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plasma ATCs vere not evaluated in these studies. ECGs were not evaluated in any ol toxweolog: study,
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EXECUTIVE SUMMARY
Studies Reviewed

This review was focused on the safety pharmacclogy, toxicology, pharmacokinetics and toxicokinetics of lanthanum
carbonate in dogs. The sponsor did not evaluate the primary pharmacodynamic activity of lanthanum carbonate in
dogs.

Safety Pharmacology

A safety pharmacology stady in anesthetized dogs, with lanthanum carbonate given as a single intraduodenal dose
{200, 600 or 2000 mg/kg), did not reveal cardiovascular safety issues. Lanthanum did not alter ECG parameters,
(including QT, QT¢paeq , PR interval), heart rate, systemic blood pressure or left ventricular contractility (LV
dP/di}. QRS duration was not reported. Additionally, intravenous administration of up to 1 mg lanthanum
chloride/kg/day for 4 weeks did not alter ECG parameters, including QT and QTc vay gor waers tntervals (toxicology
study). The sponsor did not evaluate ECG effects in oral canine toxicology studies with treattnent durations of up to
52 weeks.

While in vivo study results are reassuring for lack of cardiac effects, they cannot be considered definitive for the
following reasons. First, a single dose safety pharmacology study may be unable to detect lanthanum-related
cardiac effects, considering that Janthanum accumulates in canine hearts with repeated daily administration, and
tissue fanthanum levels are likely more important than plasma levels for induction of pharmacodynamic effects.”
Second, although 4 weceks of daily intravenous lanthanum chloride administration produced relatively high heart
lanthanum levels, a positive control was not evaluated in this study, and therefore assay sensitivity is unknown and
may be poor.

Oral Toxicology of Lanthanum Carbonate in Dogs

The oral toxicology of lanthanum was evaluated in healthy dogs with dosing durations of up to 52 weeks. Only the
52 week study was reviewed since the lanthanum carbonate doses used were the same (or maximum dose was the
same) for all oral toxicology study durations.

Oral administration of 0, 200, 600 and 2000 mg lanthanum carbonate/kp/day for 52 weeks to healthy dogs did not
reveal significant toxicity. However, dose related decreases in plasma and uninary phosphate concentration, and
urinary phosphate excretior were observed, consistent with lanthanum’s primary pharmacodynamic effect of
binding phosphate in the gastrointestinal tract. (This activity was not studied in dogs.) Similatly, drug-related
increases n urinary caleium concentration and excretion were observed. Oral NOAELSs (no observed adverse effect
levels) for these findings are shown below.

Finding NOAEL
(mg lanthanum carbonate/kg/day, p.o. )
| Plasma phosphate concentration 200 (M), 2000 (F)
L Urinary phosphate concentration <200 (M and F)
L Urinary phosphate excretion 600 (M), 2000 (F)
T Urinary calcium concentration 300 (M and F)
T Urinary calcium exeretion 2G0 {M), <200 (F) ]

An cleciron microscopy study evatuating transmural stomach samples (from lanthanum treated dogs (32 week oral
toxicuty study) showed inacrophages with electron dense inclusions (or bodies) within the cvtoplasm. consistent with
macrophages engulling foreign bodies or particles (lanthanum in this case). No degenerative changes were observed

T Sec pae A Lanthaoum | esels m Canme Heants
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in those macrophages that contained electron dense inclusions. Findings were similar in stomach samples from rats
and mice given lanthanum carbonate chronically for approximately two years.

Pharmacokinetics and Toxicokinetics in Dogs

Lanthanum carbonate was absorbed following oral administration to healthy dogs, although bicavailability was
extremely low, Average bioavailability for both sexes is estimated to be 0.00005%

b g4 g {ng hr/ml) F{(%)
S o Ihtraverous. .
o2 o] (2000 mgfkelday) - (0:003 mpfkgdag) |-
Male 14.61 36.72 0.00006
Female 901 33.85 0.00004

AUCs shown are Day | values (4-Week Oral Administration Study, SPD0O100-TK
and Intravenous administration study, SPD0104)

Plasma protein binding of lanthanum was high, and similar in canine and human plasma. Plasma protein binding
was approximately 98% in canine and human plasma at a lanthanum concentration of 2.5 ng/ml (98.2% and 97.9%
in canine and human plasma, respectively). The median total plasma lanthanum concentration in dogs given

2000 mg lanthanum carbonate/kg/day for 51 weeks was approximately 2 ng/my.

Following a single oral dose of 1000 mg lanthanum carbonate/kg, lanthanum was eliminated primarily via the fecal
route, consistent with low oral bioavailability, However, a small percentage of the administered lanthanum
carbonate was recovered in urine (0.2% and 2.0% for the two male dogs evaluated). Most of the lanthanum
carbonate administered in this single dose study was recovered in the feces within 24 hours of dosing.

Toxicokinetic analysis in the 52 week oral toxacity study showed dose related plasma and tissue lanthanum
exposures. Lanthanum accumulated in most tissues with tissue levels after 26 and 52 weeks of oral dosing that were
several orders of magnitude higher than plasma lanthanuin levels. Particularly high tissue lanthanum levels were
observed in the gastrointestinal system. ltver, lungs and bone. Heart lanthanum levels were higher than plasma
levels but much lower than those seen in stomach, liver, lungs and bone. Tissue levels for dogs given 2060 mg
lanthanum carbonate/kg/day for 52 weeks are shown below.

Tissue . Gender Median Lanthanum Multiple of Median Plagmia
R - Concentration at 52 wks { Lanthanum Contéiitration
T . ' (ng/g) at 52 Weeks.

Plasma M 2.24 1

F 1.77 |
Stomach M 248,141 110,000

F 148,949 197,000
Duodenum M 13055 5828 .

F 11364 6420
Colon M 122281 54,590

F 24750 13,983
Rectum M 60612 27,059

F 35097 19,829
Liver M 7,251 3200

I 11,050 6242
Lungs M 2377 1130

F 3995 2257
Femur Shaft M 1843 822

F 25101 141s
Femur Shaft Marrow ! 1037 a71

[ 2856 l6i3
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Femur Plate M 3885 1734
F 3229 1824
Femur Plate Marrow M 5638 2516
F 8131 4593
Heart M 130 38
F 455 257

Following tissue loading with 4 weeks of oral administration of 2000 mg lanthanum carbonate/kg/day, lanthanum
carbonate cleared slowly from several tissues, including several portions of the gastrointestinal tract, liver, lungs,
bone and tecth. Shown arc combined male and female values. Not all tissues with poor clearance are shown.

Tissue Mediah Lanthanum Meitian Lanthanum Lanthanum Remaining
Concentration afier . | Cencentration Following 6 Months after Treatmen
: 4 Weeks ot Treatiment | 6 Months Of Washois . | - Terminalion,
L e mg) © | gy | (Rlative 104 Wedk
Gastrointestinal | Esophagus 94 30 32%
Tract Stomach (fundus} 8837 4750 54%
Tleum 1012 165 16%
Jejunum 60 16 27%
Duodenum 4294 22 0.5%
Colon 390 8 2%
Recturn 12893 33 0.3
Bone and Teeth | Femur shafi 330 167 51%
Fermur growth plate 767 664 87% ]
Sternum 40 35¢ 990%
Teeth 832 2430 29%
Other organs Liver 1454 1196 82%
Lungs 366 126 34%
Heart 17 <8 <50%

Intravenous Toxicology and Toxicokinetics of Lanthanum Chloride in Dogs

Intravenous administration of 1.0 mg lanthamim chloride/kg/day for 4 weeks to healthy dogs yielded hepatotoxicity
associated with higher liver lanthanum levels than those seen with oral dosing at the NOAEL. A 20 fold lower
intravenous dose did not yield significant toxicity. NOAELs are provided below for both intravenous (4 week) and

oral (32 week) administration studies.

Route NOAEL for Study Gender Liver Lanthanum
hepatotoxicity Duration Concenfration
(ng/g)
Intravenous* | ¢.05 mg/ke/day 4 weeks Male 18059
(lanthanum chloride} Female 20717
Oral” 2000 mg/kg/day 52 weeks | Male 7251
(anthamnn carbonate) Female 11050

*Day 235 data for intravenous administration
7 Week 52 dala for oral administration {SPTY6e6/TK)
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Intravenous administration of lanthanum chloride yielded high lanthanum levels in bone relative to levels observed
with oral administration without evidence of bone toxicity or histopathology. However, exposure at this relatively
high level was for only 4 weeks.

Route . | NOAEL for bone

o toxacity

Intravenous* | 1.0 mg/kg/day 4 Weeks Male 26028 45976
(lanthanum chlonde) Female 39789 54483

Oral® 2600 mg/kg/day 52 Weeks | Male 1843 3885
{(lanthanum carbonate) Female 2511 3229

*Day 25 data for intravenous administration
~ Week 52 data for femur fanthanum levels (SPD/66/TK)

Lanthanum Levels in Canine Hearts (Oral and Intravenous Lanthanum Administration)
Lanthanum accumulated in heart with repeated daily oral administration, similar to the pattern seen in other tissues.

Plasma and heart lanthanum levels were higher at 51 than at 4 weeks of daily oral lanthanum carbonate
administration.

Route .- " Oral Dose pncentration
Oral 2000 mg/kg/day Male not determined
Female not determined
4 Weeks* Male 17
Female {sexcs combined)
25 Weeks™ Male 0.87-17.0 708
Female 0.63-21.0 484
51 Weeks” Male .89-20.49 130
Female 0.87-2.03 455

* Day 8 and Week 4 data from study SPD 0100-TK
~ Weeks 25 and 51 data from study SPD/66/TK (Plasma levels represent a range across the
4 dogs/sex/dose.

Heart lanthanum levels were higher following 4 weeks of intravenous administration of 1 mg lanthanum
chlorideskg/day, than with 4 or 51 weeks of oral administration of 2000 mg lanthanum carbenate/kg/day.

Route Dose Study .| Gender
Dutation . |
Intravenous® | .0 mg/ke/day 4 Weeks™* Male
{lanthanum chlende} Female
Oral” 2000 mg/kg/day 4 Weeks# Male
(lanthanum carbonate) Female (sexes combined)
51 Weeks™ | Male 130
Female 455

*Day 25 data for intravenous administration
# Week 4 data from study S'D 010G-TK
" Wecek 51 data for heant lanthanum levels (SPD/66TK )
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Comparison of Lanthanum Exposures in Dogs and Patients

Total plasma lanthanum AUCs in dogs at the oral and intravenous NOAELs were higher than those in dialysis
patients given the maximum recommended human dose (MRHD). Although cross-species comparison of tissue
lanthanum levels would likely be more appropriate, human tissue lanthanum concentrattons are not available.

Species | Health Btudy Multiple of
o | Status Number - | Total Hufman -
|- *| Plasma AUC at -
: o . Goof s e o | theMREDY
Human Dialysis LAM-IV-111 Oral 60*" 11 311 1
Patients (MRHD)
Dog Healthy | SPDGI00-TK | Oral 1052° 42 207 7
{(NOAEL) 175 6
SPDOI104 LV, 0.028° 25 1802 58
{NOAEL) 2768 89

a. 3000 mg elementa! lanthanum/day/50 kg body weight or 60 mg lanthanum/kg/day (equivalent to 114 mg lanthanum
carbonale/kg/day)

b. Elemental lanthanum equivalent to 2000 mg lanthanum carbonate/kg/day (52 week oral toxicity study)

¢. Elemental lanthanum equivalent to 0.05 mg lanthanum chlorideskg/day (4 week 1v toxicity study)

d. Total {(shown) and free {not shown) AUC multiples are similar, since plasma protein binding of lanthanum is similar
for humans and dogs.

Conclusions

Oral admimstration of lanthanum carbonate was not associated with signiftcant toxicity or safety
pharmacology effects in dogs. Intravencus administration of lanthanum chloride to dogs at a dose that
yielded high plasma and tissue levels induced hepatotoxicity; a 20 times lower intravenous dose did not
produce hepatotoxicity. Plasma [anthanun levels at the intravenous NOAEL were 200-300 times higher
than those observed in patients given the highest projected clinical dose. However, exposure was for only
4 weeks n the intravenous administratien study.

Lanthanum carbonate was absorbed following oral administration.  Although bioavailability was extremely
low, lanthanum accumulated in canine tissues (particularly gastrointestinal system, liver, lungs and bone}
with repeated daily administration, and cleared slowly from these tissues following treatment termination.
Toxicity was not observed with oral or intravenous administration in healthy dogs at plasma exposures that
are up to 89 times higher than those observed in dialysis patients given the maximum recommended human
dose.

Recommendation Regarding Approvability

Canune toxicology, safety pharmacology and toxicokinetic studies support approval of this application.
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Recommendation Regarding Labeling®

The proposed CLINICAL PHARMACOLOGY, Pharmacokinetics section of the label should address

The first sentence of paragraph 4 presently reads:

L 1

Change to read:

THIS
ON ORigixa LWAY

A 1

hese recomanendations are based o dog dorg teviewed wthis document Further changes are fikely based on addinonal Lpecies
cvaliatey Ses naun Pharnacokey ond Tosicol v Zeview by D Yavier Taseph
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SAFETY PHARMACOLOGY STUDIES
Study Titles: Cardiovascular and Respiratory Parameters in the Anesthetized Dog (SPD/64/PH)

Location of Repotts: Main Study (SPD/64/PH): Vol 8, pg 001
Analysis of ECGs (SPD/64/a): Vol 8, pg 051

Report Status: Final

Study Initiation Date: 04/16/96

Study Facility: I 3

GLP Compliance: yes

Animals: Male beagle dogs, 3/dose group, were housed 1-Z/galvanized pen and provided with standard
dog chow and water ad {ibitum.

Drug:  Lanthanum Carbonate
Lot Numbers: 6268/951101, 6268/951201
Route of Administration: intraduodenal
Vehicle: 0.5% w/v carboxymethylcellulose
Dose Levels: 200, 600 and 2000 mg lanthanum carbonate/kg
Treatment Duration: single dose

Obscrvations/Measurements: Systemic arterial blood pressure, heart rate, left ventricular pressure,
LVdP/dt, femoral blood flow, respiration rate, tidal volume, minute volume, and lead 11 ECG (QRS
amplitude, PR, ST and QT intervals [uncorrected QT and QTcg, ]! were monitored 1n pentobarbital
anesthetized dogs. QRS duration was not monitored. Measurements were taken every 30 minutes for
4 hours following dosing. A positive control was not evaluated to demonstrate assay sensitivity.

Drug-Related Findings
There were no drug-related findings.

APPEARS THIS WAY
ON ORIGINAL
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TOXICOLOGY STUDIES

Study Title: 52 Week Oral (Capsule) Toxicity Study in the Dog

Location of Report: vol 17, pg 001

Study Number: SPD/66/TK

Report Status: Final

Study Inttiation Date: 5, June 1997

Study Facility:

GLP Compliance: yes

Animatls: Male and Female Beagle Dogs

Drug:

Body Weights: male, 7.3-11.2 kg; female, 6.9-10.6 kg
Number/Sex/Dose: 7 (with 3 sacrificed at week 26 and the remaining 4 sacrificed at week 52)
Age at Initiation of Dosing: 6-8 months

Dogs were housed individually during the day and in pairs at night in galvanized pens and
srovided with 400 g of pelleted dog diet and water ad libitum. Food was provided as 200 g meals
approximately 1.5 hours prior to the I and 2 doses of lanthanum carbonate.

Lanthanum Carbonate

Lot Numbers: B1G66-960803, B 1066-960901 and B1066-960902
Route of Administration: Oral by capsule

Vehicle: empty gelatin capsules

Dose Levels: 0, 200, 600 and 2000 mg lanthanum carbonate/kgrday in twoe divided daily doses

with dose adjusted for most recent body weight. The two daily doses were given approximately
3 hours apart.
Treatment Duration: 52 weeks

Plasma and Tissue Lanthanum Levels: Venous blood samples were taken 1, 2, 4,6 aud 21 hours after the

2™ daily dose (4, 5, 7, 9 and 24 hours after the 1¥ daily dose) during weeks 25 and 51 for determination of
plasma lanthanum levels. Tissue lanthanum levels were determined (see drug-related findings for list of
tissues) in dogs sacrificed at 26 and 52 wecks.

Observations/Mcasurements: Dogs were observed daily for mortality and clinical signs. Body weights and

food mtake were determined weekly. All dogs were examined ophthulmoscopically prior to start of dosing.
and during weeks 25 and 52, Plasma parathyroid hormone and calcttonin levels were determined during
weeks 26 and 52 following an overnight fast and prior to the first daily dose of lanthanum. Neurological
exasninations were performed on all dogs duning weeks 26 and 52: anal sphincter tone, pupiltary response,
gait, proprioception, patella reflex, panniculus reflex, ocular cephalic reflex, paipebral reflex, righting
reflex, and withdrawal reflex.
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Venous bloed and urine samples were taken from all dogs predose, and during weeks 13, 26 and 52 for
hematology and clinical chemistry analyses. The following hematology parameters were measured.

Haemoglobin concentration (Hb)
Red blood cell count (RBC)
Packed cell volume (PCV)
Mean cell volume (MCV)

Mean cell haemoglobin (MCL)
Mean cell haemoglobin
conceatration (MCHC)

Platelet count (Plate)

Total leucocyte count (WBC) and
leucocyte differential count :
Neutrophil (Neut),

Lymphocytes (Lymph),
Monocytes (Mong),

Eusinophils {(Eosin},

Basophils (Baso),

Large unstained cells {L.uc)

The followng clinical chemistry parameters were measured.

Blood urea nitrogen (BUN)
Creatimine (Creat)

Glucose (Glug)

Alkaline phosphatase (ALY)
Alanine aminotransferase (AL TY

Aspartate aminctransferase {AS])
Total Protein (T. Prot)
Albumin (All)

Globulin (Glob)
Albumin/Globulin ratio (A/G)
Bilirubin (Bil1)

Cholesterol (Chol}
Trglycendes (I'nps)

Calcium (Ca)

Inorganic Phosphate (1. Phos)
Sodium (Na)

Potassium (K)

Chloride (Cl}

Coagulation parameters were measurcd (prothrombin time, fibrinogen, activated partial thromboplastin

time).
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The folowing urinalysis parameters were measured.

*Volume

Specific gravity (S3G)
Glucose

Bilirubin (Bili}

Ketones

Blood pigments (Blood)
pH

Protein

Urchilinogen (UROY
Nitrites

Leucocytes (L)
Erythrocytes  (E)
Crystals X)
Debris o)
Casts <)
Epithelial celis (Epithel cells)
Colour and appearance
*Calcium (Ca)

*Inorganic Phosphorus (. Phos)

The following organs from all dogs were weighed.

adrenals brain (incl. cortex)
heart duodenum {(30cm)
liver lungs

pituitary prostate

splecn stomach

thymus thyroids

Contrajateral organs were weighed together

femur and joint (incl mwarrow)
kidneys

ovaries

salivary glands

testes

uterus

i2




NDA 21468

13

The foliowing organs from all dogs were examined microscopically.

adrenals
aorta
brain (4 sections)
caccum
colon
duodenum
epididymides
cyes (incl. optic nerves)
femur and joint (incl. marrow)
gall bladder
heart
fleum
jejunum
kidneys
liver
lungs {incl. mainstern branchi)
mesenteric lymph node
ocsophagus
ovaries
pancreas
pituitary
all gross lesions

prostate

Tecthum

rib {incl. costochondral junction)
salivary gland

sciatic nerve

site of mammary gland
skeletal muscie

skin

spinal cord (3 sections}
spleen

sternum {incl. marrow)
stomach

submandibular lymph node
testes

thymus

thyroids (incl. parathyraids)
tonguc

trachea

urinary hladder

uterus

vagina
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Results

All dogs survived until scheduled sacrifice. There were no drug-related findings for body weight, food
intake, clinical observations or neurotoxicity assessments, ophthalmoscopy, parathyroid hormone levels,
hematology or organ weights. Additionally, there were no macroscopic or microscopic findings attributed
to lanthanum carbonate administration at 26 weeks {interim sacrifice) or 52 weeks (terminal sacrifice).

Plasma inorganic phosphate levels at week 13 were lower than concurrent control in males given 600 or

2000 mg/kg/day.

Urinary phesphate volume (mg/hr) at week 24 was lower than concurrent control in male dogs given
2000 mg/kg/day. Additionally, urinary phosphatc concentration at week 51 was sigmficantly lower than
concurrent control in male and femate dogs given 200, 600 or 2000 mg/kg/day.

Urinary calcium volume was higher than concurrent control in male dogs given 600 or 2000 mg/kg/day and
in female dogs given 200, 600 or 2000 mg/kg/day.

Lanthanum was detected in plasma and tissues from lanthanum carbonate-treated dogs. Plasma levels were
dose related, and more uniform at 52 than at 26 weeks of drug treatment. Tissue lanthanum levels were
considerably higher than plasma levels in most tissues monitored. Lanthanum levels were highest in
gastrointestinal tract (stomach, duodenum and rectum), liver, bone and lungs. Tissu€ lanthanum levels
were similar in dogs sacrificed at 26 and 52 weeks of treatment.

APPEARS Tiy15
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SUMMARY
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Lanthanum Carbonate: 52 Week Oral (Capsule) Toxicity Study in the Dog with

a 26 Week Interim Kill

Shire Report No: DO0OBS-LAM-1IIA,

Shire Raference Na. 1 DOQ0SB-LAM-IIA
CRO Study No. - SPO/MBAIC

Duration of Treatment: 26 or 52 Weeks

Male = 7.3-11.2g
Female = 6.9-10.6y

Species/Straln: Beagle Dog Route: Oral (capsules) Necropsy Dates
Terminal: 8 Juno 1998 -
Weight Range on Day 1: Test Materal: Lantharum carbonate DOSING PERIOD DATES

Batch Nos.: B1066-960803
B1066-960901

B1066-960902

First dose: 5 June 1097
Final dosa: 9 lune 1898

AgeonDay 1: Appmximata;y 57
months oid

Vehicle: not applicable

Main Testing Facility:

Dosing Frequancy: Twice daily. Two
equai sulr-doses given approximately 3
hours apart,

Dose Volume: not applicable

Study in Compliance ﬁﬂl GLP: Yes

Data Collected: Toxicckinelics, mortality, clinical ohservations, body weight, faod conswmiption, ophthalmascopy, parathyroid
homane lavais, hasmatalogy, dlood chemistry, urinalyais, neurstoxicity, organ weights, macroscopic findings, microscopic findings,
tissue analysis for lanthanum fevels. This report canlains all data collected during the study for animals Kiled afier 52 weeks of
traatment, and in-Ee and tissue lanthanum data onty for animals killed after 26 weeks of treatment. Other post mortem
observabions for animals killed after 26 weeks are reported separately (SPD/AS/K).

Male Fomale
Daily Duse {mgfkg/day) o | o0 500 2000 o 200 £00 2000
Number of Animals: i - ]
At start of study 7 7 7 7 7 7 7 7
Diod or killed moribund | 0 n 0 0 0 0 0 o
At Week 26 terminal kil 3 3 3 3 3 3 a 3
Al Weck 52 terminal kill 4 4 4 4 4 4 4 4
Treatmant-related findings are shown; findings considered important are in boid.
Survival at temination (%): 00 , 160 l 100 _[ 100 100 l 100 ‘ 100 100

Body Waight (g)

Mo effects of lanthanum carbonate on bodyweight

Food consumption
(gfanimalweak)

No eltfects of fanthanum carbonate on tood consumption

Clinical Otservations and
Neurgtoxicity Assessments

No ciinical observations atirlbutable to administration of lanthanum carbonate

Ophthalmoescopy

No ocdlar findings associated with lanthanum tarbonate administration

Parathyroid Hormone levels

No treatrnent-related changes in parathyroid hormone levels

Haematology Findings

No effacts of lanthinum carbengie on haematology measurements
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Males Females
Dose tevel (mg/kgiday) 0o i 200 | eo0 | 2000 o | 200 | s00 [ 2000
Blaod Chemictry
Inorganic phosphate mgidi-Week 13 | 68 | 64 | 61 | 53 | 63 | 61 | 63 | 64
Urinalysis
Unne Volums (mi) - Week 24 | 232 177 448 198 217 202 184 05
Phosphate mg/dl - Week 24 [ 34.1 34,2 218 68 30.3 36.5 50.5 136
Phosphala {volume) mg/e «Week 24 | 4748 | 2602 | 5717 | 0913 | 2820 | 4088 | 7919 | 2923
Calcium mgidi - Week 24 | 136 205 102 27 155 | 188 223 47.1
Calcium (volume) mg/hs - Week 24 | 1693 | 1740 | ze89 | 3317 | 2023 | 2312 | 2066 | 6.306
Urine volurne (mi} - Week 51 | 204 368 444 309 az 110 260 205
Phosphats mg/dl - Week 51 |  B2.5 57.5 455 391 1200 | 1038 90.8 64.3
Prosphate (valume) ma/hr — Week 51 | 9722 | 12.680 | 12795 | 6590 | 2359 | 7129 | 10995 | 6.125
Calcium mg/di —Week 51 | 86 7% | 100 1| 204 | 144 | 222 § 94 | 213
i Calcium (volume) mg/hr —Week 51 | 1.036 | 1682 | 2763 | 3490 | 0238 | 4286 | 1.224 | 3.342
Organ Weights o Thero were no effects of lanthanum carbonate on organ weights
Macroscopic Findings There were no macroscopit findings #ssociated with the administration of
lanthanum carbonste.
Microscopic Findings There wers no mlcmscop:c fincings associated with the administration of N
lanthanum carbonate.
| Piasma lantianum concentrations — Week 256 LLAG = — /g
Range of values at 1,2,4,6 and 24 hours after 2 sub-dose
Sex ’ﬁ— Males Females
Desa lovel Control
Animat number 41 43 45 47 42 44 46 48
Range ing/g} <LLeQ <LtsQ <ol <LioQ oG <ol “laC Lo
Dose tevel T 200 ma/kgiday
| Animal nurnber 55 57 59 &1 56 58 & 62
Range (ngig) | <lle@ | | <(toQ <Uoq |G aea | N | <iea
Dose lavel 600/myfkg/day
Anirmal nramber ] 71 73 75 76 7z 74 76
Range (ng/g) <tloQ- 1 <LLoQ- \ T o<toq <LLsQ \ <LLoQ-
- \ \ —
Dose level 2000mg/kgiday
Animal number i 83 ’ 85 | a7 | 89 [ 84 l 1 T 88 I 90
Range (ng/q)
Ny
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Plasma lanthanum concentrations — Week 51 LLoQ*= —— g
Range of values at 1,2,4,6 and 24 hours after 2" sub-dose
Doso level
Anknal number 41 43
Range (ng/g) B
Dosa level
Animal nurmber 55 l 57 I 59 l 61 [ 56 [ 58 [ €0 l 62
Range (ng/g) \
Dose level 600/mg/kg/day
Animal number €9 | 71 I 73 r 75 | 70 *J" 72 #_[ L [ 7
Range {ngig) \
Dase level 2000mgikgiday
Anémal number 83 ‘ 85 l 87 _ [ 89 ‘ &4 l a6 l [:T:) l 80
Range (ngXy) \
Wt tissue lanthanum concentration (nglg) — week 28
Sex Maie
Dase ievel 200 I 600 2000
{mg/kg/day}
Lanthanum (ng/g) max min median max min median max rrrin | median
| Brain R a2 ] 55 T 233
Deaedenum 248 1810 11123
Fomur ] 175 ] 285 7 2018
Famur mamow \ _j 55 ...__: _2?6 ] i 1263
Heart i \ s \ T \ 116 \ \ 708
Kidney 0 — e - R T -t 716
Liver o 1163 B 1841 | 6170
Lungs T 225 7T 1044 - 5270
Spleen 1 HE :‘I 47 o 125
Stomach L 8059 ! 10045 o 8919
Sex Famala
Dose level 200 600 2000
(mgfkg/day) ]
Lanthantm (ngZg) max min median max I min median max _Lﬂi” median
Brain - 47 ! 30 - 44
[ Duodeawn | 7 B ETT ) T ] “_ 5089
Famur T 194 ] 692 T 3264
W\ - \ Tis \ o \ y \ \ 1779
RIS S A EZCTNN S R S| _Jee
Hidney 67 132 461
Liver 1804 T 3690 1430
Lungs T __ 246 :_ L i REED
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[ Sex Female
Dose level 200 800 2000
{mgkg/day)
Lanthanum (ng/g} max | nin median max I min median max [ min 1 medlan
Spieen 35 ] / 48 A 134
Stomach / 6610 21763 78324 |
Wet tissue lanthanum concentration (na/g) — week 52 ]
Sex Male -
Dasa teval (mgkg/day) 200 600 2000
Lanthanum {ng/g) max J min medlan max min median max min median
Bone marrow I 548 h 1024 2516
Bealn - - <13 ] z7 | [ 46
Colon o T 801 ! T 21207 9 122281
Duodenum . 189 T 11835 T 13055
Femur plate 7 T i ] 1529 T " ases
Femur plala marmow B _‘_‘4—55—_‘__‘— ﬂ - 3438 1 6638
Femur shaft r ] WTF_. T 728 T 1843
Fermur shafi mamow : 132 : a11 :: 1057
Heart 1 E: - ] 504 1 130
lfifpey A O 89 s | 297 1 503
Liver ] RE ] 5400 \ ) \ 7251
Lungs 398 1378 2577
Mesenteric lymph nodes - Ter T i zs0 1 1535
Pancraas T Yy | 77 T 121
Prostate -7 23 ) "eo ] T e
Rectum ] 8540 l T vas7i T " Jeos1z |
Sakvary gland T 28 T " fes i 227
Skeletal muscle T B T 248 i 787
Spinal cord T 3 i e i 243
Spleen T “Tae T r “Tas [ 115
Stomach - 4199 T 173219 B 248141
Subcutaneous fat :i Py :[ 7624 :: 6563
Testes 45 \ 445 798
Thyrus T a7 K T 133 T 814
Urinary bladder - T % T 833 T e
Sax Female
Dose level (mg/kg/day) 200 600 2000
Lanthanum (ng/q) | max min median | max i medlan | max min meadian
Bone matraw as ~ 1281 3772
Brain *' 29 Bl 1a9 T 56
Coton i v T 12ma2 | T 12329 - 24750
Duodenum ’ \h~ \ 305 \_ 11488 ] \ 11364
Femur plate T E i R 1 3229
Femur plate marrow -t ] 342 i 1288 O T 8131
Fomur shalt T T 280 T T 7z ] T s
Femur shak marrow T 1 o4 ™ T B17 B T 3&56

I_Heart T . ] 7 7 : 1 70 j ____4;5_#,,
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Sex Female
Dose lave! (mg/kg/day) 200 600 2000
Lanthanurn {ng/g) max Fmin median max min median max - median
Kidney 235 B 405 ] 559
Liver T 1553 3449 | 11050
Lungs - T T Tam ] 1335 - 3988
Masenteric iymph nodes | | 7 | " Te0 1 1371
Pancreas ] R B 108 B {75
Rectum f 43859 \ 10542 ' 35097
Sallvary gland ] 42 j 120 :[: 171
| Skeletal muscle 1 110 188 1 BES
Spinai cord 68 188 313
Spleen - R 145 :: B
Stomach T T 15046 i 118201 348949
Subtutanets fat T 10 183 _t 1oz
HThymus | :: _]185 K 556 ]~ _ | er .
Urinary pladder “+ §5 i /60 | ] 374
Utorus 111 s jL 2869
APPrn
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Study Title: 4 Week Intravencus (Slow Bolus) Toxicity and Tissue Distribution Study in the Dog

Location of Repori: Vol 21, page 001

Study Number: SPD0104

Report Status: Final

Study nitiation Date: 31 July, 2000

Study Facility: \

GLP Compliance: Yes

Ammals: Male and Female Beagle Dogs
Body Weights: male, 9.4-11.2 kg; fernale, 9.3-11.0 kg
Number/Sex/Dose: 3
Age at Tnitiation of Dosing: 5-7 months

Dogs were housed individually immediately prior to dosing and after dosing, and thereafter in
pens by sex. Dogs were provided with 400 g of pelleted dog diet approximately | hour after
dosing, and water ad libitum. Food was provided as 200 g meals approximarely 1.5 hours prior
1o the I' and 2™ doses of lanthanum.

{_anthanum Chloride Solution (17.66% w/v)

Lot Number: 9943967 429

Route of Administraton: Intravenous

Vehicle: 0.9% NaCl solution

Dose Levels: 1), 0.003, .05, 1 mg lanthanum chlonde/kg/day (2 mikg dose volume) with dose
adjusted for most recent body weight

Treatment Duration' 4 weeks

g

Plasma and Tissuc Ldnthanum Levels: Venous blood samples were taken from all dogs at 2, 15 and
30 minutes, and 1. 2. 4, 8 and 24 hours after dosing on days | and 25 for determination of plasma
lanthanum levels. Urme samples were collected for 24 hours over 8§ hour time periods (0-8, 8-16, and
16-24 hours) during week 3 for determination of urinary lanthanum excretion. Tissue lanthanum levels
were determined following terminal necropsy (see following tissue list).

AP‘D{.Q

l?
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21

Tissue

Weigh

adrenal plands

Tizsues

taken for
fantharum

analysis

b

Slide
Preparation

Microscopic
Examination

BOTTA

ANAN

bone marmow

brain (4 levels examined)

caccum

colan

duodenum

epididymides

eyen (incl. optic nerves)

feraur (incl. martow)

SNENENENTRENEN PR 2N

gall bladder

heart

ileumn

injection siles

NEN

umam

igdneys

lacrimal glands

liver

ANENENEN

ANEN RN ENENENENENLNER L NENLNANEN

SISS N NSNS SN YSNAY NS

TN PRERER PN ERTRENENEN PU PR EN PR AR PN PN

Tissue

Weigh

‘Tissues
taken for
lanthasum

Slide
Preparation

Microscopic

g
-3

lungs {incl, maingtemn bronchi)

analysis
<

mesenteric lymph node

S

oesophagus

v

uvaries

.

pancreas

| PINGLEALY

prostate N

‘w&‘\

Tecium

|| salivary gland (submandibular)

pY

sciatic nerve

site of mammary gland

skeletal inuscle

skin

spinal cord (3 levels examine)

spieen

_swermum

stomach

submandibular lymph nodes

tostes

N ENENEN N ENENES PRSP RS EN

thymus

thyroids {incl. parnthyroids)

'NENZN

INESENENEN ENERENENZN N ENEN PR EN PSP EN N PR S g

tibia

longnc »

trachea

|

arihary bladder

| uterus

vapgina

all gross lesions

‘-\‘\‘\‘\'\l

<

INENEREN ENEN ENENENENENENEN ENENEN ENENENER INEN ENERENES SNEN

A AN RN R AN A N N A I N AN N I R AN N N N N ENENEYANENENEN

NESENENENEN

Due to their small size and consistency, samples of adrenals, gall bladder, ovaries, pituitary
glands, prostate and thyroids were not taken for tissue lanthanum analysis.
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Observations/Measurements: Dogs were observed daily for mortality and clinical signs. Body weights and
food intake were determined weekly. All dogs were examined ophthalmoscopically prior to start of dosing,
and during week 4. ECGs (leads I, II, TII, aVL, aVR and aVF) monitored prior to initiation of treatment
and immediately pre and post dosing during week 4 for determination of RR, PR, QRS, QT and QTcV
(Van der Waters) intervals.

QTcV (Van der Waters) = QT- 0,087 (RR-1000)

(Toxicol Sci 45: 247-58, 1998}

Venous blood samples were taken from all degs pretreatinent and during week 4 of treatment for evaluation
of hematology and clinical chemistry values.

Hematology: Hb, RBC, PVC, MCV, MCH, platelet, WBC (differential leukocyte counts), reticulocytes
Chinical Chemistry: BUN, creatinine, glucose, ALP, ALT, AST, total protein, albumin, globulins (alpha-1,
alpha-2, beta and gamma), albumin/globulin ratio, bilirubin, cholesterol, triglycerides, calcium, inorganic

phosphate, sodium, potassium, chtoride, prothrombin time, fibrinogen, activated partial thrombaoplastin
time.

Urinalysis: volume, glucose, bilirubin, ketones, blood pigments, pH, protein, urobilinogen, nitrites,
leukocytes, erythracytes, crystals, debris, casts, epitheliai, color, appearance, sodium, potassium, chioride.

Dogs were sacrificed after 4 wecks of drug treatment, tissues removed. and examined macroscopically and
microscopically (see previous tissue list, under tissue lanthanum levels).

Results

Platelet counts were considerably lower than concurrent control during week 4 in one male and one female
dog given 1.0 mg lanthanum chlorideskp/day, i.v. Individual platelet counts in male and female dogs given

I mg/kg/day, i.v. for 4 weeks were 156, 411 and 391 X 1(]3/uL and 598, 447 and 127 X 10°/ul.
respectively. Mean platelet counts were not drug-refated.

Mean (+ SD) Platelet Counts (x 10°/ul.)

Gender- Intravenaus Dose (mp/kp/day)

R AL 0.003. - 0.03 - 1.0
Male 351£101 388i24 392459 319£142
Female 399435 349+66 35146 3914241
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There were no drug-refated effects on ECG variables, including QT and QTcV intervals.

Electrocardiograms - group mean values - Pre-treatment

éroup b 3 4
Teat arricle ContIol Lanthamon chloride
Dose  (ag/lq/day) ; 1 0.003 0.0% 1.0
Group/sex Hoart Ratae AR P-R ons a-4 gTeV
(beats/min) {saca) {seca} (s} {s=cE) {maga)
M Baan 119 a.51 3,12 .02 g.19% 233.7
B.D. 17 0.08 Q.02 001 9.0 T.Q
N 3 3 k| 3 A a
a2 haarn 120 0.51 0.12 0.01 .22 262.8
ap. 20 0,09 o_0g 0.2 0.02 12.6
N 3 k] 3 3 3 e
3 naan 133 0.45 a.12 0.04 0.21 257.6
8.0, (] .03 4.00 0.00 0.01 7.5
N 3 3 3 3 3 3
4 moan i 8.5 n.12 0.04 0.21 256.8
8.D. RYS 9.07 9.00 0.90 0.0l 10.0
N a 3 2 3 3
(%3 mean 124 0.49 s.12 a, 627 o.a1 251.3
8.p. 13 0.05 0.00 0.01 3.0L 11.2
X a 2 3 3 3 3
2¥ mean 13% o.48 t.11 .04 o.290 2a7.3
.0 B .09 4.6G2 c.al Q.02 12,4
n i 3 3 3 3 3
r maan 135 0.46 013 n.04 Q.20 250 K
5.D 26 3.10 0.01 1] s} v o7
N 3 3 3 3 k| K
4 manr 137 0.43 0.12 a.03 4.2 243,93
8.0 19 0,04 6.02 0.01 9.00 3.5
" 3 3 a i 3 a

23
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Electrocardiograms - group meun values - Day 30

Group . 1 2 3 4
Test afticle H Control Lanthanyn chlorada
pDora (g /kg/day) H 0 0.003 a.905 1.0
PREDOSE
Group/sax Haazt Rate R-R PR gR3 -7 QTev
(beaty/min) {aece} {awca} {aat=} {ancs) {maac)
. =mman. 112 Q. %5 0.13 4.04 0.19 a3
BE.D i9 g.11 0.8 &.00 9.01 13
N k] 3 E 3 3 3
i, | mSAT 122 o.49 o,13 0.03 0.22 264
3.D. 7 0.03 0.0l ¢ o1 g.02 18
" 3 a 3 1 3 3
e Bean 128 Q.47 4.11 0.03 0.20 243
s.p. & 0.02 .01 0.01 0.43 -]
R 3 3 3 k] 3 3
AM mean 107 o.57 0.11 D.02 522 254
5.0 13 n.06 0.02 0.01 g.0l 10
N 3 3 3 3 3 3
1F maan 127 0_47 0.12 .02 0.20 243
s5.n 5 0.02 3.01 o.01 0.01 5
N 3 k] E ] 3 3 3
ar maan 118 0.51 n.13 0,03 0.21 252
5.0 1% 2.07 Q.01 0.00 0.01 L]
N 3 3 3 3 3 a
ar mean 138 0_44 0.13 0.04 0.20 245
5.0, 14 .05 5 01 o0.00 a.03 ?
L E 3 3 3 3 3
4% waa

143 0.43 §9.12 .03 0.19 236

-
w
[}
")
-
W
(=]




NDA 21468
Eleptrocartiiograms — gesup mean valuey - Day 39

Group H 1 2 3 4

Test arciole H Control Lanthamm chioride

Dose {ng/kg/day] | 0.003 ¢.0% 1.0

Imandiately post-dose

Group/sex Baart Rate B~R P-R oRs Q-T orev

(beate/min} {asast (asos) {aecn) (AGas) (mmec)

1M mean 123 .50 8.12 0.04 ¢.20 247.1
3.D. 18 4.08 6.0x o.40 6a.a2 27.6
w 3 1 a 3 3 3

i =ann 132 Q.49 .12 0.03 p.22 260G.7
8.0, 7 9.03 4.402 0.51 0.02 19.2
) 1 3 a 3 3 3

M mgan 124 n.4p 0.31 .03 0.2¢ 241.6
8.p. &8 .03 0.01 n.01 0.01 a4
N 3 3 3 3 3 3

a masn 109 0.5% f.1: 0,03 o.21 2%2.2
&0, 11 0.06 8.02 6.01 0.01 (% :
N 3 E] 3 3 3 El

1F medan 127 o.47 4.12 0.03 a.20 249.2
5.D. 3 0.0l 0.01 a.00 0.02 i15.1
N 1 a 3 Kl 3 3

r meen 138 .44 d.13 ¢.03 o.20 249.0
s.op. 7 0.02 0.01 0.00 0.Q0 1.8
L 3 kS 3 3 3 3

Bl BgaAn 134 0. 48 @.13 G.04 0.20 251.2
sS.D. 11 0.03 0.01 ¢.00 0.02 7.7
N 3 3 3 3 3 3

ap Aaan 141 .43 g.1% ¢.03 018 232.%
B8.D. 0 .07 0.0} 0.0 0.02 26.%
N a 3 3 3 3 3

25
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The following drug-related findings are shown in the sponsor’s summary table.

Fibrinogen levels during week 4 were higher than concurrent control in male and female dogs given

| mg/kg/day.

At week 4, liver enzymes (ALT, AST, ALP), total protein, globulins, albumin/globulin ratio and
triglycerides were higher than concurrent control, and inorganic phosphate was lower than concurrent
control in male and female dogs given | mg/kg/day.

Histopathologic evidence of chronic hepatitis was present in all male and all female dogs given
I mg/kg/day. Focal necrosis of the liver was observed in | female dog given | mg/kg/day.

Plasma lanthaniim exposures (Cmax, AUC) were dose-related, and increased more than dose
proportionally. Median plasma levels at Cmax in male and female dogs given t mg/kg/day for

25 days were 16,861 ng/'mi (0.12 mM) and 22,065 ng/ml (0.16 mM), respectively. In female dogs, plasma
lanthanum levels were higher on day 25 than on day 1. On day 25, plasma lanthanum levels in female dogs
were higher than those in male dogs.

Tissue lanthanum levels were dose-related and highest i liver, spleen, gastromtestinal tract, bone and
mesenteric lymph nodes (see table below). Liver and spleen lanthanum levels were considerably higher
than plasma levels at C,,,. Median liver lanthanum levels in male ard female dogs given | mg/kg/day, iv
for 25 days were 452647 (3.2 mM) and 407958 ng/g (2.9 mM), respectively (see following table).

Madian tissue Tissue
cancentration -
| {Ha/t weat waight)
Dosa iavsl 0.003 ma/ka/day
Below LioQ or upto | Aorts, Brain {cerebellum), Brain (cerebrum), Brain (mid}, Gascum, Coion,
Q.1ugfg Ducdenum, Epididymides, Eyes, Hoart, fleum, Jejunum, Kidneys, Lacrimal glands,

Lungs, Mesantenic LM, Oescphagus, Pancreas, Rectum, Salivary Gland, Sciatic
Nerve, Skeletal Muscle, Skin, Spleen, Spinal Cord, Stomach-corpus, Stomach-
fundus. Stomach-pyloris, Sternum (M), Submandibular LN, Teeth, Testes, Thymus,
Tongue, Trachea, Urinary Bladder, Wterus, Vagina

#01 to lyglg Famur, Femur-grawih plate, Liver, Stamum {F)

Dose lavel .| 0.08 ma/kg/day

Below LLoQ or upta | Brain (cersbellum), Brmin (cerebrum), Brain (mid), Caecum, Epididymkdes,
0. 1ugig Oesaphagus, Pancreas (F), Sciatic Nerve, Skeletal Musda, Skin, Spinal Cord,

Teath, Testes (M), Thymus, Tongue, Urinary Bladder (M), Uterus, Vagina

»0.1 f0 1pg/g Aorta, Colon, Duodenum, Eyes, Heart, lleum, Jepunum, Kidneys, Lacrimat gland,
Lungs, Mesenteric LN, Pancreas (M), Sallvary Gland, Stemum Stomach-Rindus,
Stomach-pyloris, Ractum, Trachea, Urnary Bladder (F)

| >t t0 10 Ho/g Femur, Femur-growth piate. Spleen, Stornach-compus, Submandibuiar LN

21010 100 uglg Liver
| Doae levei 1 mglkgrday

Below LLOC or upto | Brain {cerebrum), Brain {mid) (M), Teeth

@.1ug/g . .

>0.1 to g/ Brain (carebellum), Brain (mid) (F), Epididymides, Eyes (M), Sciatic nerve (M),
. Skeletal muscle (M), Spinal cord, Slemum, Testes, Thymus (M)

>1 to 10 uglg Aoria, Caecum, Colon, Duodenum (M), Eyes (F), Heart, leum (M), Jejunum (M},

Kidneys, Lacrimal glands, Lungs (M}, Oesophagus, Pancrees, Rectum, Salivary
glands, Sclatic neeve (F), Skelelal muscle (F), Skin, Stomach-pylaris,
Submandibular LN (M), Thymus {F), Tangue, Trachea, Urinary Bladder, Literus,
vagina

>10 {0 100 py/g Cucdanum (F), Femur, Femur growth plate, lleum (F), Jejunum (F), Lungs (F).
Mesenteric LN, Stomach-corpus, Stomach-fundus, Submandibuiar LN (F)

[ 5100 ta 1000 pgig Liver Spleen ]
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SUMMARY
Lanthanum Chloride: 4 Week Intravenous (Slow Bolus) Toxicity and Tissue
Distribution Study in the Beagle Dog
Shire Report No:DOOO15-LAM-UITA Shire Reference No. : DOOQT5-LAM-HIA | Duration of Treatment: 4§ Weesks
CRO Study No. : SPD0104
Specles/Strain: Beagle Dog Route: Infravenous Necropsy Dates
L Terminak 31 August to 5 Saptember 2000
Walght Range on Day 1 ; kg Tesi Materiah: Lanthanum chioride Doaing Period Dates
Male =94-112 sofutiors ((0% wi La) 3t July to 4 September 2000
Female =9.3-11.0 E' 3

Baich Nos.; 9943967 429

Age onDay 1:
Approxamately 5 - 7 months old

Vehicla: 0,9% wiv sodium chloride | Main Testing Facility:

Mravencus Infusion BP

Study in Compliance with GLP Yes

Dose Voluma: 2 miig Oosing Frequency: Once dally

E

and lanthanum tissus lavels.

ata Collected: Monalily, dlinical obsarvations, body welght, food consumplion, ophthalmascopy, electrocardiograpiy,
hasmaialogy, coagulation, blood chamistry, urinalysis, taxicokinatics, orgn weights, macroscopic findings, microscople pathology

F Maje Femaila
Daily Dosa (mg/kg/day) 0 0003 | 008 ¥ 0003 | 005 1
Number of Animals: 3 3 3 3 3 3 3 3
Treatment-related findings are shown In bold. N o
Hurnber of imschustuted duathe: o To To BEERE E TB o
_C“rticai Chservations Thears were no treatrentrelated clinjcal signs l
Body weight Gain (g) (Weeks t - §) 0.70 127 ‘ 127 [ 673 as? 1.10 _J XE La,sv
" Contrgi % Ghangs from Cantrot Control % Change from Control
waight garin weight gam
% Change from Contral weight gain a7e 81 731 —}_4 047 33 ;—257 JL B

f—
Food consumption {g/paimal/day)

There wora ng lreatment-related effects,

Ophthalmescopy There were no treatment-related findings.

Electrocardiograpiry There were no brBatment-related efiscts an any atectrocardiogeam naramelet; T

Hzsmatology T

Platalat (10&"”“ One mals and onte female at 1 mgAg/day had values below backgﬂiund ranges.
{background range: mates, 4.6 manth, 234 — 461, 7-12 month, 160 - 389 ; females, 3-8
manth, 208 - 462, 7 ~ 12 month, 196 - 426)

Coaguiation Cantml % Changs from Contrn Control % Change from Contrl

Fibdnagen (mg/dl) 174 u |16 52 182 18 RN

%o Change from control weight gain is incorrectly listed a5 0.70 and (0 57 for male and females.
respectively. [t should be zero for both male and female control groups.
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Blood chamistry
Sex ~ Male l_ Famale
I - Contrat | % Changs from Controd Control | % Cl;angn fram Control
Daily Dose (mghg'day) a 0.003 0.05 1 0 0.003 0.05 1
Alkaline phosphatasa (UA) 292 -3 81 149 358 27 A7 24
Alanine transferase (U/) a 5 18 12 32 -18 a9 14
Aspariste amino transferasy (U1} 30 -23 -10 M7 29 -21 -14 ™
Tatal pratein {g/ot) 53 2 8 " 53 10 -3 -2
Giobulin {aph) {gfd)} 2.4 4 4 29 26 -15 8 12
A/G (eph] ratio 13 -8 31 1.2 17 17 -7
Beta globufin (gidl) 1.1 -9 o 3% 13 18 18
Triglycerides (Mmg/dh) Pl 13 39 104 35 -23 14 11"
fnorganic phosphate (mg/di) 7.1 5 3 24 6.8 1! g
Urinalycis There were no freatment-relatad findings.
Toxicolinetics -
Sox Malos Females
Dase level (mg/kg/day) ora [ 005 | 1 ooz | o005 ] 1
Day 1 &ﬁyma N\
| Tongy (hOWIS) 0.02 [ ooz 0.02 0.18 0.02 0.02
AUC, . (ng.himi) /T2 677.2 BTG4 | 3385 ) 114 111004
. AU% {ng.himl) 3912 843.2 104234 35.84 1166 181290
T142 (hours) 718 4.48 962 107 817 17.01
Bay 25 | Cung/ml) \ )
' Y e {hOUITS) 0.40 8.02 0.02 902 o902 t ogz 1
| AUC, ., ing.nimD) 58 74 1802 80584 87.36 2768 207722
A b 7227 2029 83327 75.42 3049 353370
T172 (hours} 11 46 8.21 5.8 13.81 7.40 14.04
an Wei There wers no irsatment-ralated effects.
Macroscopic Findings There were no reatment-ceiated fdings.
Microscopic Findings ]
Sex Males Females
" Dose ievel (ngig/day) a 4003 | 005 i ) 9403 | 0.05 1]
Liver - chwonic hepatitls 1} a 1] 3 L+ 0 0 3
Liver - focal necrosis T 0 ) 0 ) 1
| Wt tisaue hanthanum concentration -
Sax _...] Mata
Dose level (mgkg/day) [ 0.003 0.05
Lanthanum {ngig) raax min medlan | max min l median | max l mirt { median
Aorta 24 218 1 1551
Brain cerebsiism g 11 . 108
Brain cersbrum \ “] <7 \ \ <? \ 35
Rraln mid brain - 1 <7 : - 6 I £9
Caecum 3 7 70 427
Caion :] 19 N 272 ! 3876,
Dlﬂd&ll:]_l‘!\ { 17 _{ 263 8915
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Sex Male .
Dose lavel (moikgiday} 0.003 0.05 1

Lenthanum {(ng/g) max min median | max l min median | max min i median
Epididymides <7 |2 ] i 416
Eyes <7 184 A 9a7
Fermur 145 1830 B 26028
Femur - growth plate A 366 ] 4285 | 45976
Heart 8 6 | N 1518
Heum ] 27 {198 N [ q408
Jejunum i : 7 ] 126 ,_L 8053
Kidneys L 52 491 o 7070
Lacrimal glands 28 287 | 2008
Lver " R “Te79 18058 52847
Lungs ] :_ 25 241 :; 7871
Masanteric tyiph nodes 22 | _| %7 i 1 16430
Oesaphegus j 15 : 57 ] 1670
Pancreas <7 105 l 1511
Rectum —}' 13 T 168 ] 3856
Salivary glands 7 ) 1 345 ] 3521
Scialic netve ““'T <7 ! ] E‘“—l' 1 618
Skotetal musdle < 43 478

Skin T <1 | | 48 T 1400
Spmal cord ] _“L / Y AN E 125
Spieen ] / m 2 | | / 1 / 459409
Stemum <30 128 L 577
Stomach Corpus T 70 e | i 23978
Stomach fundua % :} 51 T 8dg i et |
Stornach pylorus I BED REIN! i 2880
Submandibaler lyrmeh nodes 1 3 1348 i 8420
Teath 24 77 8
Testos T <7 34 T 564
Thymus 1 B 50 i 842
Tongue B «<f _ ﬁw_ me A 2243 _
Traches o 23 7| B 1316
Urinary bladder T 11 T L 1587
Sex T - T )

Aaxia 1 25 T TTms T 3308
Brain cerebelium T 1 :: NE 162
Brain cetebrum <6 <8 a8

Brain mid brain 1 1 S i 1 3 BEE
Caecum T B8 a3 8443
Colon 1 J}Z i _Mt 306 8297
Duodenum 14 298 540§
Eyey T TS i T “Tazs 1143

[ Femur e 7T 1509 BET

_L 38789

Femur - growth piate 1 | 568 j BE 4792 J_ } 54483 |
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Sex - Mele

[ Dose level (mg/kg/day) 0.003 0.05 1
Lanthanum (ng/g) max min maedian | max min median | max min median
Heart <6 ) 125 = 2788
Roum 7 19 ] as_ | 1 10532
Jejunum 9 " 208 7 15365
Kidneys : 44 ] 924 _: 8304
Lactimal glands i 3 N 274 ] 2604
Uiver | 926 ] 20717 - 407958
Lungs j 40 | 322 _1 12175
Mesenteric lymph nodes ] 15 ] ] 368 i 25659
Qesophagus 2 4 . 100 j_ 2934
Pancreas e 7 | 2033

| Ractum ] 2z 1 T 1 9201
Sakvary glands 28 ] 424 1 2293
Sciatic nerve ] <7 B "o _,4: 1121
Sketetal muscie < B a7 / 1 / 1232
Skin | <11 B / 88 1 2653
Spinal cord 1 / <B / ] 22 i 163
Splean 26 2w | ! 394270
Stemum / 1 199 1 s i 7
Stomach compus N 2 | T “Tame | T 46778
Stomach hsadus 1 :ljw :1 529 :l 12983
Stomach pyiorus 28 | ] 270 i i 3403
Submandibatar lyrmph nodes 22 1_1 167 2l L 23480
Teeth 25 ] T 83
Thymus <7 ] 67 -1 1243

o 0 s O A vt A
Trachea 29 1 HETENE j_ 2104
Urinsry bladder _two | 1 147 ___}_ 4109
Utetus <7 " as 2778
Vagtna — Ta T Te i T 4250

Fad
APBI;:?S ff;’,’g tien
Moy Lo ey
' (}j'?ic“?ﬁzl
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Study Titie: Electron Microscopy of Stomach Samples from Mouse, Rat and Beagle Dog

Location of Report: Vol 37, pg 206

Study Number: X00223-LA-11IA

Report Status: Final

Study Imtiation Date: 31 July 2001

Study Facility: L 1

GLP Compliance: Yes

Purpose of Study: To determmine the localization of lanthanwin carbonate deposits within stomach samples
of lanthanum carbonate-treated animals.

Experimental Procedure and Samples Evaluated

Samples of glandular or fundic stomach, previously fixed in 10% neutral buffered formalin, were taken
from four controt and four treated ansmais from each mouss, rat and beagie dog sudy.

Sources of Samples Samples Control Growp | Treated Group |
" Examined T Animal Numbers | Animal Numbers
and Sex and Sex (Dose)

"Mouse 99 week oral carcmogenicity | Glanditkar Stomach W-ZM. M TSIM. 161M
study (SPDO8%: Shire Reference T02F, 203F 352F, 353F
MOOORT-LAM-LILE) _ | {1500mg/kg/day)
Rat 104 week oral carcmogenicity | Glandular Stomach | 110, 12M 24T, 242M
study (SPDOB7: Shire Reference 306F, 307F 541F, 544F
ROOOT7-LAM-IIE} (£500mg/kg/day) |
Dog 52 week oral toxiciry study | Fundic Stomach 43M, 45M 83M, 85M
{SPD066: Shire Reference DO008S- 42F, 44F 84F, 86F
LAM-II[A) _J o (2000mg/kp/day) |

Key: M-Male, F-Female

These samples were secondary fixed in 2% paraformaldehydes2.53% glutaraldehyde in 0. 1M sodium
cacodylate buffer ARer szveral changes of & 1M sodium cacodylate buffer, the samples were tertjary
fixed in 1% osmium tetroxide followed by three more washes in 0.1M sodium cacodyiate buffer.

L

All processing was performed using a  —  { microscopy lissue processor

1M survey sections wese cut andd stained with toluidme blue. Silver/gold uhtrathin sections of selected
ransmission clectron mictescope. Representalive arcas
- Film and enlarged as required.

areas were examined using a  -e———

were photographed onto .

APPEARS

THIS WA

ON ORIGIHAL
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Resuits

32

Transmural stomach sections examined with electron microscopy showed macrophages with electron dense

inclusions (or bodies) within the cytoplasm, consistent with macrophages engulfing foreign bodies or
particles (likely lanthanum in this case). These electron dense inclusions were not observed in any other
cell type, or in tissucs from control animals. No degenerative changes were observed in macrophages that

contained electron dense inclusions.

Species - |- OralDose |- Study -
o (mg/kg/day) ~ | Duration ages v

: o {Weeks) . He

Mouse 1500 99 Glandular Oof2 2 0f2
Rat 1500 104 Glandular 1 of 2 | of 2
Beagle Dog 2000 52 Fundic 1 of2 2o0f2

* mg lanthanum carbonate/kg/day

APFEALS THIS war

0N CRIGIWAL
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PHARMACOKINETICS STUDIES

Study Title: fn Vitro Protein Binding Study: Mouse, Rat, Rabbit, Dog and Human Plasma, and
Human Alphal-Acid Glycoprotein, Transferrin, and Albumin

Location of Report: Vol 47, pg 319

Study Number: SRU 002/0604649

Report Status: Final

Study Initiation Date: 19 May 1999

Swdy Facility: 1
GLP Compliance: Yes

Drg: Lanthanum Carbonate

Lot Number: B 10606-980601

Measurement of Protein Binding: Binding of lanthanum to mouse, rat, rabbit, dog and huinan plasma

proteins; and to human albumin, human a;-acid glycoprotein and human transferrin was determined by
ultracentrifugation (duplicate samples) over a wide range of lanthanum concentrations. Unbound

{supernatant) lanthamun levels were measured using [ !

Percent plastaa protein binding was calculated as: 100{D,-I,)/D),, where I, represents the total
concentration of lanthanum in plasma or protein solution before ultracentrifugation, and D, represents the
unbound concentration in the supernatant after ultracentrifugation.

Results
La*>' Concentration - Plasma:Protein Bitiding (%) E |
{ng/mt) Mouse | -Rat” - |Dog. .|  Rabbit | Human |
01 17 4 225 84.4 1.5 5385 |
0.3 888 85.0 90.2 85.6 893 |
25 97.6 97.5 982 973 97.9
10 99 4 993 99.6 99 4 99.0
30 99.8 99.9 99.9 999 99 3
250 99.9 ~99.9 999 999 99.7
La't Concentration Human Profein Binding (%),
{ng/ml) Albumin = | . a,-acid transferrin -
____|glycoprotein
0.1 953 733 40.0
0.5 968 755 37.4
75 987 95.0 96.9
10 99 6 98 8 99 4
30 99,9 99.8 997
T 999 998 ~99.9
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Study Title: Pharmacokinetics and Excretion Balance in the Dog Following Single Oral

Administration of Lanthanum Carbonate

Location of Report: Volume 49, pg 222

Study Number: SPD/78/W

Report Status: Final

Study Initiation Date: May 1996

Study Faciiity: ‘L “

GLP Compliance: Yes

Animals: Male Beagle Dogs,
Body Weight Ranges: 9.0-12.65 kg
Number/Sex/Tose: 2

Age at Dosing: Not provided

Drug: Lanthanum Carbonate
Lot Number: 6268/960101

Route of Administration: Oral administration by capsule
- Positive Control Substance: Chromium oxide (6 mg/kg) in a capsule

Dose Level: 1000 mg lanthanum carbonate/kg
Treatment Duration: Single dose

Plasma drug measurements: Venous blood samples were collected at 9.23,0.5,0.75, 1.2, 4.6, 8, 12 and

24 hours after dosing

34

Additional Measurcments: Urine and feces were collected over a 7 day post dese period, lanthanum levels

measured, and percentage elimination by these routes caleulated. Oue lanthanwn treated dog (dog 310)
vomited 2 hours after dosing; lanthanum concentration was determined in this vomit. Chromium oxide

elimination via the fecal route was determined in control animals in order to assess methodology.

Resuits: Plasma lanthanum levels peaked approximately 2 hours after oral dosing.

Mean Plasma Lanthanum Concentration Time Profiles in Test and Caontrol

Group Animals

1.2
A
11 Y
[
= |
o0 0Ed
< i
g ! -
2 e 1." —a—ontryd
= f' =—Lanthanum
< —
£ :
z 04
J
02 T .
,-// ST
00 R
1] 12 16 n 2%

Time (h)
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Plasma drug levels for the two lanthanum carbonate-treated dogs are shown below.

Plasma Lanthanum AUC Values for Test and Coniral Group Animals

Group Dog Numaber AUC, . (ng*h/g) Mean = SO {ng*hig)
Conturot 88 (Y 182 185 £ VA6 (D
Conairol ISR (D) 2.00 294 £ 1 33(2;
Contro! 306 188

Test 30 10.2 R4 2207
Test 198 .07

(1) using | h cancentraton of <0.2 nafg (taken as zerod

{2y using Y h concentration of (.29 np/p

The percentages of lanthanum eliminated by urinary and fecal routes are shown below. Fecal elimination

35

accounted for the majority of ehmination and occurred primarily within the first 24 - 48 hours after dosing.

Only a small percentage of the administered dose was eliminated renally,

Percentage Dosed Lanthanum Recovered in Urine and Faeces Following
Singie Oral Administration of Lanthanem Carbonate (10} mz/fky)

Time % Dose Recovered

Post-dose ’
{h) Dog 310 D']g 198

Licine Fagces  Urime Faeces

24

p C
12

96

120

144 b
168 i

Sub Totals
Vomilt N A

TOTAL B 54 4 Y4 6

N/A == Not Applicable

Mean (+ 5D total recovery = 94 5 =0 {4%
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The positive control substance, chromium oxide, was eliminated primarily via the fecal route, as shown

below.

Percentage Dosed Chromium Recovered in Faeces Following
Single Oral Administration of Chromium Oxide (6 mg/ke)

Time Dose Recovered

Post-dose
(h) Dog 258 Faeces Dog 306 Faeces

24
48 r
72
9%
120

144 q

168
TOTAL 104.6 98.2

Mean (= SD) w2l recovery = 1014 + 4. 53%

APPEARS TH!g WAY
ON GRIGINAL

36
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Study Title: Single Dose and 4 Week Repeat Dose Oral (Capsule) Pharmacokinetic, Tissue
Distribution and Clearance Study in the Dog

Location of Report: Vol 46, page 00!

Study Number: SPDO100-TK.

Report Status: Final

Study Initiation Date: 25 May 2000

Study Facility: [ w'

GLP Compliance: Yes

Animals: Male and female Beagle dogs ,
Numbet/sex/dose: 2 (lanthanum chloride: single dose and repeated daily dosing for 28 days)
3 (concurrent control groups; 1 and 6 month clearance groups)
Age at imitiation of dosing: 5-7 months
Body weights mnmediately prior to dosing: M, 9.7-11.1 kg; F, 8.3-10.0 kg

Dags were provided with 400 g standard dog chow and water ad Iibitum.

Drug.  Lanthanum Carbonate

Lot Number: B1066-980601

Route of Administration: oral by capsule

Vehicle: none

Dose Levels: 0, 2000 mg/kg/day (daily dose given in two doses 3 hours apart)

Treaiment Duration: Single daily doses on days | and 8 (in the same animals)
Repeated (28 days) daily doses on days 15 to 42
Clearance (| and 6 months following 28 days of daily dosing)

Observations/Measurements: Dogs were observed daily for mortality and clinical signs. Body weights and
food intake were determined weekly. At the end of dosing, dogs were sacrificed, necropsied, and tissue
samples taken for determination of tissue lanthanum levels.

Blood samples were taken before and after dosing on days 1, 8, 42, 70 and 224 at the following times for
plasma drug measuremnents.

Day i: pre-dose. 1, 2.3, 4 and § hours after the first dose (Day 1 samples were not analyzed.)

Day 8: pre-dose, 1,2.3. 4,5, 7,9, 12, 24, 72 hours after the first dose (Singie dose administration)
Day 42: pre-dose, 1,2.3,4.5,7,9, 12,24, 72 hours after the first dose (28 day repeated daily dosing)
Day 70: blood taken at approxumately 9:00 am (7 month of withdrawal)

Day 224: blood taken at approximately 9:00 am (6 months of withdrawal)
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The following table summarizes the animal groups, doses administered and sacrifice days. Multiple daily

dosing was terminated on day 42. Days 71 and 225 represent one and six month withdrawal periods

following 28 days of daily dosing.

Group | Colour Nurnber of animals Identification numbers Total dose | Necropsy
number code level*** day
{mg/kg/day) | number
Males Females Maies Females
1 White 2 2 36,37 52,583 4] 44
2 Blue 2 z 3839 54,35 0 70+
3 Green =12 ap, 41 56,57 0 224+
4 Yeliow 3 3 42,43, 44 | 39,60, 62 2000 43
3 Red 2 2 43, 46 58, 61 2000 71
o] FPink 2 i 2 47,48 63, 64 2000 125%=
" Purple I s 49,5051 | 63,66, 67 2000 NA

" Group 4 female, Number 52, euthanased on Day 41.
T Animals in Group 7 were dosed only on Day 8. On completion of the dosing and blood
sampling procediwes, they were removed trom this studv and wansferred to an warelated
study SPDOL03. These animals were included in the siudy to obrain additional single-dose
pharmacokineuc information that was uncomplicated by prior exposure 1o the drug. Owing
w0 nse of an incorrect feeding regimen on Dayv 1, toxicokinetic samples for Groups 1 to 3
from Day 1 were not analvsed. Although the animals were maintained off-dose unti} the
study restarted on Day 8, there was potential for the pharmacokinetics on this occasion o
have been influenced by the prior exposure on Day 1. Data relating 1o this groug. with the

axeeplion of the toxicokinetics data is not reported.
* Animals kiiled approximately 1 month after cessadon of reatment

“* Animals killed approxumately 6 months after cessation of treatment
*** The datly dose was adnunistered as rwo equat sib-doses given at least 3 hours apart.

Drug-Related Findings

Emesis occurred commeonly after dosing in maie and ferale dogs given lanthanum carbenate. The sponsor
did nct indicate when after dusing emesis oceurred.

s

» Group / Anirnal Day numbers on which vomiting was recorded for each animal
i osex numoer
I 2 X0, 42
I ’ 43 13, 20
| J 14 37,39
: M 45 There were no incidences of vomiting in this group
] 46
SN 47 There were no incidences of vomiting in this group
f i 48
T 59 7.39. 42
= ; 60 7
! RS, 4.35.36,37.38 39,40
= T -
; at ‘ 38 30
| : nl ¥ -
. — ;
T S ni “8.530,31.34, 40
| 64 i
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Plasma drug levels

39

Plasma drug concentrations following dosing on day 8 (single dose), day 42 (28 days of repeated dosing),
day 70 (one month of withdrawal) and day 224 (6 months of withdrawat) are shown below. *
Plasma exposure was greater following repeat daily dose administration than with a singlc daily dose (day
8 vs day 42), indicating accumulation occurred. Moreover, plasma lanthanum levels following [ and
6 months of withdrawal (days 70 and 224) were similar to those observed during treatment; therefore

plasma clearance was extremely slow,

Toxicokinetics — Group mean vaiues

Sex Males Femailes
Totai Daily Dose (mg/ka/day} 2000 2000 2000 2000
Days Dosed 1.8,15-42 8 1.8,45-42 ]
Day 8 Conax (NQ/M) 1.29 1.48 1.5685 0.83
T max (hOUrs) 6.14 367 7.57 4.00
AUCo24(AUC.000-24.0) (ng.h/mi) 14.90 14,61 18.13 5.01
AUCo{AUCInN (ng.himl) 27.58 2434 32.68 2347
T2 z (hours) 25.34 20432 24 76 25.57
Day 42 Comax {Ng/mit) 11.40 - 10.08 -
Tmax (hours} 9.14 46T .
AUCq.24{AUC 000-24 C) (ng tumy) 207.48 - 175.14 -
AUCaa(AUCInG (ng himi) NC . NC _
T1/2 z thours) NC MC -
Day 70 Mean plasma level (ng/imi) 5.63 516
5D 2.65 101
' N 4 | 4
} Day 224 | Mean plasma level {ng/ml) 2.24 | 182
| | s 263 | 0.81 ! |
i i N 2 | 2 i ]

APPEARS THIS WAY
UM GRIGINAL

Two sets of duta are shown for the single dose adnunistration on day 8. These dirfer only tn that the data on the left
refers o dogs that were given fanthanum on day T as well as day 8, whereas the data on the right refers to dogs that

were given lanthanmm only on dav §
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Tissue Drup Levels
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Tissue lanthanum levels following daily dosing for 4 weeks (day 43) and following | month of withdrawal
(day 71) are shown mn the following table. Tissue lanthanum levels were higher than ptasma lanthanum
levels for many tissues, indicating tissue accumulation. Moreover, hissue and plasma lanthanum levels
generally remained high following 1 month of withdrawal.

|r Wet tissue tanthanum concentration for Day 43 compared with Da;?‘l

S—— |
Males and Females combined
" Dose level (mg/kgiday) 2000 2060 |
e __Day 43 (4 weaks dosing) | Day 71 {4 weeks witharawal) | Day 71 median a5
| Lanthapum (ng/g) i max min median max min i median l ame;/;and Day &2
Adrenal ; T I J ] s j_-ﬁ_ 76
Aona ] i ] 54 - 1 i 3z i 59 o
E Bramn {cerebellum) [ _*_ _‘ <1f ! +‘_ <; J <LLoQ 4
i Brain {cerebium) ! <3 : < . <L LoQ
:'_é_r;rr%ud) , T Tar 1 5 T e H
Caecum T T ] 304 ]_ )I__ 24n | ) 79
Calon B T T 390 T 21 5
{ Ducdenum S _l_ | azes e 389 9
| Epidicymides . | "‘_ <7 “Uon
Eyes j: i 75 18 24
| Femur - grawth plate N T 767 : ‘Ifg B34 B3
| Fernur - shafl i 330 | 337 102
 Gall bladder B T 1= N TS 82
Heart [ 7 I <8 <LLoQ
lleum §: __I: 4oz | + | 27 24 .
Jegunum Ir_ 1 N s | T ' 38 P 83
 Kidney 7 1 o8 | L T kT
: Lacnmal glands ! _J_ 1 ﬂ?___L ! i 25 22
i Liver \ I 1454 1058 | 73
Lungs E 6 | ] 260 T
Mesenteric lymph nodes | | | 549 ! 183 a3
Oesophagus %l I I ga i _: t 58 1 56
Cvanes ' I 16 <9 <LLOQ B
Pancreas j: :___ 14 i +_ <8 <LLoQ
| Pituitary - a5 | [ T <z <LLoQ j
| Prostate 1 1 28 | l___ +or ] <_LoQ
[ Rectum i g 12893 i 50§ 04
| Salvary glands ] _l—__ 51 | [ 1T 777 13
Sciatic nerve i ! T T T < i <{.LoQ
f Skeletal musce ! : I —1 44 i = T :—5 ] B <{1oQ
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Dose level {mg/kg/day) 2000 ’f 2000 Day 71 median as
__Day 43(4 weeks dosing] | Day 71 (4 weeks withdrawal) | 2% 0fDav & |
Lanthanum {(ngly) | max | min median max ] min | median | median !
Skin ] ' 154 N 2T 4621 j
i Spinal cord | I : 69 | 0 Po<r <LLloQ ’
Spleen | ! 17 { R 71
Stemum | T 1 e | _': fo<az <tLLoQ
Stomach corpus i T 57623 l I 7174 | 12
Stomach fundus | T 8837 ! 14477 164
[ Stomach pylorus ] T 40086 il 13762 | 3a
! Submandibular lymph nodes f 1 280 T 178 64
Teeth .‘ T 8320 0 3344 40
Testes : 1 158 1 <8 <LloQ !
Thymus | 1 18 1 11 61 ]
Thyroids ! 1 200 4 0 170 85 |
Tongue ! i 21 ) 4 <7 <LioQ |
! Trachea : 1 I i a5 | 76 !
| Urinary bladder i 1 17| 1 <8 | <LLoQ ]
Uterus ! 1 T N <9 | <LlLof _J
Vagina i _ 1 45 f I i <7 | <L Lo ‘

Tissue lanthanum levels following 4 weeks of dosing and 6 months following withdrawal (day 225) are
shown befow. Significant lanthanum levels remain even at 6 months following withdrawal.

I_Wet tissue lanthanum cur:t;ntmtion for Day 43 compared with Day 225
| Males and Females combined
Dose level (mg/kgiday) 2000 ! 2000
Day 43 {4 weeks dosing) | Day 225 (26 weaks | Day 225 median as
' withdrawal) a % of Day 41
Lanthanum (hg/g) max min | median | max | min i median median
Adrenaf 21 | 18 as
Aorta M.- n 54 1 :1: 24 44
Brain {cerabellum) .i_. <16 ! <6 < LoQ }
Brain (ceretrum) _ i T o<1 T T <7 <{_LoQ
Brain: (rmid) ' 1 et | o e <LLoQ f
Caecurn : i 304 T I 24 i
Coien : J__ g0 | | a | 2 ]
Duodenum ' g | 4294 r_ 22 0.5 ]
Epididymides _{__ 1 3 L <8 <LLoQ —f
Eyes 75 ! L 13 17 | |
Femur - growth plate :ﬁ: 767 - i ]—664 | 87 I |
Femur - shaft ! ! 330 i 167 51 !
| Gall bradder ! T T = T 12 55 7
{ Heart . I L1 T <7 | <LloQ J
| ieum ! Lo 1me i [ 65 18 4
Jejunum ' . : EE" E | 16 27 !
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Dose level mgikgiday) | 2000 | 2000 ! Day 225 medianas
! | Day 43 (4 weeks dosing) I Day225 (26 weeks | 27 0fDayd3

i ] withdrawal} i |

Lanthanum {ngig) { max min |, median | max L min | median !
Kidney ; 80 | : | 22 28 ‘
Lacrimal glands T T T s ] : s !:~ 11 !
Liver il | 1454 | i . 1198 | 82 i
Lungs iR 266 j: i 126 34
Mesenteric ymph nades | i 549 1 70 | 13
Qesophagus 1 ¥ 94 i 30 [ 32
Gvanes I | 18 -l— 8 50 '
Pancreas _T_ VR T i< | <LLoQ
Pituitary B I U <as T | <23 <LLoG
Prostate 1 i 28 i :[: 16 57
Rectum T l 1 12893 | [ 33| RE
Salivary glands ] T 1 5 T T 2

| Sciatic nerve 33 4 <] <LLoQ 1

| Skeletal muscle ~ | e 1 | / .| <LLoQ

| Skan | T / T 154 T | 27 T 18

! Spinal cord ! I \ 69 I | <7 1,— <1 oQ

{ Spleen P ‘ T 1 10 59

| Stemum r i 40 | i | 398 290

[ Stemach corpus® L B | s7623 | - 1 —J'I 12811 22
Stomach fundus j_ i 8837 | T | a750 ] 54

| Stomach pylorus | ? | 40086 | I 11648 | 29

 Submandibular lymph nodes ! 1 _I 280 _L_ 96 34
Teeth i L 8320 - i 2430 29
Testes | i T 156 I <6 <LLoQ
Thymus | —[_ __, 18 L 26 144
Thyroids T 1: T 7201 I 58 34
Tangue | BN Po2ar I <7 | <LloQ
Trachea _L_ 59 | IR 32 54

: Urinary badder 1 R | + <7 <LLoQ

[ Uterus Kl T 1 <7 <LloQ

[ Vagina t | a5 e | <7 <LLoQ
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The following table shows tissue lanthanum levels to be highest in gastrointestinal tract, fiver, teeth and
bone. Lanthaoum levels up to 10,000 times those seen in plasma were observed in these tissues.
Intermediate tissue tevels (10-100 times plasma levels) were seen in other portions of the gastrointestinal

tract, bone, lungs, skin spinal cord, testes, submandibular lyrmaph node, and thyroid.

r Median tissue Tissue
| concentration
i {ug/gwetweight) |
I L1oQ orupto 0.14a/g | Adrenais Gall Bladder Prastate Tongue
i Aorta Heart Salivary Glang Trachea
Brain (cerebeliurn) Jejunum Sqiatic Nerve Urlnary Bladder
| , Bran (cerebrum) Kidney Skeletal Muscle Uterus
} i Brais (mid) Oesaphagus(M) Soieen Vaging
Caecum (F) Qvanes Sennal Cord (F)
| Endidymides Pancreas Sternum
Eyes Pituary Thyrus
'{ >0.1 to 1pgig Caecum (M) leun (M) Skin Thyrowds
Ceolon Lacnmal giand Spinal Cord (M)
i Femur-growth glate Lungs Submandibular LN
; Femur-shaft Mesentenc LN Testes
>1 to 10 ugig { Duedenem Liver Rectum (F) Teeth ]
| Heum (F) DesophagusiF) Stomach-tundus{M)
>10 to 100 pa/g ! Recum (M) N Stormach-comus Stamach-fundus(F) Stamach-pylonus

Lanthanum washed out from nssues extremely slowly. At 1 and 6 months following treatment cessation,
significant lanthanum concenirations were observed in several tissues, particularly bone, skin, stomach
fundus, iiver, lungs, femur growth plate, submandibular lymph node, and thyroid. Comparison of I and
6 month data shows clearance to be slowest for bone, femur growth plate, stomach and liver,

1 Month Withdraswal

Tissue concentration | Tissue
after 4 weeks off dose
(as % of median

concentration at ead of

dosing) .~

<1% Rectum

1t <10% | Colon Dusdenum

10 1o <50% lleun Laenmal Glands Mesenreric { N Stomach-corpus

Stomacn-pylorus Teeth
50 to <100% Caecum Femucgrowth plate Liver Lungs
Submandibular LN Thyrows
180% or greater Fermur-shaft Skin Stomach-fundus B
Six Month Withdrawal
Tissue  concentration T o Tissue !
after 4 weeks off dose
{as % of median
cancentration at end of
| desing) ! ——
<1% i Dusdenum Rectum
110 <10% Zolen
10 to <50% Zascum Lungs Maserienc LN fleum
D ostnmactepylorus Submandrbular LN Skin Lacnmal Giands
J Teeth Thyrows Stomach-compus
50 to <100% [ Femur-shaft Femur-growth plate Liver Stomach-fundus
—
100% or greater i
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1 Month Withdrawal vs 6 Months of Withdrawal

l

Stomach-fundus

Tissus  concentration Tissue
after 4 weeks off doas
S eatiay g median 4 Weeks Withdrawal 26 Weeks Withdrawal
dosing)
<% i Recum Duodenum Rectum
1to <10% i Colen Duodenum Colon
10 to <60% | tleurn Lacnmal Glands Caecun Lungs
! Mesentenc LN Slomach-compus Stomach-pylorus Submandibular LN
Stemach-pylorus Teeth Teeth Thyroids
Mesentenic LN llaum
Lacimal Glands Stormach-corpus
skin
50 to <100% Caecum Femurgrowth piate Fermur-shaft Femur-growth plate
Liver Lungs Liver Stomacrt-fundus
Submmandibular LN Thyrowis
| 160% ar greater i Femur-shatt Skin

APPEARS THIS way

ON ORIGINAL
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