
Epithelial hyperplasia -
luniting ridge
minimal 0 0 5 6 G 0 3 3
slight 0 ] 0 | 0 0 2 4
moderate 0 0 l 0 0 0 l 2
Epithelial hyperplasia
non-glandular
menimal 0 ¢ 3 0 0 0 3 0
shight 0 0 I 0 0 ] 0 0
Sub-mucosal inflammation
slight 4] 1] 3 0 0 0 ( 1
Mucosal inflammatory cell
inftltration ~glandular
minimal | (] 6 7 ) 1 2 7
slight 0 0 0 0 0 0 1 2

Cilandular dilatation

ninimal 4] 0 ? 0 0} t ] 0

N=H mice/sex group  Dose groups tng 'kpedayy 1~ control; 2 = 500, 3 - 1300 & 1 - 2000
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Although no significant differences in the incidences of these lesions were seen
between mid (1500 mg/kg/day) and high (2000 mg/kg/day) dose males, the
incidences of epithelial hyperplasia of the limiting ridge and mucosal inflamma-
tory cell infiltration in the glandular region in females were higher at the high dose
than at the mid dose level.

Minimal or slight centrilobular hepatocyte hypertrophy was seen in all treated male
groups {not dose dependent).

Toxicokinetics: A dose-related increase in plasma lanthanum levels was generally
observed, the levels being higher at the 2 hour time point than at other times. The
plasma levels at week 13 of treatment were generally similar to those on day 1

of the study.

Tissue lanthanum levels: Higher levels of lanthanum, compared to controls, were
seen in all four tissues analyzed (brain, femur, liver, and kidney), especially in the
femur. Absorption: of lanthanum was apparent after a single administration of test
article and appeared to be dose related. There appearced to be more of a trend
towards higher concentrations in the liver and femur during week 13 than on day |
of treatment, but the pattern was not consistent.

Total bone calcium and phosphorus levels: On day |, there was an apparent
marginal reduction in both calcium and phosphorus levels, compared to controls, in
high dosc animals. This was mainly due to low values for one high male and one
high dose female. In week 13, the levels of calcium and phosphorus for treated
animals were similar to those of controls, and the valucs were generally higher than
those obtained on day 1.

[Note: In an amendment dated June 19, 2002 (submission #0035), the sponsor stated that
additrional sections of stomach from animals in this study were cut, stained with
proliferating ccll nuclear antigen (PCNA) and examined microscopically. The results of
this investigation are provided below.

Examination of Stomachs from 13-week mouse study stained for PCNA

L Males I Females i
Dose Level: 0 500 | 1500| 2000 0 | 500 @ 1500 2000 -
(mg/kg/day) | L ! |
No. Examined; 10 10 10 W 1 10 8 | 10 10
Hyperplasia of the | | :
glandularsmmach“l 1 U} 8 9 ‘} 303 l s 6
Mineralised foci - ;

niinimal 0 ] 6 5 70 0 [ 6 4
slight 0 0 2 0 | ¢ 0 1 0 1]
Total 0 0 8 5 [0 0 | 6 - s“

* As assessed by positive PCNA staining.
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Increased incidences of hyperplasia of the glandular stomach and mineralized foci in the
superficial epithelium of the stomach mucosa were scen at 1500 and 2000 mg/kg/day.
Increasing the dose from 1500 to 2000 mg/kg/day did not appear to have any significant
effect on the incidences of the above lesions. |

Toxicity Studies in Dogs

These studies are summarized by Dr. John Koerner in his review of canine toxicology
and toxicokinetic studies, attached.

APPEARS THIS WAY
0% ORIGINAL
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V. GENETIC TOXICOLOGY

1. Bacterial Reverse Mutation Assay (Ames Test)

Key findings: In the Ames test, lanthanum carbonate produced dose-related increases in
revertant colonies in the tester strain E. coli WP2uvrA pKM10!. However, these
increases were not equal to or greater than two times the mean negative control value. No
such response was noted in a Salmonella tester strain (TA102) that has a similar
sensitivity and reversion profile to the E. coli strain.

Study no; M/AMES/42075
Study type: [n vitro bacterial reverse mutation assay (Ames test)
Conducting laboratory and location: [

Study dates: Not provided (Report date -- August 1996)

GLP compliance: Yes (UK, OECD, USA and Japanese codes of GLP)
QA report: Ycs (x) No. ()

Drug batch # and % purity: 6268/951001, % purity — not provided
Formulation/vehicle: Test article was dissolved in water (50 mg/ml)

Method: Plate incorporation test

Bacterial strains: Salmonella typhimurium tester strains TA1535, TA1537, TA1538,
TA98, TAI00 & TAIL02, and Escherichia coli strains WP2 uvrA and WP2 uvrA
pKMI101L.

Dase selection criteria. A preliminary toxicity range finding study was conducted
using strains TA98 and W2 uvrA pKMI101 at concentrations of 1.6, & 40, 200, 1000
and 5000 pg/plate, in the presence and absence of S-9. After 24-hr incubation at 37°C,
the plates were examined for bacterial lawn density. Results are given below.

5 Concentration of test substance (ugfplate)
Strain Yo 5-9 0 1.6 $ 40 200 1000 3000
TA9S O + + + 3- + “+C +c
TAYS 10 + + + - + +C 4
WP2 uvtA pKM101 0 + + + + + +C +c
{ WP2 uvcA pKM10] 10 + + + + + +g te

+ = Normal Growth ¢ = Compound Precipitation {not expected to interfere with colony counting)

Precipitation was noted at concentrations of 1000 and 5000 pg/plate. Based on the above
results, the following doses were selected for the first experiment: 8, 40, 200, 1000 and
5000 pg/plate (with and without 5-9) for all Salmonella strains, and 50, 250, 500, 2500
and 3000 pg/plate (with and without 5-9) for E. coli strains. For the second experiment,
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doses of 8, 40, 200, 1000 and 5000 pg/platc were used for both Salmonella and E. coli
strains.

Test agent stability: Test agent was shown to be stable at room temperature.

Metabolic activation system: The liver microsomal fraction (S-9) was prepared from
Fischer 344 rats induced with B-naphthoflavone and sodium phenobarbitonc.

Controls: Vehicle — water; Negative control — water; Positive controls without S-9 —
sodium azide, | pg/platz (TA1535 and TA100), 9-aminoacridine, 50 pg/plate (TA1537),
2-nitrofluorene, 0.5 pg/plate (TA1538 and TA98), cumene hydroperoxide, 100 pg/plate
(TA102) and 4-nitroquinoline —1-oxide, 1 pg/plate (E. coli strains); Positive controls
with S-9 — 2-aminoanthracene, 2 pg/plate for all salmonella strains, and 4 pg/plate for E.
coli strains.

Exposure conditions: 100 ut each of test article solution, solvent control (water) or
appropriate positive control, S-9 mix or 0.2 M phosphate buffer (500 pl) and bacterial
culture (100ul, ~ 10° cells) were added into respective tubes containing molten top agar.
After mixing, the mixture was pourcd onto Vogel Bonner minimal agar plates. When the
overlay had solidified, the plates were inverted and incubated for about 65 hours at 37°C.

Analysis:  The numbers of revertant colonies on each plate were counted using an
automatic colony counter. Mean, standard deviation and Dunnett’s t-statistic were
calculated for each concentration and bacterial strain. (All concentrations were plated in
triplicate and the experiment was repeated using fresh cultures.)

Criteria for positive results: A test compound is considered to be positive for
mutagenic effect if it produces a dose response with statistically significant increases in
revertant numbers.

Summary of study findings: Results of the two experiments and the statistical analyses
of the data are presented in Tables 2 to 5. Increases in revertant colonies, compared to
contrel cultures (except at the highest dose of 5000 pg/plate), were seen oanly with the E.
coli WP2 uvrA pKM 101 strain in experiment 1 with metabolic activation (increases in
revertant colonies without 5-9 were not dose-dependent) and in experiment 2 (with and
without metabolic activation). These increascs attained statistical significance at
concentration levels of 500 and 2500 pg/plate with and without S-9 in experiment 1 and
at 200 and 1000 pg/plate without S-9 in experiment 2. No other statistically significant
increases i revertant celonics were seen with any tester strains, including TA 102 which
has a similar sensitivity and reversion profile to E. coli WP2 uvrA pKM101.

Study validity: The assay 1s considered valid since negative control data were within the
historical control range, and all positive controls induced significant increases in revertant
colonies within expected ranges, demonstrating the scnsitivity of the assay and the
metabohizing activity of the S-9.
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{Note: The final report on the bacterial reverse mutation test, issued in August 1996,
concluded that “lanthanum carbonate has shown some mutagenic potential under the
conditions employed in this test” since statistically significant increases in revertants
were seen with the E. coli WP2 uvrA pKMI101 strain. It was stated in that report that “a
positive result is indicated by a dose response with statistically significant increases in
revertant numbers.” In an amendment to the final report (dated November 17, 2000 and
submitted to the agency under NDA 21-468 on April 30, 2002), a re-appraisal of the
results of the study was made using a revised set of criteria, “combining a fold-increase in
revertants, statistical analysis and linearity of response.” Trealment data sets that show
responses < 1.5 times the concurrent negative control value are considered negative and
responses = 3 times are considered positive. Assays in which responses fall between 1.5
and 3 times the control value are subjected to further analysis including statistics. A one-
sided Dunnett’s test (using rank transformed data and Bonfetroni correction) and a linear
regression analysis showed that the observed increases in E. coli revertants were not
statistically significant. Morcover, the mean numbers of revertants were not greater than
two times the mean negative control value for the E. coli strain. Atthough dose-dependent
increases in revertant colonies were seen in the E. coli WP2 uvrA pKMI101 strain in
experiments 1 and 2, since numbers of revertants were not cqual to or greater than two
times the mean negative control value, and also because the revertant counts in treated
groups were within the historical control range, these increases are considered to be not
biologically significant. Moreover, a Salmonella strain, TA102, which has a similar
sensitivity and reversion profile to the E. coli strain, showed no mutagenic response to
lanthanum carbonate. |

APPEARS THIS way
N ORIGINAL



NDA 21468

Table 2.

MEAN NUMBER OF REVERTANTS PER PLATE |
EXPERIMENT 1
Concentratian of test substance (ug/plate}

. Strain %s-9! 0 3 40 200 | 1000 | 3000 | PC__|
TAIS3S 0 133 | oy | 12o | 129 97 77 | 3477
TA1537 0 23 11.3 7.0 133 7.3 30 2113
TA1538 0 217 19.3 23.7 25.0 25.0 20.7 290 |
TASR 0 267 29.0 297 18.7 21.0 173 1223
TA100 0 89.0 92.0 96.3 95.5 83.3 101.7 | 3880

a0 0 2410 | 2643 | 2350 } 2153 | 2390 | 1983 | 4313
TA1533 1) 10.0 10.7 12.7 14.0 97 93 24.3
TA1537 10 9.0 157 93 70 14.3 77 25073
TAL338 10 27.7 30.7 257 293 237 293 1281.0
TAY8 10 38.0 36.7 390 35.3 41.7 357 | 13383
TAI100 [£8) R4 0 540 863 93 0 9313 850 143120
TAlO2 10 2783 3123 2887 2290 2983 190.0 402.0

Strain Y, §-9 i) 50 230 500 2500 | 300C PC
WP2 uvrA 0 27.0 195 22.0 183 17.7 207 1 w017
WP2 uvrA pKM101 0 1927 1 2297 | 2007 | 2627 } 2367 | 1730 | 11507
WP?Z uvra 10 22.3 25.0 26 7 25.7 20.0 14.0 1063
WP? uvrA pKMID) i0 1283 1 1725 § 1755 1 19972 } 2390 1 247 | 49235 |
NC = Posstve Controd
APPE
A

o On?la;,gl”mr
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Table 3.
1sti¢ from Dunnett's test jn Expeniment 1
Concentration of test substance (pe/plate) Degrees of freedom
Strain % 5-9 B 40 200 1000 5000 N D
TAL535 g -0.18 -0.32 -0.33 -1 06 -1.79 3 12
TA1337 0 0.63 -0.91 1.06 -0.75 -1.92 5 12
TA1338 iH -0.87 0.61 ils 1.13 -0.40 3 12
TAS8 0 0.42 n.63 -1.70 -1.17 -2.06 3 12
TAI100 0 0.4 1.10 081 -(.92 [.89 3 ti
TAL02 ¢ 1.32 .32 -1.48 -0 10 -2.37 3 12
TA1535 10 0.§2 083 127 023 -0.37 3 12
TAL1337 10 2.36 0.07 -0.88 191 -0.54 5 12
TA153% 10 0.76 .59 0.44 -117 044 3 12
TAYE 10 -0.31 0.20 -0.62 0.73 A48 3 12
TAI00 10 08! 009 0.74 0.77 0.06 3 12
TAID2 10 2.45 0.76 -3.88 143 -7.22 5 12
Siram % 5.9 50 250 300 2300 3000 N D
WP2 uvrA 0 -1.13 -0.96 -1.71 -1.79 -1.13 5 3!
WP2 uvrA pKMI01 0 2.98 141 342" 3.52° -1.68 3 12
WP2 uvrA 10 0.60 0.98 77 -0.48% -1.91 3 12
| WP2 uvrA pKM1D] 10 2.86 3.10 3 42 787 | -006 3 1o
“p<0 01
4/3‘@54
A
a‘? * j’.’,-'p
0# i 5‘ .
“al, [ O
//r;'.g Ny
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Table 4.
MEAN NUMBER QF REVERTANTS PER PLATE
EXPERIMENT 2
Concentration of test substance (ug/plate)
Strain %S9 0 8 40 200 | 1000 | 5000 PC
TA1535 8 8.0 8.3 10.7 | 163 70 113 | 28350
TA1537 0 3.3 9.3 8.7 93 10.3 53 | 2220
TALS38 0 160 | 173 0 177 } 163 | 197 [ 180 | 740
TA98 0 257 | 277 | 247 | 337 | 263 | 230 ] 803
TA100 0 980 | 787 | 947 | 990 | 1033 | 837 | 3833
TA102 0 2527 | 2740 | 2500 | 2697 | 2670 | 1697 } 4940
| WP2uwrA 0 30.7 | 257 § 313 | 330 | 290 | 307 | 6477
WP uvrA pKMI0L | 0 1687 | 2047 | 2007 | 22093 | 2383 [ 1217 | 7527
TA1335 10 123 F 117 {133 1 105 | 133 1 133 | 1047
TA1537 10 150 ) 163 | 137 | 147 | 327 ) 120 ) 2690
TA1538 0 | 327 { 367 | 403 | 317 | 407 | 277 | 11267
TA9R o | 320 | 347 { 393 | 350 [ 330 { 310 ! 10133
TAICO 10 | 1043 | 937 | 920 | 973 | 840 | 857 | 9083
TAL02 10 | 2423 | 2687 | 3670 | 25357 | 22015 [ 1893 [ 3077
WP2 uvrA 10 43.3 450 313 3B 3 43173 4313 128 0
WPLaveapKMIOL | 10 | 1775 | 1830 | 2160 | 2373 { 2300 | 1273 | 8383
PC= Posiuve Control
AFpg,
0 f‘sf‘:" Ty
W G, S o
[ L Y
5316‘-;?'- “ir
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Table 5.
N t-statistic from Duppett's test in Experiment 2
Concentration of test substance {pg/plate) Degrees of frecdom

Strain % 5-9 8 40 200 1000 [ 35000 N D
TA153S 0 001 | 0.70 1.78 | -0.16 | 039 3 12
TA1537 0 649 | 017 | 0354 | 091 | -1.97 5 12
TAL338 0 n3g 0.36 g0 1.17 0.39 3 12
TAI8 0 0.31 019 178 016 -Q.70 3 12
TAL00 0 274 | 042 | 016 | 075 | -203 5 12
TAIQ? 0 127 | -0.18 1.02 085 | -562 5 12
WP2 uvrA 0 -0.98 0.09 042 -0.31 -0.11 5 12
WP2 uvrA pkOM101 0 241 284 | 388 | 440" { -339 3 12
TALS35 10 ] 018 ] 040 | -055 | 030 | 033 5 12
TAL537 10 0.27 -0.35 -0.23 =041 -0.30 3 I2
TA1538 10 0.56 106 | 013 1 113 | 076 3 12
TA98 10 0.54 1.44 028 0.28 -0.10 5 [2
TALQO 10 -1.14 -1.33 -0.73 -2.23 -2 69 3 12
TA102 10 1.25 1.18 066 | -077 | 262 5 [
WP2 uvrA, 10 039 | 270 | -110 | 005 0.05 5 12
WP2 uvrA pKMIOL | 10 0.2% 1.91 241 310 | -342 5 9

pl
APpry
017 (;).iS TH] S
Rigssy WAY
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Historical control values for the bacterial reverse mutation assay are given below.

STRAIN
TALI333
TAL33?
TAi538
TA9E
TAlWO
WP2Z uvrA
WP v pKMIOY

STRAIN
TAL335
TAI1537
TAL1538
TASS
TAIGD
W2 uvrA

WP2 uvrA pKMIO)

Mesn
i0.B3
692
19.55
2021
94 91
21.59
161.88

Compoand
5A
AN
2NF
INF
SA
4NQO
ANQD

NEGATIVE CONTROL
-59
s o

4.4 210

3713 216

743 153

739 222

25.63 243

13.36 298

98.69 €0

POSITIVE CONTROL
-59
. Menn SD n

2662 811 182
2483 1259 179
124.4 55.9 119
1303 539 185
3990 821 200
5518 203.0 ]
7413 3086 51

Mean
13.18
11.9%
3178
33.01
98 .00
23.41

156.44

Cottpoun]
284
2AA
2A8
2AA
2484
A4
274

+39
SD
495

10.41
11.61
20.12
1009

108.64

+59

1146
147.4
792.8
752.4
8215
114.5

421.9

sD
443
76.5
2709
3182
39495
678

1991

189
179

125

206
81
60

69

[Note: In a letter datedt October 28, 2002, the sponsor stated that the above historical
contro} data were generated by § _ ~
conducted the study) during the 2-year period immediately preceding the study (1994-
1996). The "n’ value shown in the table represents the number of control plates examined

for cach strain ]

¥ who
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2. In Vitro Mammalian Cell Gene Mutation Test

Key Findings: Lanthanum carbonate was found not to induce mutations at the HGPRT
locus of Chinese hamster ovary cells either in the presence or absence of metabolic
activation.

Study number: M/PMC/42078
Study type: HGPRT forward mutation assay in cultured Chinese hamster ovary cells
Conducting laboratory and location: U

Study dates: Not provided (Report date -- November 1996)

GLP compliance: Yes (UK, GECD, USA and Japanese codes of GLP)

QA report: Yes (x) No. ()

Drug batch # and % purity: 6268/951001, % purity — not provided
Formulation/vehicle: Lanthanum carbonate was formulated in culture medium (McCoys
5A medium supplemented with glutamine, antibiotics and 10% fetal calf serum) at
desired concentrations.

Methods

Ceil line: Chinesc hamster ovary cells obtained from the T

i f

Dose selection criteria: In a preliminary toxicity range finding study, cclls (200 per
culturc) were treated for 3 hours at 37°C with lanthanumn carbonate at doses up to 5000
peg/ml in the presence and absence of S-9 mix. At the end of the treatment period, cells
were washed twice with phosphate buffered saline to remove the test substance, and
allowed to grow in fresh culture medium for 7 days. The results are given below,

Survival as % of Control
Dose (ug/ml) | 59 39

0 1000% | 100.0%

5 117.6% | 96.7%

25 122.5% | 905%

50 1329% | 80.1%

250 76.8% 78.7%

T S00 $3.0% | 497%
2500 91.4% 40.0%

5000 3.7% 24.8%
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The top dose, 5000 pg/ml, in the absence of S-9, produced toxicity resulting in less than
10% survival. Based on the above results, the following doses were selected for the two
independent experiments: 500, 1000, 1500 and 2000 pg/ml — without S-9

250, 500, 2500 and 5000 pg/ml — with S-9

Test agent stability: Test agent was shown to be stable (about 2 years) at room
temperature.

Metabolic activation system: The S-9 fraction was prepared from the livers of sodium
phenobarbitone and beta-naphthoflavone induced male Fischer 344 rats.

Controls: Vehicle control — culture medium (McCoys 5A); Positive controls ~—
ethylmethanesulphonate (without S-9) and benz(a)-pyrene (with S-9) were dissolved in
DMSO and then dituted in culture medium.

Exposure conditions: Tog phase cells were trypsinised, counted and appropriate
volumes of culture were added to respective sterile plastic flasks (1.9x10° cells/flask).
Afler allowing time for attachment of cells to the tissue culture flask, the culture media of
duplicate cultures were replaced with media containing appropriate concentrations of
lanthanum carbonate, vehicle or positive control, with and without S-9 mix. After 3 hours
of treatment, cells were washed twice with phosphate buffered saline, trypsinised and
fresh cultures were made with a cell concentration of 10” cells/flask. These were allowed
to grow for 7 days. In additton, 200 cells/dose were sceded in respective flasks (in
triplicate) and allowed to grow for 7 days to assess the Day 0 survival.

Mutations at the HGPRT locus were assessed by seeding 2x10° celis/dose/per plate in a
medium containing 6-thioguanine (6-TG, 2 pg/ml) as the sclective agent and the plates
were incubated at 37°C for 7 days. (Resistance to 6-TG indicates that a mutation, induced
by the test compound, had occurred at the HGPRT locus, and cells can proliferate in the
presence of 6-T(. 6-TG is cytotoxic to non-mutated cells.)

Analysis: At the end of the incubation period, colonies were fixed, stained and
counted. Plating cfficiency and mutation frequency were calculated as follows:

Plating efficiency = colony count/cells plated
Mutation frequency = plating efficiency in sclective media/plating efficiency in non-
selective media

Data were statistically analyzed using methods described in “Statistical Evaluation of
Mutagenicity Test Data™ (Ed. D.J. Kirkland , Cambridge University Press, 1989).

Criteria for positive results: A test compound is considered to be positive for
mutagenic cffect if the followmg conditions are met:
1) Statistically significant increases in mutation frequency of treated groups over control -
to be repeated i an independent experiment
2) a dose response i mutation frequency — to be repeated in an independent experiment
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Summary of study findings: The Day 0 survival data for both experiments are presented

below.

Experiment 1.

Without 8-9
Dose (ug/mD| 0 50 250 500 1000 | 1500 | 2000
Mean colony number | 130.0 1247 1173 128.3 104.3 83.7 213

%% of control] 100.00% | 95.90% | 90.26% | 98.72% ] 80.26% | 64.36% | 16.41%

With 5-9

Dose (pg/ml)

0

25

250

500

2500

5000

Mean colony number

115.33

123.67

97.33

91.50

144.83

129.00

% of conmol] 100.00% ] 107.23% | 84.39% | 79.34% |125.58% [111.85%

Experniment 2.

Without 5-9 .
Dose {pg/mi} 0 50 250 500 1000 1500 2000
Mean colony mumber} 163.0 147.0 116.7 121.7 100.3 92.3 101.3
{ % of control] 100.00% | 90.18% | 67.91% | 74.66% | 61.53% [56.63% | 62.15%
With 5-9
Dose (ng/ml) O 50 250 500 2500 3000
Mean colony mumber]{ 108.7 83.7 101.0 102.0 74.7 104.7

% of control] 100.00% | 77.00% | 92.92% | 93.84% | 62.72% | 96.32%

The top dose of lanthanum carbonate, without S-9, produced about 16% survival in
Experiment 1 and 62% survival in Experiment 2.

C

J

Basced on the results of the Day 0 survival only the top 4 doses were plated for mutation

assessmwent.
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Mutation frequency data presented below. There were no statistically significant
increases in mutation frequency in drug treated groups compared to negative control
either in the presence or absence of metabolic activation. Both positive controls produced

significant increases in mutation frequencies (p<0.05) when compared to negative
controls.

Mutant frequencies (x10™)

Dose (ug/mD] 0 | 500 | 1000 1500 [ 2000 | EC
-59 {Mutation frequency | 2.473 [16.532] 8.546 | 0.902 )11.430] 574.338
: 1739 | 1127 |0.511] 1.383 | 7.903*
Experiment | Dose (pefmb)] 0| 250 | 500 | 2500 | 5000 | BC
Mutation frequency | 10.603|15.987] 9.183 [ 6.795 [ 7.512 | 89.619
57 t 0.753 |-0234]0.730{-0.575 | 5.416*
Dose (ag/ml)] 0| 500 | 1000 | 1500 [ 2000 | PC
Matation frequency |15.510] 0.897 | 2.018 [14.061{14.083{540.884
52 ¢ 2.679)-2.3181-0.191]-0.068 10.606*
Experiment 2 Dose (ag/ml)] 0| 250 | 500 | 2500 | 5000 | PC
Muration frequency | 5.046 | 1.810 | 1,673 |12.374| 1.450 | 65.611
+59 t ~0.429]-0.460] 0.664 |-0.506] 2.848*

*p<0.05

Study validity: The assay is considered valid since both positive control chemicals
induced  statistically significant increases in mutation trequency in both studies,
indicating that the cells are sensitive to the mutagenic effects of known genotoxicants and
that the S-9 used in the study was capable of metabolizing the inactive precursor to a
genotoxic intermediate.

[Note: A separate study conducted in October 2001 ai the C

i J testing facility,L 3 (study report submitted to the agency under
NDA 21468 on April 30, 2002) showed that there were no effects on osmolality or pH of
the culture medium for the Chinesc hamster ovary cells at lanthanum carbonate
concentrations tested in the in vitro mammalian cell gene mutation and cytogenetic
assays. It 1s stated that lanthanum carbonate solutions showed visible precipitation upon
standing (all preparations of 200 wg/m! and above and one preparation at 100 pg/ml).]
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3. In Vifro Mammalian Cell Cvytogenetics Test

Key Findings: Significant increases in the incidence of chromosome aberrations,
associated with cytotoxicity, were seen with and without metabolic activation.

Study number: M/CCA/42077
Study type: Cytogenetic assay in Chinese hamster ovary (CHO) cells

Conducting taboratory and location: [ ~-

|
Study dates: Not provided (Report date — September 1996)
GLP compliance: Yes (UK, OECD, USA and Japanese codes of GLP)
QA report: Yes (x) No. ()
Drug batch # and % purity: 6268/951001, % purity — not provided
Formulation/vehicle: Lanthanum carbonate was suspended by sonication in culture
medium (McCoy’s SA medium supplemented with glutamine, 10% fetat calf serum and
antibiotics) at desired concentrations immediately prior to usc.

Methods

Cell line: A CHO cell line, obtained from the [

3 was grown in McCoy's 5A medium. This line has T
o}

Dose selection criteria: In a toxicity range-finder study, logarithmically growing cell
cultures (3x10” cells/flask) were treated with the test drug (0, 50, 100, 250, 500, 1000,
2500 and 5000 pg/ml) or positive control solutions in the presence and absence of S-9 at
37°C. After 3 hours of treatment, the cells treated with S-9 were washed and incubated
agam in {resh medium until harvesting afier about 1.5 cell cycle time. Treatment of cells
without S-9 continued until harvesting. Cells were arrested in metaphase with colcemid
{(at a final concentration of 0.2 pg/mi), fixed, stained and scored for chromosome damage.
The results are given below.

APPIATS THIS WAY

0N GRIGIHAL
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Without S-¢
Dose/ug/ml Mean % Mitotic Relative M1 %
Index
¢ 5.63 100

50 5.09 %0
100 5.16 92
250 343 61
500 1.71 30
1000 NS
2500 NS
5000 NS

NS = not scored

Dose-dependent reductions in mitotic indices, compared to negative control, were noted
in treated groups. At 500 ug/mi, a 70% reduction in mitotic index was seen. The slides
trom cultures dosed with 1000 pg/ml and above, without S-9, were not scorable due to
lanthanum carbonate deposits on the slides. Based on the above results, doses up to 500
pg/ml were chosen for treatment in the absence of S-9 for the first cytogenetic
experiment. With S-9_ the same doses as in the range-finder study were used.

Test agent stability: Test agent was shown to be stable at room temperature.

Metabolic activation system: The S-9 fraction was prepared from the livers of beta-
naphthoflavone and sodium phenobarbitone induced male Fischer 344 rats.

Controls: Vehicle control — culture medium (McCoys 5A)
Posttive controls — mitomycin C, 0.3 pg/ml - without S-9
cyclophosphamide, 15 ug/ml — with S-9

Exposure conditions. The first experiment was conducted in the same way as the
range-finder study. The following doses were used without S-9: 50, 100, 200, 350 and
500 pg/mi. All shides, except those from the 100 pg/ml concentration, were scored for
aberrations. Slides prepared from the range-finder study cultures. treated with S-9, were
scored in the first cytogenetic experiment (500, 2500 and 5000 pg/ml doses).

In the second experiment, a second harvest time, 24 hours later than the first, was
included. The treatment doses were as follows: 500, 2500 and 5000 pg/ml with S-9 and
20, 50, 100, 200, 350 and 500 pg/ml without S-9. Cultures used for the second harvest
time were seeded at 1.5 x 107 cells per culture. The treatment of the second harvest
cultures without 5-9 was ternunated at 1.5 cell cycles by removing the treatment medium,
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washing with PBS, and reincubating in fresh culture medium until harvesting. Slides of
all treatment doses were scored for aberrations.

A third cytogenetic experiment was performed at a single harvest time in the absence of
S-9 to determine clone forming ability for the assessment of toxicity. The doses used
were 50, 200, 350, 400, 450, 500 and 550 ug/ml. A concurrent set of duplicate cultures
was dosed 1n the same way as the cytogenetics cultures. At harvest time, viable cell
counts were performed and 100 cells per flask were used for assessment of clone forming
ability. All slides were scored for chromosome aberrations except that only negative
controls and top dose levels were scored at the second harvest time.

Analysis: One hundred cells were counted from each pair of slides (2 slides/culture).
Only well sprcad metaphases with a chromosome count of 18-22 were scored for
chromosome damage. Cells with more than this number of chromosomes were recorded
as numerical aberrations. Scoring was donc using UKEMS test procedures [Basic
Mutagenicity Tests. UKEMS recommended test procedures. (1990) ed. D.J. Kirkland,
Cambridge Untversity Press]. Only 25 metaphase spreads were scored from each positive
control culture. The mitotic index for each negative control and lanthanum carbonate
treated culture was determined from a minimum of 1000 cells. A test article was
considered to be positive if it produced a dose response relationship with at least one dose
level having significantly more chromosome aberrations (p<0.05) than the solvent
control.

Summary of study findings: Results of the experiments arc summarized in Tables 6 to
8. In the absence of S-9, significant increases in the incidence of chromosome aberrations
were seen at dose levels of 200 pg/ml and above. These increases were not dose related
n experiments 1 and 3, but a dose relationship was seen in experiment 2. It is noted that
the increases in aberrations were associated with cytotoxicity (decreased mitotic index
and loss of clone forming ability). In experiment 3, doses of 350 ig/ml and above caused
more than 80% cytotoxicity as measured by clone forming capacity. There were no
aberrations at non-cytotoxic doses or at the second harvest time. In the presence of
metabolic activation, non-dose related increases in aberrations were seen at 500 ug/mj
and above. These dose levels produced reductions in mitotic indices by more than 50%
compared to negative controls. [According to the sponsor, “these increases were not
consistent or above the level expected for this cell line (Table 8A).” Positive control
chemicals produced significant increases in the incidence of chromosomal aberrations in
all 3 experiments.

Study validity: The assay is considered valid sincc both positive control chemicals
induced statistically significant increases in chromosomal aberrations, indicating that the
cells are sensitive to the mutagenic effects of known clastogens, and that the $S-9 used in
the study was capable of metabolizing the inactive precursor to a genotoxic intermediate.

(Note: The sponsor has concluded that “lanthanum carbonate has not shown clasto-
genicity, under the conditions of this test, which is believed to be of biological
signiticance.” According to the sponsor, “the observed increases in chromosome
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aberrations have the characteristics of an artifact of high cytotoxicity. This is supported
by the inconsistency of response with respect to dose and between replicate cultures.”)

APPEARS THIS WAY
ON GRIGINAL

APPEARS THIS WAY
ON ORIGINAL
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4. Mouse Micronucleus Test

Key Findings: Significant increases in micronucleus frequency were noted in males
treated at 1250 and 2000 mg lanthanum carbonate/kg and sacrificed after 48 hours.
However, these increases did not exceed the historical control range, and also did not
meet other criteria for a positive test.

Study number: M/MMN/42354
Study type: {n vivo bone marrow micronucleus assay
Conducting laboratory and location: [ }

Study dates: Not provided (Report date - July 1997)

GLP compliance: Yes (UK, OECD, USA and Japanese codes of GLP)

QA report: Yes (x) No. ()

Drug batch # and % purity: 6268/951201, % purity — not provided
Formulation/vehicle: Lanthanum carbonate was formulated in 0.5% carboxymethyl-
cellulose

Methods
Strain/species: Young aduit CD mice

Dose selection criteria: In a dose range finding study, groups of male and female mice
were dosed with 2006 mg lanthanum carbonate/kg (limit dose; ICH Guideline S2A,
1995) or vchicle alone. Animals were observed for signs of toxicity for 96 hours post
dose. Blood was collected for drug level determinations 2 hours after dosing and at the
end of the observation pertod. No mortality or signs of toxicity were seen. On the basis of
the above results, 2000 mg/kg was chosen as the top dosc for the main study, and 1250
and 800 mg/kg were selected as the miud and low doses, respectively.

Controls: Vehicle — 0.5% carboxymethyl cellulose; Positive control — Mitomyein C —
dissolved in 0.9% sterile saline at concen-tration of 0.4 mg/ml

Study design: Groups of male and female mice (15/sex/group) were given single doses
ol lanthanum carbonate (800, 1250 and 2000 mg/kg) or vehicle solution by oral gavage.
Positive control animals (5/sex) received a single ip injection of mitomycin C (4 mg/kg).

Sampling times: Five male and female animals each from the treated and control
groups were sacrificed at 24, 43 and 72 hours after treatment. Positive control animals
were sacrificed 24 hours post dose. Bone marrow cells were harvested from both femurs
of each anumnal and slides were prepared.

Analysist Counting method - Shides were stained using the method of Gollapudi and
Kanwa (Mut. Res., 64, 1979, pp 45-46). A minimum of 2000 polychromatic erythrocytes
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(PCE) per animal were counted for micronucleated PCE (MN-PCE) evaluation, and
1000 erythrocytes per animal were counted for determination of polychromatic to
normochromatic erythrocyte (NCE) ratio.

Data were statistically analyzed using the UKEMS guidelines (Kirkland, D., 1989, "Stati-
stical Evaluation of Mutagenicity Test Data’, UKEMS sub-committee on guidelines for
mutagenicity testing. Report, Part IIT).

The study was considered acceptable if:

1. negative control animals (both sexes at all sacrifice times) had a mean micronucteus
count of not more than 4 micronuclei per animal

2. positive control animals had a minimum micronucleus count of approximately 10
micronuclei per animal

The test drug was considered to have produced a positive response if :

I. a dose-dependent increase in micronucleus frequency was noted in drug-treated
groups

2. statistically significant increase in micronucleus frequency, compared to negative
control, was noted in any test drug group.

3. a minimum mean value of 5 micronuclei per animal was seen in one treated group

Summary of study findings: The mean counts of MNPCEs and the mean PCE/NCE
ratios are presented in Tables 9 & 10, respectively. Significant increases in the frequency
of MNPCEs, compared to control, were noted in males treated at 1250 and 2000 mpg/kg
(p<0.05 in both cases) and sacrificed at 48 hours. Significant increascs in PCE/NCE
ratios were found for females at 48 hours at 2000 mg/kg (p<0.01) and at 72 hours at 800
and 1250 mg/kg (p<0.05 and p<0.001, respectively)

The positive control showed a marked increase in the number of MNPCEs, compared to
control, but no significant difference was seen in the PCE/NCE ratio.

According to the sponsor, the statistically significant increases in micronucleus frequency
observed in treated males were “due to the very low control values (0 MNPCE count for
the males sacrificed at 48 hours) rather than any real increase in micronucleus frequency
due to trcatment”. It is noted that these increases did not meet the criteria for a positive
test of exceeding the minimum mean value of 5 micronuclei per animal in a treated
group. Moreover, since the increases did not exceed the historical control range (Table
1), and also because the mean micronucleus frequency value in control females was
much higher than the mean values observed in treated males, the incrcases are not
considered biologically significant. Tt is noted that no significant bone marrow toxicity
(reduction in PCE:NCE ratio) was seen at the top dose of 2000 mg/kg (iimit dose).
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S_tqu validi'ty: The assay ?s considered valid since the positive control chemical
stgnificantly increased the micronucleus frequency (p<0.001) and the negative control

values were within the historical control range.

Table 9.
Adjusted Mean Count of MNPCE (/2000)
Group Effects by Sex (ExcL +ve Contrel)
At 24 houss
Variable Adjusted Means
Group Control 800mp/kg 1250mpAke  2000mp/kg +ve controf
Males Geometne mean 149 097 b 35 025 -
35% CI (0 58, 293) ©25,211) (049,27]) (000, 0 96)
Females | Geometric mean 33 213 193 089 .
95% C1 (172,575) (©Q9R,39%) (086,362) (020,198) )
Males Geomeiric mean 149 - 88 THuK
95% Cl (009, 469} {382, 2039
Femmales | Geometnc mean 328 - - 15 448
L 95% CIL {087,878) (323,1729
#p<0.05 ##p<0 01 ###p<0 001 (1-sided increase Students t-test)
At 48 hours
Vaniable Adjusted Means
Group Control &00meike 1250mgkg 2000mg/kg
Males Geometne men 000 064 105% 117+
5% CJ (©00,061) (002,165} (027,230) 034,25
Females | Geometric mean 210 193 170 186
95% CI ©92,401) (082,373} {0 68,13 36) 077.362)
*p<0 05 **p<G 0l ***p<0.001 (l-sided increase Dunnett’s test)
At 72 hours
Variabie Adjusted Means
Group Coatrol 800mg/kg 1250meg'ke 2000mg/kg
Males Geometric mean 0.64 i6t 140 127
95%% C1 {©02,165) 062,319 (049,287 {041,265)
Females | Geometric mean 015 117 052 117
95% C1 000, 0 85) (035,249 {000, 1 44} (035,249
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Table 10
Mean PCE/NCE Ratio (%)
Group Effects by Sex (Excl. +ve Control)
At 24 hours
Vansble Means
Group Control 800me/kg 1250mwkg 2000mg/kg +ve controf
Males Mean 115 8} 92 98 -
95% €I (91, 138) (S8, £04) (68. 115 (75, 121) -
Feamales Mean 91 119 97 114 -
95% C1 {68, 114) {96, 142y (74,120} {31,137 _
Mates Mean 115 - - 87
95% C1 (80, 149) (52, 122)
Females Mean 91 - - 9N
35% C1 (56, 126) (56, 125)
At 48 hours
Vanable Means
Group Control 800mp/ke 1250mp/kg 2000mg/kg
Males Mean 101 77 i34 50
95% CI (66, 136) (42,112 (99, 169 (15, 85)
Females Mean 114 130 121 204**
95% C1 (80, 150) {95, 164) (86, 156) {169,230
<005 **p<0 01 ***p<Q 001 (2-sided Dunnett’s test
P P
At 72 hours
Variable Means
Group Control 800mg/ks 1250mg/kg 2000mg/kg
Males Mean £9 125 56 a1
5% CI (60, 118) (96, 159) (67, 129) (62, 1200
Females Mean 145 208* 229%*« 181
95% Cl (115, 174} {179,237} (200, 258) (152, 210)

*p<0 05

#+p<0 01

*¥xp<0.001 (2-sided Dunnett’s test)

85
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Table 11.
Summary of Negative Control Micronucleated PCE Frequency
Number (year) | Geoinetric Mean | Arithmetic Mean Sb “[Upper Range (95%)

120 (1994-1995) 1.02 1.41 1.51 4.43

120 (1996) 0.90 1.23 1.30 3.84

APPEARS THIS AT
0N ORIGIHAL
APPEARS THIS WAY

ON ORIGINAL
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VI. CARCINOGENICITY

104-Week Oral (Gavage) Carcinogenicity Study in the Rat

Key findings: Two-year oral administration of lanthanum carbonate at 0, 0, 100,
500 and 1500 mg/kg/day did not increase the incidence of tumors
in the rat,

Study number: SPD/87/C
Volume #: 1.27 - 1.34
Conducting laboratory and location: ¢

Date of study initiation: April 10, 1997

GLP compliance: yes

QA report: yes

Drug lot# and purity: Lanthanum carbonate, lot #s B1066-960802 (weeks 1-42),
B1066-960902 (weeks 43-65), B1066-960904 (weeks 66-106)
and B1066-980601 (wecks 106-107), purity — within test aricle
specifications

CAC concurrence on protocol: No

Species/strain: Rat  CD (SD) BR VAF PLUS strain obtained fromZ
7

Number and age at start of study: 60/sex/main study group (groups 1 to 5); additional
S/sex at 0, 100 and 1500 mg/kg/day dose levels (groups 6 to 8) for plasma
and tissuc lanthanum investigations during week 78. All tissues listed in
Table | were collected for lanthanum analysis; 5 to 6 weeks of age

Animal housing: Groups of 5 (samc sex)/cage

Formulation: Formulated daily as a suspension in 0.5% aqueous carboxymethylcellulose

Drug stability: Stable for about 2 vears (inorganic salt) — stored at room temperature, in

the dark, when not in use
Methods

Dases: 0,0, 100, 500 and 1500 mg/kg/day (2 identical vehicle controls)

Basis of dose selection: “The high dose was considered to represent the maximum
tolerated dose on the basis of findings in a 6 month toxicity study in rats.” (Basis
ot dose selection is described under the ‘adeqguacy of the carcinogenicity study’
subsection under Evaluation section.)

Route of adpinistration: Oral (gavage)

Frequency of drng administration: Once daily, 7 days a week for up to 104 wecks
unttl the day before necropsy
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[nterim sacrifices; None

Deviations from original study protocol: Major deviations include: a) during
week 8, on one occasion (6-1-1997), six low dose (100 mg/kg/day) females
(animal #s 421 to 426) were given the control formulation as well as the correct
100 mg/kg/ day formulation, b) during week 69, on 8-1-1998, all surviving Group
2 control males, except animal #s 116, 118 and 120, received a single adminis-
tration of the low dosc (100 mg/kg/day) formulation, and c) during week 78,
because of deaths in the satellite high dose male group during blood collection,
one high dose male (#300) from the main study was transferred to the satellite
high dose group. (Tissues were not collected from this animatl for histopathologic
examination.) Other deviations are considered not significant.

Statistical methods: Analysis of variance (ANOVA) was performed on all conti-
nuous or semi-continuous parameters. The residuals from this preliminary
analysis were examined for heterogeneity of variance using Levenes test. If the
Levenes test was significant at the 1% level, then a non-parametric analysis using
Kruskal-Wallts ANOVA test was performed to assess overall diffcrences between
trcatment groups, followed by Shirley’s non-parametric version of Williams test,
whitch was based on mean ranks rather than arithmetic means. If Levenes was not
Gsignificant, then Williamns test was performed.

Survival analysis was performed by the Kaplan-Meier technique.

All statistical tests on tumor incidence were performed using two-sided trend
tests. The two vehicle control groups were combined for statistical analysis. All
analyses were adjusted for mortality and analyses of fatal and non-fatal findings
were combined. Analysis of the incidence of a particular tumor depended on the
trequency of occurrence. If there were two or less occurrences for a particular sex,
then no analysis was performed. If there were between 3 and 9 occurrences, then
the data were analyzed using an exact permutational test. [f the number of a
particular tumor (within a given sex) exceeded 9, then the incidence was analyzed
using chi-squared tests.

Non-necoplastic findings were analyzed using an exact permutational test (Fishers
Exact) and Cochran-Arnmitage Trend test.

Observations and Measurements

Clinical signs: daily — from wecek 27 onwards, weekly palpation of all animals for
the detection of superficial swellings

Mortalifv: twice daily

Body weights: weekly for the first 16 weeks and then cvery fourth week

Food consumption: weekly for the first 16 weeks and then for one weck in every
4 weeks
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Hematology: during week 103 for all surviving animals or before sacrifice for
those killed in extremis — [parameters evaluated — RBC, WBC (total and differen-
tial) and platelet counts]

Clinical chemistry: not performed

Organ weights: at sacnfice (Organs specified in Table 1 from 10 rats/sex/group
were wetghed.)

Gross pathology: at sacrifice -

Histopathology: Organs/tissues listed in Table 12 (from all animals in all groups)
were examined.

Toxicokinetics: on one occasion each during weeks 52 and 78 (blood collected 2
hours post-dosc)

Results

Mortality: The survival data over the course of the study are presented graphically
in Figures 5 and 6, and the percent survival at the termination of the study is
given below.

Sex : Males Females

Group : 1 3 4 L) 1 3 4 5
Dose level {mgfkg/day) : 0 100 | 500 | 1500 0 100 | 500 | 1500
% survivai up to Week 104 ; 48 | 32 | 42 43 38 45 1 33 | 45 40 48

There were no significant differences in the survival rates between control and
treated groups of either sex.

Clmical signs: No treatment-related clinical signs were noted.

Baody weights: Body weight data are presented graphically in Figures 7 to 10.
Administration of lanthanum had no effects on body weight or body weight gain.

Food consumption: There were no trcatment-related effects on food consumption.
fematology: No treatment-related hematology findings.

Organ weights: Dose-related decreased absolute liver weights (mean weights 9 to
17% fower than control) were seen in treated males, with no effects on relative

liver weights. Treatment-related reductions in absolute (26-29%) and relative (31-
38%) adrenal weights were seen m treated females.
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Table 12. Necropsy Procedures

Tissue Weigh Slide Muicroscapic

Preparanon Examination

-

adrenal glands <
aort
brain (3 sections) v
cascum
colon
duodenum
| epididymides <
¢yes (incl. optic nerves)
femur (incl. marrow)
 bean
Harderian glands*
| ileum
Jejunum
kidocys v
lacrimal glands .
tiver £

L
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pancreas
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rectum
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sciatic nerve o
serminal vesicles v
site of mammary gland
skeletal muscle
| skin

spusai cord (3 levels)
spleen L4
sternum 1
stomach .
Submandibular [ymph nedes
testes
hymus

thyrods (tncl. parathyroids) +

tongue ]
trachea

unnary bladder
uterus (inci cervix) - v
vagina

all gross lesions o
all mmours and masses
+weighed after fixation = =
* omitted from ortginal protocol list in error
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Bodyweigh! [g)

Figure 7. Mean Body Weights — Weeks 1 to 16 - Males
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Bodywelghi {g)

Figure 8. Mean Body Weights — Weeks 16 to 104 - Males
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Figure 9. Mean Body Weights — Weeks 1 to 16 - Females
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Figure 10. Mean Body Weights —~ Weeks 16 to 104 - Females
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Gross pathology: There were treatment-related macroscopic stomach findings

for the two highest dose groups of both sexes. Increased mcidences of

abnormal shape of the glandular region and the limiting ridge of the stomach

were noted in the above groups (Table 2). No other remarkable treatment-related
gross lesions were noted.

~ontrols.

Histopathology: Non-neoplastic findings — Increased ineidences of epithelial
hyperplasia (limiting ridge), focal antral hyperplasia and focal glandular epithe-
lial hyperplasia of the stomach were seen in male and female animals given
lanthanum carbonate at dose levels of 500 and 1500 mg/kg/day (Table 13). At 100
mg'kg/day, the incidences of these stomach lesions were similar to those of

Table 13. Summary of Macroscopic and Microscopic Findings in the Stomach

MALES FEMALES
Number examned | 60 | 60 | 60 60 59 BO—J 60 | 60 60 60
Dose (n mg/kgiday 0 D | 100 500 | 1500 [ O | © | 100 500 1500
Macroscopic Findings -
Abnormal Contemts 0 Q 1 3 7o 1 ) 2 5° PR
Abnormal Shape 4 1 a* e | 200 | 5 1 4 a7 2=
{Glandular Region) J
Abnormal Shape (Limiing | 1 0 2 g 13 o) 2 | ® g 1=
Ridge}
Microscopic Findings I~
Epithelial Hyperplasia 3 3 4 B 12 151 5 5 8 15"
{Limiting Ridge)
" Focal Antral Hyperplasia | O 0 0 Py a 0 0 0 3 R
Occasicnal degenerate 0| 0 0 g 15" 0 0 0 L g
foci
Focal Giandular Epithelial | 0 1 1 2 g 0] o 1 3 6"
Hyperplasia _]

are given below.

0 1% levet

Groups 1 and 2 combined for statistical analysis

' = 5% level, Y = 1% level, TTT =

In the kidney, the incidences of pelvic/papillary mineralization, transitional cell
hyperplasia and chronic progressive nephropathy were markediy reduced in
females at 500 and/or 1500 mg/kg/day. The incidences of these kidney findings
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FEMALES
Number examined B 60 60

Dose in mg/kg/day 100
Peivic/ papillary 1 o . 21
mineralisation
Transitional cest 9 B 29
hyperplasia

L Chronic progressive 23 24 17

nephropathy __l 1 L

Groups 1and 2 combined for stalistica analysis ~ * = 5% level, ™ = 1% lavel, *** = 0.1% level

Neoplastic findings — The incidences of various types of tumors observed in the
study are presented in Table 14.

Sponsor’s analyses showed statistically significant increased incidences for the
following tumors:

- male - hemopoietic system: histiocytic sarcoma (trend) . Incidence = 1/60
(control), 1/60 (control), 1/60 (LD). 0/60 (MD) and 4/59 (HD)

- male - hver: histiocytic sarcoma (control vs 11D, and trend). Incidence = 0/60
(control), 0/60 (control). 1760 (LD), 0/60 (MD) and 4/59 (HD)

- female - skin and sc tissue: adenocarcinoma {control vs low dose). Incidence
= 7/53 (control), 8/49 (control), 16/54 (LD), 8/46 (MD) and 6/46 (HD)

- female — skin and sc tissue: fibroma (control vs HD, and trend). Incidence =
4/53 (control), 2/49 (control), 2/54 (LD), 3/46 (MD) and 4/46 (HD)

- female - skin and sc tissue: lipoma (trend). Incidence = 2/53 (control), 0/49
(control), 0/54 (LD), 2/46 (MD) and 3/46 (HD)

- combined sexes — liver: histiocytic sarcoma (control vs HD, and trend)
Incidence = 0/120 (control). 1/120 {control), 1/120 (LD), 0/120 (MD) and
4/119 (HD)

- combined sexes — skin and sc tissue: lipoma (trend). Incidence = 6/88
(control}, 2/77 (control}, 4/88 (L.D), 4/79 (MD) and 7/69 (FHD)

(Note: Control groups were combined for the statistical analyses.)
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Table 14. Neoplastic Findings

99

- Majes Females |
Daily Dose (mgfkgiday) 9 | 0 l 100 l 500 [ 1500 | 0 ] o [ 100 {500 150(7‘r
Number examined 60 [ &0 |60 | 60 | 59 | 60 (60| 60 | 60| 60 |
Adrenals Large granular 0 0 0 (>} 0 1 0 0 0 0
hytphocyte leukaemia
Matignant lymphormna a 0 [+ 1 o 0 0 1 0 0
Cortical adenoma q 3 0 0 1 2 6 0 1 1
| Phaeochromocyloma 6 5 4 3 2 1 2 e Y 2
Brain Ciigoderyoglioma 0 o 0 o 1 0 0 1 0 0
Adenocarcinoma 1 q 0 0 o 4 a 1 2 ]
Anaplastic ghora 0 0 1 0 0 0 o o 0 o
= -
strocyloma 0 o e 0 o | 2 1 1 o 0

APPEARS 11116
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{continued on next page)
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Table 14. (continued)

[ﬁ" ] Males ' ' Females |
Daily Dose {ma/kg/day) 0 0 }100 | 500 | 1500 L 0 I g :‘ 100 | 500 ; 1500 ;
Number examinag &0 | 60 J60| 60 | 59 | 60 j 60| 60 | 60 | 60 )
| Brain {cont) | Maiignant lymphoma. o | o jo | 2 ﬁ o ol oo o
Granular cell tumour 0 1 ] 1 a o 0 0 0 1
Meningeal sarcoma Q 1 a a 0 0 o o o] 0
Pineal gtand tumour 0 1 o] o 0 o o] o |ol o
Caccum } Malignant lymphoma 1o o 0 0 0 ¢ | o] 1 a a
Number examined 60 &0 60 60 59 60 | 60 .59 60 60
| Coton | Masignant lymproma o | o | o] o 0 o | o 0 o
Number axamined &0 60 60 B0 59 60 60 60 &0 60
Duodenum Leiomyoma 0 [i} 0 & o 0 0 1 0 0
Edidy- Sarcoma 0 0 1 0 0 - - - - -
mides
Number examined 60 54 6O 60 59 60 18] 59 60 60
 Fermur | Adenocarcinoma 1 0 0.0 __O*_W_iﬁ o | o] o
i Large granular ) o 4] 0 0 t 0 0 [
lymphotyte leukaemia i
L_Ma{ignanl tymphoma g 0 1] 1 Q Q ~u__| o 1] 0
Histiocylic sarcoma 1 0 1] 1 0 [¢] Q 4]
| Fumber examined 60 | G0 |60 | 80 | 59 | 60 | &0 | 60 | &0 | 6o
(Haemo- | Large granular 0 1 t o | o 1 ol o 1o c
poietic ymphocyte leukaemia | |
system Lymphoma ] 0 1 2 o | o 1 e e
Histiocytic sarcoma 1 1 1 0 4 [4] 1] Q 0
‘Wﬁgﬁﬁ_ﬁmﬁ 60 | 58 |60 | 60 | 59 [ 0 E 60 | 60 | 60
Harrderian Adenoma o 1 1 o * o 0 0 o 0 [
giands l Malignant fymphoma 0 o 0 0 0 0 Q 1 0 0
Number axamined 60 | 60 |60 | 60 ; 50 | 60 (60| 60 |60 [ 6D
Heart Malignant lymphoma 0 a [ 1 0 o 0 9 [ 0
Malignant schwannoma 1 0 o 1] 0 o 0 g 4] 0
Neun | Malignant ymphoma o | o o] 1 0 o Jo| t o]l o
Jejunum | Malignant lymphoma 0 o [ o 1 0 o {0 1 0 a
TAdenocarcinoma RN 0 o | 1 0 | o o
L"!]:'w:)rn\,ﬂ:)':"u‘lr'(:ctma 0 0 ] 1} 0 0 1} 1 4 [
YGdneys | Histiocylic sarcoma EREEKNERE 1 o __0__:1‘0- 0 0o
Msesenchymat tumour 0 0 1 o] 0 0 0 0 Q 0
Naphroblastoma 1} [} Q h} #i 0 1 —hb 0 Q 0
M:ﬁa‘mil}mphoma 0 B 0 | 0 0 iﬁ_z 0 1 1) AE—J
| Numterexamined . U g T 50 a0 | &0 58 59 {59| 58 | 58 | 60 !
Lacrimal | Qﬁiﬂ@n‘ainﬂiﬁﬁbﬁw IR o fo| 1 1o o
ganas | [T
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Table 14. (continued)

101

|

Fermales

Daily Dose (mg/kg/day) o 500 | 1500 0 | 100 ] 500 | 1500 ]
Number examined 50 60 | 50 60 ] 60 ! 60 ! 60 i
Large granular 1o 1 1 0 0 1 0 ’ a 0 o !
ymphocyte leukaemia ! ;
Adengma 1 ] 2 ¢ 1 2 3 2 oy 0
Matignant ymphoma 0 0 1 2 ] ] 0 H 0 0_!
[ Histiocytic sarcoma 1] 4} t 0 4 Q 1 1] 0
Adenocarcinoma g 2 1 o 0 0 0 I 0 0
| ‘Malgnant ymphoma o o 0 1 o [} o o 0
Puimonary adenoma - 1 0 0 2 1 0 0 l 0 i} L{
Histiceyhic sarcoma 0 o 2 a 1 1] [t} 0 4] [
“Adenccaranoma 2 0 o 0 Qi 1 1 0
i Large granutocytic 1 ¢ 0 0 0 0 0 0
leukaemia 1
Sarcoma Q 0 0 0 0 o 0
Large granutar 0 0'7 Tﬁ “;ﬁ 0_ 70 ] 0
| ymphocyte leukaermia
Malignant ymphoma ] 0 2 0 ] 0 1 o] o
Histiocytic sarcoma 0 a 0 2 0 0 __0..;, “6 ____0“ ]
Haemangioma 1 3 3 [ 1 [y 0 ¢ 1
Luteoma - ] 0o 1] o ) 0
| Granuiosa cell tumour . - - 0 1 ¢ o] 0
JLLeiomyoma - 0 Q 0 Q 1
Number examined 60 [26] 58 B0 60 60 &0 60
Matignant lymphoma 0 V] 1} 1 0 0
Istat cel adenoma 3 3 1 0 1 1 2
| Istet celi carcinoma 1 0 ¢ 0 0 0 0
Exocrine cell adenoma 1 0 0 ¢ 0 o} 0
Exocrine cell carcinotha 0 o a 0 0 v} 0
Number examined ' 59 58 55 s6 ! 51 [ 57 | s6
Pacathyroid Adenoma ¥] 1 0 1} o 0 2
glands |
Nurmber examined 59 59 59 9 60 58 59
Pituitary Adenoma pars distalis 18 17 16 3B 39 } 35 39
gland Adenocarmmnuma 0 0 1 2 0
Adenoma pars 1 1 T 0 Q i 0
witenmedia
Malignant lymphorna ] 1 0 0 ] 0 Q
Number exammed 6G 60 59 60 60 60 60
Liposarcoma 0 a 0 - - S
| Adenoma 1 0 -~ - - -
T 2denoma o 1 1] 0 0 0
" Malignasi lymphoma ] o ) | o ot |o 0
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Table 14. (continued)
- Mailes Femaies B ;
Daily Dose {mq/kg/day) 0 0 | 100500 | 1500 ¢ o | 100 i 500 | 1500 ;
Number examired 60 | 60 | 66 | &0 58 - - - -0 -]
Seminal ] Liposarcoma 1 0 0 0 ) - |- - |- -
vesicles | Adenocarcnoma 0 0 | o | 1 0 - IR
Number examined €0 60 60 60 59 60 60 52 60 60
Site of Basal cell adenoma 4] 0 0 0 a 0 0
mammary Fibroadenoma 0 0 0 0 0 2 Q 1
giand !
Skejetal Histiocytic sarcoma 1] 0 1 0 a 5} 0 0 0 0
muscie
Number exammed a5 28 K| 33 23 53 49 54 46 46
Skin and Malignant schwannoma 0 Q 1 1 1} o o 0 0 0
subgutan- Sarcorma 1 2 3 1 3 0 1 ¢ o 0
eous tissue - .
Fibroadenoma 1 1 ¢ 1 1 40 | 38| 38 Kk} 36
Fibroma 8 4 7 5 4 4 2 2 3 4
Mamtnary adenolipoma 1 0 0 4] 0 1 1 s} 0 0
Lipoma 4 2 4 b4 4 2 4] 0 2 3
Dermal fibroma 8 8 6 10 6 0 0 2 1 3
Basal cell tumaur 3 2 3 1 1 [ 1 0 o [
| Keratoacanthoma E] a B 5 3 oﬂ il 0 0 1
Adenocarcinoma G 1] 0 a Q 7 8 16 a 6
Histiccytic sarcoma t 0 1 0 2 0 1 0 0 0
| "Zymbal's giand 1 1 1 o 0 1 o o 0 0
carcnoma 5 -
Marmmary adenoma a 2 1 0 a 4 1 6 4 4
Fibrosamoma 2 1 0 1] 2 1 2] 1 @
Osteosarcoma 0 0 a G 0 0 0 0 0 1
Papilloma ? 0 1 t 1 ] Q 0 o] 9
| tdalignant ymprioma 0 4] o 1 0 0 0 0 0 0
Haemangiosamoma i} a 1 0 Q ] 0 4] o] o
Tachoepithelioma 0 ¢} ] n o] 0 1 4] o 0
Fibromyxoma ) ) 0 1 (] 0 1 0 0 0
Squamous cell 0 o 1 1 [i] i} 0 Q Q g
carcinema
Siebaceous gland 1 4] 0 1 0 o} 0 0 0 e
adenoma
Fibromyxosarcoma 1 o 0 0 G ] 4] ¢ ] 0
Numbar examined 60 60 60 60 59 ag &0 60 60 60
Spleen Large granular 0 1 1 0 ¢ 1 0 0 0 Y
hmphocyle leukaemia
Malignant ymphoma a 0 1 2 ¢ ] ] o 0 0
Histiocylic sarcoma 0 [ 0 0 2 4} g 0 ¢ 0
Sternum Walignant lymphora 0 o | o 1 0 o jol ¢ | o 0
Large granuiar Y v} 0 o v} 1 o ¢} 0 a
| lymphocyte leukaernia ] — -
| Histiocytic sarcoma 4} 1 0 o 0 c i} G 1] Q9
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Males Females
Daily Dose (mg/kg/day) 0 [ o 100500 {1500 [ o [ o 0 [s00 ] 1500 li
Number examined 60 60 60 50 59 60 60 60 60 60
Stomach Papiforna 0 1 o 0 0 0 o 0
Basal cell adenoma 0 1 ¢] 1] i} 0 0 g !
Number examined 59 {57 |60 | 57 | 58 |60 [59] 58 | 57 ] 66 |
Submandib- | Malignant lymphoma 0 0 0 1 0 0 0 0 0 o
ular Jymph
node
Number examined 60 60 &0 [:34] 58 58 €0 60 80 60
Testes interstitial cell adenoma 4 2 1 a 3 - -
Interstitial cell carcinoma ] 1 0 ¢ o . T R .
Thymus Hrstiocytic sarcoma 0 0 0 [ 1 i} 0 o 0 0
Mallgnant schwanncma Q 0 1 0 0 q 0 o 0 Q
Maignant iymphoma 0 o {017 0 o [o] o T o 0
Thymoma 0 [+] 1 0 0 0 ¢] 0 0 0
Thymic lymphoma 4} 0 i} 0 1 1 a 1 [ i}
Number examinad 60 60 60 60 59 60 t 60 | 60 a9 60
Thyroid Follicular cell adenoma 2 0 0 1 2 1 1 0 0
gland G cell adenoma 8 5 3 & 6 5 | 3 6 1 2
C cell carcinoma 0 1 1 0 0 ] 0 2 0 0
Folicular cell carcinoma | 0 o | o 0 o o | o [ o o |
Number examined 60 58 60 60 58 &0 59 549 58 60
Tongue J Squamous cell 0 ] 0 0 ¢ ] 0 0 1 b]
carcinoma
Number examined 60 60 60 €60 59 <9 60 60 60 60
| Urinary | Papiloma 1 0 o | o 9 o (o] o o 0
bladder
Number examined - - N - - 60 60 &C 60 60
Uterine Paolyp - - - - - 1 1 1 2 3
cervix Sarcoma . - - - - 1 ] h] Q 0
Basal cetl adenoma - - - - 0 Q 1 - Q )]
Leiomyoma - - - - 0 [ 1 0 1
Mesenchymal tumour o - - - - 0 0 1] 1 0
Uterus Potyp - - - - - 4 6 2 4 4
Leiomyoma - - - - - 1 o 0 0 0
Leiomyasarcoma - - - . - o Q 0 L
Vagina Lipoma B . - - B 1 0 0 0
Fibroma - - - - 4] 0 1 i) B
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Table 14, (continued)

104

Males Females i
Daily Dose (mg'kg/day) 0 ¢ l100]s500 | 1500 ¢ o 1 100 | 500 | 1500 '
Mumber examined 1 0 1 0 2 1 t 0 ;0 o |
" Abdominal Liposarcoma 1 - o - o [ o 0 - - - I
fat Lipoma o | - | o IR ERE j N
Histlocytic sarcoma o 0 I 0 ¢ [ - -
Sarcoma {from skin 0 | - 1 - 0 0 0 - . B
L turmour) _ .,
Number examined 0 1 0 0 n - - R . -
Abdominat | Sartoma - 1 - - - -
cavity
Number examined 0 0 o 1 t . , . o
E:ominal [ Histiocytic sarcoma - B - 1] 1 s - -
% wall ‘ L Leiomyosarcoma A B . 1 I R
Number examined o o 1 1 1] - - - - -
m_ﬂuuatastasis malignant B N 0 1 - A T N
lymphoma e S S
Benign osleoma . - 1 l [} o 4_—.'_ N N
Number examined o | @ 05 0 4 - . . R
Diaphragm LHisﬁocyﬁc sarcoma B ) _ R 1 - - N
Number exarmined 1 0 | o | o 1 I R R
Epididymal 1 Histiocylic sarcoma 0 N B _ 1 B , B _ .
fat Benign kpema 1 . _ o - B R B
MNumber examined ] 0 0 1 - 1 —76 Q [t} N 0 lT 1 1
Fore limbs Papifioma - 1 1 ‘Fﬂk,'__lf.'_._...v__.q 0——‘
Hind limbs Benign papilloma - o 0 - - - -
MNurnber examined P 1 1 1 1 2 - - ‘—]—'f . <‘
Lymph Histlocytc saroma 3 o | 1| o |2 VT - X —
nodes hflarignant lymphoma 0 o 0 PR R A R A S
Haemangioma o 1 P o | o . B - -1 -
Chromaffin celt adenama 1 0 a 0 0 R o T
Number exammnec B b l; 0 j - R - R -
Mesenteric Histiacytic sarcoma - - - 1 A - -
fat
Number examined 1 0 a ~o¥ —H 1 1 0 ¢ ] 0
Pinnae Eenign papiioma 1 S T e Te | - A
Henign neural crest 0 B B N R PR I .
L tumaur o i ! B
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Table 14. (continued)

q Males : Females .
LDaﬂy Dose (mg/ka/day) 0 ( 0 1100500 [1500 | 0 [ o [ 100 500 1500
Number examnec 0 ¢ 0 1 2 o ] 3|2 0
Subeutan- Eenign adenolipoma . - - 0 8 - - L 1 0 -
sous fat Eenign kpoma ) N N ) > - —L N N -
- I i —
Malignant mammary . B B ) —[ o . B 1 o 1 R
adenocarcinoms ; _ '"
Metastasis malignant . - . 1 , 0 - _ 0 , 0 .
. lymphoma . 1
Number examined 7 1 2 0 | 2 0l ty 0o 0
Tail Papilioma 1 1 2 - 1 - 1 - - -
Benign basal cell tumour 0 ] 0 - 1 ] 0 - -
Number examined 1 I3} 0 o [)ﬁ_F T - - -

- = ~ . B I s 1
Neo-caecal Malignant 1 - - - - - - - - -
junction le.omyosarcoma I
Number examined 0o 0 d“ 1 o R . R - -

| Pancreatic | Lewmyosarcoma | . - B 1 - P _ -
fat —_— - ——
Number examined 0 0 1 Q ¢} (4 1 Q Q
— . [ 7 °, -
Stomach fat Fl.emmyosarcoma A - - 1 - . o B -
[Td—emgnan:-mesomelioma B B f , 0 . _ 1 _ .
Number exarmined 1 v fol ol o o212 0] o
|- .
Subcutan- Benign fibroadenoma o o | - . 1 g - .
coustissue [Tipoma 0 I N el 2 -1 -
watignant 0 . - - 1 a . .
adenocarcingma RSSO, IR S S
Squamous ceft |~ ] . 0 l o B
carcinoma 1 J_
— cnoma e L S DU NI

According to the sponsor, “all incidences were considered to be within normal
background wvariation, and the differences were without any biological
significance.” (Historical control data for the statistically significant tumors are
not provided.)

The FDA statistical analyses of the rat tumor data showed that there were no
statistically significant increased incidences of tumors for cither sex in the 2-
year bioassay. The differences in the results obtained between the FDA and the
sponsor’s analyses were attributed to the lower significance levels (p values of
0.005 for conmmon tumors and 0.025 for rare tumors) used in the FDA analyses.
The sponsor used a significance level of 0.05 for all tumors. Furthermore, FDA
uses the asymptotic test when fatal and incidental tumors occur in the same time
interval if the number of tumors across groups is 4 or more. The sponsor used the
asymptotic test enly when the number of tumors was 10 or more across groups.

[Note: The sponsor was asked to clarify the discrepancy in the numbers of liver
histiocytic sarcomas reported in male rats. The number of animals with this tumor in the
clectronic data set (0, 0, 0 and 1 for C, LD, MD and HD. respectively) was not consistent
with the number in the study report (0, 1. 0 and 4 for the respective groupsh. According to
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the sponsor (submission # 023, dated October 22, 2002), the electronic data set numbers
(0, 0, 0 and 1) represent the incidences of primary histiocytic sarcomas, while the study
report numbers included both primary and secondary (inetastatic) histiocytic sarcomas of
the liver. The FDA statistician used the electronic data set (primary tumors) for the

analysis.|

Toxicokinetics: Mean plasma levels of lanthanurn, about 2 hours after drug
administration (on one occasion each in weeks 52 and 78), are given below.

Group and sex 6M M 8M BF 7F BF
Dose level (mg/kg/day) 0 100 1500 1 100 1500
La ng/ml {ppb} Week 52 Mean <0.05 0.23 1.254 ~0.05 - 0.08 0.15 0.868
SD 4] 0.128 0.181 0.049 0.576
| La ng/mi (pph) Week 78 Mean <0.05 0.2125 1.405 <0 05 0.158 1.2075
SD Q 0.058 0.388 | 0 0085 | 0497 |

LLoQ = <0.05

(LLoQ = Lower hmit of quantitation)

A dose related increase in plasma lanthanum levels was noted. Plasma levels at
1500 mg/kg/day were about 5 to 7 times greater than the levels at 100 mg/kg/day.

There were no significant differences in pl

weeks 52 and 78.

asma levels between sexes or between

Tissue lanthanum levels: High levels of lanthanum (> 10 pg/g) were present
throughout the GI tracts of animals receiving lanthanum carbonate. Levels in the
cecum, colon, duodenum, ileum, jejunum, stomach and esophagus were up to 4
orders of magnitude greater than those found in the control animals Jbackground
systemic levels, close to the limit of quantification of the assay . —  g/g) were
generally seen following placebo administration; thought to be of endogenous
origin]. Levels of lanthanum detccted in the bones of treated animals (>1 - <10
ug/g) were greater than the levels in controls (maximum control value = 0.193
tg/g). The lanthanum content in the brains of treated animals was found to be

minimal (up to 0.1 pg/g).

Lanthanum concentrations in various tissues are presented below.
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Lanthanum Tissue Distribution — 1500 mg/kgiday

Medtan tissue | Tissue
concentration (uglg
wet weight}
LloQorup to 0.1ugfg | Abdomunal fat (M) Eyes + optic Sermnal vesicles Sketetal muscle
Brain nerves (F} Salivary glands {F} Thymus (F}
Cpididymides Heart Sciatic nerves {F) Udnary biadder (F)
Lacamal glands
I {F}
>0.1 - 1 uglg Abdominal fat {F) Lungs (F) Safivary glands Thymus {M),
Adrenais Mammary gland (M) Thyrolds
Eyes + oplic nerves Ovanies Sciatic nerves (M) Unnary bladder
(M) Pituitary (M) Spleen (F) (M)
Hardenan glands Prosiate Submandibular Uterus
Kidney (F) lymph nodes (F), Vagina
Lacrimal glands (M), Testes
>3~ 10 uglg Aorta Liver Skin Submandibular
Femur - growth plate  Pancreas Spinal cord tymph nodes (M)
Femur - shaft Pituitary {F} Splean (M} Tongue
Kidhey (M), Rectum (M), Stemum -
>10 - 100 ugly Ducdenum {F) Mesenteric lymph Recturm (F)
_ | nodes (F) - -
*>100 — 1000 uglg Caecum leum {F) Mesenteric ymph Stomach
Colon Jejunum nades {M) Trachea
Duodenum (M), Lungs (M}, Cesophaqus .
>1000 - 10000 uglg lleun (M) - T
Lanthanum Tissue Distribution ~ 100 mg/kg/day
Median tissue Tissue
concentration {uglg
wel weight) )
LLeQ or up to 0.1ug/g | Abdominaj fat Kidneys (F) Salivary glands Testes
Adrenals L acrimal glands Stiatic nerve (F} Thymus
Brain Lungs (F) Seminal vesicles Thyroids (F)
Zpididyrmides Gvaries Skeletal muscle Urinary bladder
Eyes + optic nerves  Pancreas (F) Submandibular Uterus
Harderian glands Pituitary {F} lymph nodes (F) Vagina
. Hearl o Prostate
>0.1- 1ugg Aorta Mammary gland Rectum (F) Stemum
Femur - growth Mesenteric lymph Sciatic nerve (M) Submandibular
plate nades (M) Skin tymph nades (M)
Femur-shaft, Pancreas (M) Spinal coed Thyroids (M)
Kidneys (M) Pituitary (M) Spleen Tongue
e Liver o
>1 - 10 ug/g Duodenum {F) Jejunum (F} Mesenteric lymph Oesophagus
I lieum {F} Lungs nodes (F) Rectum (M)
>10 - 100 ug/g Caecum{M) Duodenum (M) Jesunum (M) Stomach (M)
. Colon Trachea (F}
rn—mc ~ 1000 uglg Caecurt (F) il (M) Stomach (F) Trachea (M) 1
—_ e L S

Evaluation

Adequacy of the carcinugenicity study: It 1s considered that the study was
adequately performed. Survival to study termination ranged from 32 to 48% for
males and from 33 to 48% for females (non-dose dependent). The high dose was
selected based on the results of a twenty-six week oral toxicity study in rats (0,
100, 600 and 2000 mg'kg/day). In that study, dose-related increased incidences
of stomach lesicns (hyperplasia of the fundus epithelium, presence of
cosinophilic chicf cells, hyperplasia of the mucus cells, sub-mucosal
inflammation and hyperpliasia at the limiting ridge) were seen, especially in mid
and high dose (600 and 2000 mg/kg/day) animals, the severity of lesions being
higher at the high dose. Tn view ot the potential for progression to excessive
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inflammation and gastric ulceration over the course of the lifetime study, a dose
of 1500 mg/kg/day was selected as the top dose for the 2-year rat bioassay.

Evaluation of tumor findings: Two-year oral administration of lanthanum
carbonate at 0, 0, 100, 500 and 1500 mg/kg/day did not increase the incidence of
tumors in the rat. The highest dose employed in the study (1500 mg lanthanum
carbonate/kg/day or 786 mg lanthanum/kg/day) is about 3 times the maximum
recommended human dose (MRHD) of 3000 mg lanthanum/day (50 mg
lanthanunvkg/day for a 60 kg subject) on a mg/m? basis.

[Note: In an amendment dated June 19, 2002 (submission # 005), the sponsor informed
us that stomach sections from the chronic studies in different species were re-examined
microscopically by a single pathologist to standardize the terminology used in describing
the mineralisation findings in the stomach, since different pathologists previously
described the same lesions differently. In the two-year rat study, the mincralized foci

were previously described as “occasional degenerate foci”. Results of the re-evaluation of
these lesions are presented below.

}ncidence of mineralised foci in the 104-week rat study (SPD/87/C)

[ Males ! Femaies
Dose Level: 0 6 | 100 [ 500 (1500 0 | o0 1660 . s¢0 1500
(mg/kg/day) | ; .‘ o
| No. Examined: | 60 | 60 | 60 | 60 | 60 | 60 . 60 60 | 60 60 .
Mineralised foci -
minimal [ 0 {

0 8 126 |25 ¢ 0 ' 2 P1s g

slight o o 2 T80 | 0o [ 6 o i 17
| moderate 0O 1 0 [ 010 i1 170670 i 0 0 1]
[ Total o 0 /10 1341 35] 0 0 27 20 " 37 |

It is stated that the foci of mineralization appeared to be well contained within giant cells
in the superficial gastric glandular mucosa of treated rodents. There was no apparent
inflammatory response, nor any hyperplastic response of the adjacent epithclium.
According to the sponsor, these findings suggest that lanthanum carbonate alters local
muneral balance in the gastric mucosa when administered as a large gavage dose, and
these lesions are rodent-specific since they were not seen in the chronic dog study.]

Y o ”S !*g:
0 ORiGis
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99-Week Oral (Gavage) Carcinogenicity Study in the Mouse

Key findings: Oral administration of lanthanum carbonate (at 0, 100, 500 and
1500 mg/kg/day) for 99 weeks produced significant increasing trends {(with o
levels based on concurrent control incidence rates) for adenoma of the
glandular stomach, hemangiosarcoma of the liver and for the combined
incidences of hemangioma and hemangiosarcoma of the liver (but not for all
organs) in males. However, when o levels were selected on the basis of
historical centrol incidence rates, the liver tumor findings did not attain
statistical significance,

Study number: SPD/88/C

Volume #s: 1.22 — 1.26

Conducting laboratory and location: [

Date of study initiation: October 10, 1997

GLP compliance: yes

QA report: yes

Drug lot# and purity: Laothanum carbonate, lot #s B1066-960901 (wecks 1-26),
B1066-960902 (weeks 26-44), B1066-960904 (weeks 44-79)
and B1066-980601 (wceks 80-99), purity: L

T total metal impurities - [ __ 1 'specifications:
L 1 total metal impurities — not more than
L 7
CAC concurrence on protocol: No

Species/strain: Mousesr = CD-1 (ICR) BR VAF PLUS strain obtained from €
B

Number and age at start of study: 50/sex/main study group; additional 10/sex at 0, 100
and 1500 mg/kg/day for plasma and tissue lanthanum level
determinations; 3 to 6 weeks old

Animal housing: Males were housed singly and females in groups of 5, in grid bottomed

cages

Formulation: Formulated daily as a suspension in 0.5% aqueous carboxymethylcellulose

Drug stability: Stable for about 2 years (inorganic salt) — stored at room temperature, in
the dark, when not 1n1 use

Methods

Doses: 0 (vehicle control), 100, 500 and 1500 mg/kg/day

Basis of dose selection: “The high dose level was considered to be the maximum
tolerated dose on the basis of findings from a preliminary 3 month study in mice.”
{Basis of dosc selection 1s described under the adequacy of the carcinogenicity

study subsection under Evaluation)

Ronte of administration: Oral (pavage)
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Frequency of drug administration: once daily for up to 99 weeks

Interim sacrifices. None

Deviations from original study protocol: The deviations are as follows: a) on
January 17, 1998, the automated data capture system failed in the middle of a
dosing session. Of the 5 control females in a cage (animal #s 211 to 215), 2 mice (#s
212 and 214) were doscd before the system went down. Of the 3 remaining mice,
only one animal had received dose solution when the system was restored. Since it
was not possible to determine the identity of that dosed animal, the remaining 2
mice were not dosed on that day. b) on June 19, 1998, a control female animal (#
431 — satellite TK group) was anesthetized to remove the damaged tip of

the tail, ¢) on November 19, 1998, 5 low dose females (#s 446-450, TK group)
received mid dose formulation in error, and d) on March 7, 1999, a high dose male
{(# 164) was not dosed. Other deviations are considered minor.

Statistical methods: Analysis of variance (ANOVA) was performed on all
continuous and semi-continuous parameters. Residuals from this preliminary
analysis were cxarnined for heterogeneity of variance using Levenes test. If the
Levenes test was significant at the 1% level, then a non-parametric analysis using
Kruskal-Wallis ANOVA was performed to assess overall differences between
treatment groups, followed by Shirley’s non-parametric version of Witliams test,
which was based on mean ranks rather than arithmetic means. If the Levenes test
was not significant, then Williams test was used for further analyses.

The survival data were analyzed using the Peto method (chi-squared analysis with
time adjustment). A test for trend across all groups and pairwise tests of control
against treated groups were performed using two-sided 5% tests.

Histopathological lesion analysis was performed for both sexes separatcly, and for
sexes combined for all neoplastic findings that had incidence greater than 3 for a
particular sex. The analysis included a one-sided test for increasing trend followed
by pair-wise comparisons for increasing incidence of all treated groups against
control. Analysis was normally carried out using procedures that adjusted for age at
death or age at onset.

If the incidence of a particular finding in a given sex was 10 or morc (when all
groups considered), then the analysis was performed combining fatal and incidental
lesions using the asymptotic chi-squared test, adjusted for mortality. If the
incidence was between 3 and 9 for a particular sex, then the exact test was used (for
trend and painwise tests) for the fatals and incidentals combined.

Observations and Measurements

Clinical signs: daily: from study week 27 onwards, weekly palpation of all animals
tor the detection of superficial swellings
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Mortality: twice datly
Irwin screen: During week 62, all surviving satellite animals were subjected to
Irwin test.

Body weighits: pre-test, weekly for the first 16 weeks, and then every fourth week

Food consumption: pre-test, weekly for the first 16 weeks and then for onc week in
every 4 weeks

Hematology: during week 99 for all surviving animals (where possible from
decedents also) -- [patameters evaluated — RBC, WBC (total and differential) and
platelet counts]

Clinical chemistry: not performed

Post mortem examination: All animals were grossly examined. Organs specified in
Table 15 from 10 mice/sex/group were weighed. Organs from animals found dead or
killed in extremis were also weighed, but the data were not used for statistical
analyses. All organs/tissues listed in Table 1 (from all animals) were microscopi-
cally examined.

foxicokinetics: during week 52 (blood collected from 5 animals/sex/satellite group
- 2 hours post dose)

PPeags THys
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Table 15. Necropsy Procedures

— e [ — — 2y i — - - -

Tissue Weigh Fix Slide Microscopic
Preparation | Examination

adrenal glands v v < v
aorta M " v
blood smear {if approprate) v s <
brain (3 sections} v v v g
caccum v 'd v
colon v v v
dnodenum 4 v S
epididymides < 3 3 g
eyes {incl. optic nerves) s s ¥
| femur and joint (incl. marrow) ol v F
Hardenian glands* v v v
heart v v v v
ilewn v i v
jejunum 'd v ré
kidneys v v / i
liver (incl. gali bladder) < v < s
luags {incl. manstem bronchi) v v v s
mesenteric lymph node ' s 7
| ocsophagus v 4 s
ovaries v v v 7
pancreas 4 i S
pituitary+ rd v v v
prostate Fd 4 v v
rectum s / 7
salivary gland ' s v
sciatic nerve g o 7
seminal vesicles s v o+
site of mammary gland o < v
skeletal muscle v v <
skin v v Vv
tnal cord (3 levels) b v s
spiesn v v v i
Stermum < v 4
stomach v 'd '
submandibular lymph nodes v v i
testes v v 3 Vi
thyrous s v .f vy
thyroids {incl. parathyroids) ' Vv s
_tongue A v v v
trachea s N v
urinary bladder v v v
uterus < < 7 <
vagina e s v
all gross iesions -/ s v
all tumours and masses v s J

+ weighed after fixation
*omuned from the original protocol list it error



NDA 21468

Results

Mortality: The survival data over the course of the study are presented graphically
in Figures 11 and 12, and the percent survival at the termination of the study is
given below.

Group No. 2 4
Dose level {mg/kg/day) (100) (15000
Number Found Dead 3 4
Number Euthanased 17 22
% survival. 60 - . ; 48 .
Femaies
Group No. 1 2 3 4
‘| Dose level (mg/kg/day). (0} (100) (500} {1500)
Number Found D=ad 4 4 4 3
Number Euthanased 28 23 27 19
" % survivak 36 S 46 - 3% . -} 56

There were no significant differences in the survival rates between control and
treated groups of either sex.

Clinical xigns: There were no treatment-related clinical signs.

Body weights: Body weight data are presented graphically in Figures 13 and 14
Administration of lanthanum carbonate had no significant effects on body weight or
body weight gain.

Food consumption: No treatment-related effects.

Hematology: Dose-related increases in neutrophil numbers were noted in mid and
high dosc females, and a dose-related increase in eosinophils was seen in mid and

high dose males and also in high dose females.

Organ weights: Administration of lanthanum carbonate had no significant effects on
cither absolute or relative organ weights.

APPEARS TH
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Figure 11.
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Figure 13. Mean Body Weights - Weeks 1 to 16 - Males
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Figure 14. Mean Body Weights — Weeks 1 to 16 - Females
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Gross pathology: There were treatment-related macroscopic findings in the two
highest dose groups (500 and 1500 mg/kg/day) of both sexes, including changes in
the color of the mucosa of the stomach, abnormal shape of the limiting ridge, and
presence of nodules or masses in the stomach. The incidences of these findings are
given below. There were no other significant treatment-related gross findings in the
study.

E—i“lbosc(mglkgfday] — SPYeee

o ] 100 500 1500 0 109 so0 | 1soo

Macroscopic Findings

Incidanca of ﬁndi;§:
Matles _r Females
Number Examined s0 | 30 s0 | w0 | s 0 ] s¢ 1 a0
Stomach Abnoemad shape of imiting ndge i 0 [ 1 | e [o} 13
Abnomal colaur R R B 3 5 3 5 10 10
Nodules a { [ } 9 ) 3 a a 1 1

Histopathology: Non-neoplastic findings: Treatment-related non-neoplastic findings
were limited to the stomach of both sexes. Increased incidences of glandular hyper-
plasia, mucosal and/or submucosal inflammation of the glandular stomach and
squamous epithelial hyperplasia of the limiting ridge were secn in both sexes given
1500 mg/kg/day. The incidence and the severity of these lesions, presented below,
were more pronounced in females than in males, and a dose relationship was noted
for mucosal and submucosal inflammation in females.

Males Females
Dosage level (mg/ke/day) 0 100 | 500 | 1500 0 1040 f 500 | 1500
Total no: examined 30 50 30 49 50 50 | 50 30
Glandular hyperplasia Total | 13 11 12 18 7 9 6 19
Minimal 5 4 7 3 3 4 2 4
Slight ¢ 2 2 3 2 3 4 5
Wloderate 4 2 ] g 2 0 0 3
Marked 4 2 3 3 0 2 0 4
Severz 0 1 0 0 0 0 0 3
Squamous epithetial
hyperplasia (limiting ridge)
. Total 1 4 1 9 5 5 1+ 4 19
Minitmai 1 1 0 2 ] 3 1 7
Slight ) 2 1 6 | | 2 5
Moderate 0 1 0 i 3 [ 1 7
Mucosal and Sub mucosal
inflammation
Total 1 2 1 5 0 1 s i8
Minimal a 0 1 2 0 0 2 7
Slight 0 2 0 3 0 0 3 5
Moderate 0 0 0 0 0 1 0 5
Marked 1 0 0 0 0 0 0 1
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Neoplastic findings: The incidences of tumors observed in the study are presented in
Table 16.

Neoplastic lesions were observed in the stomach and/or proximal small intestine of
high dose males and females, and in a mid dose female.

A carcinoma of the glandular stomach {animal # 377} and a squamous cell carcinoma
of the non-glandular stomach (animal # 391) were seen in two high dose females that
were killed in extremis (on study days 495 and 596, respectively). Adenoma of the
glandular stomach was noted in four high dose males and in one high dose and one
mid dose female. Sponsor’s analysis on the incidence of adenoma of the glandular
stomach showed a statistically significant dose-related trend in males.

Adenocarcinoma of the jejunum was seen concurrently with gastric adenoma in a
high dose female (# 395), and adenoma of the duodenum was seen in two high dose
males {(#s 152 & 155} concurrently with gastric adenoma.

Sponsor’s analyses showed that there were no other treatment-related increased
incidences of tumors in the study.

FDA’s statistical analyses of the mouse tumor data revealed significant positive trends
for adenoma of the stomach, hemangiosarcoma of the liver and for the combined
incidences of hemangioma and hemangiosarcoma of the liver in males {all tumors
were considered as rare tumors (¢ level=0.025) based on concurrent control incidence
rate]. The incidences of these tumors are as follows:
- stomach adenoma — 0/50 (C), 0/50 (LD), 0/50 (MD) and 4/50 (HD) p = 0.0041
- liver hemangiosarcoma — 0/50 (C), 0/50 (LD}, 1/50 (MD) and 3/50 (HD)
p=10.0149
- liver hemangtosarcoma -+ hemangioma — 0/50 (C), 0/50 (LD), 2/50 (MD) and 3/50
(HD)p=0.0182
The incidences of combincd hemangiosarcoma and hemangioma for all organs did not
attain statistical significance (based on concurrent control incidence rate); 1/50 (C),
0/50 (LD}, 3/50 (MD) and 4/50 (HD) p = .022 (>0.005)

Historical control incidence rates from 46 studies (data compiled by T

I showed that the liver hemangiosarcoma is a common tumor
(incidence rate >1%) for the — CD-1 (ICR) BR VAF PLUS mouse. When tested at an
o level of 0.005, hemangiosarcoma of the liver and the combined incidence rates of
hemangioma and hemangiosarcoma of the liver as well as of all organs, across groups,
did not reach statistical significance. {Historical control data (12 studies) from the
contract laboratory also showed that the liver hemangiosarcoma (incidence rates
ranging from 0 to 6%} is a common tumor (submission serial # 024 dated October 24,
2002).1
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Pairwise comparisons between high dose and control groups were not statistically
significant for either stomach adenoma (p=0.0672) or liver hemangiosarcoma
(p=0.0819).

It is noted that there were no carcinomas of the stomach in males in this study.

Table 16. Neoplastic Findings

Daily Daka (mg/kg/day) 6 ] we | so0 | 1m00 | o | w0 | se0 | 1500
Naopiastic Findings Males Famalas
Number Exarninad 50 50 | 50 s0 50 50 50 | =0
Abdomicnal Carcinoma 0 Q 0 o [+ v} -1
cavity l .
| Mumber Examined 50 50 50 4a 0 50 s0 s |
Adrenais Cortical adanoma 9 6 10 1 t 0 0
Pheachromocytoma o 9 a 2 4] 1 0 0
Subcapsular cell adenana 5 T T 4 3 4 4 3
Number Examined 50 50 50 50 50 50 50 50
Brain J Sarcoma, maningeat 0 1 0 0 ¢ 0 0 0
Number Examinad - - - 2 - 1 1
Chitoral gland | Haemangioma - - - - o - 1 0
Number Examined 50 50 50 50 50 50 50 50
Colon { Adenocarzinama 1 0 0 0 0 0 0 0
Number Examined - - - 1 2 1 -
Diaphragm | Lymphoma 0 ) ) 0 1 o - .

(continued on next page)
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Table 16. (continued)

120

Neoglastic Findings Males Females
Daily Dose (mghg/day} 0 160 500 1500 ¢ | 10 500 | 1500
Number Examined 50 50 50 50 S0 50 0 | s0
Duodenum l Adenoma 0 a 0 2 ] 4] 0 Q
Number Examined B 50 50 50 50 _ _ _ ~ j
Epididymides | Sarcoma 0 0 0 1 } : } ;
Number Examined 50 50 49 50 50 50 50 50
Femur Mast call saicoma Q o Q 1 1 0 4] 0
osteoma 0 0 0 a 2 a 2 v
Number Examined 10 [ [ 9 12 16 14 7
Hasmatopoelic Lymphoma ] 8 [} [} a 12 14 11 7
tumar Hisfiocyfic sarcoma 2 o a 1 1 2 3 o
Number Examined 1 8 8 B 18 13 1" 16
Harderian gland | Adenoma 3 ? 2 a a 3 4 2
Adenocarcinama Q 0 o] a 1 1 0 1
Mumber Examined 50 50 50 50 50 50 5S¢ 30
Jejunum Adenocarcinoma 0 1] 0 a 0 Q Q 1
Kidneys Tubular adenoma 1} 1 1 1] Q 1 2 0
Liver haemangiosarcoma 0 L] B 1 ) 3 r] ] 1
haemangioma D ] 1 0 0 0 ] 0
Hepatoceiular carcinoma 2 1 2] 4 1 Q Q 1
Hapatoceltular adenoma 7 4 7 7 o 4 o 2
Sarcoma 0 4] 1 a 0 Q Q O!
Mass cell sarcoma o i ¢ 1 1 L] [t} o
tungs Sronchiodivealar adenoma 9 ¢ 8 8 3 9 H 5
Bmnchicalveniar carcinoma 5 1 7 9 2 2 3 _r
Carcinoma ) 0 o 0 o 0 B 0
Adenocarcinoma 1 1 2 1 ¢] 1 v} ¥]
| Number Examingd 9 8 8 7 1 g 12 )
i Lymph nodo; I Lymphoma o] a 1 Q 0 ¢ 0
Number Examined 50 48 49 | 50 50 S0 50 30
Meswntaric ! Haemangioma o 0 ) 0 o 1 1 o
iymph nodes
Number Examined . - - ; 50 19 50 50
Ovarles Pagppillary cystadenoma - B - - o] 1 0 1
Luteoma - - - - 0 1 V]
Tubulostramal adenoma - - - - Q 2 a 1
Number Exarhined 49 a6 50 50 439 50 43 50
Pituitary gland Adenoma - pas antencr 0 o 3 o 3 5 T 2
Adenocarcinoma ) 0 | o 1 ) 0 0 0
Sarcoma, memngeat 0 1 0 0 o a 0 G
Adenama - pars intmrmedia Q a 4] ¢} 1 1] a 2
Number £xamined 50 50 50 50 . _ _ N
Seminiai Adenoma 0 ¥} 0 3 - - -
vasicles
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Table 16 (continued)
Nesoplastic Findings Mates - Famailes _1
Daity Doss {mg/kg/day) P) wo | 500 ; 1500 ? 100 | s00 | 1500 |
Number Examined 50 50 50 50 50 50 50 S0 |
Skin Haemangosarcoma 0 ¢] t g [ 0 ¢ Q
Adenocanthoma o 0 [ [ 1 1 4] o
Adenocaranoma 0 0 [ 0 D o 0 1
Sebaceous adenoma ] o a [} 0 1 G {d
Mammary adenoma 0 0 0 0 1 [+ 0 Q
Sarcoma Q 0 0 0 0 1 ¢ ¢}
Fibmsarcoma 0 a [} g o 0 [+ 1
Osteqzarcoma 0 0 D } 0 1 0 0 V|
Chondroma 0 Q Q Q o a 1 o
Rhahomy;:sarcmna 1} 0 \} o] a 1 ¢ 0
Mammary adenocareinoma 3 0 ) o 1 R 2
Lymphona a 0 o 1 g e [ a 0
Papilloma B 1 0 a 2 ) R o
Squamous cel c;am-inom 4] 0 0 1 0 o | o 0
Hibernoma 4] 0 § 0 Q 0 Q Q
Spinal cord Mast coll sarcoma 0 [ a | 1 | 1 0 0 g
Spleen Haemangnsar;na 1 r Q —1 Q b o ] 0 0 )
Mast cel sarcoma 0 | o Q 1 1 Q Q Q
Starnum Mast cell sarcoma a g Q 1 1 0 ] o]
Osteoma 0 0 0§ 0 1 D 1 0
Number Examined 5 | s0 50 | 49 5 1 s 50 50
Stomach | Adenoma 0 o D f o 0 1 1
| Squamous cel carcingma 0 0 v o 0 ) 0 1
[ caranoma e | 0 o ;o 0 )
T_Number Exarmined 50 50 50 50 _ _ - _
Testes l' Interstitial cell adenoma 1 H _iL [i} 1 . -
| Haemangioma ¢ a 4 1 - - -
Mumber Examined ~ 1 1 N o 1
Tail [ Fibroys mstocytoma 0 Q 0 a B 1 - -
Mumbet Examined 49 49 48 4t 50 5 49 49
Thymus ] Thymama Q a 9 | @ 1 i 0 0
Number Examined 50 50 50 50 49 20 50 S50
Thyrold gland T Follicular coll adenoma 0 5] 1] O 1 1 0 ]
Number Examined £0 50 50 50 4] 50 50 50
Tongue Fapmoma 0 0 0 1 Q O_ Q °]
Number Examined _ _ a _ 50 a9 | 49 50
LHarina cervix Leiomyosarcoma - - . - 2 \]
( Leiomyoma - - - - 0 T [¢]
[Pone S N S S T AR
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Table 16 (continued)

122

Neoplastic Findings Males Femiles !
Daity Doss (mgikgiday) 0 100 500 1500 ] 100 500 1500
Nurntrer Sxamined - ~ . _ 50 50 50 50
Uterus Ligomyema - - 1 0 o] 2
Lesomyosarcoma T 1 1 2 4]
Endometrial adenocarcinoma o a 2 0
Adenoma - 1 Q Q a} __4
Polyp 4 3 4 3
Heamangiosarcoma - 1 ) R
Haatnangioma o o 2z |
Histocytic sarcoma o] 1 a il
Number Sxamned _ _ _ ) 50 9 | =0 50
Yagina Squamous cell caranoma - e 1 0 T 0 0
Lecomyosarcoma - 1 o | 0
Polyp 1 o | o i
¥

Toxicokinetics: Dose dependent increases in plasma lanthanum concentrations were

scen.

With the exception of one control female (animal # 437), which had a plasma level
of — ng lanthanum/ml, all control animals had plasma levels <0.05 ng/ml.

At 100 mg/kg/day, plasma levels at 2 hr post dose ranged from £ 7 ng/ml,
and at 1500 mg/kg/day, the values ranged from L

differences in plasma lanthanum levels were noted.
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Tissue lanthanum levels: Median tissue concentrations are given below.

Madian tissue Tissue
concentration {ugig
wet weight) 100 mg/kg/day 1500 mg/kg/day
LtoQor upto 0.1uglg | Adrenals Sciatic nerve | Adrenals Seminal vesicles
Aorla Seminal | Brain Skeletal muscle
Brain vasicles Epididymides Thymus (M)
Epididymides Skeletal muscie | Pituitary Thyroids {F)
Eyes and optic nerves Skin (M) Sciatic narve Urinary bladder (F)
Spleen
Heart Submandibular
Kidneys LN (M}
Lungs Testes
Mammary gtand (M) Thymus
Mesenteric LN Thyroids
Ovaries Tongue
Phuitary Urinaty bladder
Prostate LHerus/cervix
Salivary gland Vagina
>0.1 1o 1uglg Femur (growth plata) Skn (F) Aorta Spleen (M)
Spinal cond Eyes and optic  Submandibutar
Famur {shaft} Spiean (F) nerves LN (M}
Liver Heart Tesles
Mammary giand (F} Stemum Kidneys Thymus {F)
Cesophagus Submandibular | Lungs Tongue (F)
| Pancreas (M) LN(F) Mammary Urdinary bladder (M)
| glands Uterus/cervix
‘ Ovaries Vagina
: Sairvary giand
: Skin
>1 to 10 pgig I Duodenum (M) Rectum Femur (growth Stamum
Jejunum (M} Trachea (F) plate) Thyroids (M}
Pancreas (F) Femur (shafl) Tongue (M)
Liver Submandibular
Spinal cord LN {F)
Spleen (F})
>10 to 100 pgig Caecum Jejunum (F} Duodenum (F) Pancreas
Calan Stomach Jejunum Rectum
Duodenum (F}) Trachea (M) Mesenteric LN Trachea (M}
| Neum Dasophagus
>100 to 1000 paig Caecum (F) Hleum {F}
Colon Trachea (F)
Ducdenum (M)
>1000 to 10000 pgig Caecum (M) Stomach
lieum (M}

At 1500 mg/kg, the median lanthanum concentration in the majority of tissues was
less than | pg/g. Intermediate concentrations (>1 pg/g to 10 pg/g) were found in
bone, spinal cord, liver and spleen. The highcst concentrations (above 10 ug/g) were
found in the GI tract.

[Note: In an amendment dated Junel9, 2002 (submission # 003), the sponsor stated that
in order to further characterize the neoplastic stomach lesions (adenomas), and to
examinc the point of attachment of the neoplasm to the stomach wall, serial sections of
stomach neoplasms were made (from 4 high dose males, and one high dose and one mid
dose female each), stained with H & E, and examined microscopically. The point of
attachment demonstrated the proliferative neoplastic lesion arising within existing areas
of hyperplasia. The lesions in high dose animals were all pedunculated, whereas the
lesion in the mid dose female had a more sessilc appearance. Examination of additional
sections from this mid dose female revealed an absence of tortuosity of glands that was a
feature of the adenomas in the high dose animals. Hence, according to the sponsor,
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“hyperplasia could be considered a more appropriate pathological term than adenoma (as
it was originally described) for the change seen in this intermediate dose group animal.”
Additionally, previously prepared stomach sections of all animals from the 99-week
mouse study were rc-examined to standardize the terminology used in describing the
mineralisation findings in the stomach. The results are presented below.

Incidence of mineralised foci in the 99-week mouse study (SPD/88/C)

L Males Females
Dose Level: 0 100 500 | 1500 0 4 100 506 | 1500
(mg/kp/dayy | | ! i
No. Examined: | 50 50 50 49 50 | 50 | S0 | 48
Mineralised foci -
minimal 0 0 13 17 R 10 : 14
slight 0 o I 1 1 18 0 ' 0 0 | 18
| ___moderate 0 0 0 1 8§ 0 0 0 | 3
Total 0 0 14 | 43 T [ ¢ 16 | 35

Dose-dependent incidences of mineralised foci were seen in both sexes at mid and high
dose levels.)

Evaluation

Adequacy of the carcinagenicity study: It is considered that the study was adequately
performed. Survival to study termination ranged from 46 to 60% for males and from
36 to 56% for females (non-dose dependent). The doses were selected based on the
results of a thirteen- week oral toxicity study in the mouse (0, 500, 1500 and 2000
mg/kg/day). In that study, increased incidences of stomach lesions (epithelial
hyperplasia of the limiting ridge and non-glandular region, and mucosal
inflammatory cell infiltration in the glandular region) were seen at 1500 and 2000
mg/kg/day. Proliferating cell nuclear antigen staining of the stomach sections showed
that the incidences of the glandular stomach hyperplasia were mostly similar at 1500
and 2000 mg/kg/day dose levels. Inflammation of the glandular epithelium was more
prevalent and severe at 2000 mg/kg/day than at 1500 mg/kg/day, particularly in
{emales. In order to reduce the risk of excessive inflammation and eventual gastric
ulceration compromising the lifetime studies, a dose of 1500 mg/kg/day was selected
as the top dosc for the 99-week mouse bioassay.

Evaluation of tumor findings: Oral administration of fanthanum carbonate (at 0, 100,
500 and 1500 mg/kg/day) for 99 weeks produced significant positive trends (with o
levels based on concurrent control incidence rates) for adenoma of the glandular
stomach, hemangiosarcoma of the liver and for the combined incidences of
hemangioma and hemangtosarcoma of the liver (but not for all organs) in males.
However, when o levels were selected on the basis of historical control incidence
rates. the liver tumeor findings did not attain statistical significance. The high dose
(1500 mg/kg day) employed wn the study 1s about 1.3 times the maximum
recommended human dose of 3000 mg lanthanunvday, or a mg/in” basis.
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VIi. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

1. Fertility and Embryonic Development Study in Rats

Key findings: Oral admimistration of lanthanum carbonate to male and female rats during
pre-mating, mating and up to gestational day 17, at dose levels up to 2000 mg/kg/ day,
did not affect fertility or mating performance, or produce any harmn to the fetus.

Study number: SPD/54/97
Volume # and page #: 1.38, & 5-054
Conducting laboratory and location: /—

L

Date of study initiation: October, 1996

GLP compliance: Yes (UK and OECD GLP regulations)

QA report: yes (x} no () '

Drug, lot #s, and % purity: Lanthanum carbonate, lot #s 6268/960404, 6268/960405 &
6268/960501,C 3 metal impurities
(total) - L 1 (within specifications}

Formulation: Test article was suspended in 0.5% aqueous carboxymethyl-cellulose on

the day of use.

Methods

Animals: Sprague-Dawley derived rats of the — (SD) 10OPS-Caw strain, males
weighing 188-199 g (42-44 days old) and females 60-79 g (25-28 days old), werc
obtained from L - A Males were acclimatized for one week and females
for eight weeks before the mitiation of dosing.

Numberisex/group: 25

Dases employed: 0 (vehicle), 200, 600 and 2000 mg/kg/day. [It is stated that the doses
were selected based the existing toxicity data and also on the basis of the resulits from a
preliminary study in rats conducted at L _ o J at dose
levels of 200, 600, 1000 or 2000 mg/kg/day. In that study, males (6/group) were dosed
from 14 days prior to mating, through the mating period until the day before necropsy
after the end of the mating period. Females were dosed from 14 days prior to mating,
through mating and pregnancy. until the day before necropsy on day 7 post-partum. No
significant treatment related effects were scen in the parental or F1 gencrations except
that the F1 pup bodyweights were slightly reduced in the group treated at 2000
mg/kg/day. Based on these findings, 2000 mg/kg/day was selected as the high dose for
the reproductive toxicity studies. A low dose level of 200 mg/kg/day was selected as the
no-cffect level, with an intermediate dose level of 600 mg/kg/day. |

Route of administration: oral (gavage)
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Study design: Males were dosed for at least 63 days beforc mating with treatment
continued throughout the mating period until the day before necropsy. Females were
dosed for 14 days before mating with treatment continued through the mating period till
day 17 of pregnancy. The animals were dosed once daily at a constant volume of 10
ml’kg.

Parameters and endpoints evaluated: clinical signs — daily; mortality — twice daily; body
weights — twice weekly for males and females during the pre-mating period (daily during
pregnancy); food consumption — weekly (during pregnancy over days 0 to 6, 6 to 12, 12
to 17 and 17 to 20)

Males were killed after the end of the mating period and females were sacrificed on day
20 of pregnancy. Animals were subjected to complete necropsies. Organs or tissues
showing macroscopic abnormalities were fixed in neutral buffered formaldehyde.

Testes and epididymides werc removed and the testes were weighed. The testes were
“fixed in Bouins fluid for about 24 hours and then transferred to necutral buffered
formaldehyde. The epididymides were fixed in neutral buffered formaldehyde.

For females, pregnancy status was determined, and numbers of corpora lutea,
implaniation sites, resorptions, and dead and live fetuses were recorded. The
implantations were numbered separately for the right and left horns. The live fetuses and
their placenta were removed, and the uterus and ovaries were fixed in ncutral buffered
formaldehyde. Fetal and placental weights, fetal sex and external fetal abnormalities were
recorded.

Copulation and fertility indices and pre- and post-implantation losses were calculated.

One half of the live fetuses were fixed in Bouins fluid for subsequent examination for
visceral abnormalities using a combined sectioning/dissection technique. The remaining
fetuses were briefly fixed in 70% alcohol, viscera examined and eviscerated. The
carcasses were then cleared in Alizarin red S to visualize the ossified skeleton and
examined for skeletal variants and abnormalities.

Structural congenital abnormalities that impair or potentially impair the survival of the
fetus were classified as major abnormalities. Other defects wcre classified as minor
abnormahties. Commonly obscrved variations in the degree of ossification from that
cxpected of a day 20 gestation fetus together with common variations in the extent of
renal pelvic cavitation and ureter dilatation were recorded as variants.

Analysis of variance (ANOVA) was performed on all parameters. Residuals from this
preliminary analysis were examined for heterogeneity of variance using Levene’s test. If
the Levene's test was significant at the 1% level, then the particular variable concerned
was subjecled to a non-paramctric analysis. Otherwise, William’s test was performed to
compare the high dose with control at the two-sided 5% level. If this test was statistically
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significant, then comparisons of the subsequent doses against control were performed at
the ong-sided 5% level until a non-significant difference was found. If Levene’s test
indicated that there were significant differences in the treatment group variances, or if a
parametric analysis was deemed to be inappropriate, then a Kruskal-Wallis ANOVA was
performed to assess overall differences between the treatment groups, followed by
Shirley’s non-parametric version of Williams’ test, which is based on mean ranks rather
than the arithmetic means. Nominal data were analyzed using the Fisher’s Exact Test.

Results

In-life observations: Two males were found dead during the study. One male (animal #
60; 600 mg/kg/day group) was found dead on day 25 of treatment. At necropsy, the
thoracic cavity was found to contain red fluid with white contents, thickened pericardium
and reddened lungs, suggestive of dosing injury. A second male (animal # 85; 2000
mg/kg/day group) was found dead on day 63 of treatment. Since that animal was
cannibalized and the remaining tissues were partly autolysed, the cause of death was not
determined. There were no other deaths in the study.

There were no treatment-related effects on clinical signs, body weight gain, food
consumption, mean number of days taken to mate, and on the fertility and mating
performance (copulation and fertility indices) of animals.

There was no effect of treatment on the numbers of females pregnant in each group.
Pregnancy rates were 92, 96, 100, and 92% at 0, 200, 600 and 2000 mg/kg/day,
respectively.

Necropsy findings: Therc were no treatment-related macroscopic findings observed at the
necropsy of males or fernales.

The absolute and relative testes weights were similar in treated and control animals.

Developmental roxicity: The mean numbers of corpora lutea, implantations, live fetuses,
and the mean percent pre- and post-implantation losses were unaffected by drug
treatment (Table 17). Total numbers of live fetuscs per group, mean number of fetuses
per dam, numbers of male and female fetuses, mean litter wetght, and mean fetal and
placental weights are given in Table 18. The percentage of male fetuses was significantly
higher for the high dose group than for the control group. According to the sponsor, this
tncrease was within the background range and there was no dose response, although the
eftect was only seen at the high dose. All other parameters were similar in control and
treated groups.

The fetal and the litter incidences of external, visceral and skeletal malformations and
variations arc summarized in Table [9. Although there was no statistically significant
increase in the incidence of any one major abnormality, the overall number of major fetal
abnormalitics were increased at mid and high doses, the incidence being higher at the mid
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dose than at high dose. The percentage increase of major abnormalities was within the
sponsor’s historical control range.

Statistically significant mcreased incidences of malformations/variations are described
below. Increased incidences of cervical rib, a minor skeletal malformation, were observed
at the low (200 mg/kg/day) and high (2000 mg/kg/day) doses, but not at the mid (600
mg/kg/day) dose. The fetal incidence of cervical rib was as follows: 0/175 @ 0
mg/kg/day, 5/182 @ 200 mg/kg/day, 0/192 @ 600 mg/kg/day and 6/172 @ 2000
mg/kg/day. The litter incidences were 0/23, 1/24, 0/25 and 3/23 at 0, 200, 600 and 2000
mg/kg/day, respectively. Although the incidences at the low dose (2.7%) and high dose
(3.4%) were outside the sponsor’s historical control range (0-1.9%), there was no dose
relationship; a 10-fold increase in dose from 200 to 2000 mg/kg/day did not significantly
increase the percent incidence of this malformation.

Dose-related increased incidences of increased pelvic cavitation of kidneys, a variation,
were noted mn treated groups (statistically significant at the high dose). The fetal
incidences were 14/341, 22/352, 30/371 and 40/336 at 0, 200, 600 and 2000 mg/kg/day,
respectively, and the litter incidences were 8/23, 9/24, 15/25 and 15/23 at 0, 200, 600 and
2000 mg/kg/day, respectively. Tt is noted that the incidences of increased pelvic
cavitation observed in treated groups (5.9-11.5%) were within the historical control range
of 0.0 to 41.5%.

Evaluation: Oral administration of lanthanum carbonate to male rats for 63 days prior to
mating and through the mating period until necropsy, and to the females for 14 days prior
to mating, during mating and up to day 17 of pregnancy, at dose levels up to 2000 mg/
kg/day (about 3 times the maximum recommended human dose, on a mg/m’ basis) did
not affect fertility or mating performance, or result in evidence of injury to the fetus.
Although statistically significant increased litter incidence of fetal cervical rib, a minor
skelctal malformation, was noted at the highest dose, there was an absence of a dose
relationship for this abnormalily. The incidences of pelvic cavitation, a variation
observed at a higher than control rate in the kidneys of fetuses from treated animals, were
within the historical control range. The study appeared to be adequately performed and is
consistent with the ICH Guidelines.
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Group mean uterine / implantation dara

Group : 1 2 3 4

Test article : Controt Lanthanum Carbonate

Dose level (ma/kg/day) - 0 200 400 2008
Group 1 Group 2 Group 3 Group 4

Humber of femaies with implantations

at scheduled kil| 23 24 25
Number of cerpora lutea 384 420 420
Mean nurber per female 16.8 17.5 15.8
Standard deviation 1.9 1.6 2.2
Number of implantations 343 380 193
Mears number per female 15.8 15,8 15.7
Standard deviation 2.0 2.2 2.2
Mean X pre-impilantation loss 5.7 8.9 6.3
Humber of eariy embryo/foetal deaths 21 28 21
Number of late embryo/foetal deaths 1 1} !
Number ot dead fpetuses ] ] 3

Mean % post-implanmtation loss 5.1 B.7 5.4
Humber of live foetuses 341 352 3N

Mean number per female 14.8 14.7 14.8
Standara ceviation e I 2.4
Mean % of implantations $3.9 91.3 94.6
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Group mean litter weights (g) / feetal data

Group H i 2z 3 3
Test article H control Laintharam Carbenate
Dose level {mg/kg/day} : 0 206 £00 2040

Group 1 Group 2 Group 3 Group &
Nurber of femaies with Live foetuses
at scheduted kitl 23 26 25 21
Nunber of (ive fostuses 341 152 I 338
Kean number per temale 14.8 14.7 4.8 LW}
Standard deviatien 2.1 138 2.4 3.5
kumber of mate foetuses 1564 174 181 187
humber of female foetuses 187 178 190 149
kean % male foetuses 45.1 9.5 48,3 3.3+
Mean fitter weight 80,1, 59.5 61.6 0.8
Standard deviation 8.9 12.8 0.2 15.1
Mean foetal weight .07 4,05 4.15 415
srandard deviation q4.14 0.2 074 nn
Mean foetal weight - males only 4.20 4,14 4.25 4.25
Standard deviation 0,18 0,28 0.30 0.32
Hean foetal weight - females only 3.98 3.96 4.06 4.0%
Standard deviation 0.9 0.24 0.23 0.3%
Mean placental weight G, u,69 0.62 0.67
Standard deviation 9.05 0.3 0.06 0.26

=D 05, $Fzpe0 D1, ***=p<0 00}
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Foetal examination : sutmary of group mean data

Group H 1 A

Test article . Control tanthanum Carbanate

Oose level {mg/kg/day) : 0 200 2000
Group 1 Group 4

Compined examination

(external/visceral/skeletal)

Total number of litters examined 23 23

Total rumber of foetuses examined 341 334

Hunber with major abnormeiities 1 1 7 3

Mean % of foetuses examined 0.3 0. 2. 0.9

Humber of litters af fected 1 bl 2 2
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foetal examination : summaty of group mean data

Group : 1 2 3 &
Test article : Contral Lanthanum Carbonate
Dose ltevel (mg/kg/day) : a 200 &£00 2000

Group 1 Group 2 Group 3 Group 4

External and viscera{ examination

Total number of litters examined 23 24 2% 23
Total number of foetuses examined LA 352 E¥al 3358

Humber with major abnormalities 7
Mean X of foetuses examined 0.3 0.3 2. 0.%
Nunber of litters affected 2

Humber with miner abnormalities 3 1 4 3
HWean X of foetuses affscted 0.9 0.3 1.1 0.8
Humber of iitters affecteq 3 1 3 3
Hutber with variations 46 68 a5 72
Mean X of foetuses affected 13.6 2.0 3.7 20.6
Number of litters aftected 16 19 21 18

(panununo) 61 dqe].
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Foetal examination : summary of group menn data

+

Croup 1 2 3 4
Test article Control Lanthamm Carbonate
Dose level (mg/kg/day) 0 200 600 2000
Growp 1 Greup 2 Group 3 Group &
skeleral examination
Total number of litters examined 23 26 25 23
Total rumber of foetuses examined 175 182 192 172
Hurber with major abnormalities [ 9 3 1
Mean % of foetuses examined 0.0 0.0 1.7 0.4
Number of 1itters affected 4] 2 1 !
Number with minor abnormatities g 19 17 21
Nean % of foetuses affected 5.4 13.5 9.2 n.7
Murber of (itters affected 9 13 12 8
Hunber with variations 169 178 187 167
Mean % of foetuses affected 96.4 ?r.9 97.2 971
Number of |itters affected 23 1 25 3

(penunuod) 61 apqe ],
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2. Developmental Toxicity Study in Rabbits

Key findings: Oral administration of lanthanum carbonate at 1500 mg/kg/day to
pregnant rabbits during organogenesis was associated with increased incidences of pre-
and post-natal losscs, reduced litter and fetal weights, delayed skeletal ossification and
matemal toxicity. Lower dose levels (750 and 250 mg/kg/day) did not produce any
adverse effects on either dam or fetus.

Testing facility:

Study number: SPD/57/R

Study dates: Initiation Date — July 10, 1996
Completion Date - August &, 1996

GLP compliance: The study was conducted in accordance with UK GLP Compliance
Program

QA report: Yes

Animals: Timed-mated female New Zealand White rabbits, about 4 months of age and
weighing between 3 and 4 kg, were obtained from C

1 by day 2 of pregnancy (day 0 of pregnancy was the day of mating). They were
acclimatized for 4 to 5 days before the initiation of dosing. Animals were housed
individually in grid-bottom metal cages suspended over paper-lined trays. A pelleted
~ standard rabbit diet (manufactured by C T and tap
waler were available ad libitum.

Eighty females were randomly assigned to four groups of 20 animals cach.

Dose levels and mode of administration: The doses emploved were 0 (vehicle control),
250, 750 and 1500 mg/kg/day.

Lanthanum carbonate (batch numbers 6268/960303 and 6268/960304), suspended daily
in 0.5% aqucous carboxymethylcellulose, was administered by oral gavage from day 6 to
day 18 of pregnancy, at a dose volume of 5 ml’ke.
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Analyses of the samples of test article formulations (prepared on the first day of dosing
and on a day toward the end of the dosing period) showed that the lanthanum content
(specification — € 3 )"and the total metal impurities (specification - not more than
t  1ppm) were within the specification limits.

(It is stated that the doses for the present study were selected based on the results from an
oral administration rangefinding study conducted in pregnant rabbits (dosed from days 6
to 18 of pregnancy) at dose levels of 0 (vehicle control), 250, 500, 1000 and 1500
mg/kg/day. In that study, the 1500 mg/kg/day dose preduced maternal toxicity (reduction
in body weight gain and food consumption, and reduced fecal production) and reduction
in fetal body weight. There were no significant treatment-related effects in lower dose
groups. Hence, 1500 mg/kg/day, a dose that produced slight maternal toxicity, was
selected as the high dose for the rabbit developmental toxicity study. A no-effect level of
250 mg/kg/day was chosen as the low dose and 750 mg/kg/day was selected as the mid
dose for the study.]

Observations and measurements: All animals were checked daily for mortality and
clinical signs of toxicity. Body weights were recorded on days 0, 3, 6 to 18, 22, 25 and 28
of pregnancy. Food consumption was recorded daily from days 3 to 6 of pregnancy and
every two days thereafter.

All surviving animals were sacrificed on day 28 of pregnancy by an intravenous
adommnistration of sodium pentobarbitone solution. The thoracic' and abdominal cavities
were opened and all major organs examined. Organs or tissues showing macroscopic
abnormalities were stored in neutral buffered formaldehyde.

The pregnancy status was confirmed, and the numbers of corpora lutea, implantation
sites, early and late resorptions, and dead and live fetuses were recorded. The live fetuses
were removed, and fetal and placental weights, and external fetal abnormalities were
recorded. Pre- and post- implantation losses were determined.

All five fetuses were euthanized, weighed, and briefly fixed in alcohol. Then they were
skinned, dissccted and examined for visceral malformations, and their sex was
determined. The fetuses were eviscerated and placed back in alcohol. After at least 12
hours fixation, a razor blade cut was madc through the head and the brain examined. The
fetuscs were then cleared in potassium hydroxide, stained with Alizarin red S and
examined for skeletal malformations and variations.

Structural congenital abnormalities that impair or potentially impair the survival or
constitution of the fetus were classified as major abnormalitics. Other defects were
classified as minor abnormalities. Commonly observed variations in the degree of
ossitication from that expected of a day 28 gestation fetus, together with deviations in the
rnumbers of thoracic vertebrac and ribs, lumbar vertebrae and caudal vertebral centra and
neural arches were classiticd as variants.

All skeletal specimens were stored in aqueous glycerol with thymol.
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Analysis of variance was performed on all parameters. Residuals from this preliminary

analysts were examined for heterogeneity of variance using Levene’s test. If the Levene’s
test was significant at the 1% level, then the particular variable was subjected to non-
parametric analyses using Kruskal-Wallis ANOVA test followed by Shirley’s non-
parametric version of Williams test. If the Levene’s test was not significant at the 1%
level, then William’s test was done to compare treated and control groups.

Results

Maternal Toxicity

One high dosc female (animal # 72) aborted (7 fetuses) on day 25 of pregnancy. Previous
clinical signs observed in this animal included reduced fecal output (liquid/loose feces),
reduction in body weight and presence of mucus on the tray liner. Necropsy findings
included staining of the fur (red), distended stomach with dark fluid and an empty colon.

There were no mortalities or other premature sacrifices during the study.

A higher incidence of reduced fecal output, with liquid/loose feces, was noted in high
dose animals compared to controls.

A reduction in body weight gain was noted in the high dose group during the first few
days of dosing (days 6 to 10 of pregnancy). During the remainder of the dosing period
and for the post-dosing period, the body weight gains in this group were generally higher
than control. However, the overall body weight gain for the high dose group during the
dosing period {days 6 to 18 of pregnancy) was significantly lower than that of control.
The body wecight gains in other treatment groups were generally similar to that of control.

The food consumption values for the high dose animals were lower than control values
throughout the dosing period, the differences attaining statistical significance for the
period between days 6 and 10 of pregnancy. The food consumption during the post-
dosing period was similar to that of the pre-dosing period. There were no treatment-
related effects on food consumption in other groups.

Therc were no remarkabtic macroscopic findings observed at the scheduled necropsy.

The pregnancy rates were 90, 90, 95 and 95% at 0. 250, 750 and 1500 mg/kg/day,
respectively.

Developmental Toxicity

The numbers of corpora lutea, implantations and early and late embryo/fetal deaths, and
the mean percent pre- and post-implantation losses are presented in Table 20.

At 1500 mgikg/day, the mean pre-implantation loss (16.7%) and the mean post-
implantation foss (10%) values were higher than their respective control values (8.8 and
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4.7%). [Historical control values: mean pre-implantation loss = 12.8% (range = 2.5-
26.7%) and mean post-implantation loss = 9.6% (range = 3.8-15.9%)]. There was no
effect of treatment on pregnancy parameters in other treated groups.

Total numbers of live fetuses per group, mean number of fetuses per dam, numbers of
male and female fetuses, mean litter weight and mean fetal and placental weights are
given in Table 21.

There was no treatment-related effect on fetal sex ratio. The mean litter weight and mean
fetal weights (male, female and total) were lower in the high dose group than in the
control group (not statistically significant). Fetal weights in the other treated groups were
similar to those of controls. The placental weights were lower than control in ali treated
groups (not dose-dependent); the difference achieved statistical significance at mid and
high dose levels.

The fetal and litter incidences of external, visceral and skeletal malformations and
variations are summarized in Table 22. There were no significant treatment-related
effects on the overall incidences of external, visceral or skeletal malformations or
variations.

Increased trends in the incidences of minor skeletal maiformations [incomplete or
absence of ossification of the parietal bone, one or more metacarpel (forelimb) or
astragalus (hindlimb)] or vanations (incomplete ossification of one or more phalanges of
the hind limbs) were observed in treated groups (Table 23). Tt is noted that the incidences
of the above abnormalities were within the sponsor’s respective historical control ranges.

Evaluation: (}ral administration of lanthanum carbonate at 1500 mg/kg/day (about 5
times the maximum recommended human dose of 3000 mg lanthanum/day, on a mg/m’
basis) to pregnant rabbits during organogenesis was associated with increased incidences
of pre- and post-natal losses, reduced litter and fetal weights, delayed skeletal
ossification, and maternal toxicity {reduced weight gain and food consumption and
decreased fecal output). However, the incidences of the above abnormalities were within
the sponsor’s historical control ranges. Lower dose levels did not produce any adverse
effects on either dams or fetuses.
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Group mean uterine / implantation data

Group : 1 2 3 4

Test article : Cantrol Lanthanum Carbonate

Dose level (mg/kg/day) H [¢] 250 1580 1560
Group 1 Oroup 2 Group 3 Group 4

Hymber of females with implantations

at scheduled xill 18 18 1% 18
Humber of corpera lutea 181 201 199 199
Hean number pear female 10.1 11.2 10,5 10. 6
Standard deviation 1.7 4.0 1.7 1.9
—
Number of implantations 165 172 184 180 g_
Hean number per female 9.2 8.6 5.7 8.5 -y
Standard deviation 1.8 2.9 1.8 2.8 N
=
Mean % pre-implantation loss B.1 13.1 7.0 16.7 '
Humber of early embrya/foetal deaths 3 g 2 10
Humber of late embryo/foetal deaths 2 7 3 s
Humber of dead foetuses 1 1] Q s}
HMean % post-implantation loss 4.7 7.3 2.7 10.Q
Humber of live foetuses 158 156 179 145
Mean number per female ’ 6.9 8.7 9.4 8.1
Standard deviation ’ 2.0 2.2 1.8 2.9
Hean % of implantations 5.3 82.7 97.3 50.0
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Group mean litter weights (g) / foetal data

Group : 1 2 3 ]

Test article : Control Lanthanum Carbonate

Dose level (mg/kg/day) : 0 250 50 1500

Group 1 Group 2 Group 3 Group 4

Humher of females with live foetuses

at scheduled kill 18 ie 19 1a

Humber of live foetuses 158 156 179 145

Mean number per femala a.8 8.7 9.4 8.1

atandard deviation 2.0 2.2 1.8 2,9
—

Numbar of male fostuaws 74 1] a7 75 &

Humber of female foatusea -1} 80 52 10 _O_"‘

Mean % male fostuses 46.3 .1 9.2 50.4 @
[y

Mean litter weight 320.1 311.5 340. 6 276.1 =

Standard deviation &§2.2 72.5 48. % 0.6

Hean foetal weight 38.9 36.3 i6.7 34.9

Standard deviation 2.7 3.3 4.7 3.3

Hean foetal weight - males only 37.1 36.6 36.3 35.0

Standard deviaticn 3.2 2.9 4.7 4.4

Mean foetil weight - females only 5.8 35,9 37.0 34.0

Standard deviation 3.0 1.3 4.8 I.4

Hean placental wejght 4.80 4.44 4.264 4. 34

Standard deviation . 0.7 0.85 0.59 C. 58

4
* - p<0.05 tr . p<0. 01 ¢+ - pco. 001
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Foetal examinaticn : sumtnary of group mean data

Group : i 2

4

T=st article : Control Lanthanum Carbonate
Dose level (mg/kxg/day) : 4] 250 750 1500

Group 1 aroup 2 Group 3 Group 4
External and visceral examination
Total number of litters examined 18 b3} 19 18
Total number of foetuses examined bE-1:] 156 179 145
Number with major abnormalities 3 2 2 1
Mean ¥ of foetuses examined 2.4 2. 1. ¢g.8
Humbar of litters affected 2 2 2 1
Humber with minor abnermalities 50 52 &9 43
Hean A of foetuses affected 30.2 as, ar. 27.7
Humber of litters affected i6 16 18 12
Humber with variaticns [} Q 0 0
Hean 3 of foetuses affected 0.0 0, 0. 0.0
NHumber of litters affected 0 ¢} a [+}
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Foetal

examination : aummary of group mean data

Group 3

Group 4

Skeletal examination

Total pumber of litters examined
Total number of foetuses examined

Humber
Hean %
Humber

Mumber
Hean 3
Number

Humber
Hean %
Humber

with major abnormalities
of foatuses examined
of litters affected

with minor abnormalities
of foetuses affected
of litters zffected

with variations
aof foetuses affected
of litters affected

19
179

47

15

176

19

[~ =0 ]

18
1458

40

15

145

100.0

18

2
v
>
=
&
a3
&
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Foetal examination : summary of group mean data

Oroup 1 Group 2 Group 3 Group 4
Combined examination
(external/visceral/sxeletal)
Total number of iitters examined 18 i 18 18
Total number of foetuses axamined 158 154 179 145
Humber with major abnoarmalities 4 4 2 3
Hean % of foetuses examined 2. 3. 1. 2.1
Humber of litters affected 3 3 2 2
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Skele

tal axamipation of fostuses :

group mean data

Number of foetuses affected (group mean percent)

Group : 2 3 4
Tast article Control Lanthanum Carbonate
Doase level (mg/ky/day) 250 750 1500
Key Finding TyDe droup 1 Qrzup 2 Sroup 3 Group 4
Total number of foetuses examinsd 158 156 178 145
Totial number of litters examined 18 18 19 lg
Skull
L  Acephaly Hajor 1 (0.5) o {0.,0) Q {0.0) v] {¢.0)
15 Fontanelle- Anterior:
Increased {n aize Minor 2 (1.4} 4 {(2.0) 1 (0.6) 11 {5.8)
16 Fentanelle- Posterior:
Increased in size Minor b4 (0.9) a ({38 +}) o {0.0) 2 {0.9)
2 One or more: Fissure/plaque of
bone integral to rormal
structure of bone Yariant ks {1.6) 4 (2.4) 10 (5.7 B {6.38)
H  Parletal: pbamnt Hajor ¢} {(G.0) 1 {0.8) o} (0.0) o (0.0}
17 Parietal: Incomplate
ossification Hinor Q {0.4Q) 2 (1.3) -] {4.2) L3 {(4.3) T»
18 Parietal: Fused Hinor 4} (0.0) 1 {0, 8} 3 (i.5) o (0.0}
¥ Parietal: Fuszed , Majer 1 0.5) o (0.0) o] (9.0} 0 (0.0)
O Interparistal: Absent . Majer o (0.0 1 (0.8) a 0.0y ] (0.0}
18 Interparietal: Incotmplets
ossifjcation Hinor 1 (0. 9) 1 {0.8) o (0.3 3 (1.5)
P Oceipital: Absent Major ] (0. 0) 1 10,9} [+} (0.0) [V] (0.0}
2C Maxslla- Uni- or bilateral:
Hot ossified Minor s} {0.0) 2 {%.0} o 0.0 a (0.¢)
b Haxilla- Uni- or bilateral: ’
Incomplete cssification Variant 39 (23.6) 43 (29.1) 3¢ (20.7) 83 (3z.1)
21 Hyoldd: Cornua bent Minor 4 [3.5) 4 (2.7} 1 {0.5) 1 {1.9)
22 Zygomatic arth and maxtlla-
Uni~ or bilateral: Premature
partial fusian Minor 7 (4.2) 7 (5s.8) 11 (5.0} 2 {1.9)

T - trxend testc * = pc0.05 s« - pep, 01

*8% - gD, 001

‘tZBIqeL
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Skeletal

examination of foatusas
Numbar of fostuses affected (group mean percent)

group mean data

Kmy Finding TYpe Group 1 Orocup 2 Group 1 Group 4
Total number of foatuses examined 158 156 179 145
Total number of litters examihed 18 ig 15 18
Cervical vertebra
.
23 One or mors centra: Hot
asaified Minor Q (0.0) 1 {0.8§) [} [L )] H {a.5)
24 One or mora centra: Offaet Minor Q {0.0) 1 {0.6) 0 (0.0) a {0.0)
25 Cna or more centra! Bilobed HMinor -] (0.0} 1 {0.6) [} {0.0} a (0.0)
28 onhe or mote centra:
Hemicentric Minar 1] (0.0 1 {C.8) [} 0.0} 5} (0.0)
27 One or more centra:
Asymmetrically ossified Minor 0 (0.0} 1 {0.6) 2 {1.0) Q (0.0)
Cetrvical, thoracie, lumbar,
sacral or caudal vertebra
Q@ One ar more: Scoliosis Hajor a {0.0) 1 (0.8} ] (0.0} 1 0.8
Thoraciec vertebra
.
28 MNumber of vertebra: 11 Hinor © (0.0) 1 (0.6 0 (0.0} O (0.0}
¢ HNumber of vertebra: 13 Variant T3 (49.6) 5 (44.5y 77 (42.2) 88 (60.9)
79 one or mare qentra:
Hemicentrice Minoer 0 (0.0} 1 (0.6) o (0.0) o (D.0)
10 One or pore centra:
Asymmetrically osstified Minor o {0.0) 1 (0.56) Q (0.0} i (0.0)
31 One or more centra: Bilobed Minher o] (¢.0) o (0.0} [»} (0.0) 1 (0.5)

(panuyuoo) ¢z s)qe],

Z
=
>
=
=
=
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8keletal examination of foetuses
Hunber cf foatuses iffected (group mean parcent)

¢ group mean data

Xey Finding

Type Group 1 Group 2 Graup 3 aroup 4
Total nusber of foetuses examinad 158 15¢ 179 145
Total number of litters examined 18 18 1% 18
Lumbar vertebra
32 Mumbar of vertebra: % Hinor o} {0.0} 0 (0.0) 1 {0.4) 0 10.0)
d Humber of vertebra: 6 Yariant 43 {29.0) 48 (28.4) 28 (14.3) 42 (23.8)
€ Number of vertehra: 8 Yariant b (0.7} 2 (1.3} 7 (3.9} & (3.8}
33 One or more neural arch;
hdditional ossification centrs Minor 1 (D.6) Q (0.0} [+] {0.0) [} {0.0)
3acral vertebra
R One or mare centra: Absent Major 0 {0.0y 1 {0.6) 00 (0.0} 0 (6.0}
3 One or more neural aroh:
Abaent Hajor 0 {0.0} 1 (0,6 O {0.0} a {0.0)
Caudal vertebra
T One or more: Tail agenesis Major U 0.0 1 (0.8) D (0.0) o (0.0
£ Humber of centra: <=14 Variant 17 {13.6) 11 (6.2) 18 {9.0) 2% (171.m)
g MNurber of neural arches: <wé Variant 10 (7.9 4 {2.3) 6 {3.2) 13 (6.8)
34 One or more centra: Misplaned Hinor o (0.0) 0 {(0.Q) 0 (0.0} 1 {G.5)
35 One or more centra: Offset Minor [s] {0.0) 2 (1.1) o {0.0) 1 (0.8}
Rib
3€ Rib- Bilateral: 11 pairs Miner ¢ {0.0) 1 (., &y 0 {0.0} 0 (0.0}

(ponumuoo) €7 2iqe,

-
=
>
=
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Skeletal

examination of foetuses

group fmean data

Humber of foetusas affectsd (group mean parcent)

Key Finding Type droup 1 Group 2 Group 2 Group 4
Total number of foetuses examined 158 156 179 145
Total number of litters examined 18 18 19 18
Rik (continued)
37 Rib- Uni- or bilateral:
Cervical Hinor 0 {0.0} 1 (0.6) 3 (1.6) 1 (1.4}
J8 One or more: OQasified
outgrowth Minar [s] {Q.0) 1 (0.6} o (0.0) 4] (0.0)
U One or mare: Fused Hatjor Q {(C.0) 1 {Q.6) a {0.a) aQ (0.0)
V One or more: Absent Hajor ¢ (G.0) v} {0.0} 0 {0.0) 1 {0.8)
h  13th- Uni- or bilateral: Extra Yariant 73 (49.8) 76 (45.1) 7B {42.8) BE (61.85)
i 13th~ Uni- or bilataral:
Vestigial Yariant 30 (20.2) 24 {15.1} 22 {12.3) 21 (14.8)
3 13th- Uni- or bilateral:
Floating Variant 1% (1c.3) 13 {7.6) 15 (8.6 10 (6.7
3% One or more: Floating Hinor 2] {(0.0) 1 {3.6) o} {0.0) Q {0.0)
Sternum
40 Additional centre- One of
more: Ossified Minor 1 {0.6) [} {0.0) 1 {0, 5% 4] {0.0)
41 2nd aternsbra: Incomplete
ossification Minar 5] (0.0) o} (0,0) 4] (0.0} 2 {1.0}
42 One or more: Fuszed Hinor 1 {G.8) Q (0.0) [} (C.0) 1 (0.6}
43 One or mere: Mis-shapen or
misaligned Mineor 3 (2.0} 2 {1.2) 1 (0.8} 7 (4.0)
W One or more: Fused Hajer 1 (0.9} 0 {0.0) 0 {0.0) 1 (0.5)

(ponunuod) €7 3|qey
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=
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Skxelatal examination of foetuaes
Hunber of foetuses affected (group mean parcent)

: group mean data

Key

Finding

......

T¥es Sooup 1 Group 2 Group 3 Aroup 4
Total number of foetuses examined is5e 156 178 14%
Total number of litters axamined 18 18 is i8
Sternum (tontinued)
44 4th sternebra: Incomplate
ossification Minor o] {0.0) 4] (0.0) o} (0.0) 1 (0.6
Xk 5th sternebra; Not oasified Variant 17 {10.0) 31 (21.4) 25 (13.8} 28 {18.9)
m  5th sternebra: Incomplete
casification Variant 53 (33.0) 44 (28.4) 38 (20.9) 3% (26.0)
o 6th sternebra: Nat ossified Vartant k| (2.6} 6 (3.4} 4] 0.0y 11 (10.2
¢ §&th sternebra; Incomplete
ossification Vartant 18 {13.4) 22 (13.6) 30 ({15.5) 25 (14.8)
Pelvic girdlie
4% Entire: Aaymmetric insertion Hineox 5 (3.2} 1 {0.6) 9 {4.9) 4 (2.4)
46 Pubis- Uni- or bilateral: Nat
ossified , Minor 0 (0.0) 0 (0.0) a (0.0) 2 {1.2y
47 Pupis- Uni- or bilateral:
Incomplete ossification Minor & {3.9) 111 {6.1) [ {3.4%y 12 (7.3
Forelimb
P Bpiphyses: HNot ossified Variant 2% (16.1) 48 (29.6) 41 (21.0) 45 {30, 8)
q Proximal or digtal epiphyses
of humerus only: Not osasified Variant 39 {26.5) 32 (19.7) a6 (20.1) 23 (21,3
48 Cne or more metacarpal: Not
ossified Minox 1 (0.6} 3 {2.8) g (4.0} 1 {3.6) T+
T - trend test * - p<D.O5 %% - p<D,01 LLLIE -4 T3 1

(penunuod) ¢z sjqe,
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9xeletal examination of foestuses :

group mean data

Tumber of foetuses affected {group mean percent)

Key Finding Type Group 1 Group 2 Group 3 Group 4
Total number of foetuses examined 158 156 179 145
Total number of litterx examined 18 18 19 18
Forelimb (continued)
4% One or more phalange: Not
ossified Minor 1 (0.9) 2 (1.2} 1 {0.7) 3 4.3
T One or more phalange:
Incomplete aossification Variant 29 (1%.4) 26 (17.0) az {21.3} 32 (24.7%)
50 One or more claw: Absent Minor 4] {0,0}) o0 {0.0) s} (0.0Y 1 (0 6}
Hindl imn
3 PFpiphyses: Not ossified Variant 75 (46.5) 8B (55.4) 100 (53 . 3) B2 (531.2)
t Proximal epiphyses of tibia or
distal epiphyses of femr
only: Nobt ossified vVariant 59  (37.9) 49 (30.3) 54 {31.5) 5O (36.5)
51 Femur- Uni- or bilateral:
Incoemplate ossification ’ Miner Q {0.0) o (0, 0) 1 (0.4) 0 {0.0)
52 Tibia- Uni-~ or bilateral: .
Incamplete assification Hineor o] (0.0} [¢] 0.9y 1 (0.4) 0 (0.0)
53 Fibula- Unt- or bilateral:
Incomplete osaification Hinor 0 {C.0) o] (0.0} 1 {0.4) o {D.0)
54 Astragalus- Uni- or bilateral:
Hot ossifjed Hinor o] (0.0) Q (0.0} 2 (0.9} a (2.0) T+
4 One or more phalange: '
Tncoamplete ossification Variant 4 {(3.0) 5 (3.0} 15 (7.3) 15 {10.5§) T+
T - trend teat 4 - p<0.06 #* - p<0.01  +¥* - p<0.001

(penunuod) ¢z 21qe,
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3. Pre- and Post-Natal Developmental Toxicity Study in Rats

Key findings: Oral administration of lanthanum carbonate in rats at 2000 mg/kg/ day

from implantation to the end of lactation caused delayed eye opening, reduction in weight
gain, and delayed sexual development (preputial separation and vaginal opening) of the
offspring. Mating performance and fertility of offspring were unaffected by the maternal
freatment.

Testing facility: T ' “}
{
[

Study number: SPD/58/R

Study dates: Initiation Date — January 1997
Completion Date — June 1997

GLP compliance: The study was conducted in accordance with UK GLP Regulations
QA report: Yes

Animals: Timed-mated female Sprague-Dawley derived rats of the — (SD) IOPS-Caw
strain (VAF plus), about 10 weeks of age and weighing between 265 and 364 g, were
obtained from [ _ 3 by day 4 of pregnancy (day 0 of pregnancy was the
day of observation of a sperm positive smear or vaginal plug). The animals were housed
in solid-bottomed polypropylene cages, with sawdust as bedding. A pelleted — Rat
and Mouse — expanded dict (manufactured by L

T and tap water were provided ad libitum.

One hundred females were assigned to four groups of 25 animals each on day 5 of
pregnancy using a bodyweight stratification technique.

Dose levels and mode of administration: The doses employed were 0 (vehicle control),
200, 600 and 2000 mg/kg/day.

Lanthanum carbonate (batch number 6268/960105), suspended on the day of use in 0.5%
aqueous carboxymethylcellulose, was administered once daily by oral gavage, from day 6
of pregnancy to day 20 post-partumn, at a dose volume of 10 ml/kg.

Analyses of the samples of formulations (prepared on the first day of dosing and in weeks
3 and 5) showed that the concentrations were within 87 to 97% of the nominal values.

The doses were selected based on a preliminary study (0. 200, 600, 1000 or 2000
mg/kg/day) in rats (same strain) that was used for the dose selection for the tertlity and



NDA 21468 150

embryonic development study in rats. (The results of the preliminary study are presented
under the fertility and development study in rats.)

Observations and measurements
FO Maternal Animals

All females were checked twice daily for mortality and daily for clinical signs. Body
welights were recorded daily from day 5 of pregnancy until necropsy on postnatal day
(pnd) 21. (Body weights recorded on days 5, 6, 7, 8,9, 12, 15 and 20 of pregnancy and on
post-natal days 0, 4, 7, 14 and 21 were the only body weights reported.) Food
consumption was recorded during pregnancy and on pnd 1 to 14. (Food consumptions
overdays 5to 6,610 9,9 t0 12, 12 to t5, and 15 1o 20 of pregnancy and during pnd 1 to
7 and 7 to 14 were reported.)

Beginning on day 21 of pregnancy, all FO females were observed at about 30-minute
intervals between the hours of 0700 and 2400 for evidence of parturition; the times of
onset and completion of parturition were recorded.

FO dams were allowed to rear their pups to pnd 21.

All FO dams were killed after weaning their offspring an pnd 21. All major organs were
examined, and ovaries. pituitary and adrenals were weighed. Ovaries, uterus, cervix,
vagina, pituitary, adrenals and any gross lesions were fixed in neutral buffered formalin.

Fi Progeny

The litter size and scx of the pups were recorded soon after birth and daily thereafter until
pnd 21. The pups were examined for gross malformations. Clintcal signs were recorded
daily. A necropsy was conducted on any pup that died or was killed prematurely.

On pnd 4, the size of each litter was adjusted to eight (four per sex, if possible). Litters of
less than eight were not adjusted. All culled pups were necropsied.

The pups were weighed individually soon after birth (day 0), and on pnd 4, 7, 14 and 21.

During the lactation period (up to pnd 21), the pups were observed for ear opening (daily
from day 0 to day 4), eye opening (daily up to day 16), static righting reflex (on day 5),
startle response (on day 15) and pupillary light reflex (on day 21}.

After weaning, 20 Fl pups/sex/group were randomly sclected for detailed post-weaning
examinations and rcaring to sexual maturity. The remaining pups were subjected to
ueCropsy.

The sclected pups were examined daily for clinical signs, and weighed weekly. Ophthal-
moscopic examination (pud 28-35) and assessments of auditory function (pnd 28-35) and
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E-maze Icarning potential (pnd 28) were performed. All males were examined daily for
balanopreputial separation from pnd 35, and females were examined daily for vaginal
opening from pnd 28.

When the selected F1 animals reached 13 weeks of age, each female was mated with a
male from the same group for up to 7 days. Vaginal smears were taken daily until sperm
was found in the smear. The male was removed from the cage on the day of mating. If a
female had not mated within seven days, the male was removed and another male that
had previously mated was substituted.

The Fi pregnant females were weighed on days 0, 7, and 13 of pregnancy, and were
necropsied on day 13. All major organs were examined grossly; ovaries, pituitary and
adrenals werc weighed. Organs or tissues showing gross abnormalities were fixed in
neutral buffered formaldehyde. Pregnancy status and the numbers of corpora lutca,
implantation sites, carly and late resorptions, and live embryos were recorded.

The Fl females that showed no evidence of mating after the second mating were
necropsied 13 days after the end of the mating period.

The FI males were killed about 2 weeks after the end of the mating period, major organs
examined, and the testes, epididymides and adrenals were weighed. The testes were
preserved in Bouin’s solution and the epididymides and any other organs or tissues
showing gross lesions were preserved in neutral buffered formaldehyde.

Gestation, live birth and viability indices were calculated.

Analysis of variance (ANOVA) was performed on all parameters. Residuals from this
preliminary analysis were examined for heterogeneity of variance using Levene’s test. If
thc Levene’s test was sigoificant at the 1% level, then the particular variable was
subjected to non-parametric analyses using Kruskal-Wallis ANOVA test followed by
Shirley’s non-parametric version of Williams test. If the Levene’s test was not significant
at the 1% level, then William’s test was done to compare treated and control groups.

The nominal data were analyzed using the Fisher’s exact test.

Results

FO Maternal Animals

Pale and reduced quantities of feces were observed in treated groups during the late
pregnancy and early lactation periods. There were no other clinical signs observed in the
study.

There was no eftect of treatment on maternal body weight, body weight gain or food

consumption during pregnancy or lactation except that the food consumption of the high
dose group was signiticantly lower than control during days 7 to 14 of lactation.
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The pregnancy and litter data arc summarized in Table 24. One high dose female littered
only onc pup, which was dead. Al remaining pregnant females produced live litters; the
gestation indices were 100, 100, 100 and 95.5% for 0, 200, 600 and 2000 mg/kg/day,
respectively. The mean durations of gestation and parturition were similar across control
and treated groups.

Six females failed to rear their offspring: two from the control group (#s 8 and 17), three
at 600 mg/kg/day (#s 52, 63 and 65) and one at 2000 mg/kg/day. Since there was no dose
relationship or any effect on pup survival in the remaining litters of these groups, these
losses were considered to be unrelated to treatment.

The necropsy of FO females showed no remarkable findings. There were no treatment
related effects on the absolute or relative body weights of pituitary, adrenals and ovaries.

F1 Progeny

There was no effect of maternal treatment with lanthanum carbonate at any dose level on
the mean number of pups born, mean live birth index, sex ratio of pups or viability
indices {Table 24).

The pup body weights for both sexes were generally similar across control and treated
groups on pnd 0. Beginning from pnd 7 (pnd 7, 14 and 21), the pup body weights at 2000
mg/kg/day were significantly lower than control in both boxes (Table 25). In females,
reduction in body weight was noted in all treated groups on pnd 4.

The overall body weight gain for the high dose group was significantly reduced for both
sexes for pnd 0 to 21. Significantly reduced body weight gain was also noted in mid dose
females (Table 25). ‘

The percentage of pups with eyes open on pnd 16 was significantly reduced at the high
dose compared to control. Seven of the 21 litters of the high dose group had 50% or more
of pups with delayed eye opening on day 16. The times of eye opening in other dose
groups were similar to control. There were no effects of maternal treatment on the time of
ear opening, or on the presence of righting, startle or pupillary light reflexes.

There were no clinical signs observed in FI generation animals, except that at the high
dose, pale body and pilocrection were noted immediately after weaning.

The body weights of high dose F1 mates were lower than control throughout the study,
the differences being statistically significant from week 5 to 14 (except for week 12). In
high dose females, body weights were lower than control, the differences attaining
statistical significance from week 5 to 8. There were no treatment-related effects on body
welights i lower dose groups.

The body weights during pregnancy (F1) in all treatment groups were similar to control.



Group mean pregaancy and litter data - FO gengration females and F! generation litiers

Group i 2 3 4
Treatment Control Lanthanum carbonate
Dosage {mp/kg/day) 0 200 600 2000
Number Gestalion  Mean duration Mean duration Mean number % Mean Mean Mean Mean Mean Mean
Group  littered index of gesiation of parturition of pups born mates  fivebith  viability  viabilily  wviabildy  viability  cumulative
(N) (days} £ S.D (hoursy + 8.0, *5n index index 1 index 7 w2 index 4 suryi lay

g ! 21 1000 217 £ 0.2 2.2 + 06(18) 44 £37 44 4200 93 6 816 D019 100.0019) 100.0(19) 82.7

2 2 100.0 218 203 2.5 + 1.6(20) 144 £ 2.4 51.0 98.4 100.0 100.0 99 4 994 96.9

3 20 130.0 219 =04 23 £ 07017 46 24 50.6(17}) 88.6 76.8 000017 10D D017y 100.0(17) 755

4 2 955 218+ 058 2.2 4 0.7(18) 129+ 44 524 95.2 97.5(21y  98.8(21) 100.0(21)  99.4(21) 9L 1(2h
Analysis
ol variance NS NS NS NS NS NS N§ NS
Kruskal-
Wallis test p<0.0} NS NS

N = nurnber of animals in mean
1 )= N, where N differs from original

Y o1qeL
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Table 25.

Group mean pup bodywe: ghts and bodyweight gains (g) + S.D. : F1 generation litters

Group : 1 2 3 4
FO Treatment : Control Lanthanum carbonate
FO Dosage (mg/kg/day) : G 200 600 2000
Males
Bodyweight Group Analysts
(day post of
pattum} 1 2 3 4 variance
N 2] 22 19 21
0 63 + 06 62 £ 03 64 = (5 64 * 0.5(20) NS
4 92 ¢ LI(19) 85 108 88 + 1.0(16) B6 + 11 NS
apc 93 = 1.0(19 85 % 08 29 + 1.0(16) 87 + 11 NS
7 149 = 1.6(19) 143 + 1.7 148 + L8{i16) 133 + 1.6% p<0 03
14 326 + 2819) 319 + 27 31.9 = 2.8(16) 27.5 % 34+ p<0.001
21 521 £ 3.6(19) 515 + 45 51.9 = 4.3(16) 43.2 + B.3% p<0.00t
Bodyweight gain
{days 0 - 21} 458 = 1.6(1%) 453 + 44 46.3 & 5.0(16) 368 = 6.0{20)"** p<0.001L
Females
Bodyweight Group Analysis
(day post of
partum) t 2 3 4 variance
N 2t L2z 20 21
0 60 £ 0.5 59 + 03 6.0 £ 05 6.1 = 0.6(20) NS
4 8.0 + 09(19) 32 + 1.0* 83 + 0.8(17) 83 + 1.1 NS
4pC 9.1 + 0.9(19) 8.2 = 0.921y* &3 = 09017 83 : jO* p<0.05
7 146 + [ 4(19) 139 = 20 138 = 1.5(17) 127 & 1.6%*+ p<0 01
14 J2.0 £ 2519 313 = 30 302 = 3.0017) 267 + J.6%%* p<0.0M
21 520 + 3.6(19) 507 & 46 484 = SB(17)* 422 1 §3¥ p<0.001
Bodyweight gain
(days 0 - 21) 459 + 3.719) 448 + 45 424 £ 561 361 & 590203%**  p<0 00]

N = pumber af hitters 1n mean

() =N, wherc differs from original

pc = postculling

*  =significantly differen: frem the control, p<0.05, Williams' test
** = sigmificantly different from the control, p<0.01, Williams' test
*¥+ = sigmificantly different from the contral, p<8.001, Williams' test
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There were no treatment-related effects on E-maze learning, auditory function or ophthal-
mMOSCopy.

Preputial separation, a criterion for sexual development, was significantly delayed in high
dose males compared to control. A dose-related delay in vaginal opening was noted in
females from ali treated groups (Table 26).

The mean number of days taken for mating, and the copulation and fertility indices were
similar across control and treated groups.

The pregnancy rates for F1 females were 84.2, 94.7, 85.0 and 100% at 0, 200, 600 and
2000 mg/kg/day, respectively. There were no differences in the numbers of corpora lutea,
implantations and live embrtyos, or on the extent of pre- and post-implantation losses that
were considered to be related to FO maternal treatment with lanthanum chloride (Table
27).

Necropsy of F1 oftspring (pups that died, or were killed at culling on pnd 4, at weaning
on pnd 21 or terminally) showed no treatment related findings.

There was no cffcet of FO maternal treatment on F1 organ weights except that the mean
absolute pituitary weight was lower in the high dose male group than in control, with no
significant effect on relative pituitary weight.

Evaluation: In rats, oral administration of lanthanum carbonate at 2000 mg/kg/day from
implantation to the end of lactation caused delayed eye opening, reduction in body weight
gain and delayed scxual development (preputial separation and vaginal opening) of the
offspring. Mating performance and fertility of offspring were unaffected by the maternal
treatment with fanthanum carbonate.
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Table 26.

Group mean sexual development observations + 5.00. - F1 generation

Group 1 2 3
FQ Treatment Control Lanthanum carbonate
F0O Dosage (mg/kg/day) 0 200 600
Day Day
preputial separation vag:nal perforation
Group N observed observed
1 pit 443 £ 1.5 336 ¢ L5
2 20 446 213 3490 22
3 20 4.8 =22 34.5 & 1.3
4 20 46.7 + 3 4% 354 & 23
Analysis
of variance p<0.01 p<0.001
N = number of animalis in mean
v =significamly different from the control, p<0 05, Willjams' e

**  =significantly different from the control. p<0.01. Wiliiams' test

*** = significantly different from the contral, p<0.001, Williams' test
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Group mean uterine / implantation data

Group : 1 2 3 4
FO Test article H Control Lanthanum Carbonate
F Dose levei (ma/kgsday): o3 200 600 2000
Group 1 Group 2 Group 3 Growp 4

Number of females with implamtations

at scheduled kill 15 18 17 20

Number of cerpora lutea 283 300 288 324

Mean nutber per female 17.7 16.7 16.9 16.2

Standard deviatiaon 1.4 2.3 1.6 1.8 ;]

Number of implantations 267 281 275 299 =

Wean number per female 16.3 15.6 16.2 15.0 W

Stendard deviation 2.4 2.5 1.6 1.8 [\S]
~J

Mean X pre-implamtation \oss 7.8 t.1 4.3 8.6 ’

Number of eariy embryo deaths 15 14 10 17
Humber of late embryo deaths 2 0 0 0
Humber of dead embryos 2

Mean X post-implantation ioss 6.3 5.5 3.9 5.5
Number of live embryos 244 266 264 281
Mean number per female 15.3 14.8 15.5 141

Standard deviation

Mean X of imptantations 93,7 94 .5 96.1 4.5

LS1




NDA 21468 158

VIIIL. SPECIAL TOXICOLOGY STUDIES

Sponsor’s summaries cof special toxicity studies are provided below.

An Assessment of the Effects of Lanthanum on Bone and
Other Tissues in a Chronic Renal Failure Rat Model
(Report No. R00081-LAM-IIQ; LAN-02)

The study objective was to further investigate the distribution of lanthanum after oral
dosing in several tissues, and more specifically the effects on bone turnover in a rat
model of chronic renal failure using various doses of lanthanum to investigate dose-
response relationships.

Male Wistar rats were separated into 10 groups. The first 5 groups of 8 animals were
sham operated, and the remaining 5 groups underwent 5/6 nephrectomy by ligation of
two of the three branches of the renal artery of the left kidney, followed by removal of the
right kidney one week later. A group of 25 animals underwent the same procedures with
a delay of 14-weeks to supplement any losses with the first groups. Animals were dosed
at 100, 500, 1000, or 2000 mg/kg/day for 12 weeks. Blood collection occurred for serum
and plasma prior to CRF, after the 2-week stabilization period, and at 3-month intervals
during dosing at 4, 8, and 12 weeks. Urine samples were collected 24-hours after prior to
blood collection.

The results suggest that animals with CRF developed hyperthyroidism. At the higher
lanthanum carbonate dose (1000 and 2000 mg/kg/day) there were effects superimposed
on this, suggesting the presence of reduced bone formation in a few animals. There was
no consistent relationship between bone lanthanum concentrations and osteomalacia.
The results suggest that the osteomalacia in the renal impaired rats was uvnlikely to have
been a direct concentration-related toxic response to the lanthanum present in the bone.

In conclusion, osteomalacia occurred in a small number of 5/6™ nephrectomized rats
given lanthanum carbonate at 1000 and 2000 mg/kg/day. The mechanism by which
lanthanum induced osteomalacia remains unclear, however, lanthanum accumulates in
bone after repeated administration. A direct concentration-related toxic response to the
“presence of drug in this tissue seems unlikely, because considerably higher bone
concentrations measured in longer-term animal studies have resufted in no evidence of
bone toxicity.
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Table 5-54  An Assessment of the Effects on Bone and Other Tissues in a Chronic

Renal Failure Rat Model
Name of Company: Report No: R00021-LAM-I1Q (LAN-02)
Shire Pharmaceuticals Geoup Report Date: August 2000
Species/Strain: Rat Wistar, Duration of Treatment:
mates only Route: Oral (gavage) 12 weeks
Weight Range on Day 1:
Males 384 - 562 ¢ Test Materiak: Lanthanum Carbonate Dosing Frequeacy: Once
Batch No: B1066-980601 daily

Age on Day I: {4 weeks old Vehicle: 2% w/v carboxymethyl-cellulose

Treatment of Controls: Vehicle at 10 Necropsy Dates: 3 May
Dose Yolume: 10 mlkg mikg 2000
Main Test Facility:
No Observable Adverse T -
Effect Level (NOAEL): - / l
500 mg (saltYkg/day Study in Compliance with GLP: No ¥

Model of Chronic Fenal Failure: A 5/6 nephrectomy was carried out in 2 stages. ngatlon of 2 of the 3
branches of the left renal artery was followed one week later by right nephrectomy. Dosing started 2 weeks
later when stable chronic renal insufficiency had been achieved. Control animals with normal renal
function were sham-operated.

Measurements and Observations: Mortality: daily, clinical observations: daily; body weight: once
weekly-Weeks 1-12; food and water consumption: daily Weeks 1-12; serum and plasma lanthanum
concentration measurements: Weeks —4, 0, 4, 8, 12; clinical chemistry and urinalysis: Weeks 4,0, 4, 8, 12;
macroscopic and microscopic pathology, bone histomorphometry and tissue lanthanum concentration
measurements: Week 12,

Normal Renal Function
Study Design: (Sham Operated) Chronic Renal Failare
Dose (mg (salt)/kg/day) | Vehicle | 100 | 500 | 1060 | 2000 | Vehicle 100 | 560 | 1900 | 2000
No. animals 10 10 (10 [T 8 14 4 (13 |14 10
Important Findings: Treatment (lanthanum carbonate) related findings are shown in bold
No. deaths ~_Ti [2 T1 f1 _f4 5 1715 1777715
Clinical sigas No treatment-related findings
Body weight No treatment-related findings
Food intake No treatment-related findings
Water intake No treatment-related {indings
Plasma Toxicokinetics °: Mean lanihanum conceniration (ng/mk) ]
Week 4 250 §1.32 [540 [ 191 [ 150 [ 1.5 (155 (291 | 215 |67}
Week 8 228 1088 [295 [1.58 |295 1093 |094 | 157 |247 | L35
Week 12 204 {1 | 1.85 | 1.83 }302 [052 070 {162 | 173 | 939 |
Clinical Chemistry:
Serum Creatinine (mng/dL) t
Week 0 047 1045 047 | 046 053 137 1.13 1.26 { 1.29 .56
Week 4 046 | 040 | 046 | 045 | 053 1.40 124 | 1.31 133 1.60
Week 8 046 | 047 [050 [044 [ 060 | 1.83 {154 | 138 | 154 |208
Week 12 047 | 046 | 050 [043 {055 [326 1.57 1.85 180 | 2.18
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Table 5-54  An Assessment of the Effects on Bone and Other Tissues in a Chronic
Renal Failure Rat Model {continued)

Name of Company: Report No: RGOS 1-LAM-TIIQ {LAN-02)
Shire Pharmiaceuticals Group Report Date: August 2000

Normnal Renal Function

(Sham Operated) Chronic Renal Fajlure
Dose (mg
(salty/kg/day) | 0 100 {500 [1000 2000 jO 100 |[s00 |1000 | 2000
Serum PTH (pg/mL)
Week 0 64.1 7325 | 75.0 666 [798 261.4 | 198.1 | 2206 2199 | 2276
Week 4 73.8 90.8 97.3 1383  109.6 | 289.2 | 2664 |2423 |3339 | 1934
Week 8 816 110.1 1134 [1249 | 1483 7194 [451.3 {2924 [4756 | 2368
Week 12 922 9.0 1916 | 77.] 85.8 979.83 | 580.4 [402.0 {4271 | 1243
Serum Calcium (mg/dL):
Week 12 [1004 [ 1003 [957 [968 980 1070 | 1031 [10.49 | i0.17 [ 1092
Serum Phosphate {mg/dL):
Week 0 1.72 7.37 7.42 7.29 7.88 6.51 726 7.28 697 8.60
Week 4 T.16 6.37 7.70 6.36 6.73 7.00 699 6.93 6.96 5.40
Week 8 6.67 6.58 6.32 6.18 575 ¢ | 6.96 6.99 7.26 6.21 6.04
Week 12 6.77 6.59 7.01 6.32 6.15 1008 | 8.09 1.71 6.03 5.56
Serum Osteacalcin (nz/ml) ':
Week 0 37.8 47.0 27.% 3i.9 20.4 112.4 1096 | 834 828 1485
Week 4 40.2 493 34.6 324 29.7 2082 | 2202 178.5 197.7 | 1544
Week 8 15.9 18.7 18.2 13.3 258 959 88.3 74.4 119.7 1989
Week 12 448 359 263 252 I 206.2 109.8 1284 [03.9 [ 95.1
Serum Alkaline Phosphatase (TU/L):
Week [2 [534 [643 653 [647 [465 [S511 [743 [543 589 483
Urinalysis:
Urine Volume (mL):
Week 12 [336 [313 1437 T416 [353 [378 [399 493 J40a [s5i4
Urine Creatinine (mg/4h):
Week 12 [193 1190 {236 J209 J221 Juge Ji90 J247 T178 150
Urine Protein (mg/24h) "
Week ¢ 0135 160122 (0124 (0140 [0126 0205 )0448 10185 0323 10216
Week 4 0131 7 0125 [ 0,122 ¢ 0125 | 0.149 1.228 1.653 | 0596 j 1.135 | 0.561
Week 8 0.150 10163 | 0153 0182 [0.130 |1.708 1.585 1266 1.756 | 0974
Week 12 0.185 } 0105 0.100 §0.16 0.111 2.060 1.661 1.508 1.749 1.748
Urine Calcium (corrected) (mg/24h) *;
Week 0 0.58 0.74 0.54 0.46 053 579 424 393 5.23 6.19
Week 4 043 0.37 0.44 0.31 1.21 2.6l 342 0.92 2.4 2.76
Week 8 0.12 0.53 0.44 0.29 045 1.68 071 1.13 1.54 51
Week 12 .52 0.35 0.29 0.28 0.25 9.90 0.66 1.56 1.01 3.63
Urine Phosphorus {(mg/24h):
Week 0 2091 [ 1956 [1725 [ 1696 | 1829 [I831 | 1826 | 17.41 | 2156 | 15.03
Week 4 18.65 16.82 [1.57 | 9.44 16.51 19.15 17.34 1034 | 6.56 5.13
Week § 16.40 12.93 7350 6.76 13 84 17.52 16.88 10.12 | 3.79 .36
Week 12 1353 1235 | 7.30 14.19 | 7.15 8.54 3.89 7.65 3.68 1.13
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Table 5-54

Renal Failure Rat Model (Continued)

An Assessment of the Effects on Bone and Other Tissues in a Chronic

Name of Company:

Shire Pharmaceuticals Group

Report No: RO0081-LAM-ITIQ (LAN-02}
Report Date: August 2000

Mormal Renal Function (Sham

Study Design: Operated) Chronic Renal Failure

Dose (mg

(salt)/ikg/day) O 100 500 1000 | 2000 | Vehicie | 100 500 1000 | 2000

Urine Phosphorus (% Animals with Concentrations Below LLoQ):

Week ¥ 0 0 ] 0 0 Y 0 0 Q

Week 4 0 0 0 0 0 0 0 0 14 40

Week 8 ¢ 0 0 30 0 0 0 13 43 60

Week 12 ¢ 0 11 0 0 0 14 38 57 100

Urine Leucocytes (Mean Dipstick Score) * :

Week 0 0.3 03 0.1 0.3 0.0 .3 1.6 0.3 20 1.4

Week 4 0.3 0.5 00 _ |05 03 kNN 3.0 2.6 2.7 28

Week 8 0.7 0.5 0.1 0.7 08 3.0 10 30 2.7 3.5

Week 12 04 0.4 0.0 i.0 0.8 30 34 36 34 4.0

Urine Erythrocytes (IMean Dipstick Score) °: .

Week 0 04 0.6 04 0.2 13 1.0 0.9 0.8 0.7 0.8

Week 4 02 0.3 04 0.9 08 1.4 13 1.1 0.9 1.6

Week 8 02 0.0 0.1 0.3 10 1.3 0.9 0.9 03 1.0

Week 12 0.3 0.3 0.1 0.4 038 0.4 03 09 1.0 04
[ Boane Histomorphometry: Mean Values

Bone Area (%) 204 {146 | 181 10 | 166 | 257 200 256 255 |324

Osteotd Area(%) [ 070 050 | 030 095 |050 |3.80 430 430 |[730 [3.10

Osteoid Pertmeter

(%) 450 |545 (350 |825 (580 |273 314 (278 |[455 1313

Osteoid Width

(pm) 15 3.1 31 3.5 4.0 5.3 53 5.0 64 55

Double Labelled

Perieneter (%) 13.3 | 800 {145 143 {190 {123 14 1 159 250 |3.45

Mineral

Apposition Rate

(um/day) 197 | 1.70 1169 {198 | 159 1303 275 1233 L61 | 0.90

Bone Formation

Rate

(um’/mm?/day) 1547 | 759 1512 | 1476 | 1255 ) 3221 2944 | 3906 | 926 1443

Mineralization Lag

Time (days) 060 1065 1050 (140 [075 1210 2.10 1.90 194 | 4.65

Eroded Perimeter

(%) 070 {140 : L00 235 ;215 450 120 [ 270 ¢ 2.10 .40
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Table 5-54 An Assessment of the Effects on Bone and Other Tissues in a Chronic
Renal Faiture Rat Model (Continued)

Name of Company: Report No: ROC081-LAM-{11Q (LAN-02)
Shire Pharmaceuticals Group Report Date: August 2000
Classification of Renal Osteodystrophy: Number of affected animals

Normat Renal Function
Treatment: {Sham Operated) Chronic Renal Failure
Dose (mg
salt’kg/day) 0 100 | 500 | 1000 |2000 | O 100 | 500 1000 | 2000
No. Rats Examnined ] 8 9 10 4 7 7 8 7 4
Normnal bone
histology 5 7 6 6 3 2 3 -
Adynamic bone 1 - 2 2 - - 1 - - 1
Mixed lesions 1 - - 1 1 4 1 3 I
Mild
hyperparathyroid. 1 - 1 i 1 4 2 4 I 1
Osteomalacia - 1 - - - - - - 3 i
Microscopic Pathology {Other Tissues): Number of affected animals
No. Rats Examined [ 9 |8 {9 Jto 14 [9 [7 I3 [7 [3
Kidney:
Chronic progressive
nephropathy ] 1 0 3 0 8 7 3 7 3
Tissue Lanthanum Concentrations (ng/g wet weight) °: Medians
Femur 63 171 | 482 {605 1S4 |75 198 | 1221 | 1411 | 1582
Brain 4 4 14 i8 11 5 5 12 23 33
Kidney 21 60 593 i 607 1007 |73 131 ] 724 1140 | 1222
Liver 6 62 499 | 468 982 15 304 | 1778 | 2780 {3540
Pancreas 47 58 92 84 189 39 192 | 237 62 213
Testes 14 10 18 24 83 6 6 22 25 25
Epididymides 28 17 29 39 211 17 7 39 51 170
Spleen 10 21 68 50 102 29 6l 95 94 137
Heart 4 1t 43 4} 118 21 19 32 53 58
Lung 20 35 215 |77 236 23 32 43 127 277
Sciatic Nerve 108 155 | 68 84 53 e |77 61 135 317
Spinal Cord 16 24 gL 112 6l 26 34 82 45 91
Eyes 20 25 126 | 123 739 12 27 44 109 274
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Table 5-54  An Assessment of the Effects on Bone and Other Tissues in a Chronic
Renal Failure Rat Model (Continued)

Name of Company: Report No: RO00B |-LAM-IIIQ (LAN-02}

Shire Pharmaceuticals Group Report Date: August 2000

Noteworthy Findings:

There were no drug related effects on mortality, focd consumption, body weight or body weight gain. Rats

with CRF in the control group developed hyperparathyroidism (increased osteoid area, bone formation rate,

and eroded perimeter). At the 1000 and 2000 mg/kg/day doses, additional effects were superimposed on

this, suggesting the presence of reduced bone formation (osteomalacia) in a few animals. There was no

consistent relationship between bone lanthanum concentration and osteomalacia in the rats with CRF. Thus

osteomalacia was unlikely to have been a result of a toxic response to lanthanum.

Conclusion:

Osteomalacia occurred in renally impaired rats dosed for 12 weeks with lanthanum carbonate at 1000 mg

saltfkg/day (3 of 7 rats} and 2000 mg salt’kg/day (1 of 4 rats}, but not in rats with normal renal function

given the same doses. The marked reduction in urine phosphate output suggested that the osteomalacia was

secondary to phosphate depletion, a mechanism widely reported in the literature, and consistent with

lanthanum carbonate’s potent phosphate binding activity. A direct toxic mechanism was considered

unlikely in view of the relatively low bone lanthanum concentrations in the affected groups compared with

those measured in a variety of animal species during chronic toxicity and carcinogenicity studies, in which

no bone toxicity was observed. ‘

Notes:

NRF - Normal renal function

CRF - Chronic renal failure

LLoQ - Lower limit of quaatification

I Mortality in CRF groups was generally higher than in the corresponding NRF groups, suggesting

that severe impairment of renal function was responsible for many of the deaths. Others were attributed to

the blood collection technique. None was considered directly related to lanthanum administration.

z CRF resulted in significant and expected increases in serum creatinine, osteocalcin (a marker for

bone formation), and PTH; and in urine protein, calcium, leucocytes and erythrocytes compared to the

equivalent NRF groups.

Plasma and tissue lanthanum levels were variable, the ranges often being dispropertionately affected
by occasional very high results. In the Jungs exceptionally high lanthanum concentrations were found in
occasional animals suggesting that partial misplacement of the dose may have occurred. Other very high
values may have resuited from cross contamination from gut lumenal contents during necropsy.

APPEA}?S TI‘!”\ E.‘

ON G?IGJH"L ‘i’
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An Assessment of the Effecis of Lanthanum on Bone and
Other Tissues in a Chronic Renal Failure Rat Model -
Report Addendum Report No. R00081-LAM-IIQ; LAN-02)

The purpose of this addendum was to further investigate whether in the rats with chronic
renal failure, a disturbed vitamin D metabolism in combination with lanthanum —induced
phosphate depletion might have been responsible for the observed bone lesions. Serum
25(OH)-vitamin D, and 1,25(OH),-vitamin D5 levels were measured in a limited number
of animals from the R0O0081-LAM-IIIQ study.

The results indicated that serum 1,25(0H);-vitamin D; levels in CRF rats did not differ
from those in rats with normal renal function nor did it differ between lanthanum-treated
and vehicle-treated animals. 25(0H);-vitamin D; levels in CRF rats were significantly
lower than those measured in rats with normal renal function and remained low in the
lanthanum treated animals in a comparable way. These results coincide with those from
the previous report.

The findings present evidence that lanthanum carbonate treatment in chronic renal failure
rats does not alter the serum concentrations of hydroxylated vitamin D metabolites.

APPEARS TH)s
W,
ON ORIGiNAL
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Table 5-55

An Assessment of the Effects of Lanthanum on Bone and Other

Tissues in a Chronic Renal Failure Rat Model — Report Addendum

165

Name of Company:
Shire Pharmaceuticals Group

Shire Report No: RO008 i-LAM-171Q (LAN-02) Addendum

Report Date: June 200}

Study in Compliance with GLP: No

Test Materiat:
Lanthanum Carbonate
Batch No: B1066-980601

Species/Strain: Rat/Wistar, males Route: Duration of Treatment:
only Oral (gavage) 12 weeks
Testing Facility:

-

Study Objectives:

To further investigate whether in the rats with chronic renal failure, a disturbed vitamin D metabolism in
combination with lanthanum —induced phosphate depletion might have been responsible for the observed
bone lesions Serum 25(0OH)-vitamin D, and 1,23(QH);-vitamin D, levels were measured in a limited

number of animals from the RO008 1-LAM-IQ study.

Important Findings:

Study Group Mean

Animals with Normal Renal Function 1,25{0H);-D3 (pg/ml) | 25-(OH}-D3I (ng/ml}
Vehicle 00 28

100 mg/kg 95 31

1000 mg/kg 86 25

2000 mg/kg 136 30

Animals with Chronic Renal Failure 1,25(0H):-D3 (pg/ml) | 25-(OH)-D3 {ng/ml)
Vehicle

160 mg/kg 121 10.4

1000 mg/kg i1 82

2000 mg/kg 98 13.7

Conclusion:

The findings present evidence that lanthanum carbonate treatment in chronic renal failure rats does not alter
the serum conceatrations of hydroxyiated vitamin D metabolites.
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An Assessment of the Effects of Renagel® (Sevelamer) on
Bone and Comparison with Lanthanum in a Chronic Renal
Failure Rat Model (Report No. R00363-LAM-11IQ; LAN-03)

This study was conducted to investigate the hypothesis that osteomalacia can be induced
in chronic renal failure (CRF) rats as a result of phosphate depletion associated with
excessive doses of a phosphate binder. The effects of lanthanum carbonate on bone were
compared with those of sevelamer, a non-absorbed, non-metallic phosphate binder.

Thirty male Wistar rats underwent 5/6 nephrectomy to induce chronic renal failure
(CRF). Dosing, started two weeks after the second operation, was by oral gavage with
either sevelamer (500 mg/kg/day or 1000 mg/kg/day), lanthanum carbonate (1000
mg/kg/day), or vehicle (2% carboxymethylcellulose) for 12 weeks.

Blood and urine samples were obtained at baseline (prior to induction of CRF); prior to
treatment with vehicle, sevelamer or lanthanum carbonate; every 4 weeks (blood) and
every 2 weeks (urine) during the treatment period.

At the end of the study animals were euthanized, and tibias were examined for bone
histology and histophometry. The following parameters were studied: Total bone area,
osteoid area, osteoid width, osteoid perimeter, double labeled perimeter, mineral
apposition rate, mineralization lag time, and bone formation rate. :

There were no significant differences in animal mortalities, food consumption or weights
between groups.

There were no significant differences in serum creatinine, phosphate, calcium, or alkaline
phosphatase leveis between groups. There was a slight tendency towards higher serum
iPTH levels after installation of CRF, indicative of the development of
hyperparathyroidism.

There were no significant differences in proteinuria, between groups, which increased as
a function of time due to induction of renal failure. Calciuria did not differ between
groups, but was significantly increased over baseline levels in all groups.

Phosphaturia decreased over time in all treatment groups, reaching significance in the
{anthanum carbonate-treated group vs. the vehicle group by Week 2. Initially (Week 2 to
Week 6} this decrease was more pronounced in the lanthanum treated group, but was
significant after 6 and 8 weeks in the high and low-doss sevelamer groups. By the end of
the study, urine phosphate output was markedly reduced suggesting the presence of
phosphate depletion.

Bone histology revealed a tendency towards an increase in osteo:d area, and decrease in
bone formation rate relative to the control, group in the sevelamer 1000 mg/kg/day group,
and to a lesser extent in the lanthanum 1000 mg/kg/day group. Four of 7 rats in the
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sevelamer group and 1 of 4 rats in the lanthanum carbonate group were affected with
impaired mineralization (referred to as osteomalacia in previous studies).

Serum 25-(OH) vitamin D concentration did not differ significantly between groups,
although there was a tendency towards lower levels in the sevelamer treated animals. In
contrast, the serum 1,25-(OH), vitamin D3 levels were significantly lower (p<0.05) in the
sevelamer treated animals than either the control or lanthanum-treated animals, with an
apparent dose-dependent effect. Due to the impaired vitamin D absorption from the
gastrointestinal tract because of the sevelamer and higher turnover of 25-(OH) vitamin Ds
due to renal failure, these animals are less able to absorb the remaining non-bound
phosphate in the gastrointestinal tract, leading to an increased need for mobilization of
phosphate out of bone.

In conclusion, the administration of relatively high doses of sevelamer (1000 mg/kg/day)
to rats with CRF induced osteomalacic lesions most probably resulting from increased
bone demineralization, secondary te phosphate depletion. These effects on bone were
similar to those observed in previous studies with Janthanum carbonate.

APPEARS Th1s yay

0N OR1GIN
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IX. OVERALL SUMMARY AND EVALUTION

Lanthanum carbonate hydrate is being developed as a phosphate binding agent for the
treatment of hyperphosphatemia in patients with end stage renal disease. Chronic renal
failure has been shown to cause a progressive decline in the kidneys’ ability to excrete
phosphate, produce active vitamin D and maintain calcium and phosphorus homeostasis.
Hyperphosphatemia and decreased vitamin D levels can cause increased parathyroid
hormone levels or secondary hyperparathyroidism, which may result in renal
osteodystrophy including osteomalacia. Moreover, higher serum phosphorus can
precipitate calcium, leading to higher incidence of visceral and vascular calcification.
Phosphate binding agents decrease the gastrointestinal absorption of phosphates.

Lanthanum ions bind with dictary phosphate in the stomach, forming highly insoluble
lanthanum phosphate that is excreted in the feces, thercby significantly reducing the
absorption of dietary phosphate. It is noted that the low intrinsic systemic toxicity, due to
poor GI absorption of lanthanum, together with its high phosphate binding capacity,
make lanthanum carbonate a good candidate for the clinical management of hyper-
phosphatemia.

It is proposed that lanthanum carbonate be started at a dose of 750 mg lanthanum daily,
and the dosc be titrated weekly to a level (up to 3000 mg lanthanum per day) that
achieves maintenance of acceptable serum phosphate levels.

The nonclinteal studies conducted with lanthanum carbonate are summarized below.

In in vitro studies, lanthanum carbonate showed high affinity for phosphorus binding
[with low lcvels of released metal ions (considered to be an index for absorption)
detected in solution} at a pH range of 3 to 7, maximum binding occurring within 15 to 30
minutes. These studies also showed that lanthanum carbonate, when present in a two-fold
molar cxcess, removed >97% of the available phosphorus at pH 3 and 5 and >66% at pH
7, with a maximum metal ion concentration of 302 ppm at pH 3. declining to 1 ppm at pH
7. The cifects of lanthanum were comparable to aluminum hydroxide but superior to
calcium salts.

The cffect of lanthanum carbonate on the transport of labeled (**P) phosphate across gut
lumen was studied in isolated perfused rat gut preparations, and compared with the
effects of equimolar doscs of alummum hydroxide. At low dose levels (9.2 mg lanthanum
carbonate/kg or 1.35 mg aluminum hydroxide/kg), there was little difference between
lanthanum carbonate (no inhibition) and aluminum hydroxide (4.8% inhibition),
compared to control values, in their ability to inhibit phosphate transport. At higher
doses, lanthanum carbonate (30.8 mg/kg: 34.4% inhibition) was shown to be more
efficient at binding phosphate than the equimolar dose of aluminum hydroxide (4.56
mgike; 17.5% inhibition). '

An in vive study m rats showed that single dose oral admninistration of lanthanum
carbonate (1.5 or 2000 mg/keg) produced dose-dependent reductions (23 to 24% at 1.5
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mg/kg and 33 to 41% at 2000 mg/kg) in plasma or serum phosphate levels at 8 and 24 hr
post-dose, with no effects on plasma or serum calcium levels. The high dose caused
reductions in urinary volume and urinary calcium levels over 0 to 6 hr post-dose, with no
change in urinary phosphate levels.

Daily administration of lanthanum carbonate (1000 mg/kg, po) to rats with normal renal
function for 7 days prior to oral administration of labeled phosphate (60 mg/rat) resulted
in the excretion of about 56% of the administered phosphate dose in the feces and 2% in
urine during the 0 to 144 hr post-dose period, with most of the radioactivity being
excreted within the first 48 hours. (In control rats, 31% of the administered phosphate
dose was excreted in the feces and 12% in the urine.) The effect of lanthanum carbonate
on fecal phosphate excretion was comparable to the effects seen with equimolar doses of
aluminum hydroxide and calcium carbonate, but greater than that seen with sevelamer,
the polymeric resin. Reduction in urinary phosphate cxcretion was similar for all drugs.
The increased fecal excretion of phosphate is consistent with a reduction in the
absorption of phosphorus due to the binding and precipitation of insoluble phosphate salts
in the gastrointestinal tract.

Lanthanum carbonate at single oral doses of 200, 500 or 1000 mg/kg did not produce any
effects on Irwin Scrzen parameters (visual placing, grip strength, twitches, tremors,
respiration and behavioral observations) ot body temperature up to 4 hours post-dose in
male CD-1 mice.

Single oral doses of lanthanum carbonate (200, 500 or 1000 mg/kg) had no cffect on
spontaneous motor aclivity in male CD-1 mice.

Lanthanum carbonate at single oral doses of 500, 1000 or 2000 mg/kg produced no
significant proconvulsant ot anticonvulsant effects in metrazol- or electroshock-induced
convulsions in male CD-] mice.

Lanthanum carbonate (500, 1000 or 2000 mg/kg, po) did not produce any statistically
significant effects on hexobarbital-induced sleeping time in male or females mice. The
reference compound, chlorpromazine hydrochloride (15 mg/kg), significantly prolonged
hexobarbital-induced sleeping time in mice (both sexes).

Intraduodenal administration of lanthanum carbonate at 0, 200, 600 or 2000 mg/kg had
no effect on blood pressure, heart rate, left ventricular pressure, femoral flow rate,
peripheral resistance, and on EKG (QRS amplitude, PR, ST and QT intervals, and QTc
value) and respiratory (rate, tidal volume and minute volume) paramecters in ancsthetized
dogs.

Oral administration of lanthanum carbonate at 200, 500 and 1000 mg/kg had no
significant effect on intestinal motility of rats. At 1000 mg/ke, charcoal meal content in
the small intestine was reduced, indicating delayed gastric emptying at this dosc.
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In a pylorus ligated rat model, a single oral administration of lanthanum carbonate at 200,
500 or 1000 mg/kg had no effect on the volume of gastric fluid secretion or pepsin
activity, but the hydrogen ion concentration was reduced in a dose-dependent manner,
with the reduction being significant (p<0.01) at 1000 mg/kg. This reduction in pH is
attributed to the neutralization of the gastric content by lanthanum carbonate.

Oral administration of lanthanum carbonate (200, 500 or 1000 mg/kg) had no effect on
urinary volume or electrolyte concentrations at 3 or 6 hr post dose. At 24 hr post dose, a
significant reduction in urinary phosphate excretion at 500 or more mg/kg, and an
increase in urine volume and urinary sodium output at 1000 mg/kg were noted. There
was no effect on fecal output.

Single oral doses of lanthanum carbonate (200, 500 or 1000 mg/kg) did not cause any
gastric lesions in rats, when examined macroscopically 3-hr post dose, while aspirin
(reference compound; 150 mg/kg) caused significant stomach lesions (p<0.01). In a
separate study, it was shown that pretreatment with a single dose of lanthanum carbonate
(200, 500 or 1000 mg/kg, po), 2 hr before the administration of aspirin (150 mg/kg),
reduced the incidence of aspirin-induced gastric lesions in rats. A similar reduction in
aspirin-induced gastric lesions was also observed after pretreatment with 6% sodium
chloride, the protective effect being attributed to its hypertonicity. The gastroprotection
effect of lanthanum carbonate is attributed to its hypertonicity and neutralizing capacity.

In in vitro studies, the cffects of lanthanum carbonate (100, 300, 1000, 5000 and 15000
ng/ml) on bone resorption, differentiation of osteoclasts and osteoblasts, and bone
formation were investigated. In thesc studies, lanthanum had no effects on bone
resorption by mature osteoclasts at any concentration tested. At concentrations of 500 to
15000 ng/ml, lanthanum produced a concentration-dependent inhibition of osteoclast
differentiation. The effects of lanthanum on osteoblast differentiation were mixed, with
stimulation observed at the low concentration (100 ng/ml) and inhibitory effects at high
concentrations (5000 and 15000 ng/ml). In contrast, substantial activation of the bone
formation activity of mature osteoblasts occurred at all concentrations of lanthanum
tested.

Lanthanum is minimally absorbed by rats and dogs after oral adininistration as the
carbonate salt. Oral bicavailability was estimated to be 0.0007% in the rat and 0.00005%
i the dog. In general, oral administration of increasing doses of lanthanum carbonate
(200 to 2000 mg/kg/day) resulted in dose-dependent, bui less than proportional
[especally at higher dose levels (1500 and 2000 mg/kg/day in rat and dog, respectively)],
increased levels of systemic exposure. At the highest dose level tested in mice, rats,
rabbits and dogs, exposure was 2 to 10 fold higher than that observed in placebo-treated
amimals. (Low endogenous systemic levels of lanthanum, close to the limit of
quantification of the assay, were generally seen in placebo-treated animals.) Generally,
no significant gender differcnces were noted in systemic exposure.

The time to peak plasma concentration { Ty, ) after drug administration varied in different
species. The mean T values in healthy human subjects ranged from 3 to 6 hours
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compared to 1 to 6 hours in mice, 2 to 8 hours in rats, 8 hours in rabbits and 1 to 9 hours
in dogs.

Comparison of mean plasma levels and AUC(g.z4 values after single and repeat dose
administration of lanthanum carbonate showed no evidence of accumulation following
repeated dosing in rats, mice and rabbits. However in dogs, comparison of AUC values at
doses of 200, 600 and 2000 mg/kg/day across studies at weeks 4, 13 and 25 showed that
the exposure at week 13 was increased relative to values at week 4, but were comparable
or higher than respective values at week 25, suggesting that exposure had rcached steady
state levels by week 13 in dogs. It is also noted that the plasma lanthanum concentrations
were comparable during weeks 26 and 51 of the 52-week oral toxicity study in dogs.

It 1s noted that at steady state, plasma lanthanum exposures (AUC(y.2apy) at maximum
tolerated doses in animal oral toxicity studies exceeded the exposure in humans (at the
maximum recommended dose of 3 g lanthanum per day) by up to 7 fold (Table on page
2N,

The plasma climination half-life (t;») of lanthanum afler oral administration was
cstimated to be about 36 hours in man, 9 hours in mouse, 13 to 20 hours in rat, 20 hours
in rabbit and 20 to 26 hours in dog. Because of the retention of lanthanum in tissue
compartments, the t;,, values appears to relate to an initial plasma clearance phase, and
not the true terminal elimination half-life of the drug.

In vitro studies using blood samples from mouse, rat, rabbit, dog and human showed that
lanthanum binds extensively to plasma proteins, with mean protein binding exceeding
99.5% 1n all species.

The distribution of lanthanum in tissues was determined tollowing single and/or repeated
oral or iv dosings in different species. The absorbed portion of an oral dose of lanthanum
is widely distributed to tissues, and the concentrations vary considerably depending on
the tissue type. Many tissues retain concentrations significantly above those in plasma.

Lanthanum concentrations were found to be low the in majority of tissues after chronic
oral dosing for 80 wecks in the mousc, 78 weeks in the rat and 52 weeks in the dog at
maximum tolerated doses (1500 mg/kg/day in mice and rats, and 2000 mg/kg/day in
dogs). Tissues that generally had low median concentrations {1 ug/g wet tissue or less)
include aorta, adrenals, bramn, heart, kidney, ovary, pituitary, prostate, sciatic nerve,
skeletal muscle, spleen, testes, urinary bladder, uterus and vagina. Tissue lanthapum
concentrations were feund to be higher after iv administration than after oral dosing. It
was shown that even at the maximum tolerated iv dose in dogs (! mg/kg/day), the range
of median concentrations of lanthanum in brain and cerebrospinal fluid (CSF) was 0.035
to 0.162 [g/g wet tissue and 0.22 to 0.85 ng/ml, respectively. The concentrations in the
CSF were more than 3 orders of magnitude lower than C,.., plasma concentrations. These
results are consistent with published studies showing that fanthanum does not cross the
blood:brain barrier due to its nability to pass through intercellular tight junctions and its
low potential for trans-cellular transport across endothelial cells. This is in contrast to
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aluminum (used as a phosphate binding agent for the treatment of renal dialysis patients)
which accumulates in the brain causing CNS toxicity (encephalopathy).

Intermediate levels of lanthanum (1.0 to 10 pg/g wet tissue) were seen in femur (shaft
and plate), liver and sternum after chronic oral administration at the above maximal dose
levels in mice, rats and dogs.

Femur lanthanum concentrations observed in animal studies (at MTD) are summarized

below, along with the bonc lanthanum levels seen in dialysis patients (bone biopsy) after
one year of lanthanum treatment (500 to 3750 mg lanthanum/day).

Femur Lanthanum Concentrations at Maximum Tolerated Doses in

Animals
Dose

Species Duration of { (mg Medians Overall Range
{Report) Route | Dosing (saltykg/day) (ug/g wet tissue) (up/g wet tissue)
Man (dialysis
patient) Upto 52
(LAM-IV-3103) | po weeks Up to 143" 1.8
Rat
(SPDO099) po 4 weeks Isgo . [035-058 i
Rat
(SPD/BY/C) po T8 weeks 1500 22-44
Rat
(SPDO102) v 4 weeks 0.3 69.82
Rat - Uremic 2000 (NEF)  ~ {14
(LAN-02) po 13 weeks 2000 (CRF) 1.6
Dog T '
(SPDO100) po 4 weeks 2000 033-077 |
Dag
(SPD/66/1K) J po 26 weeks 2000 2033
Dog
{SPD/66/TK) po 52 wecks 2000 t8 -39
Dog
{SPDG104) iv 4 weeks 1.0 26.0 - 545 ]
Mouse B
(SPD/88/C) po 80 weeks 1500 36 -8.1

CRF - chronic renat failure

NRF —nonmal renal function

Ost - associated with osteornalacia

a - range of patient doses 530 to 3750mg/day, ie 19 to [43 mg (salt)/kg/day for a 50kg patient.

The above data indicate that chronic oral administration of lanthanum carbonate for 78
weeks In rats at 1500 mg/kg/day and 52 wecks in dogs at 2000 mg/kg/day, was associated
with an increased (5-8 fold) median concentrations of lanthanum in femur compared to
respective values after 4-wecks of dosing. In dogs, bone lanthanum concentrations were
comparable between 26 and 52 wecks, indicating that a steady state level (with no further
accumulation of lanthanum in this tissuc) was achieved after 26 weeks of treatment.

The median bone lanthanum concentration in dialysis patients (1.8 pg/g wet tissuc) was
lower than the levels szen in bones in chronic animal studies.
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In renally impaired rats dosed for 12 weeks at 2000 mg/kg/day (some of which developed
osteomalacia), the median femur lanthanum concentration (1.6 ug/g wet tissue) was
comparable to or lower than the bone lanthanum levels seen in chronic studies in normal

anmals (rats, dogs and mice). Although the bone lanthanum levels were higher in long-
term studies, no bone pathology was seen in these studies. Moreover, the median bone
lanthanum levels werc mostly the same in renally impaired and renally competent rats.

Median liver lanthanum concentration generally remained below 10 pg/g in all species
afier chronic oral administration. In dogs, the liver lanthanum levels were higher after 26
weeks of treatment than after 4 weeks, but there was little further increase between 26
and 52 weeks, indicating achievement of steady state levels after about 26 weeks of
treatment.

High concentrations of lanthanum were seen in the GI tract, especially in the stomach,
after chronic oral administration. The highest median stomach concentrations achieved in
long term studies at MTD were 2189 pg/g in mice (80 week dosing), 827 ug/g in rats (78
weeks dosing) and 349 ug/g in dogs. In rodents, glandular stomach had higher
concentrations than non-glandular stomach. After 4 weeks of oral dosing in rats, the
median concentrations in the glandular stomach were 46 to 90 pg/g compared to 4 to 20
ig/g in the non-glandular stomach.

The clearance of lanthanum from tissues was studied in rats and dogs that received drug
treatment for 4 weeks followed by a recovery period of 4 or 26 weeks.

In rats, after 4 weeks of oral administration of lanthanum carbonate at 1500 mg/kg/day,
the median concentration of lanthanum was less than 1 ug/g in the majority of tissues
including femur, liver, kidneys, hcart and teeth. The median concentration in the brain

was at the lower limit of quantification for the assay. The highest concentrations (up to 90

ng/g) were found in the GI tract and associated lymph nodes. The patterns of distribution
and clearance of lanthanum in male and female rats were gencrally similar.

After a 4 weck drug-free period, more than 99% of drug was cleared from the lower GI
tract (cecum, colon and rectum), more than 90% from the non-glandular stomach and
ileum, and more than 75% from the liver. In contrast, there was no appreciable clearance
from the glandular stomach and upper small intestine (duodenum and jejunum) over this
period. Clearance fror bone, cartilage and teeth was slow. After a 26 week drug-free
period, more than 50% of the levels observed at the end of the dosing period werc present
in the glandular stomach, duodenum, mesenteric lymph nodes. jejunum, spleen, femur,
sternum and trachea.

In the dog, after 4 wecks of oral drug administration (2000 mg/kg/day), the pattern of
tissue clearance was similar to that scen in the rat, except that drug was cleared more
rapidly from upper small intestine (duodenum) and teeth, and more slowly from liver
after a 4 weck drug-free recovery period. At the end of the 26 week recovery period,
tissues that retained more than 50% of the level observed at the end of the dosing period
included stomach (fundus). liver. femur (growth plate and shaft), spleen and sternum.
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In summary, the distribution and clearance studies in rats and dogs showed that
lanthanum is cleared steadily from most tissues, but very stowly from stomach, spleen,
sternum and bone (rat and dog), small intestine (rat) and liver (dog).

Drug metabolism studies were not necessary for lanthanum carbonate because of its
¢lemental and inorganic form. It has been shown that biochemical interactions with
lanthanides are ionic and, therefore, the formation of covalently bound organic
metabolites in vivo is extremely unlikely. Within tissues, lanthanum is predominantly
found in the extracellular compartment (outer surface of cell membranes) because of its
inability to pass through the plasma membrane of healthy cells. This is consistent with
the high affinity of lanthanides for ionic binding to surface ligands, including membrane
proteins and phospholipid bilayers.

In an in vitro study, it was shown that lanthanum carbonate was not a significant inhibitor
of any of the human liver cytochrome P450 (CYP 1A2, 2C9/10, 2C19, 2D6 and 3A4/ 3
examined, indicating a low potential for drug-drug interactions in vivo.

Since the absorption was minimal, most of an oral dose of lanthanum carbonate was
excreted in the feces. In the rat, 99.3% of the administered dose was recovered in feces,
and in the dog, 93.4% was recovered either in feces or vomit within 7 days. Recovery of
the dosc from urine was very low, about 0.004% in rats and 1.14% in dogs over the same
period. In man, urinary excretion in healthy subjects represented 0.000031% of the
administered dose.

In bile-duct cannulated rats, following administration of a single iv dose of lanthanum
chloride, about 79% of the total dose was recovered in the bile (over the first 120 hr post-
dose), indicating that biliary excretion is the predominate route of elimination for
circulating lanthanumn in rats.

Single dose oral administration toxicity studies in rats and mice indicated that the
maximuin tolerated dose was greater than 2000 mg lanthanum carbonate/kg in these
spceies.

In a twenty-six week oral toxicity study in rats (0, 100, 600 and 2000 mg/kg/day), dose-
refated increascd incidences of stomach lesions (hyperplasia of the fundus epithelium and
mucus cells, sub-mucosal inflammation and hyperplasia at the limiting ridge) were seen
in treated males and females, especially at the 600 and 2000 mg/kg/day dose levels, the
incidence and severity of lesions being higher at the high dose. (Based on these results,
and also considering the potential for progression to excessive inflammation and gastric
ulceration over the course of the lifetime study, a dose of 1500 mg/kg/day was selected as
the top dose for the 2-year rat bioassay.) After a 4-week recovery period. sub-mucosal
inflammation and hyperplasia at the limiting ridge appeared to persist, however, the
hyperplasta of the fundus cpithelium was less prominent. Plasma lanthanum levels in
weeks 15 and 26 were generally similar to that seen on day | of the study. indicating no
significant accumulation with time. A dose-related increasc in lanthanum levels was seen
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in all four tissues (brain, femur, liver and kidney) analyzed; however, the sample size was
small and there were wide variations between individual values,

Increased incidences of stomach lesions (epithelial hypetplasia of the limiting ridge and
non-glandular region, and mucosal inflammatory cell infiltration in the glandular region)
were also seen in a 13-week oral toxicity study in the mouse (0, 500, 1500 and 2000
mg/kg/day) at the top two dose levels. Inflammation of the glandular epithelium was
more prevalent and scvere at 2000 than at 1500 mg/kg/day. (Based on these results, 1500
mg/kg/day was selected as the top dose for the 99-week mouse bioassay.) The plasma
levels at week 13 were generally similar to those on day 1. Higher levels of lanthanum,
compared to controls, were seen in all four tissues (brain, femur, liver and kidney)
analyzed from treated animals, especially in the femur.

In the dog, oral administration of 0, 200, 600 and 2000 mg lanthanum carbonate/kg/day
for 52 weeks did not reveal any significant toxicity. Unlike in rodents, no stomach lesions
were scen in the dog. The better gastric tolerance in dogs may be related to the ability to
vomit to expel an irritant material, unlike in rodents. It was shown that lanthanum
carbonate is better tolerated if administered with food in man and dogs. Nocturnal
feeding habits result in rodents receiving the drug (during the day) on an empty or
partially-empty stomach. It is believed that the longer duration of direct contact of
lanthanum with the stomach wall, together with the inability to vomit an irritant material
is likely to make rodents more susceptible than dogs to stomach lestons.

Two years of oral administration of lanthanum carbonate at 0, 0, 100, 500 and 15060
mg/kg/ day did not produce any treatment-related increased incidence of tumors in the
rat. The highest dose employed in the study (1500 mg lanthanum carbonate or 786 mg
lanthanuim/ kg/day) is about 3 times the maximum recommended human dose (MRHD)
of 3000 mg lanthanum/day (50 mg lanthanum/kg/day for a 60 kg subject) on a mg/m’
basis.

In the mouse. oral administration of lanthanum carbonate at 0, 100, 500 and 1500 mg/kg/
day for 99 weeks produced a significant increasing trend for stomach adenoma in male
mice [0/50 (C), 0/50 (LD), 0/50 (MD) and 4/50 (HD) p = 0.0041]. The highest dosc
employed in the studv is about 1.3 times the MRHD of 3000 mg lanthanum/day, on a
mg/m° basis.

The Executive Carcinogenicity Assessment Comumnittee, at their November 5, 2002
meeting, concluded that both rat and mouse carcinogenicity studics were adequately
performed, and that the stomach adenomas observed in male mice were drug related.

In a fertility and embryonic development study, oral administration of [fanthanum
carbonate to male and female rats during pre-mating, mating and up to gestational day 17,
at dose levels up to 2000 mg/kg/day (about 3.4 times the MRHD on a mg/m’ basis) did
not aftect fertility or mating performance, or produce any harm to the fetus.
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In a rabbit developmental toxicity study {0, 250, 750 and 1500 mg/kg/day), oral
administration of lanthanum carbonate to pregnant rabbits at 1500 mg/kg/day (about 5
times the MRHD on a mg/m’ basis) during organogenesis was associated with increased
pre- and post-natal losses, reduced litter and fetal weights, delayed skeletal ossification
and maternal toxicity (reduced weight gain and food consumption, and decreased fecal
output). However, all values were within the sponsor’s historical control range. Lower
dose levels (750 and 250 mg/kg/day) did not produce any adverse effects on either dam
or fetus.

In a pre- and post-natal study in rats (0, 200, 600 and 2000 mg/kg/day), oral
administration of lanthanum carbonate at 2000 mg/kg/day (about 3.4 times the MRHD on
a mg/m’ basis) from implantation to the end of lactation caused delayed eye opening,
reduction in body weight gain, and delayed sexual development (preputial separation and
vaginal opening) of the offspring. Mating performance and fertility of ofispring were
unaffected by the maternal treatment with lanthanum.

Lanthanum carbonate tested negative for genotoxicity in in vitro (bacterial reverse
mutation assay, and mammalian cell gene mutation and cytogenetic assays in Chinesc
hamster ovary cells) and in vivo (mouse micronucleus assay) test systems.

The following special toxicity studies were conducted with lanthanum carbonate.

in chronic renal failure (CRF, produced by 5/6" nephrectomy) rats, oral administration of
lanthanum carbonate (0, 100, 500, 1000 and 2000 mg/kg/day) for 12 weeks produced
ostcomalacia (reduced bone formation and mineral apposition rates, and increased
mincralization lag time) at 1000 (3 of 7 rats) and 2000 (1 of 4 rats) mg/kg/day dose
levels. These bone etfects were not seen in rats with normal renal function (NRF) given
the same doses of lanthanum carbonate. Although there werc dose-dependent
accumulations of lanthanum in the bone in both CRF and NRF rats (table below), there
was no significant difference in the lanthanum concentrations between NRF rats (in
which no osteomalacia was seen at 2000 mg/kg/day; median bone lanthanum
concentration = 1.2 ug/g wet tissue) and CRF rats (in which ostcomalacia was seen at
2000 mg/kg/day; median bone lanthanum concentration = 1.6 ng/g wet tissue), indicating
a lack of consistent direct relationship between bone lanthanum concentration and
ostcomalacia.

4Pp
04/64'? g
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Femur lanthanum concentrations in normal and uraemic rats in Study LAN-02

Species Route | Ouration of Dose |- Overall Range
(Report No.) Dosing (mg {salty/ Medians (ug/g wet tissue)
kg/day) (ug/g wet tissue)

Rat pa 13 weeks 100 0.17 ’ ]
NRF 500 0.48

(LAN-02) 1000 061

2000 1.2 /

Rat po 13 weeks 100 0.20 T
CRF 500 1.2

(LAN-02) 1000 14

| L 2000 16 _L

CRF — chronic renal faillure
NRF — normal renat function

Furthermore, higher bone lanthanum levels than observed in CRF rats were seen in
chronic toxicity study animals (Table on page 172) in which no bone toxicity was
observed, again indicating that a direct concentration-related toxic effect of lanthanum
on bone is unlikely. It 1s noted that the doses of lanthanum that produced osteomalacia in
the renally impatred rats produced marked reductions (78 and §6% reduction at 1000 and
2000 mg/kg/day, respectively, at week 8) in urinary phosphate excretion, compared to
NRF rats given the same doses of lanthanum carbonate, indicating a state of phosphate
depletion in renally impaired animals. Furthermore, it was shown that in CRF rats (both
vehicle and lanthanurn treated), there was a significant reduction (about 50%) in serum
25-(OH) vitamin D; levels (with no change in serum 1,25 (OH), vitamin Dj levels),
compared to vehicle and lanthanum treated NRF rats. (Vitamin D; is essential for the
absorption of phosphate from the gut.)

Rats with normal renal function are able to maintain normal vitamin ) activity to enable
absorption of phosphate from the gut, and to reabsorb phosphate from the kidney to avoid
the need to mobilize phosphorus from bone. 1t 1s hypothesized that in CRF rats, the
compensatory mechanisms are compromised; reduction in 25-(OH) vitamin D, level
leads to reduced absorption of phosphate from the gut, and even maximal renal phosphate
reabsorption (resulting in hypophosphaturia) 1s inadequate to maintain serum levels, thus
requiring phosphorus mobilization from the bone, resulting in the observed
mineralization defect.

It 1s well known from the published literature that hypophosphatemia, by any cause, can
result in impaired borie mineralization (ostcomalacia). The hypothesis that osteomalacia
can be induced in CRF rats as a result of phosphate depletion associated with high doses
of a phosphate binder, and not by excessive accumulation or direct toxic effect of the
compound on the bone, was tested using a non-absorbed. non-metallic phosphate binder.
scvelamer, comparing its effects with that of lanthanum carbonate. [t was shown that oral
administration of scvelamer (1000 mg/kg/day) to CRF rats for 12 weeks produced
impatred mincralization in 4 of 7 rats, while lanthanum carbonate produced bone
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mineralization defects in 1 of 4 rats, indicating that the bone effects were secondary to
phosphate depletion.

Dietary phosphorus restriction (using a phosphate deficient diet} has been reported to
result in the rapid onset of osteomalacia within one week in CRF rats, whereas uremia or
phosphate deficient diet alone did not produce the bone effects (Licuallen, WG et al.
1990. The cffects of uremia and dietary phosphorus on the bone of rats. Bone 11: 41-46.).

In summary, the osteomalacia observed in uremic rats is not considered to be due to a
direct toxic cffect of lanthanum on bone, but is associated with uremia and phosphate
deplction in these animals. As hyperphosphaternia, rather than phosphate depletion, is a
prerequisite for treatment of end stage renal disease patient with a phosphate binder, such
bone changes are unlikely to occur during treatment with lanthanum carbonate.

All toxicity studies appeared to be adequately performed using maximum tolerated doses.

The glandular stomach adenomas observed in male mice were associated with
proliferative changes due to gastric irritation induced by the very high stomach
lanthanum concentration at the dose at which the tumors occurred in this species (2189
Hg/g m mice vs 827 pig/g in rats and 349 pg/g in dogs). No necoplastic lesions (benign or
malignant) were associated with lanthanum carbonate administration in the rat. In view of
the above and in the absence of evidence of a genotoxic potential for lanthanum
carbonate, the mouse rumor finding is not considered to be an approvability issue.

The apparently drug-rclated effects on rabbit embryo/fetal survival and development
occurred at a relatively high dose, about S times the MRHD (on a mg/m®) basis, and may
have been secondary to maternal toxicity observed at this dose. Moreover, the values
obscrved in the study were within the sponsor’s historical control range. Although in a
study in which rats were dosed from implantation through lactation, 2000 mg/kg/day was
associated with delayed eye opening and delayed sexual development of the offspring,
mating performance and fertility of the offspring were unaffected by the maternal
treatment. We do not consider the above reproductive toxicity findings to constitute an
approvability issue.

In conclusion, there zrec no approvability issues for lanthanum carbonate based on the
non-clinical toxicity-testing program.
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XI. ATTACHMENT

Dr. John Koerner’s “‘Review and Evaluation of Canine Toxicology and Pharmacokinetics
Studies’ is attached.



