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Executive Summary

This 1s a clinical review of a resubmitted NDA 21- 468.The primary clinical reviewer of the original
NDA 21- 468 did not recommend Lanthanum carbonaté for approval because of inadequacy of
long term safety evaluation among other reasons (See page 10). This position was supported by an
approvable letter that required the sponsors to address and respond to the deficiencies due to
insufficient evaluation of lanthanum carbonate’s safety. The deficiencies related to serious adverse
events particularly those associated with discontinuations and withdrawals among patients who
received Lanthanum and had stopped taking the drug. One would normally expect resolution of
adverse cvents within a reasonable time after cessation of drug intake but because of the affinity of
lanthanum of lanthanum for bones and GI the Agency sought additional information on the time to
resolution of these discontinued patients. The concern of the Agency is justified because the
proportion of patients on lanthanum (461/680) who discontinued for GI adverse events is very high
(67.8%) compared to 327/674 (48.5%) in the long term 2 year follow up study. The critical body of
information required in this resubmission inchude the time to resolution of the GI adverse events
after the drug was discontinucd, the clinical manifestations of lanthanum deposition and
accumulation in bones after a rcasonably long time, and the prolongation of the QT interval among
the paticnts cxposed to lanthanum. This information is considered important because of the
relatively long median half lifc of lanthanum that is estimated to be about 3.57 years (Sponsor’s
estimate). The safety concerns therefore affect the gastrointestinal, cardiovascular and
musculoskeletal systems including bones (See Safety Section under Summary of Clinical findings
pp 29-57)). As far efficacy 1s concemned lanthanum has been shown to be an effective phosphate
binder that reduces phosphorous levels and maintains the level at a pre-specified level of <
5.9mg/dL.

The following sentence in the approvable letter captures the essence of the deficiencies: “While it is
clear that Lanthanum carbonate is effective as a phosphate binder in patients with end stage renal
disease (ESRD), there has been insufficient evaluation of lanthanum carbonate’s safety”. A copy of
the approvable letter from the Agency is underlined and reproduced below for ease of reference:

Approvable letter from FDA (February 28, 2003)
“Attention: Rick Liltey, Ph.D.

1801 Research Boulevaid, Suite 600

Rockville, MD 20850

bear Dr. Lilley:

Please refer to your new drug application (NDA) dated April 30, 2002, submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Fosrenol (lanthanum carbonate) 250 and
500 mg Chewable Tablets.

We acknowledge receipt of vour submissions dated May 21 and 22, Junc 7, 14, 19 and 28,

July 11, 25 and 30. August 5, 14, 27 (two), 29 and 30 (three), September 10, 13, 16, 18 and

25 October 3, 8, 22, 24 and 28, November 1, 4, 11, 15,21, 22 (two), 27 (two) and 29, December 13
(two), 16, 18, 20 (two), 23, 2002 and January 23, 27 and 28. and February 12, 2003,

We have completed the review of this application, as amended, and it is approvable. Before this
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application may be approved, however, it will be necessary for you to address the following
deficiencics:

1.1 CLINICAL

“While it is clear that lanthanum carbonate is effective as a phosphate binder in patients with end-
stage renal disease (ESRD), there has been insufficient evaluation of lanthanum carbonate’s safety,

1. 2 Adverse Events Leading to Discontinuation

It is clear that the rate of discontinuation for adverse events (especially gastrointestinal adverse
cvents) was significantly higher for patients recetving lanthanum compared with standard phosphate
binders over all periods of exposure in the clinical trials. Insufficient information is available
regarding the resolution of these symptoms following lanthanum discontinuation. While in most
cases such symptoms would be expected to resolve when a study drug is discontinued, given the
high concentration of lanthanum in the GI tract following oral administration and the uncertainties
about the rate of elimination of lanthanum in patients with ESRD. our concern is that these
symptoms may not reselve quickly, presenting a real risk of malnutrition and additional injury in
this population.

Resolution of this clinical 1ssue will require data regarding the timing and extent of resolution of
reported serious adverse events (especially events leading to discontinuation) in patients receiving
lanthanum in the long term trials.

1.3. Long Term Safety Information

It 1s clear from the bone histologic cxamination that lanthanum is absorbed following oral
administration ‘

and is then deposited in tissue. [t is deposited widely in animals, including the GI tract, bone and
cardiac tissues in patients with ESRI). There is less information available, but bone deposition has
been clearly demonstrated. As we do not yet know if (or when) a steady-state tissue concentration
of lanthanum should be ¢xpected following chronic use, it is difficult to use the present database to
assess the possibility of significant long-term toxicities resulting from tissue deposition of ‘
lanthanum. Given the history of significant, but unpredicted, long-term bone toxicity following the
use of aluminum containing antacids, where toxicity was not manifest clinically for several years
after inttial exposure, the current database is inadequate with respect to long-term follow-up to
exclude significant toxicity, including bone toxicity.

Additional long-term data will therefore be needed. Deciding on the extent and duration of long-
term safety data will require additional data on the rate at which lanthanum continues to be
deposited during chronic administration of lanthanum to patients with ESRD. These data will
provide a basis for discussions of how to assess the long term safety of lanthanum.

L.4. Prolongation of the QT Interval on the Surface Electrocardiogram
Lanthanum appears to prolong the QT interval by a mean of 5-10 milliseconds when compared
with the other phosphate binders, as shown in the LAM-IV-307 study. This effect is poorly
characterized in the available trial data and additional clinical data are needed on the following:
1. Time-courge of the effects of lanthanum on QT interval. including time to resolution
following drug discontinuation.




A _Olufemi Williams M.D 10
Medical Reviewer-FORESNOL

{Lanthanum Carbonate)} NDA 21-468

2. Assessment of link between QT prolongation and risk of cardiac death in patients with
ESRD. Such an assessment may be done using the available and pending data from the
long-term clinical trials.

We remind you that a full response is needed to the comments and requests identified in our letter dated January 16,
2003, as you have commuited to providing in vour letter dated January 28. 2003.

Given the extent of the additional mmformation needed, final labeling can not be considered at this
time. As the additional information requested becomes available, revision of the proposed labeling

will be reguired.

Within 10 days after the date of this letter, you are required to amend the application, notify us of
your intent to file an amendment, or follow one of vour other options under 21 CFR 314.110. In the
absencc of any such action FDA may proceed to withdraw the application. Any amendment should
respond to all the deficiencies listed. We will not process a partial reply as a major amendment nor
will the review clock be reactivated until all deficiencies have been addressed.

Under 21 CFR 314.102(d) of the new drug regulations, you may request an informal meeting or
telephone conference with the Division of Cardio-Renal Drug Products to discuss what further steps
need to be taken before the application may be approved.,

The drug product may not be legally marketed until you have been notified in writing that the
application is approved”

End of quote

Below 1s a hist of some reasons adduced by the reviewer-Dr Pelayo - of the original NDA for non-
approval

Summary of selected grounds for recommending non-approval of original NDA

¢ Aluminum and Lanthanum are both trivalent cations and binders and both tend to
accumulate in tissues. Aluminum toxicity was discovered late. It was reported to cause bone
disease, dementia, myopathy, hypoparathyroidism and death.

e Widespread deposition of lanthanum in tissues of healthy animals with normal renal
function.

e There is dose-dependent decrease in bone formation and osteomalacia in chronic renal
failure rat model.

¢ Therc ts compelling evidence that lanthanum is deposited in bones.

* There are a significant number of withdrawals/discontinuations in patients receiving
lanthanum (284 days) compared to standard therapy (397 days). In the short-term studies 26

(8.7%) patients receiving lanthanum carbonate and 5 (5.3%) patients treated with placebo
discontinued due to adverse events. Overall, 236 (16.0%) of patients treated with lanthanum
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carbonate discontinued treatment during the long-term Phase II- Iil studies while 46 ( 5.1%)
of patients treated with active control discontinued ( p< 0.001). 26 A total of 190 patients
representing 80.5% of all the discontinuations in the lanthanum carbonate group withdrew
prematurely from the study because of adverse events related to the gastrointestinal system:
nausea, vomiting, diarrhea and abdominal pain were the major causes leading to
discontinuation in this group. The results indicate that lanthanum carbonate is significantly
less well tolerated than other phosphate binders.

» Calcium carbonate is not and FDA approved drug and yet it was used as an active control
drug in the comparator studies. Furthermore the safety of lanthanum that is not known was
used as comparator in the safety studies,

* In conclusion, Lanthanum safety has not been adequately evaluated from the safety
standpoint.

The presentation of this review is based on the recently approved CDER clinical review
template. The template has been slightly modified to accommodate the special needs of this
resubmitted NDA.,

This reviewer consulted the original submission and its clinical review. In addition the resubmitted
NDA was reviewed with the primary focus on the efforts of the sponsor in addressing the
deficiencices in the approvable letter. The recommendations of this reviewer are therefore based on
an overall revicw of both the original and resubmitted NDDAs and additional submissions relating to
the open label study LAM-1V-307, the 15-month and 25-month safety updates.

1. Recommendations

A. Recommendations on Approvability

Based on the lanthanum clinical program, this reviewer recommends that lanthanum carbonate
in the resubmitted NDA is “approvable” for T o )

1 but with a caveat of caution. The reasons for the
approvable recommendation and the caveat are set out below in 3 parts. The following
observations seck to evaluate the potential toxicity of lanthanum carbonate based on the data
provided in the criginal and resubmitted NDAs.

Part A:
¢ Post approval action should include
1

* Adjusted data should be provided for tractures, mortality rates and other information that
may be used for claims in the label.

* The clinical trial program shows that lanthanum is effective in reducing
hyperphosphatecmnia in patients with cnd stage renal discase.

» The sponsor has not addressed all the deficiencies in the approvable letier with particular
reference to safety coucerns affecting bones and gastrointestinal system.

* The sponsor has provided new data to clarify the limitations in the clinical data that
resulted from difterential discontinuations due to adverse events.

* Based on new data, there i1s no increase in fractures among patients treated with
lanthanum for up to two years compared to patients treated with other phosphate binders
in the clinical trials. The 2 year follow up period is considered inadequate for bone
toxicity because lanthanum has not reached its steady state at this point in time.
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Therefore the peak effects of lanthanum on bones and perhaps other tissues are therefore
not known.

s The potential for lanthanum toxicity in bones after 2 years remains unknown as the
steady state for lanthanum in bones has not been reached and the mean half life is more
than 2 years. There is a more than >100% increasc in mean plasma lanthanum
concentration in patients selected for the bone sub-study between week 7 and month 24
in the LAM-IV-307 study (0.3ng /mL at wk 7 and 0.7ng/mL at month 24).

* Based on new data, there is no significant increase in GI adverse events among patients
treated with lanthanum compared to patients treated with other phosphate binders in the
clinical trials but most of the data submitted are unadjusted for drug exposure.

e There arc no data to support the claim by the sponsor that the length of time from onset
to resolution of GI adverse events among patients treated with lanthanum is different
compared to paticnts treated with other phosphate binders in the clinical trials. In effect
there are no data on “stop dates of GI adverse events” whereas there are data on “time to
onset of events™. As a result calculation of time to resolution is not feasible). However,
there are data that the overall rates of GI adverse events are similar in both groups except
in short term phase [I-I11 placebo controlled studies (LAM-1V-202, 204, 302) that show
more than 50% greater rates of GI adverse events in the lanthanum group compared to
standard therapy (e.g. Nausea 10.6% vs 5.3%; vomiting 9.4% vs 4.2%; abdominal pain
9.00% vs 0.00%; lanthanum vs standard, respectively).

¢ According to the sponsor, there is no significant diffcrence in the number of patients
with unresolved GI adverse events among those treated with lanthanum (N=215)
compared to those treated with other phosphate binders (N=289) after more than one
year of follow up (Numbers adjusted for discontinuations )

Part B:
The demonstrated propensity for lanthanum to accumulate in tissues particularly bones and its

relatively long half life of lanthanum should be considered a potential risk in the light of
limited and inadequate data relating to the concerns expressed by the Agency. Evaluation for
toxicity may be based on actual data and in its absence surrogates may be used where
appropriate. The following observations seek to evaluate the toxicity of lanthanum
carbonate based on the data provided in the original and resubmitted NDAs.

Surrogates for bone pathology/toxicity

* Nothing is known now about the possible worst case scenario when lanthanum reachces
steady state in bones or other organs such as liver or GI...

Bone specific Alkaline phosphatase — The change from baseline increased continuously in
patients given lanthanum compared to Standard therapy {p= 0.000 for bone specific alkaline
phos. at visit 12; alk phos. that is not bone specific not bone specific shows statistically
significant differences: p=0.006 at visit 3 and p=0.0009 at visit 12; Notc lanthanum
accumulates in the liver also].

The transfer rate of lanthanum into bone has been calculated by the sponsor to be 1.125ug/hr
and 3.675pg/hr using average and measured highest broavailability rates. After 15 years of
exposure, lanthanum concentration accumulation rates in bone would result in average and
highest bioavailability of 13,922pg/kg and 45,990ng/kg, respectively.

There is evidence that lanthanum damages bone in rats with normal renal function tests (Sec
page 68 and Appendix 4) suggesting a direct toxic effect of lanthanum on rat bones.
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* There are no biopsies of long bones from patients treated with lanthanum to assess
adequately bone changes that in turn indicate interplay of periosteal gene expression which
1s known to increase with mechanical loading on long bones. Biopsy of long bones was not
prespecified in the protocol. The distribution of bone fractures in patients on lanthanum and
standard therapy suggest a greater frequency of fractures in weight bearing bones over the 2
year pertod.

* There are very few patients with long term exposure (>3ycars) to lanthanum considering the
relatively long mean half life of lanthanum in bones and perhaps other tissues (3.57ycars).
According to the sponsor, 212 patients have received lanthanum for more than 2 years but
there are only 3 patients with bone biopsies in the long term follow up study — 307... The
histological review of these 3 bone biopsies is not very reassuring because of artifacts of
preparation. Overall, adequacy of testing for bone toxicity is unsatisfactory and inadequate
on quantitative and qualitative grounds.

* Evaluation of bone toxicity utilized iliac bones because this site has been generally shown to
be acceptable for monitoring bone changes in metabolic diseases. However, it has not been
shown to be specific for chemically associated bone toxicity such as lanthanum.

* Total protcin — The change from baseline is greater in the fanthanum group compared to
standard group (p=0.007 at visit 12).

* Serum Calcium phosphate product- The change from baseline is slightly higher in
lanthanum patients compared to others for the duration of 2 years follow up. (See Figure
page )

* Glucose - The change from baseline is higher in lanthanum group compared to standard
group (p=0.001)

e Total serum Calcium concentration- The change is lower in lanthanum patients compared to
others for the duration of 2 years [p=0.001 at visit 15] (Sce Figure page )

* The mean values of serum phosphorous levels by visit and treatment group during the
maintenance phase is above the predefined PSPL control level of <5.9mg/dL in both the
lanthanum and standard groups but the mean values are closer to 5.9mg /dL at months 22
and 24 among the standard group compared to the lanthanum group (Sce Table 55)

* By the end of the titration phase the proportion of patients with controlled PSPL was
significantly greater in the Standard Therapy compared to the Lanthanum group 57.5%
versus 43.3% respectively; p=0.0001.

During the original rcview of NDA 21-468, the lack of adequate data on significant long term
toxicity from lanthanum deposition in bone was identified as a deficiency. The approvable letter
that sent to the sponsor requested that the deficiency be corrected. However, the period for “long
term’ was not defined in number of years.

The mean exposure to lanthanum for the evaluation of bone fractures was 10.2+8.4 months for
patients that reccived lanthanum whereas for the comparator group the mean exposurc was 14.1+8.6
months. Additional longer term data on a larger number of patients exposed are therefore required
to fully adequately assess bone toxicity.

Considening that the calculated period to reach steady state for lanthanum in bone is more than 10
years a two year follow up period is inadequate. A post approval L o 1
proposed by the sponsor may probably compensate for this.
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Part C:
GI Adverse events

The time to resolution of GI adverse events in patients receiving lanthanum is not known
and remains unknown as of June 20, 2004 based on the sponsor’s table and explanation...
According to the sponsor the majority of GI adverse events resolved within the first 3 weeks
of onset. This claim is not supported by any data submitted by the sponsor and therefore
fails to address one of the deficiencies in the approvable letter.

In the open label, jong term follow up safety study, LAM-1V-307, about 68% (461/680) of
patients on lanthanum were withdrawn for a variety of rcasons in the lanthanum group
compared to about 49% (327/674) in the standard group. One hundred and five patients
withdrew consent (15.4%) from the lanthanum group compared to 30 (4.5%) who withdrew
consent in the standard group suggesting a possible lack of tolerability of lanthanum.
Alternatively the relatively low rate of withdrawal among the standard group could be due to
access to other forms of drugs to which they switched whereas there was no option for those
on lanthanum.

There was a relatively greater number of patients treated with lanthanum that “resolved with
sequelae” within one year (N=12) compared to other phosphate binders (N=3). (Numbers
adjusted for discontinuations). These numbers are too small to make any clinically
meaningful comments. The nature of the sequelac are not given by the sponsor.

Endocrine System

¢ There is a higher level of serum parathyroid (PTH) concentration at baseline among
patients on lanthanum compared to those on Standard therapy. One of the predictors of
bone mineral density in patients on dialysis ts parathyroid hormone. Histomorphometric
studies suggest that maintenance of PTH levcels between two to four times the upper
limit of normal is associated with the lowest prevalence of two comnmon forms of renal
osteodystrophy namely osteitis fibrosa cystica and adynamic bone disease (Zayour et al.,
Prodictors of bone mineral density in patients on hemodialysis. Transplant Proc. 2004
36: 1297-1341). Considering that these patients were randomized this reviewer cannot
explain why there is such a difference in PTH levels at baseline (Figures 5 and 8). The
relatively higher level of PTH in the lanthanum group predisposes this group of patients
to a lower prevalence osteodystrophy compared to those on standard therapy.

However, the change in PTH levels from bascline is comparable to those on Standard
therapy throughout the period of 1 year of study. The reason for these PTH differences at
baseline perhaps makes the histological categories of the groups different and suggests
that two treatment groups were not balanced at baseline.

* In the bone sub-study, Table 25 in vol. 60 Section 8.7 - 8116 in the sponsor’s
submission is confusing and is not correct in respect of adverse events in body system -
musculoskeletal system experienced in > 2% of patients — Bone Sub—-study. This has
now been corrected (Table 60).

» The possible association between hyperparathyroidism and breast cancer is discussed on
page 167 of this review (Ref. on page 75).

Mortality

The lanthanum Phase 2-3 studies were not designed to collect longitudinal mortality data
from the study participants. However, the sponsor collected mortality data from almost 97%
of the study population using an approach of data collection that was tied to a single date of
follow-up. The sponsor suggested that continued mortality data collection within the Phase
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2-3 program will not yield any better results than those already obtained, due to patient
attrition, HIPAA regulations and Investigator cooperation. To resolve this issue, the sponsor
C o i 7 for further mortality data collection and ongoing long-
tcrm safety surveillance. The proposed plan has been submitted to the Agency.

* Mortality rates adjustcd for discontinuations appear to be higher in the group receiving
lanthanum compared to standard group. At 44 moenths, mortality rate was 23.8% (418/1754)
among lanthanum group compared to 20.4 %(202/990) in the standard group (Dr V
Fricdlin). However the survival curves overlic each other suggesting no difference between
the two groups.

¢ The absence of long term (>3.5 years, mean half life of lanthanum =3.57 years) follow-up of
relatively large numbers of patients treated with lanthanum with adverse events affecting
bones and G is worrisome from the mortality point of vies. Considering that only 11% of
ESRD patients on dialysis survive for 10 years, any treatment modality that will reduce
mortality should be encouraged in this cohort of survivors. It is perhaps justifiable for this
11% who survive for 10 years that steady state levels of lanthanum should be known in
humans so that the effect compartment (efficacy and safety) are better characterized.

Cardiovascular System-QT-Underlined areas are from approvable letter

The additional data required from the sponsor are clearly spelt out below.

e Lanthanum appears to prolong the QT interval by a mean of 5-10 milliseconds when
compared with the other phosphate binders, as shown in the LAM-IV-307 study. This effect
is poorly characterized in the available trial data and additional clinical data are needed on

the following:

» Time-course of the cffects of lanthanum on QT interval, including
time to resolution following drug discontinuation.(See Appendix 11)
* Assessment of hink between QT prolongation and risk of cardiac
death in patients with ESRI). Such an assessment may be done using
the available and pending data from the long-term clinical trials. (See
Appendix 7-10)
Electrocardiogram analyses were performed in studies 204, 205, 302, 307, 308 and QT prolongation
was noted in the interim data reported in study 307. Using the same criteria as the Agency the
sponsor has evaluated paticnts with an overall increase in QT interval from baseline of > 30 msec or
> 60msec.In addition the sponsor has evaluated patients with a QT interval > 480 msec. The
position of the sponsor is that the risk of cardiac death is not associated with changes within the
obscrved duration of 5-10 mscc. By carrying out a number of studies the sponsor has characterized
the effcct of lanthanum on the QT interval. The data from these studiés are graphically represented
in Appendices 7 ~ 11.The sponsor showed that there was no significant difference in the frequency
of QT prolongation betwecn the two treatment groups using data from the 15 month safety report.
In LAM-IV-307 where a large number of patients were in an open label long term follow up study
there is a statistically significant increase of QT prolongation at one time point and that was at week
14 (visit 9) (p=0.019) (Sec Appendix 11). The magnitude of this prolongation was 6.9 msec
(N=457) which is well below the 10 msec threshold for cardiac risk of new chemical entities.
For patients discontinucd and followed up the same blip of an increased prolongation of 5.9 msec at
14 weeks was observed (p=0.015) (See Appendix 12). This blip in incrcasc was seen again in the
time coursc of the change from baseline and then disappears. The significance of this ephemeral but
consistent increase in QT prolongation at week 14 in not known. It would however be correct to
nfer that lanthanum does not have a consistent cffect on QT interval over the 24 month period of
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follow up. (Appendices 11-13). This could be a time related peak effect of lanthanum on QT
interval as there is an increase of plasma lanthanum levei from week 7 (Table 40)..

o Instudy LAM - IV - 307, a shightly higher proportion of lanthanum patients demonstrated a QT
prolongation of >3 msec and >60msec compared to those on standard therapy at the 24 month
drug exposure. However events known to have an association with QT prolongation were
reported with comparable frequencies in both treatment groups. On this basis the QT
prolongation associated with lanthanum does not seem to have a clinically meaningful adverse
event as of the follow up date of June 2003,

e The safety data submitted suggest comparable frequency of cardiac-related SAEs and patient
deaths in LAM-IV-307 in the two treatment groups.

o The sponsor has made considerable effort in providing additional data to address the deficiency
on QT as stated 1n the approvable letter.

Bioequivalence for new formulation
e Bioequivalence issue should be resolved. Lanthanum is available as a chewable unflavored
tablet in two dosage strengths (250 mg, and 500 mg) tor oral administration.

The strength of this product is based on the active moiety, Lanthanum and not the salt Lanthanum
Carbonate. Because of the uncertainties of lanthanum toxicity in tissues where it 1s deposited and
accumulate, (See Table 49 for plasma lanthanum conc.), this reviewer recommends that the
recognized serious adverse events and the potential for worsening of such adverse events over time,
particularly boncs and GI should be adequately reflected in the labeling. However, the sponsor’s

C ~ A described below, appears to go a long way in addressing

these concems.

B‘l:
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Summary of clinical findings

A. Brief Overview of clinical program
The clinical development of FOSRENOL is focused on its ability to act as a phosphate binder and

thus treat hyperphosphatemia asso

indicated for T
4

The demographics of patients in the clinical program arc summarized in Table 1 below.

Table 1: Demographics in lanthanum development program

ciated with end-stage renal disease. Therefore, FOSRENOL is

Baseline demographics for patients enrolled in the lanthanum carbonate program
Devpt. Phase 1 Phase 2-3
Treatment LaC Placebo/ Short Term Long term All
group others Phases
2/3
LaC Placebo LaC ACPB LaC
No. receiving *179 76 298 95 1507 941 1705
study
medication |
Age (yrs)
| N i *179 76 298 95 1507 941 1705
MecantSD 29.549.9 | 25.7+6.4 | 57.4+14. | 57.7+14. | 55.9+14. | 56.0+14. | 56.1+14.
9 7 42 11 40 23 43
Age Group
18-50 168(93.9) | 76(100) | 84(28.2) | 28(29.5) | 522(34.6) 326(34.6) | 580(34.0)
51-64 10(5.6) 0 105(35.2) | 29(30.5) | 520(34.5) | 325(34.5) 587(34.4)
65+ 1{0.6) 0 109(36.6) | 38(40.0) | 465(30.9) | 289(30.7) 538(31.6)
Sex
Male 146(81.6) | 76(100.0) | 185(62.1) | 52(54.7) | 935(62.0) 580(61.6) { 1056(61. |
%)
Female 33(18.4) 0 113(37.9) | 43(45.3) | 572(38.0) | 361(38.4) 649(38.1)
Race
Caucasian 152(84.9) | 63(82.9) | 142(47.7) | 45(47.4) | 1029(68. | 569(60.5) | 1 142(67. [
3 0)
Black 5(2.8) 0 131(44.0) | 43(45.3) | 378(25.1) | 277(29.4) 450(26.4)
Hispanic 6(3.4) 0 15(5.0) 4(4.2) 61(41.0) | 56(6.0) 70(4.1)
All others 16(8.9) 13(17.1) 10(3.4) 3(3.2) 39(2.6) | 39(4.1) | 43(2.5)
Weight (pounds) 7 )
MeantSD 1 161.4=25.0 I 159.0419.15 ! 172.2¢39.34 ] 175.3+44.94 | ]71,7:t4|.64T 173.9:41.9 ‘ 17164131
Height
Mean+SD 68.743.0 | 693424 | 66.9+4.2 ' 66.9+42 ( 66.944.1 | 67.0+4.2 ' 66.944 |
L 1 3 0 I3 R |4 6 i

e 10 paticrits had ESRD*.




A Olufemi Williams M.D 20
Medical Reviewer-FORESNOL

{Lanthanum Carbonate) NDA 21-468

The inclusion and exclusion criteria for the program and the 2 sub-studies of LAM-IV-307 are
summarized below.
Inclusion criteria
» Patients of either sex at least 12 years old with chronic renal failure who had undergone
hemodialysis for chronic renal failure 3 times a week for at lease the previous two months,
and who currently requires phosphate binders for the treatment of hyperphosphatemia
(>5.9mg/dL) were eligible for enrollment.
» Patient or legal representative must have ability to give written informed consent
 Patient must be judges by the investigator to have the capacity to be compliant with the
protocol
» Patients including those who have undergone renal transplantation in the past must have
received 3 times a week hemodialysis for chronic renal failure for at least the previous 2

months.

Exclusion criteria

* Pregnant women

¢ Women of re[productive potential who did not agree to usec effective birth control measures

» Patients with a screening calcium level below 7.9mg/dL.

* Patients with clinically significant uncontrolled concurrent illness that may impair capacity
of patient to participate by informed consent.

* Patient with any significant GI surgery of Gl disorders such as peptic ulcer, Crohns disease,
GI blced within the past 6 months past or present GI malignancy.

e Patients with clevated liver enzymes more than 3 times the upper limit of normal.

» Patients with life-threatening malignancy or multiple myeloma.

¢ HIV positive patients.

* Paticnts who had been exposed to an experimental drug within 30 days prior to screening.

Exclusion criteria for cognitive function sub-study
+ Patients unable to complete the training sessions after 2 attempts
Patients with documented aluminum related bone discase or dementia
Patients on psychotropic drugs stabilized for less than 1 month
¢ Patients were not allowed to smoke or drink alcohol within one hour prior to the test.
Exclusion criteria for bone biopsy sub-study
* Patients allergic to tetracycline
* Patients on medication known to affect bone metabolism during 6 months prior to biopsy
+ Paticnts requiring long term therapy with steroids at doses > Smg prednisolone per day or
equivalent
¢ Paticnts receiving treatment with cyclosporine within the last 6 months
* FPatients having parathyroid surgery within 6 months prior to bone biopsy
» Patients with documented aluminum related bone disease

Clinical Studies

A total of 5 clinical studies composed of 3 short-term placebo-controlled double-blind studies
(202,204,302) and 2 long-term, active-controlled, open label studies (301, 307) in both
hemedialysis and peritoneal dialysis patients were carried out, reported and reviewed in the original
NDA. These studies form the basis of this resubmission. These have been reviewed in the original
NDA by Dr Pelayo (See Appendix 3 page 138). The update on the long term safety study, LAM-



A Olufemi Williams M.D 21
Medical Reviewer-FORESNOL

(Lanthanum Carbonate) NDA 21-468

IV-307, is additional and will be reviewed in additional to previous review as the sponsor hopes to
validate her claim on long term safety from data derived from this study. Additional data are also
provided by the sponsor to address the deficicncies in the approvable letter (See copy of approvable
letter above).

The clinical pharmacology program consisted of 11 studies with PK and PD data (Sce Table 45)
and the clinical program consisted of 5 studies. Efficacy was evaluated in 3 short term, placebo-
controlled, double blind studies and 2 long term active controlled open label studies. Safety was
evaluated in all the clinical studies including the long term active controlled study, LAM-IV-307
that was an open label, long term, safety follow up study for 2 years. This study had 3 interim
reports of safety. The entire safety data have been submitted in the current resubmitted NDA and
additional data including recent safety updates have been received. The double blind placebo
controlled studics invoived a total of 273 ESRD paticnts (252 on hemodialysis and 21 on peritoneal
dialysis. Lanthanum carbonate was divided and taken with meals, and the dose given ranged from
225-3000 mg/day. The efficacy end point was reduction in scrum phosphorous level from baseline
to an endpoint of double blind treatment compared to placebo.

The current clinical database of exposure to lanthanum is a total of ! ,933 healthy volunteers and
patients who reccived lanthanum throughout the clinical development program. Of these, 1,754
patients participated in phase 2-3 studies, and 1,507 patients have participated in long-term studies,
of which 212 patients took lanthanum for approximately 2 years. Of the 1,933 patients and subjects
in the program, 169 (8.75%) were healthy voluntecrs given lanthanum and 76 were healthy
volunteers given standard therapy. These healthy volunteers participated in the PK/PD studies and
were cxposed to single and multiple doses of lanthanum carbonate for very short periods of time, <7

days.

The majority of patients with ESRD, if not all, who are on dialysis arc known to have clinically
significant bone discasc that cventually leads to alterations in bone pathology (ROD or renal
osteodystrophy). This is presumed to be the case among those enrolled in this study. The severity
and extent of the renal osteodystrophy before randomization were not ascertained for balance
between the treatment groups. It is therefore not surprising that the parathyroid hormone levels at
baseline in the group randomized to lanthanum were higher than in the group randomized to
standard group (Figure 8)... The factors that influence the pathogenesis of bone disease in renal
failure patients with ESRD include parathyroid hormone (PTH), vitamin D, calcium, phosphate,
acidosts, magnesium abnormalities, uremia, dialysis and even renal transplantation.

The most current and effcctive mechanistic approach for treating hyperphosphatemia associated
with renal insufficiency is reduction of intestinal absorption of phosphates by the administration of
phosphate binders, i.e., aluminum- (off- label use) or calcium-based phosphate binding agents
(Calcium carbonate or calcium acetate) or more recently with RENAGEL ® (sevelamer
hydrochloride). Although highly effective as a phosphate binder, long-term use (off-label) of
aluminum salts has been shown to result in serious adverse events such as aluminum-related bone
disease, dementia, myopathy, hypoparathyroidism, and death. Lanthanum carbonate has been
shown to be a phosphate binder and the current resubmission seeks approval for the indication

C o }". The population at risk for hyperphosphatemia in this clinical
program are patients with chronic renal failure whose kidneys show clinico-pathological featurcs of
chronic renal failure and end stage renal disease and who are on dialysis.
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Renal History

The renal history and pathology, i.e the primary renal diagnoses and histories, of patients at
screening in the short placebo controlied study (LAM-1V-303) and in the long open label study
(LAM-IV-307) are presented in Table 2: This table shows that the leading causes of ESRD are

diabetes (34.4%), hypertension (31%) and glomeruionephritis (12%) in both groups of patients. The

summary of the renal history at baseline for the ITT population shows a balance between the groups

is in Table 3. Tables

Table 2: Primary renal diagnosis of patients at screening-LAM303/LAM307

had been on dialysis for an average of 4 years at the time of randomization.
***This should be considered a special population because of differences relating to impaired
parathyroid hormone and race compared to other groups.

o B LAM-IV-303* | LAM-IV-307** Bone subset

Primary Renal Diagnosis Lanthanum Standard Lanthanum Standard
N (%) N (%) N (%) N (%)

Diabetes*** T 10(20) 1531) 25(25) 24(24)
Glomerulonephritis 7(14) 2(4) 18(18) 19(20)

“@cr’[ension 7(14) 7(14) 35(35) 30(32)
Cystic kidney disease 6(12) 8(16) 33) 1(1)
Urologic disease 6(12) 4(8) 2(2) 2(2)
Other known disease 3(6) 9(18) 7(7) 16(17)

| Unknown causes 10(10) 4(8) 10(10) 5(5)
LAM-IV-303 patients had ESR failure plus 12 weeks of dialysis at baseline. LAM-IV-307 patients

Table 3: Summary of Baseline Renal History-ITT population

Patient Lanthanum Standard
Primary renal diagnosis N
%o

Diabetes 229(34.4) 230(34.5)

Hypertension 207(31.1) 191(28.6)

Glomerulonephritis 80(12.0) 90(13.5)

Previous Kidney transplant

No o 581(87.2) 589(88.3)

Yes 8512.8) 78(11.7)

Length of time on

hemodialysis (yrs)

N 666 667

Mean years + SD 39434 3.843.2

Prior therapy N (¢4)

Calctum carbonate 241(36.2) 237(35.5)

Calcium acetate 288(43.2) 290(43.5)

Renagel 102(15.3) 107(16.0)
 Allothertherapy | 32(48) 31(4.6)

Not listed 2(0.3) 2(0.3)

| Current dialysis scxhcdﬁE\i
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| Patient Lanthanum Standard

%)

| M/W/E/ 416(62.5) 413(61.9)
T/Th/S i 250(37.5) 254(38.1)
Meal Routine N (%)
2 meals per day ) 92(13.8) 118(17.7)
3 meals /day 573(86.2) 547(82.3)

Clinical Trials and Demographics

The list of studies for the lanthanum carbonate clinical program carried out in the US and UK are in
Section: “Listing of Tables™. (Table 45). The demographics of patients enrolled in this program are
balanced between the two treatment groups (Tables 41 and 42) including LAM-IV-307. The open
label, long term study, LAM-1V-307 evaluated efficacy and safety for up to 2 years and more
(Table 42 and 43 ) and in addition had two sub-studies that separately evaluated cognitive function
tests and bone toxicity for up to two years (See demographics of these 2 sub-studies in Tables 40
and 43). These two sub-studics were carried out to evaluate and compare adverse experiences and
events in ESRID treated patients and then to compare with aluminum (off label use/treated patients)
for relatively longer periods.

Table 4 summarizes the duration of exposure for more than one year to Lanthanum and Table 9
summarizes the rates of discontinuations and withdrawals in all phases of the clinical program.
Compared with standard therapy, there were fewer patients exposed to lanthanum over periods of
more than one year compared to standard therapy because those on standard therapy had the
opportunity {o switch to alternatives if what was being taken was not tolerated. The percentages of
discontinuations and withdrawals were much higher in the lantharum group compared to the
standard therapy group (Tables S and 6). These differences affected the quality and validity of the
data submitted by sponsor because most were not adjusted for drug exposure and discontinuations.
Several requests had to be made by the Agency for adjustment of data particularly where the
sponsor’s conclusions were untenable. In this review some of the data have been adjusted for
discontinuations and drug exposure and several others have not been adjusted. For example, in the
cognitive function tests there were no adjustments for drug exposure or discontinuation. However,
in the bone subszt study the sponsor submitted adjusted data for fractures following requests by this
reviewer (Appendices 5 and 6).

Table 4: Patients treated with lanthanum for >12 months LAM-IV-307

Months Lanthanum Standard Therapy
N=682 N=676

12 months plus

358(49.6%)

472(69.8%)

18 months plus |

382(56.5%)

*24 months plus

134/682(19.6%)

227/676(33.6%)

* maximum number of months of exposure not stated by sponsor in Junc 1 2004 submission

Table 5: Disposition of subjects for cognitive function Sub-study LAM-1V-307

' Lanthanum T Standard [ Still in TPR
o washout

Total enrolled - 178 180 4 46
Number remaining in 34(19.1) 43(23.9) 4(100) 0
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Completers 19(10.7) 54(30.0) 0 0
Number withdrawn £25(70.2) 83(46.1) 0 46(100)
Reasons for withdrawal:
Adverse events 22(12.4) 6(3.3) 0 1(2.2)
Protocol violation 3(1.7) 1{0.6) 0(®) 3(6.5)
Withdrew consent 33(18.5) 6(3.3) 0(0) 4(8.7)
Transplanted 12(6.7) 16(8.9) 0(0) 0
Lost to follow up 4(2.2) 0 0(0) 1(2.2)
Death 11(6.2) 28(15.6) ()] 1(2.2)
Incligible for titration 0(0) 0(0) 0(0) 25(54.3)
Others 25(14.0) 20(11.1) 0(0) 11(23.9)
Exceeded safety criteria 15(8.4) 6(3.3) 0(0) 2(i.1)
Two PO4 values 11(6.2) 5(2.8) 0(0) 0
>10mg/dL
Two PO4 values 0(0) 2(0.3) 0(0) 0
<2.0mg/dL
Two Ca*P0O4 2(1.1} 1{0.6) 0(0) 0(0)
>90mg2/dL
Calcium >115 mg /dL 0 0 0(0) 0(0)
Increase in 2(L1) 0 0 0
PTH>500pg/mL from
screcning
Table 6: Disposition of subjects for bone substudy-LAM-1V-307

Lanthanum Standard Still in TPR

N (%) N (%) washout
Total enrolled 100 97 2 10
Number remaining in 58 (58.0) 59(60.8) 2(100.0) 0(0)
study
Completers 7(7.0) 10(10.3) 0(0) 0(0)
Number withdrawn 35(35.0) 28(28.9) 0(0) 10(100.0}
Reasons for withdrawal:
Adverse events 2(2.0) 1(1.0) 0(0) 0
Protocol violation 1(1.0) 1(1.0) 0(0) 0
Withdrew consent 5(5.0) 1{1.0) 0(0) 0
Transplanted 8(8.0) 6(6.2) 0(0) 0
Lost to follow up 0 3(3.1H 0(0) 0
Death 7(7.0) 9(9.3) 0(0) 1(10.0)
Incligible for titration 0(0) 0(0) 0(0) 7(70.0)
Others 8(8.0) 4(4.1) 0(0) 1{10.0}
Exceeded safety criteria 4(4.0) 3(3.1) 0(0) 1(10.0)
Two PO4 values 1(1.0) 1(1.0) 0(0) 0(0.0)
>10mg/dL ) |
Two PO4 values 0 0(0.0) 0(0 1{10.0)
| <2.0mg/dl. ]

Two Ca*PO4 2(2.0) 2(2.0) 0(0) 0(0)
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>90mg2/dL

Calcium >115 mg /dL 0 0(0.0) 0(0) 0(0)
Increase in 1{1.0) 1(1.0) 0(0) 0(0)
PTH>500pg/mL from

screening

Special populations

A casc can be made for diabetics to be considered as a special population because bone changes in
diabetics on dialysis show significant differences in renal failure compared to non diabetics on
dialysis (Refs page 74).

Four hundred and forty seven diabetics with ESRD out of 1754 patients enrolled in the clinical
program constituting the largest proportion of patients with renal history (Table 3); 34.4% and
34.5 % of diabetic patients were recruited into the lanthanum clinical program and of these 25 %
and 24 % werc in the bone subset study, lanthanum and standard groups, respectively (Table 2).
This group should be treated as a special population in terms of their unique bone changes when on
dialysis (Ref'page 74). These changes are well recognized. There is therefore a need to characterize
bone changes in diabetics with ESRD exposed to diabetics, since this information is not evident in
any of these studies.

There is evidence in the literature that diabetics on hemodialysis have significantly impaired
secretion of parathyrotd hormone compared with patients on hemodialysis without diabetes
mellitus. As a result diabetic bone disease is characterized by low bone turnover resulting from
impaired secretion of parathyroid hormone (Tables 3, 7 and 8). This population needs to be looked
at in the light of this diffcrence. About 447/1754 (25%) diabetic patients on dialysis were in
lanthanum group and 289 /990 (29%) of diabetics on dialysis were on standard therapy. The
significant differences in the some of the biochemical parameters between the two treatment groups,
particularly serum osteocalcin and glucose, require further evaluation.

Table 7: Diabetic Patients with ESRD in lanthanum pregram

All Phase 2-3 Patients Lanthanum ‘ Standard
Protacol No. _ N=1754 ' N=990
LAM-202 4 (7%) na
LAM-204 53 (44%) na
LAM-301 _ 107 (15%) 41 (15%)

| LAM-302 39 (31%) na
LAM-303 10 (20%) 15 31%)
LAM-307 o 234 (34%) B 233 (35%)
Total 447 (25%) 289 (29%)

Table 8: Diabetics in bone sub-study with bone biopsies
Phase 2-3 Patients with Bone Biopsies* Lanthanum Standard
Protocol No. N=19§ N=174
LAM-301 3(23%) na
LAM-303 10 (20%) 15 (31%)
LAM-307 i 39 (29%) 30 (24%)

| Total 52 (26%) 45 (26%)

*Presumed to be Type 2 diabetics. Bone loss is not a problem with younger type 1 diabetics.
(Rozadilla A, et al., Bone mineral density in patients with type 1 diabetes mellitus. Joint Bone
Spine 2000; 67: 215-218)
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Figure 1-155. Number of Patieats Receiving Multiple Doses of Active Treatment in Phase I and I}
Studics

OLanthanum |
‘| Standard

Number of Patients

>0 >t 2 33 »6 29 »>12 »18 >24
<t <2 <3 <6 <9 <12 <IB <24

Month
{Sponsor’s analysis, adapted from NDA 21-468, Four-Month Safety Update. Table §.8-11.]

Overall there was a greater rate of discontinuation in lanthanum-treated subjects/patients than for thosc
subjects/patients receiving placebo or active control phosphate binders (see below). Because of this
imbalance in withdrawal ratc. the mean exposure to study drug for all Phase [f and TIf studies was

In all the phascs of the clinical program, there were more premature discontinuations and
withdrawals in the lanthanum group compared to the comparator. Similarly for adverse events there
were more discontinuations for adverse events in the lanthanum group compared to standard
therapy (See Table 9)

Table 9: %tages of discontinuations and withdrawals-all phases of [anthanum program

| Phase Lanthanum Comparator (placebo or active control)
i 15.1 6.6
II 32.2 28.4 (placebo)
IT1 60.4 41.4

One of the phosphate binders used in this study, RENAGEL, is approved by the FDA for the
reduction of phosphorous in ESRD whereas another comparator phosphate binder, Calcium
Carbonate, is not approved by the Agency. However, Calcium carbonate is approved in the UK,
Netherlands, Sweden, Finland, Switzerland, Germany and Australia. The safety profile of calcium
carbonate is not known to the Agency but apparently known in Europe where it is in use for this
indication.

The utilization and acceptance of comparative data from studies that used an unapproved drug by
the Agency is perhaps exceptional and conclusions reached from such studics may raise regulatory
concern and set precedence. Consequently, the application of the term “Standard Therapy” by the
sponsor that collectively includes both approved and unapproved phosphate binders may also raise a
regulatory issue on validity of data.

This observation, however, should not affect the demonstrated efficacy of lanthanum carbonate
because lanthanum was more cffective than placebo but both the approved and unapproved
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phosphate binders were found to be more effective than lanthanum (See Efficacy conclusion
Appendix 3)}. The comparison of adverse events in this situation where one of the comparator’s
safety profile is not known may make safety comparisons regulatorily untenable in the Agency. For
example, this reviewer shows that in Figures 26 and 27, micrographs derived from a microscopic
slide submitted by the sponsor are abnormal and yet these are from a patient’s bone at baseline
given calcium. This was a bone biopsy obtained at baseline from a patient treated with “calcium”.
This microscopic slide shows abnormal bone biopsy at baseline from a patient who has been given
“Calcium”. This exemplifies one of the difficulties that may arise using an unapproved drug such as
“Calcium”™ as a comparator and for which histomorphometric data were used to exclude aluminum-
like effects of lanthanum. The frequencies of such baseline data abnormalities in the relatively
small, paired, bone biopsy sub-study cannot be verified by this reviewer. This rises in principle
some doubt about the validity of conclusions based on histomorphometric data in the bone sub
study.

B. Efficacy

The primary efficacy endpoint was the reduction and maintenance of serum phosphate levels in
hyperphosphatemic patients with end stage renal disease. A secondary endpoint was the proportion
of patients whose phosphorous levels were controlied during the trial to a predefined level of <5.9
mg/dL in the US, and <5.6 mg/dL in the UK. In the resubmitted NDA, the data presented for
efficacy are not different for reduction or maintenance of reduced levels of phosphorous from those
described in the original NDA including the LAM- [V -307, that shows similar findings albeit open
label (Figure 1). This study showed a progressive decrease in serum phosphorous level in the
lanthanum group but not as much as the comparator (F igure 2). The data from the other short term
clinical studies are in the review of the original NDA. (See Appendix 3).

In the integrated summary of efficacy of placebo controiled studies in the original NDA, the pre-
study serum phosphorous levels (PSPL) for placebo and lanthanum carbonate were simiiar, 6.186
mg/dL. versus 6.251 mg / dL respectively. At the end of washout period, there were no differences
(7.39 mg/dL vs 7.69 mg /dL). At the end of dosc titration phase the serum phosphorous levels
decreased from 7.39mg/dL (end of washout) o 5.62mg /dL and from 7.69mg/dL (end of wash out)
to 5.49mg/dL for the placebo and lanthanum groups respectively.(p=0.6942). The serum
phosphorous lcvel at the end of randomization was 7.85£1.96 mg/dL for placebo whereas for
patients given lanthanum carbonate serum phosphorous level was 5.94 +1.65 mg /dL. (p<0.0001).
Post-randomization Ievels of phosphorous in the two treatment groups showed significant
differences supporting efficacy of lanthanum.

The change from baseline in PSPL during weeks 1 — 7, the titration weeks, shows a decrease in both
treatment groups. The mean change was -1.43 for lanthanum and -1.91 for standard showing a
statistically significant difference in favor of standard group (p<0.000) . Similarly the change during
the maintenance phase , weeks 7 — 52 show no significant change at week 52 between the two
treatment groups (Table 3 ISE) (Appendix 3).

Overall, primary efficacy endpoint was reduction of serum phosphate in end stage renal disease
(ESRD) patients with hyperphosphatemia using a temporal decline of pre-dialysis serum Phosphate
(PSPL) over time as a basis for comparison of point estimates between lanthanum and other
comparators (standard therapy and calcium carbonate). Primary cfficacy was determined according
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to the level of serum phosphate achieved afier 5 weeks in the dose titration phase: serum phosphate
levels < 1.80 mmol/L were considered to be the control.

Secondary efficacy was the evaluation of maintenance of control after 25 weeks of treatment
including 5 weeks of treatment and 20 weeks of maintenance. Efficacy of lanthanum was
demonstrated in the original NDA.

The primary efficacy endpoint in this study was the predialysis serum PO4 levels ( PSPL), which
were measured at the first dialysis sessions of study visits week 1 to week 7, i. e, titration period (
Figure 5§8S- In both treatment groups serum PO4 levels declined over time. However, when
compared between treatment groups, the change from baseline serum phosphorus level to each
follow- up week of dose titration, a greater reduction occurred for patients on standard therapy ( p=
0.000). At the end of dose

Figure 1: Percent of patients with PO4 < 59mg/dL
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Serum phosphorous levels were controlled in 59% and 23% of patients in the lanthanum and
placebo groups, respectively, by week 4 (mean difference of 36%; p=0.001). Details of these data
arc i the original review (See Appendix 3). Overall the efficacy data suggest that lanthanum
carbonate when administered orally 3 times a day with meals as compared with placebo is an
effective phosphate binder.

Efficacy conclusion - (Page 77)

In summary lanthanum is an effective PO4 binder, controls hyperphosphatemia and maintains the
level of serum PO4 at the predefined level for | year (Figure 2).

In conclusion, the efficacy data show that lanthanum carbonate reduces serum phosphorous levels
and also maintains serum phosphorous levels within normal range i a statistically significant
number of subjects. The doses evaluated in all thesc studies ranged from 225 mg to 3000 mg daily.
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Serum Chemistries
The following figures below show the serum levels for phosphorous, total serum calcium, calcium
phosphate product, and serum parathyroid levels, serum osteocalcin and bone specific alkaline
phosphatase during a period of | year of follow up
1) The predialysis phosphorous concentrations are similar at baseline but there is a decrease of
the levels over the period of one year (Figure 2).
2) Serum Calcium X Phosphate product levels are similar at baseline but lower in the
lanthanum group compared to standard group. (Figure 3)
3) Total serum calcium concentrations are higher at bascline in the lanthanum group compared
to standard group but lower in the lanthanum group compared to standard group (F igure 4).
4) Secrum parathyrotd hormone (PTH) level is higher at baseline in the lanthanum group but
comparable levels to standard for the one year. (Figure 5)
5) Serum osteocalcin concentrations(Figure 6)
6) Bonc specific alkaline phosphatase(Figure 7)
7} Serum parathyroid hormone levels without the standard deviation bars (Figure 8 and
discussion below).

PSPL levels in LAM-1V-307 Over time
Figure 2: Phosphorous levels - LAM-1V-307
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Figure 3: Predialysis phosphate concentrations in patients for 52 weeks
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Figure 4: Serum calcium concentration in both treatment groups for one year
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Figure 5: Serum parathyroid concentration in both treatment groups for one year
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Lanthanum is available as a chewable unflavored tablet in two dosage strengths (250 mg, and 500
mg) for oral administration.
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titration, week 7, the mean (#5D) change from hascline serum phosphorus level was —1.4342.19 for the
lanthanum group versus —1.91+2.20 for the standard therapy group, p<0.000.

Figure 5-1SE. Change from Bascline in PSPL during the Titration Phase (Weeks {-7) - ITT
Population

-0 - -Standard

Change from Basgeline in PSPL
{mgidL)

Week
p-Value NIA 10000 ] 0.000 | Q.000 ] 0.000 | 4000 | 0.000
599 | 375 1 563 [ 530 | 520 | 502 | 491
Std. N= 602 | 379 | 380 | 366 | 566 { 548 | 558

[Sponsor’s analysis. Adaped from: NDA 21468, Protocol No. LAM-IV-307, Vol. 206, Table 14.2.2.0.]

The changes from baseline serum phosphorus level during the maintenance phase, weeks 7 to 52, are
summarized in Table 3-1SE. The changes from bascline in PSPL were greater in the standard therapy group
at weeks 7, 10, 14 and 26 than in the lanthanum group. At week 52 there were no statistically significant
differences between the groups.

Table 3-ISE. Change From Baseline In PSPL During The Maintenanee Phase (Weeks 7-52) - ITT
Population Of The Safety Update (May 30, 2002),

Week Raseline Week 7 Week 10 Week 14 Week 26 Week 52
(Week 1)

P-value NA < {00 <0.G0G2 0.0042 0.036 104

Lanthanum

Mcan Change N/A -1.706 -1.672 -1.545 -1.G39 -1.682

N 632 331 3t 473 364 232

Standard

Mean Change N'A -2228 -2.170 -1.944 -1.998 -L.OBS

N 633 588 375 557 395 350

[FDA's Analysis. Dr. Freidlin (HF3-710).]

In the aggregate the data indicate that standard therapy is superior to lanthanum treatent in reducing
scrum phosphorus fevels in patients with cnd stage renal disease, and thus cantrolling hyperphosphatemia.

Sub-population Efficacy Analyses: Sub-population efficacy analyses conducted by the SpONsor. in
placcba-controlicd studies (LAM-TV-202. 204 and 302), included the following subgroups: females and
males, Caucasians and Blacks and lor patients <64 and 265 years old (Table 4-1SE). Overall. even though
the nuniber of patients per subgroup was small, the findings for the sub-papulations were consistent with
those for the general population, there were no marked differences in the proportion of patients with
controtled serum phosphorus based on age, gender or race.

Whole page extracted from original NDA review -~ Dr Pelayo
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C. Safety

The safety update in this review includes case report forms (CRF), and data collected through
February 29, 2004. The integrated sumnmary of safety in the original NDA and the 4 month safety
update, that was reported separately, has been reviewed in the original NDA. The safety data base
consisted of 11 phase I clinical pharmacology studies in 169 healthy volunteers and 10 ESRD
paticnts; 8 phase IT and IIf studies. The total number of healthy volunteers (N = 169) exposed to
single and multiple doses of lanthanum was for very short duration of one to 5 days. There were 76
healthy volunteers exposed to standard treatment group. These two groups of patients (169 + 76 =
233) cannot be considered to be at risk for fractures and other serious adverse events including
impairment of cognitive function. This cohort has been included in several tables calculated for risk
assessments and should be excluded from long term safety analyses. The sponsor has included these
healthy volunteers of 233 patients into their database as patients exposed to lanthanum and therefore
at risk for fracturcs and for comparative assessments of other serious adverse events (See Tables 26,
27 and Appendix 5).The validity and accuracy of such unadjusted tables remain either
uninterpretable or difficult to make meaningful comments. The reviewer recommends that the
sponsor should be requested to submit revised tables to reflect the removal of patients who were
only exposed to single cr multiple doses lanthanum for less than 7 days in their subsequent
submissions. No bone biopsies were obtained from any of these healthy volunteers. Two out of 11
studies involving healthy volunteers were terminated because of unexpected serious adverse events
and increased frequencies of adverse events (Studies 101 and 104) (Table 45). The bone changes, if
any, in these healthy volunteers were not described or summarized anywhere. The treatment
emergent adverse events in these patients are presented in Table 10. There are significant
differences between the frequencies of adverse cvents among those volunteers on lanthanum,
particularly GI symptorms, compared to placebo.

Table 10: Phase 1 patients with treatment emergent adverse events - lanthanum program -4
month safety update

Adverse event Lanthanum Single | Lanthanum Multiple Placebo/Others
dose dose N=76 n (%)
N=132 n (%) =111 n (%)
Nausea 34(25.8) 12(10.8} 2(2.6)
Vomiting 27(20.5) 6(5.4) 1(1.3)
Abdominal pain 13(9.8) 6(5.4) 1(1.3)
Headache 22(16.7) 15(13.5) 2(2.6)
Dizziness 8(6.1) 5(4.5) 2(2.6)
Myalgia 4(3.0) 32.7) 0(0.0)
Rash 4(3.0) 32.7) 0(0.0)
Constipation 3(3.0) 3(2.7) 0(0.0)

-* Note the significant differences between the frequencies of adverse events among those

volunteers on lanthanum, particularly GI symptoms, compared to placebo.
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Drug exposure
According to the sponsor 1, 672 patients received lanthanum and 909 patients received standard

therapy. Of these, 151 (9%) received lanthanum for > 2 years and 155 (17.1%) received standard
therapy for > 2 years. It is evident that these numbers are too few to assess long term safety that will
show significant differences between the two groups. The 15-month update on LAM-IV-307 added
a further 33 lanthanum patients and 32 standard therapy patients. LAM-TV-303 included 49 patients
in both treatment arms. Assuming that these additional paticnts were treated for > 2 years the total
number of patients as of the 15 month safety update will be 151+33+49= 233 for lanthanum and
155+32+49=236 for standard therapy group. According to the sponsor the current clinical database
of exposure to lanthanum consists of a total of 1,933 males and females between the ages of 18 and
above. These included 169 healthy volunteers (Table 45) and 1,754 patients who received
lanthanum throughout the clinical development program. Of the 1,754 patients who participated in
phase 2-3 studies, 1,507 patients participated in long-term studies, of which 212/233 patients took
lanthanum for approximately 2 years. Of the 212 patients who took lanthanum for more than 2 years
only 10 patients (4.7%) had bone biopsics at 2 years and only 3 patients have had bone biopsies
between 4 to 5 years (based on sponsor’s submission)..

Three interim analyses have been reported to date June 1 2004, for LAM-IV-307. The last interim
was in January 2004 and included data collected through May 30 2003. The table below shows the
number of patients who have been treated for 12 to 24 months or longer. The average length of drug
exposure was (.98 and 1.33 years respectively for lanthanum and standard therapy.

In addition to the Integrated summary of safety in the original NDA, the additional data presented in
the Serious Adverse event analyses are from the LAM-IV-307 Third Interim Clinical Study Report
and from updales received up to June 2004. In this open label long term active controlled study,
LAM-IV-307, about 68% (461/680) of patients were withdrawn for a variety of reasons in the
tanthanum group compared to about 49% (327/674) in the standard group. One hundred and five
patients withdrew consent (15.4%) from the lanthanum group compared to 30 (4.5%) who withdrew
consent in the standard group suggesting a possible lack of tolerability of lanthanum. Alternatively
the relatively low rate of withdrawal among the standard group could be access to other forms of
drugs to which they switched whereas there was no option for those on lanthanum. (See Table ....).

There was no histomorphometric evidence of aluminum-like effects observed in bone biopsies in
humans exposed to lanthanum. Only 19 patients (10.7%) completed the cognitive function test in
the lanthanum group compared to 54 patients (30.0%) in the standard therapy (Table 5).

Other clinical parameters, including ECGs and liver function tests, showed no significant changes
between the treatment groups. There was no evidence of an adverse trend in survival against
lanthanum compared to standard therapy. However, many factors influenced the validity of making
such comparisons. These include patient attrition due to different rates of discontinuation and the
high background mortality rate of ESRD. The statistical analyscs on mortality will be discussed in
the statistical review. Other secondary factors that contributed to mortality included the role of
vascular ectopic calcification and consequent atherosclerotic vascuiar disease (See Table 11).

Deaths



A_QClutemi Williams M.D 15
Medical Reviewer-FORESNOL

(Lanthanum Carbonate) NOA 21-468

According to the sponsor, no lanthanum-related deaths were obscrved. Aithough the survival curves
tend to be comparable between the two groups, it is evident that at 44 months, the mortality rate for
lanthanum was 23.8 % (418 / 1754); whereas for standard therapy mortality was 20.4% (202/990)
(Dr Valeria Friedlin Statistics). This suggests that there is a slight excess of mortality in the
lanthanum group after the first half life of lanthanum, 3.5 years. This time point happens to coincide
with the mean half lifc {3.57 years) of lanthanum.

The adverse events that most trequently led to death are in Table 11 below:

Table 11: Adverse events that most frequently led to death in lanthanum program

Adverse event Lanthanum Standard
L N ) N 682 (%) N 676 (%)
Cardiac arrest 12(1.8) 21(3.1)
Myocardial mfarction 11(1.6) 13(1.9)
Arrhythmia 5(0.7) 9(1.3)
Sepsis 4(0.6) 9(1.3)

Serious Adverse events
*About 2,696 SAEs were reported throughout the course of the study. Three events were thought to
be likely to be drug related: namely: Pancreatitis, GI hemorrhage, and constipation and all were in

the lanthanum group (Table 12)

Table 12: Some SAEs with frequencies of 2% or greater adjusted for discontinuations - LAM-
IV-307

*Serious Adverse event Lanthanum Standard
N 682 (%) N 676 (%)
At least one SAe 388(56.9) 481(52.4)
Chest pain and ML 30(4.49) 28(3.0)
Coronary Artery disorder 16(2.3) 31(3.4)
Cardiac arrest 18(2.6) 26(2.8)

Laboratory adverse events:
Laboratory changes that showed consistent significant inter-group differences are in Table 13,
Vital signs that showed consistent significant inter-group differences are in Table 14.

Table 13: Summary of significant inter-group lab. changes from prestudy to month 24 -LAM-
1v-307

Laboratory tests Lanthanum Standard
N 682 (%) N 676 (%)

Cholesterol Low(p=0.000)

LDL. Low{p=0.000)

Osteocalein High(p=0.000)

Parathyroid hormone High{p=0.000)

Calcium High(p=0.000

Alkaline Phosphatase High (p=0.000)

Table 14: Vital signs with significant inter-group changes from prestudy to month 24LAM307

- ~ Vital signs | Lanthanum | Standard J
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N 682 (%) N 676 (%)
Weight (post dialysis) Higher p=0.019
SBP Decrease(p=0.023)
~__DBP Decrease0.034
Respiratory rate Increase
{(p=0.028)

Adverse events
The percentages of the most common adverse events are summarized in Tables 15 and 16 below

Table 15: Y%tage of patients with most common treatment emergent adverse events in LAM-
IV-307 (adjusted for drug exposure)

Treatment Groups
All Adverse Events *Drug-Related Adverse
Adverse Events Events
Lanthanum | Standard | Lanthanum | Standard
{(N=680) (N=674) (N=680) {N=674)
Yo % % Yo
At least one Adverse Event 95 69 22 9
Nausea 35 27 7 0.7
Vomiting 25 20 3 0.3
Diarrhea 22 21 3 0.5
Dialysis graft complication 25 23 0 0
Dyspnea 21 22 0 0
Dizziness 21 19 0 0.1
Headache 21 19 1 0.1
Dialysis graft occlusion 20 19 0 0
Myalgia 20 19 0.4 0
Chest pain 20 17 0.6 0
Coughing 18 19 0.1 0.1
Pain 17 16 0 0
Hypotension 15 16 0 0
Dialysis catheter complication 15 15 0 0
Upper respiratory tract infection 15 12 0 0
Edema peripheral 14 18 0 0
Influenza-like symptoms 14 14 0 0 |
Fever 14 13 0.3 0
Abdominal pain 16 16 2 0.5
Constipation 13 12 3 1
Pruritus A 12 11 0.7 0
Back pain 12 14 0 0
Leg pain 12 1 0 0
Malaise 11 11 0 0
Dyspepsia 10 12 2 1

* As this is an ()pé_rz-labe.f study, these data may be affected by a poientia[ ir.r"v"e.?tigatorﬂbias.
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Table 16: Summary of treatment emergent adverse events - LAM-I1V-307

Treatment Group

Category Total Lanthanum Standard
N=1,358 (%) N= 682 (%) | N=676 (%)

No of patients with at least one 1,303(95.9} 646(94.7) 657(97.2)

treatment emergent AE

No of patients with at least onc likely 237(17.5) 150(22.0) 87(12.9)

drug- related treatment cmergent AE

No of patients withdrawn for AEs as 123(9.1) 99(14.5) 24(3.6)

study outcome

No of patients with at least one SAE 869(64) 383(56.9) 481(71.2)

No of patients with at {east one drug 3(0.22) 3(0.44) 0

related SAE

No of patients who died during study 128(9.4) 375.4) 91(13.5)

as study outcome.

No of patients who died during or 157(11.6) 27.6) 105(15.5)

within 30 days post study., ]

Lanthanum carbonate safety on Bones - Estimation of half life of lanthanum
The transfer rate of lanthanum into bone is calculated by the sponsor to be 1.125ug/hr and

3.675pg/hr using average and measured highest bioavailability. After 15 years exposure lanthanum

concentration accumulation rates in bone would result in 13,922pg/kg and 45,990ng/kg.

Bone biopsies

A total of 105 biopsies and 91 biopsies were provided “on Treatment” population (Table 17).

Of thesc only 63 paired biopsies were suitable for histomorphometric evaluation. This shows the
limitation of the data upon which a conclusion on the aluminum like effect is base. In the opinion of
this reviewer this is inadequate.

Table 17: Temporal distribution of bone biopsies carried out in bone sub-study of 307

Bone samples provided by the overall “on Treatment “ population
Time of biopsy Number of biopsies Number of biopsies
{months of treatment +3 Lanthanum Comparator
months) ) ) i o
Baseline 120 130
6months 3 3
12 months 60 67 {
18 months 15 8
24 months 14 12
| 30months ) 0 I -
48 months 1 0
54 months 11 0
60 months I 0
| Total 105 91
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The table below summarizes all the bone biopsies for evaluation of long term toxicity.

Table 18: Overview of Bone biopsy data from the lanthanum clinical program

Overview of Bone Biopsy Data

Total number of Biopsies per treatment Study Submissions
biopsies group
140 Lac: 34 baseline/one ycar LAM-IV.. | Original NDA (4/30/2004)
pairs 203 LAM-IV-303 Study
2 one year Icport
Cac: 35 bascline/one year
pairs
Approvable letter
142** Lac: 28 baseline/one year LAM-IV- | Resubmission
pairs 307 LAM-IV-307
ST: 6 baseline/two year pairs
21 Lac: 11 off-treatment LAM-]V- | Resubmission
Cac: 10 off-treatment 303
166 Lac: 91 LAM-IV- Resubmission
63 baseline, S one year, 19 307
two year | three year, 3 off-
treatment
ST: 75
58 baseline, | one year
12 @ 2 year, 4 off-treatment |
13 La: 13 LAM-IV- Resubmission
1 four year, 11 five yr and 301
one off- treatment

*497 = Total number of biopsies with end stage renal disease in lanthanum studies. LAM
—IV- 303 and LAM-1V-307 are controlled studies (Boldened in table).

* This should be a total of 423; **This should be 68 and not 142.

From the above table, the bone samples collected include serial bone biopsies {rom patients on
dialysts in two controlled studies (LAM-IV-303 and LAM-1V-307) with one year (LAM - IV-303)
or | and 2-year (LAM-IV-307) exposure to lanthanum carbonate as a phosphate binder Both studies
included a control group treated with standard non-aluminum based phosphate based phosphatce
binders.

Additional bone samples were obtained as single biopsies from patients with approximately 4 years
of lanthanum exposure who continued on open label treatment with lanthanum carbonate in LAM-
IV-301. Additional follow-up biopsies werc also obtained from patients with one year of exposure
to lanthanum carbonate but have been off lanthanum treatment for approximately 2 years (LAM-1V-
303), and bone biopsies were also obtained from patients exposed to lanthanum carbonate for 1 or

2 years but had a third biopsy while on treatment or after switching back to standard therapy (LAM-
IV-307).
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The patient population from which these bone biopsies was clinically heterogenous but they were
considered representative and relevant to the ESRD population in the intended clinical setting.

The sponsor prospectively assessed bone accumulation of lanthanum and bone histomorphometry in
patients treated with lanthanum carbonate compared to patients treated with standard phosphate
binder therapy for periods of one and two years but these data do not reflect steady state for
lanthanum... They confirm that lanthanum accumulates in bone of animals and humans. .

The lanthanum cxposure profile of patients providing bone biopsies is presented in Tables 19-21.
They are categorized into 3 groups:

* An “Overall on treatment “group- any patient who provided at least one bone biopsy sample
while receiving cither lanthanum or comparator therapy.

¢ A “Sequential on treatment cohort” (Table 19).

* A “Sequential off treatment cohort”(Table20)

Table 19: Bone biopsies provided by sequential "on treatment cohort in LAM-IV-307

Bone samples provided by the sequential “on treatment” cohort in study LAM-TV-
307

Time of biopsy (months of Number of biopsies Number of biopsies
treatment * 3 months) Lanthanum Comparator
Baseline 10 7
12 months 7 12 ) 7

18 months 7 3
24 months 5 4 ]

Table 20: Bone biopsies provided by "off treatment” cohort in LAM-IV-307

Bone samples provided by the sequential “off treatment” cohort in study LAM-IV-
303

Time of biopsy (months Number of biopsies Number of biopsies
on/of treatment +3 Lanthanum Comparator
months)

Baseline 10 10

12 months 11 10

24 months 11 10

The total pool of samples included baseline and single time-point biopsies from patients treated
with lanthanum carbonate or standard therapy for up to 4 years sequential biopsies from patients
similarly treated for up to 2 ycars, and sequential biopsies from patients treated for 1 year followed
by standard therapy for up to a further 2 years. These samples allowed an assessment of lanthanum
deposition in bone with time on treatment, as well as an indication of the rate of clearance of
lanthanum out of bone. Bone lanthanum concentrations are expressed in ug/G for animal data and
ug/kg for human data.

In addition the sponsor investigated bone lanthanum levels and bone histomorphometry in single
bone samples in patients who either discontinued treatment with lanthanum carbonate or who
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supplied additional bone biopsies while on treatment with lanthanum carbonate for periods of
approximately 4 years (Table 18). This reviewer acknowledges the value of histomorphometry as
the gold standard for evaluating metabolic bone disease. There is no doubt in the literature that this
is the universally accepted method of monitoring and evaluating bone changes over time using iliac
bone biopsies. However, it should be pointed out that there are no standardized reference data or
universally accepted values for histomorphometric classification and as a result the results and
analyses presented herc in this NDA are those established in the University of Bone and Mineral
Metabolism laboratory. Comparison of data can be made with placebo or with active controls for
safety. Unfortunately, the active control used has not becn approved by the Agency for safety.
Furthermore the Agency has not approved values established by the University of Kentucky, and
thesc values may change over time as we have seen with INC and NCEP standards that are
established by professional bodies. In contrast histopathological diagnosis of osteomalacia and other
forms of renal osteodystrophy are standardized but have the limitation of quantification over time.
Therefore a combination of histomorphometry and histopathology may be useful in evaluation of
bone damage and soft tissue damage surrounding bone. The difficulty here, however, is the lack of
enough long term bone biopsies to evaluate. The histological classification of bone disease at
baseline is presented in table 21. The histological shifts from baseline are tabulated in Table 22.
The reviewer is not comfortable making any comments on the shifts described in Table 22 because
one of the slides from the comparator taking an unapproved phosphate binder is abnormal at
baseline. According to the sponsor “there were limited data available on which to base the sample
size estimates for the bone substudy, therefore numbers were bascd on practical rather than
statistical considerations.” Thus the study was not powered to rule out whether lanthanum carbonate
has deleterious effect(s) in bone formation as compared with active control.

Table 21: Baseline classification of bone histology LAM-IV-307

Classification Lanthanum Carbonate Standard Treatment
Treatment

Adynamic bone Disease 43(40.2%) 36(35.3%)

Osteomalacia 0 0

Mixed uremic 21(19.6%) 21(20.6%)

osteodystrophy

Hyperparathyroid 26(24.2%) 31(30.4%)

None {inadequate 17(15.9%) 14(13.7%)

specimen) _ B )

Total 107(100%) 102(100%)

Onc of the several issues to be resolved in this NDA is therefore lanthanum long term bone toxicity.
Lanthanum bone toxicity duc to its continuous accumulation is not a primary metabolic disease and
should be distinguished from the renal osteodystrophy that has a metabolic complication.
Furthermore lanthanum in the bone is slow to clear. The adverse events that may result from
continuous lanthanum deposition in bones already affected by renal osteodystrophy are the key
1ssucs to be addressed by the review of bone pathology in this resubmission. It may be difficult to
separate the two lesions but histomorphometry alone may be inadequate to capture both, hence the
need for qualitative assessment of some histological slides that the reviewer will summarize below.
The review of bone pathology in rats with ESRD that was carried out by the reviewer on slides
provided by the sponsor will be of relevance in cvaluating some human materials received from the
sponsor on May 7, 2004.
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The clinical benefits of lanthanum via the binding of phosphates however appear evident but these
are independent of lanthanum accumulation in bones. For example in rats with normal renal
function that received lanthanum, this reviewer found histological changes that included severe
cortical bone resorption, periosteal thickening, and variable osteoid bands. One animal had an
exostosis of the tibia. (Groups C and F).

Table 22: Shift of histological categeries at 1 year and 2 yr follow-up LAM-1V-307

I _ Lanthanum Carbonate Therapy Group
Baseline 1 year follow up 2 year follow up
N | ABD | HPBD | LTOM | MUOD | Nonc | N | ABD | HPBD | LTOM | MUOD | Nene
ABD (| 5 7 0 3 1 81 2 3 0 3 0
MUO [ ® ! 3 3 0 0 1 6 ] 2 0 | 1 2
D
HPB | % 1 6 0 2 i 81 0 5 0 1 2
D
None |{°? | 1 0 0 0 2 13 | 0 | | 0
Total |3 10 16 0 5 5 1% 4 10 1 6 4
N _ Standard therapy
Baseline 1 vear follow up 2 year follow up
N ; ABD | HPBI} | LTOM | MUQOD | Nene | N | ABD | HPED | LTOM | MUOD | None
ABD |'?]5 4 0 1 2 510 3 0 0 2
MUO [ 101 5 0 3 l 510 4 0 i 0
D
HPB | 123 5 0 2 2 6 |3 2 0 1 0
D
None |° |2 1 0 0 2 313 0 0 0 0
Total | ¥ ] 11 15 0 6 7 P16 9 0 12 2
ABD=Adynamic bone disease; - MUOD=Mixed

HPBD=Hyperparathyroid bone disease

The clearance of lanthanum from tissues was assessed in animals loaded with tanthanum for 4
weeks and maintained off dose for up to 26 weeks. There was differential clearance of lanthanum
from the GI of rats. Clearance from bone cartilage and tceth was slow with more than 66%
(stermum), 82% (femur, 60% (irachea) and 75 % (tceth) of lanthanum retained in these tissues after
4 weeks off dose in rats.

Studies Specifically Conducted to Assess Bone Safety: Study LAM- IV- 303 assessed the effect of
lanthanum carbonatc cornpared to calcium carbonate on renal bonc discase by comparing bone
tissues obtaincd from paired biopsies. Of the 98 patients randomized into the study, 71 patients
received a follow-up biopsy after 52 weeks of treatment, and therefore provided paired biopsy data,
however only 63 pairs of biopsies were suitable for histomorphometric measurements.

The significance of the bone biopsy findings is questioned because interpretation of the findings is
further confounded by the fact that calcium carbonate, the active control, is not an FDA approved
phosphate binder thus its safety profile, as compared with placebo/ standard therapy, is unknown to
the Division of Cardio- Renal Drug Products.
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Mineralization lag time the primary efficacy endpoint of the study, defined as the mean time
interval between deposition and mineralization of any volume of matrix averaged over the entire
life span of the osteoid seam is a key variable for the assessment of new bone formation. The
median z- scores of mineralization lag time indicate that patients in the lanthanum carbonate group
had slower bone formarion than those patients receiving the active control, + 0.8 versus + 3.975,
respectively.

Specific Findings of Safety Review Plasma and Bone Tissue Levels of Lanthanum: Study LAM-
V- 303 is extracted from original review (Page 41). Plasma lanthanum levels were measured at
weceks 0, 12, 24, 36, 48 and 52. In lanthanum- treated patients there were increases in plasma
lanthanum for all doses administered compared with baseline levels. The mean plasma levels in the
bone substudy arc presented in Table 39 from week 7 but not at baseline. There is a dose dependent
relationship in plasma lanthanum levels (Figure 2- 1SS) (page 43).

APPEARS THIS way
ON GRIGINAL
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Figure 2-1SS. Plasma Lanthanum Levels by Visit and Dose Level in Lanthanum Group —ITT
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[Sponsor’s analysis. Adapied Trom: NDA 212468, Protocol Ne. LA M-EV-303, Vol. 189, Table 30.]

Figure 3-1SS jltustrates bore lunthanum concentrations at baseline and after 52 wecks of treatment. While
bone fanthanum concenteation remained essentially unchanged in the calcium group, mean#SD 52,2454 .8
ngle versus, F02.5+163.8 ngfp. in the Lanthanum group there was a marked, over a 50-1old. increase in
bone lanthatum concentration, from (meansSD) 40.4221.8 10 2104.8+1356.9 ngig.

Figure 3-188. Summary of Bone Lanthanum Concentration by Treatment Group,

Lanthanum (hgig)

Second Bx

Baseline Bx

Calgium

Groun Lanthanum

Group

{Sponsor’s analysis. Adapted from: NDIA 21468, Protocol No. LAM-IV-303, Vol 189, Tuble 17.]

In the aggregate the results on plasma and bone tissue levels indicate that there is a significant
gastrointestinal absorption of lanthanum. and that there is aceumulation of lanthanum in bone over time,
Atbeit, the sponsor did not evaluate whether lanthanum accumulaies in human tissues other than hone,
based on the data from pre-clinical studies one could assume that tissue accumulation of lanthanum in
humans ts widespread as well. ftis also unknown whether there is a “limitig step™, in regards to dose

Extracted from original review by Dr Pelayo.- Whole page above.
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From a long term perspective, the sponsor acknowledged the need for additional long term

safety data that are dependent on the rate at which the absorbed lanthanum is distributed and
ultimately cleared from tissues particularly in hones of patients receiving lanthanum, The time

to steady state of lanthanum in bones is 10 to 15 years.

Table 23: Summary of treatment emergent adverse events in Bone substudy-LAM-1V-307

Treatment Group

Category Total Lanthanum Standard
No of patients with at lcast one 190(96.4) 94(94.0} 96(99.0)
treatment emergent AR
No of patients with at least one likely 32(16.2) 21(21.0) 11(11.3)
drug related treatment emergent AE _
No of patients withdrawn for AEs as 3(1.5) 2(2.0) 1(1.0)
study outcome
No of paticnts with at least one SAE 105(53.3) 53(53.0) 52(53.6)
No of patients with at least one drug 0 0 0

| related SAE
No of patients who died during study 16(8.1) 7(7.0) 9(9.3)
as study outcomc.
No of patients who died during or 18(9.1) 7(7.0) 11(11.3)
within 30 days post study.

No comments will be made on data that are not adjusted because they are misleading ¢.g. Table 24.

Table 24: Frequencies of adverse events in musculoskeletal system experienced in >2% of

patients in the bone sub-study LAM-307 (unadjusted).

Bone Sub-study All Patients
Body system/ Lanthanum | Standard |Lanthanu| Standard
AE Group Group m Group Group
(N=100) | (N=97) | (N=680)| (N=674)
N (%) N (%) N (%) -N (%)
Subjects with at least one adverse 94(94.0) | 96(99.0) 644 (94.7)| 654 (97.0)
cvent '
Musculoskcletal System Disorders | 33(33.0) | 50(51.5) |259(38.1)| 334 (43.8)
Myalgia 19 (19.0) | 21(1.6) |135(19.9)] 183 (27.2)
| Skeletal pain 11 (11.0) 9(9.3) 50(7.4) | 69(10.2)
Arthralgia 5(5.0) 17(17.5) | 61(9.0) | 90(13.4) |
Fracturc - NW 4 (4.0) §(82) | 33(4.9) | 47(7.0)
Muscle weakness 3(3.0) 61(6.2) 16 (2.4) 27(4.0)
| Arthritis 1(L.0) 5(52) | 18(2.6) | 26(3.9)
Back pain 1(1.0) 3(3.1) 1(0.1) 9 (1.3)
~ Bon disorder 0 2(2.1) 1(0.1) | 609
Osteochondrosis 0 2(2.1) 609 | 5(07)
| Osteoporosis 0 2(2.1) 0 2(0.3)
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Table 25: Lanthanum clearance from bone sequential off treatment patients LAM-IV-303

Time after first dosc
(months)

Time off treatment
(months)

Bon¢ lanthanum concentration

Mean value Median value
0 - 45.3(n=10) 43.0 (n=10)
12 0 2806.27(n=11) 2887.0(n=11)
36 24 1902.94(n=11) 1441.3(n=11)
Slope* {month) -0.0162 -0.0289
T2 42.82 months 23.94 months

3.57 years 2.00 years

*Assumes constant rate of lanthanum clearance out of bone after cessation of treatment- LAM-303

Table 26: Prevalence rates (unadjusted) of fractures in patients treated with lanthanum and
standard therapy s of June 1 2004 - Reviewer

Months Lanthanum Standard Therapy
N=682 N=676
12 months plus 338(49.6%) 472(69.8%)

18 months plus

240(35.2%)

382(56.5%)

Reporting Fractures 15/578(2.7%)* 19/854(4.3%)*
12-23 months
24 months plus 134/682(19.6%) 227/676(33.6%)

Reporting fractures

6/285(2.1%)*

3/227(1.3%)*

24 months plus

Tables 27 and 28 present fracture data from the 15-month and 25 month safety database that
includes data for all Phase 2 and Phase 3 studies. The numbers of patients experiencing fractures in
both groups ts low. In patients exposed to lanthanum carbonate for any time, a total of 63 patients
(n=1754, 3.6%) expericnced 77 fractures. In patients treated with standard therapy, 50 patients
(n=990, 5.1%) experienced 67 fractures at some time during the study. Thus overall in both groups,
the overall fracture rate was similar. The fracture rate as a function of treatment duration was also
tow and remained relatively constant in the Lanthanum and standard therapy groups, ranging from
2% 10 3.9% in yearly intervals. These data have now been modified (See appendix 5). The highest
yearly interval fracture rate was in the patients exposed to standard therapy during the second year
of treatment. While there appcars to be a slightly higher rate of fractures in the Lanthanum group
exposcd for between 24 and 35 months, the numbers of events overall are very low and are similar
to the comparable Standard therapy group (5 LaC and 3 Standard therapy). Similar results are
obscrved in the 25-month safety database where an additional 2 patients in each group are included.
A total of 238 patients in the Lanthanum groups and 227 patients in comparable standard therapy
groups have been followed for at least 24 months,
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Table 27:%patients in phase 2-3 studies reporting fractures adjusted for drug exposure-15

month safety update
Lanthanum Standard Therapy
Length of Drug {(n=1754) (n=990)
Exposure Patients Patients Adjusted % | Patients Patients Adjusted %
% (N/n) discontinued {(N/m) % {N/n) | discontinued (N/m)
(d) (d)
[0-2] months | 0.8 (14/1754) 443 0.9 1.2 107 1.3
14/1532) (12/990) (12/936) |
{3-5) months 0.8 (9/1196) 164 0.8 (9/1114) 0.7 56 0.8 (6/783)
(6/811)
[6-11] months | 2.1 (22/1027) 249 2.4 (22/902) 1.5 122 1.6
(11/730) (11/669)
[12-23] months 1.9 (12/636) 176 2.2 (12/548) 3.9 137 45
(19/492) (19/423)
{24-35] months 2.4 (5/212) 20 2.5 (5/202) 1.0 3 1.0 (2/194)
(2/196)
>=36 months 2.1(1/47) 1 2.2 (1/46) na (0/0) Na na

Adjusted % = rate adjusted for patients discontinuation for the
corresponding interval,
N= Number of patients who experienced the event;
n=number of patients who werc at risk for the event at the start of the

interval:

m= (n-0.5*d), adjusted number of patients who were at risk for the event
at the start of the interval, where d is the number of patients who
discontinued during the interval.

Table 28:%phase 2-3 patients reporting fractures adjusted by drug exposure-25 month
database (data cut-off Feb 2004)

Lanthanum Standard Therapy
Length of (n=1756) (n=992)
Drug Patients Patients Adjusted % | Patients Patients | Adjusted
Exposure % (N/n) discontinued {N/m) % (N/n) | discontinue %
(d) d (d) (N/m)
[0-2] months 0.8 (14/1756) 443 0.9 (14/1534) 1.2 107 1.3
(12/992) (12/938)
[3-5] months 0.8 (9/1200) 164 0.8 (9/1118) 0.9 56 0.9
(7/813) (7/785)
[6-11] months | 2.1 (22/1033) 250 2.4 (22/908) 1.5 122 1.6
3 (11/742) {12/681)
[12-23) 2.3 (15/647) 184 2.7 (15/555) 37 147 4.3
months o Lags1y | | (19/437) |
[24-35] 2.1 (5/238) 21 2.2 (5/227) 1.3 4 1.3
| months (3/227) (3/225)
! >=36 months 2101147y | 1 2.2 (1/46) na (0/0) Na na |
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Adjusted % = rate adjusted for patients discontinuation for the

corresponding interval;
N= Number of patients who experienced the event;

n=number of patients who were at risk for the event at the start of the

interval;
m= (n-0.5*d), adjusted number of patients who were at risk for the event

at the start of the interval, where d is the number of patients who

discontinued during the interval.

Figure 6: Serum osteocalcin concentration in both treatment groups
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Figure 8: Serum parathyroid hormone in both treatment groups for one year
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GI Adverse events
In reviewing the GI deficiencies and the concerns of the Agency in the resubmitted NDA, this

reviewer aitempts to find out if the sponsor has addressed fully the deficiency as stated in the
relevant section of the approvable letter reproduced below.

Excerpt from Approvable letter — re GI deficiency

“It is_clear that the rate of discontinuation for adverse events {especially gastrointestinal
adverse events) was significantly higher for patients receiving lanthanum compared with
standard phosphate binders over all periods of exposure in the clinical trials. Insufficient
information is available regarding the resolution of these symptoms following lanthanum
discontinuation. While in most cases such symptoms would be expected to resolve when a
study drug is discontinued, given the high concentration of lanthanum in the GI tract
following oral administration and the uncertainties about the rate of elimination of lanthanum
in patients with ESRD, our concern is that these symptoms may not resolve quickly,
presenting a real risk of malnutrition and additional injury in this population,

Resolution of this clinical issue will require data regarding the timing and extent of resolution
of reported serious adverse events (especially events leading to discontinuation) in _patients
receiving lanthanum in the long term trials.”

The data presented in the GI safety analysis are {rom the most recent complete dataset available
including the 15- month and the 25-month data updates of the integrated summary of safety (ISS
Table 5 original review), and also data from LAM-IV-303. The most serious adversc events were
in the gastrointestinal tract where there were comparatively high concentrations of lanthanum. The
time to onset of an adverse event and time from event to resolution of the GI adverse events among
those discontinued from the lanthanum treated patients are important for safety evaluation. The
sponsor has been unable to provide this information despite several requests (Table from sponsor:
Table 31). The unadjusted rates of GI adverse events arc presented in Table 29 and the rates for Gl
adverse cvents adjusted for drug exposure arc presented in Table 30. The rates for major GI
adverse events arc comparable between the groups when adjusted but when the rates are not
adjusted there are statistically significant differences (Table 30).
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Table 29: Integrated review of safety - original review by Dr Pelayo (unadjusted for

discontinuation)

[ Adverse event Lanthanum Active control

N=1474 n (%) N=909 n (%)

Nausea 50 (3.4)*** 3(0.3)
Vomiting 44 (3.0) *** 3(0.3)
Diarrhea 32 (2.2) *¥** 3(0.3)
Abdominal Pain 23 (1.6) *** 1(0.1)
Flatulence I1(0.7) ** 06(0.0)
Constipation 10 (0.7) 3(0.3)
Dyspepsia 10(0.7) * 0(0.0)
Gastrointestinal Disorder 10(0.7) 1{(0.1)
NOS

***p<0.05; **p<0.01; ***p<0.001 compared to the comparator.

Table 30:Rates of Gl adverse events adjusted for drug exposure - Dr Valeria Friedlin

Statistics Division

F GI Adverse Event Lanthanum Standard Therapy
N=1213 - N=941
Abdominal Pain I3 % 12%
Constipation 10 % 10 %
Diarrhea 18 % 16 %
Dyspepsia 7% 9%
| Nausca 27 % 20 %
Vomiting 22 % 16 %

Table 31: Distribution of GI adverse events over time to onset of event without stop dates for

resolution- adjusted for discontinuation.- Sponsor

B

resolved -4 wks 277 630 0.41 201 674 0.30
resolved 5-26 wks 544 618 0.88 644 651 0.99
resolved 27-52 wks 328 414 0.79 513 535 0.96
resolved =1 Year 375 269 1.39 825 396 2.08
resolved w/ 1-4 wks 0 680 0.00 0 674 0.0¢
sequelac ] '

resolved w/ 5-26 wks 7 618 0.01 1 651 0.00
sequelae |

I — — e —
resolved w ) 27-32 wks ' 5 414 0.01 2 535 0.00
sequelac

L -t 4t 1. ]
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resolved w/ >1 Year ] 269 0.00 2 3596 0.01
sequelae

wnresolved | l-dwks| 39 630 006/ 20 6 0.04.
unresolved s26wks| 68| 618 0.11 77  esi 0.12
unresolved | 27-52 wks 56 414 Coae| el  oss| 0.11
;ﬁ}c;olvedwﬁj >(Year| 52| 269 - oo 22| 396] 0.31

On July 9, 2004 the following response was received from the sponsor who had claimed that
information on time to resolution of GI adverse events had been sent to the Agency in their
resubmission pakage:

* A subsequent request was received on July 8th for this table to present

number of patients with an event rather than number of events (which will

exclude multiple cvents with the same outcome in each time category). This

table is attached below. For clarification, time to onset is the time from

start of study treatments to the time of start of the adverse event and time

to resolution is the time between the start of the adverse event and the

stop date of the event. Caution should be applied in interpreting these

tables as the categories of time to onset are of differing durations.”

From tables 31 and 32 submitted by the sponsorand referred to in the above statement, there is no
information on the start of adverse events and the stop dates of the events and no time to resolution.
However, the sponsor claims that the majority of the events were resolved within 3 weeks. In the
absence of data on “stop dates of GI adverse events, there is still no evidence to support this claim
despite several requests from the agency and the sponsor’s claim that the information had been
submitted. (Scc table32 below).

From table 32 supplied by the sponsor, there is new information on the number of patients with GI
adverse events it is evident that no conclusion can be made on time to resolution as there is no
information about time of onset of adverse event to stop date of event. In effect, the duration of
these Gl adverse events to resolution as requested for in the approvable letter has not been provided.

Table32 supplied by sponsor has been modified by reviewer to obtain the frequencies of adverse
events per patient over time. This provided crude rates of frequencies of the adverse events (Table
33). The frequencics of adverse events per patient are similar between the groups. The time to onset
of the adverse events related to the number of patients at risk are similar between the groups but
these cannot be used as surrogates for time to resolution of the adverse events.

The justification for requesting this vital information on time to resolution is to ascertain the
duration of G adverse events in patients on lanthanum that led to discontinuation compared to those
on standard therapy. Since the major proportion of lanthanum is known to reside in the GI and since
adverse events are very common in lanthanum treated patients it is important to find out how long
thesc adverse events lasted before complete resolution compared to standard therapy particularly in
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those patients that the drug has been stopped. From available data, this information is not
forthcoming and therefore still constitutes a deficiency.

The most serious adverse events were in the Gastrointestinal tract where there were comparatively
high concentrations of lanthanum in the GI compared to other tissues. The time to event and time
from event to resolution of the GI adverse events among those discontinued from the lanthanum
treated patients are important for safety evaluation
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Tabie 32Distribution of GI AE outcomes with no stop dates for resolution

NS

reoived -4 wks 178 - ’ 137 674 | 0.20
resoved  526wks, 233 els 038 281 631 043
esolved | 2752 wke| 161 a14 0.39 231 535 0.43
resolved ' >1 Year 115 269 0.43 222 196 0.56
resolved w/ seq 14 wks o 0 680 o 0.00 0 674 0.00
resolved w/seq | 526 wha| 6 618 | 0.01 i 651 ' 0.00
resolved w/ seq 27-52 wks 5 414 0.0t 2 535 0.00
resefved w/ seq >1 Year 1 269 0.00 2 396 0.0t
unresolved -4 wks 33 680 0.05 2 674 0.04
unresolvc::i ) 3-26 wks 54 618 0.09 55 651 0.08
unresolved 27-52 wks 37 414 - 0.09 50 535 (.09
unresolved 1 Year' 42 265 0.16 76 396 o
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Table 33:Distribution of GI AE outcomes adjusted for discontinuations and modified by reviewer
B " Distribution of GLAE Outeomes by

4

Quteome . . | onset’ . . Hpatic

" . A . KLk 5 o Rl FLTTT s S o i R TEAT O i £ A binki ok L 2tatd B R i}
resolved \ 1-4 wks ‘ {1.6) 178(277events) 680 0.26 (1.48) 137201 events 574 (.20
resolved 5-26 wks i (2.34)  233(544 events) ‘ 618 0.38 (2.91) 281/644¢vents 651 0.43
resolved | 2752 (2.04)  161/329(events) ‘[ 414 [ 0.39 (2.22)  31/513 events 535 0.43

i wks | !

L. ——— !

resolved >1 Year' (3.3) 115/375(events} : 269 0.43 (3.7} 222825 events 396 0.56
T T T ‘
resolved w/ seq ;14 wks| 0] 680, 0.00 0 674 0.00

I
i
resolved w/seq | 5-26 wks 6 618 | 0.01 ! 651 0.00
cesolved w/seq 2752 5 | 4141 001 2 535 0.00
wks | i
resolved w/seq | >] Year 1 269 | 0.00 2 396 0.01
unresolived L 1-4 wks | (1.2) 33/39(events} | 680 l 0.05 (1.1) 26/29 events 674 0.04
| _%_ - - ; - —
unresolved © 526 wks | (1.3 54/68 {events) 618 0.09 (1.4 55/7Tevents 651 0.08
—_ — e + ——w-——m————l————
upresolved | 27-52 (1.5 37/56(evems)‘ 414, 0,09 (1.22) 50/61 events 535 0.09
wks ! :
; ! |
- - : ‘ N
]uuresolved I >| Year, (1.24) 42/52(event&| 26‘9;‘ 0.16 {1.6) 76/122events 396 0.19

* Scource Sponsor table submitted to address the time to resolution of GI adverse events.

{ ) Reviewer’s data on frequencies per patient.

Quoting from the sponsor’s letier of July 8, 2004: “In addition, Dr. Williams has inquired whether or not Table 25 (page 98)
from the LAM-IV-307 interim study report (included in the resubmission)

contained an error in the numbers and/or percentages of patients per

treatment group. Upon review, an error in the number of patients was noted

and a revised table is attached.” The revised table from the sponsor has been included in this review.




According to the sponsor, no lanthanum-related deaths were observed. According to the
Agency, at 44 months the mortality rate for lanthanum treated patients was 23.8 % (418 /
1754) whercas for standard therapy patients mortality was 20.4% (202/990). The survival
curves for both treatment groups were indistinguishable. The adverse events most
frequently leading to death in both treatment groups are comparable but the data in Table
34 below are unadjusted for discontinuations. Similarly the frequencies for serious

adverse cvents are in Table 35 and these are also unadjusted.

Table 34:Adverse events most frequently leading to death

Adverse event Lanthanum Standard
N 682 (%) N 676 (%)
Cardiac arrest 12(1.8) 21(3.1)
Myocardial infarction 11(1.6) 13(1.9)
Arrhythmia 5(0.7) 9(1.3)
Sepsis 4(0.6) 5(1.3)

Table 35: Some serious adverse events with frequencies of 2% or greated adjusted

for discontinuations - LAM-IV-307

*Serious Adverse Lantharum Standard
event N 682 (%) N 676 (%)

At least one SAe 388(56.9) 481(52.4)
Chest pain and M.1. 30 (4.4) 28(3.0)
Coronary Artery 16(2.3) 313.4)
disorder _{
Cardiac arrest 18(2.6) 26(2.8)

*2,696 SAEs were reported throughout the course of the study. Three were thought to be
likely to be drug related: Pancreatitis, GI hemorrhage, and constipation and all were in
the lanthanum group.

Laboratory changes that showed consistent significant inter-group differences are
tabulated below but these are also unadjusted. Serum ostcocalcin parathyroid hormone
and bone specific alkaline phosphatase are significantly higher among the lanthanum
treated patients compared to the lanthanum treated patients (Table 36).

Table 36: Summary of inter-group 1ab changes from pre-study to month 24- LAM-
IV-307 (visit 21)

Laboratory tests Lanthanum Standard

N 682 (%) N 676 (%)
Choiesterol Low (p=0.000)
LDL. Low (p=0.000)

Osteocalcin

High (p=0.000)

Parathyroid hormone

High (p=0.000)

Calcium

High(p=0.000)

_A!kalinﬁcvl_)ﬂcﬁpﬁhatasc

High (p=0.000)

-
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The two major safety concerns that led to this resubmission are in respect of GI adverse
events that led to discontinuations and also long term evaluation of bone toxicity.

GI Adverse events

The current data presented in the GI safety analysis are from the most recent complete
dataset available including the 15- month and the 25-month data updates of the integrated
summary of safety (ISS), and also data from LAM-IV-303. Tables 29 and 30 show that
GI adverse events show comparable inter-group rates. Table 38 was submitted by the
sponsor  response to the resubmission as data for time to resolution. It is evident that
this does not fully respond to the deficiency in the approvable letter.
Table 37 shows the percentages of patients with commonest treatment adverse events in
study 307. Note the preponderance of GI adverse events, nausea, vomiting and diarthea
in the tabulated percentages of Patients with Most Common Treatment-Emergent

Adversc Events.

Table 37: Commonest treatment-emergent adverse events adjusted by V Friedlin -

307

Treatment Groups

All Adverse Events *Drug-Related Adverse
Adverse Events Events
Lanthanum | Standard | Lanthanum | Standard
(N=680) (N=674) (N=680) (N=674)
% % % %
At least one Adverse Event 95 69 22 9
Nausea 35 27 7 0.7
Vomiting 25 20 3 0.3
Diarrhea 7 o 22 21 3 0.5
Dialysis graft complication 25 23 0 0 B
Dyspnea _ 21 22 0 0
Dizziness 21 19 0 0.1
Headache 21 19 1 0.1
Dialysis graft occlusion B 20 19 0 0
Myalgia 20 19 0.4 0
Chest pain 20 17 0.6 0
Coughing B 18 e 1 0l 0.1
Pain 17 16 0 0
Hypotension 15 16 0 0
Dialysis catheter complication 15 15 0 0
Upper respiratory tract infection 15 12 0 0
Edema peripheral 14 18 0 0
Influenza-like symptoms 14 14 | 0 0
Fever . 14 13 0.3 0
Abdominal pain 16 16 2 0.5
Constipation o 13 12 3 1
| Pruritus - 12 1 0.7 0
Back pain 12 4 | 0 0
(Legpain R 12 1 0 0,




Malaise

11 11

0 0

| Dyspepsia

10 12

Table 38: Table submitted as time to resolution by sponsor-adjusted by statistician

e
Time to onsct of adverse
event

Lanthanum
1752 events (680 patients)

Standard Therapy
2480 events (674 patients)

| L2 ]
* As this is an open-label study, these data may be affected by a potential investigator
hias.

| 0-7 days 1158 (66%) 1776 (72%) T
8-14 days ‘ 112(6%) 138 (6%)
15-21 days 59 (3%) 54 (2%)

| 22-28 days 126 2%) 33 (1%)

>28 days/unresolved

397 (23%)

479 (19%)

Valerie Friediin - FDA

The exposure to lanthanum over time is summarized in Table 39.
Table 39: Exposure to lanthanum carbonate LAM-1V-307

Lanthanum Standard Therapy
Treatment duration N(%) N(%)
<limonth 44(6.5) 18(2.7) B
>1<2 71(10.4) B 24(3.6) ]
>2<3 34(5.0) 17(2.5)
>3<6 76(11.1) B 44(6.5)
>6<9 o 70(10.3) 52(7.7)
>9<12 B 49(7.2) 49(7.2)
z12<18 98(14.4) o o0(133)
>18<24 L 106(15.5) 155(22.9)
=24 134(19.6) 227(33.6)
Total Patients 682 676
Mean time of exposure 356.6+267.6 484.6+£249.6

Only 10 patients had plasma lanthanum evaluation at 24 months in the bone substudy.
There is a progressive increase in mean plasma lanthanum levels over time. There isa
more than 100% increasc between the mean plasma level at 7 weeks and 24 months in
the subset of paticnts followed for bone biopsies. This suggests that the stcady state has
not been reached at 2 years in the bone substudy (Table 40). This js a significant
observation that a 2 year period is inadequate for the followup of bone changes as the
peak effect has not become manifested. The histomorphometric and histological studies
on bone biopsies in the resubmission are based on a 2-ycar follow up that appears
nadequate. The sponsors claim that the median half life of lanthanum is 2 years and the
mean half lifc is 3.57 years. At 2 years, the mean plasma lanthanum level has not reached
a steady state and therefore the peak effect of lanthanum on bone is not known. The
relationship between plasma levels of lanthanum and bone changes at this time point is
not known. This contributes to some of the uncertainties of lanthanum pharmacokinetics

and pharmacodynamics.



Table 40:Mean plasma lanthanum levels in bone sub-study-LAM-1V-307

Lanthanum group
N Lanthanum levels Min — Max
Visit (ng/mL) {ng.mL)
Screening 96 0.0+0.05 0.0-0.42
Week 7 98 0.3+0.24 0.0-1.78
Week 26 88 0.4+0.55 0.0-4.59
Week 52 66 0.4+0.48 0.0-2.57
Month 24 10 0.7:£0.76 0.0-2.53

D. Dosing
The proposed initial dose for adults is 750 mg daily with meals; doses should be divided
among mcals with more doses for a heavy meal. Doses may be increased or decreased
gradually to bring serum phosphate levels below 6 mg/dL. Most patients may require a
daily dose of 1,500 mg of lanthanum and the sponsor does not recommend doses greater
than 3,000 mg. Fosrenol will be available in 250 mg, 500 mg, L 1
chewable tablets packaged in bottles of [, 1100 tablets, respectively.

E. Special populations

A T

A

Geriatric population

A total of 538 (31.6%) adults over the age of 65 participated in all phase 11 /III studics.
The efficacy subpopulation study showed no difference between the males and females
and betwecn the young and the old. Detailed studies on this geriatric age group are
required.

Diabetics

447 diabetic paticnts enrolled in the clinical program constitute the largest proportion of
paticnts with renal history were recruited into the bone subset study were diabetics. Since
bone changes in diabetics show differences in renal failure compared to non diabetics
(Refs page 74) This group should be treated as a special population in terms of bone
changes to lanthanum. Sce page

The distribution of diabetics in both treatment groups is shown in Tables 7 and 8.




Clinical review

II. Introduction and Background

Hyperphosphatemia is a disorder of mineral metabolism invariably associated with
renal insufficiency and inability to excrete phosphate efficiently.

This is a review of LAM-IV-307. Other studies have been reviewed in Appendix 3.
FOSRENOL (Lanthanum Carbonate) is a phosphate binder that acts in the lumen of the
gastrointestinal tract to bind dietary phosphorus released from food during digestion.
According to the sponsor, “ the chemical basis for this being the ionic binding properties
of Las+ , which has an overwhelming preference for oxygen donor atoms of which the
most common ligands are carboxyl and phosphate ( P04 ) groups. In the presence of HCI
in the storach, a proportion of administered lanthanum carbonate is converted to the
more highly soluble chloride salt with the release of carbon dioxide. The relatively high
solubility of the chloride salt implies a greater absorption potential of Las+ . The activity
of lanthanum carbonate as a phosphate binder is dependent on the availability of soluble
La3+ in the gastrointestinal tract and the high affinity of Lay+ for PO, 2- . This binding
results in the formatior of highly insoluble lanthanum phosphate salt, which cannot be
absorbed and therefore is excreted, thus significantly reducing phosphate absorption.”
This is the basis for the treatment of hyperphosphatemia.

Phosphate balance is maintained during the carly stages of chronic renal insufticiency
provided glomerular filtration rate { GFR) exceeds 25 to 30 mL/min. The total renal
excretion of inorganic phosphate (Pi) is normal becausc a progressive reduction in tubular
Pi transport leads to increascd excretion by the remaining functioning nephrons. When
glomerular filtration rate falls to less than 25 to 30 mL/mm and dietary phosphate intake
remains constant, phosphate balance can no longer be maintained by reduction of tubular
transport, and hyperphosphatemia develops. This occurs despite significant increase in
the fractional excretion of phosphate (increasing from 60% to 90%) of the filtered load.
With hyperphosphatemia, the filtered load of phosphate per nephron increases and
phosphate excretion rises. As a result, phosphate balance and renal excretory rate is
reestablished but at a higher serum phosphate level,

1. e., hyperphosphatemia.

With decreasing GFR, clinically undetectable phosphate retention develops, which in turn
reduces ionized calcium, with consequent stimulation of parathyroid hormone (PTH)
secretion. Hyperphosphatemia, caused by chronic renal failure (CRF) and end-stage renal
disease (ESRD), plays a critical role in development of soft-tissue calcification, including
caleification of blood vessel walls, secondary hyperparathyroidism and renal
ostcodystrophy. Bone pain, skeletal disease associated with bone deformity and fractures
are the most common clinical manifestations of renal osteodystrophy. Hence, control of
serum phosphatc levels is essential in the management of paticnts with ESRD due to the
obligatory requircment for dietary protein and the inability of dialysis to adequately
remove the associated phosphate load.

Fosrenol contains the active ingredient, lanthanum carbonate hydrate. It is an orally
active phosphate binder. Fosrenol is indicated for the 1T ki
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I Fosrenol binds dietary

phosphorus from food and inhibits absorption of phosphoi‘us to the blood by the
formation of highly insoluble complexes that cannot easily pass through the wall of the
gastrointestinal tract.

Table 41:Demographics in lanthanum carbonate development program

Baseline demographics for patients enrolled in the lanthanum carbonate program

Devpt. Phase 1 Phase 2-3

Treatment LaC Placebo/ Short Term Long term All Phase

| group | others . 2/3

o LaC Placebo LaC ACPB LaC

No. receiving *179 76 298 95 1507 941 1705

study
medication
| Age (yrs)

N *179 76 298 95 1507 941 1705
MecantSD 29.549.9 | 257264 | 57.4+14. | 57.7t14. | 55.9+14. | 56.0+14. | 56.1+14,

o 9 7 42 11 40 23 43

Age Group
1850 168(93.9) | 76(100) | 84(28.2) | 28(29.5) 522(34.6) | 326(34.6) | 580(34.0)
51-64 10(5.6) 0 105(35.2) | 29(30.5) | 520(34.5) | 325(34.5) 587(34.4)
65+ 1(0.6) 0 109(36.6) | 38(40.0) | 465(30.9) | 289(30.7) | 538(3 1.6)
Sex

Male 146(81.6) | 76(100.0) | 185(62.1) | 52(54.7) | 935(62.0) 580(61.6) | 1056(61.

9)
Female 33(18.4) 0 113(37.9) | 43(45.3) | 572(38.0) | 361(38.4) 649(38.1H)

Race

Caucasian 152(34.9) | 63(82.9) | 142(47.7) | 45(47.4) | 1029(68. 569(60.5) | 1142(67.

3) 0)
Black 5(2.8) 0 131(44.0) | 43(45.3) | 378(25.1) | 277(29.4) 450(26.4)
Hispanic 6(3.4) 0 15(5.0) 44.2) 61(41.0) | 56(6.0) 70(4.1)
All others 16(8.9) 13(17.1) | 10(3.4) 3(3.2) 39(2.6) 39(4.1) 43(2.5)

Weight (pounds)
_M@SD{_.J. ]61.4112:5.0 | 159.0£19.15 i 172.2+39.34 J 175824494 | 171,741 64 l 173.9+439 l 171.6+41.31
Height
Mean+SD J68.7i3.0 '69.3¢2.4 66.9+4.2 | 66.9+42  66.9+4.1 Eﬁ.(m.z 66.9+4.1
1 3 0 3 | 5 4 6

e 10 patients had ESRD.
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The demographics of patients in the double blind, active controlled and open label studies

arc in Tables below:

Table 42:Demographics LAM-I1V-303 I-T-T population

Patient LAM-IV-303 I'TT Population
population
Lanthanum Group Standard Group All enrolled

N 49 49 98
Age (years)
Mean 55.9+13.5 54.0+15.2 55.0+14.3
Range 27-80 18-75 18-80
Gender
Male 31(63) 28(57) 59(60)
Female 18(37) 21(43) 39(40)
Race N (%)
Caucasian 45(92) 46(94) 21(93)
Black 0 0 0
Hispanic 0 0 0
Asian 1(2) 1(2) 2(2)
Oriental 0 0 0
Mixed race 2(4) 2(4) 44)
Other 1(2) 0 I(1)
Demographics
Table 43: Summary of Demographics - LAM-IV-307

_ Randomized Patients
Paticnt population Lanthanum Standard All enrolled
N 680 674 1, 552
Age(yrs) N (%)
18-50 285(41.9) 259(38.5) 605(39.1)
51-64 218(32.1) 226(33.6) 512(33.1)
65+ 177(26.0) 188(27.9) 432(27.9)
Mean+SD 53.8+14.5 54.9+14.4 54.9+14.5
Gender N (%)
Male 389(57.2) 414(61.4) 930(59.9)
Female 291{42.8) 260(38.6) 622(40.1)
Race N(%)
Caucasian 303(44.6) | 313(46.4) 700(45.1)
Black 301(44.3) 274(40.7) 667(43.0)
Hispanic 54(7.9) 55(8.2) 122(7.9)
Asian PI 3(0.4) 13(1.9) 18(1.2)
Native American 6(0.9) 6(0.9) 14(0.9)
Others 13(1.9) 13(1.9} 30(1.9)
Weight (Ibs) _ )
N 676 671 1,540




Randomized Patients

Paticnt population Lanthanum Standard All enrolled
MeantSD 177.9448.2 178.5+ 46.8 178.2447 4
Height

N 669 661 1,518
MeantSD 66.8+4.4 67.244.3 67.0+4.4 N

Table 44: Demographics - Bone sub-study randomized - LAM-IV-307

B LAM-IV-307 Randomized patients
Lanthanum Group | Standard Group All enrolled
N 102 99 201
Age (years)
Mean+SD 50.0+14.6 51.8+12.8 50.9+13.8
Gender ]
Male 68(66.7) 73(73.7) 141(70.2)
Female 34(33.3) 26(26.3) 60{30.0)
Race
Caucasian 34(33.3) 35(35.3) 69(34.3)
Black 51(50.0) 46(46.5) 97(48.3)
Hispanic 6(5.9) 8(3.1) 14(7.0)
Asian 1{1.0) 3(3.0) 42.0)
Mixed race 1{1.0) 0 1{0.5)
Other ) 9(8.8) 7(7.1) 16(8.0) ]
Efficacy

Overall, primary efficacy endpoint was teduction of serum phosphate in end stage renal
disease (ESRD) patients with hyperphosphatemia using a temporal decline of pre-dialysis

serum Phosphate (PSPL) over time as a basis for comparison of point estimates between

lanthanum and other comparators (standard therapy and calcium carbonate). Primary
efficacy was determined according to the level of serum phosphate achieved after 5
weeks in the dose titration phase: serum phosphate levels < 1.80 mmol/L were considered

to be the control.

Secondary efficacy was the evaluation of maintenance of control after 25 weeks of
treatment including 5 wecks of treatment and 20 weeks of maintenance., Efficacy of
lanthanum had already been demonstrated in the original NDA and also shown in the
additional study LAM-1V-307.

Safety

The safety profile of lanthanum in the original review was discussed under short and long

term studies regardless of the study phase. In view of the very long period it takes for
lanthanum to reach steady stage in organs inctuding bones (10-15 years) and in view of

its widespread distribution in tissues all over the body, short term safety assessments arc
considered inadequate for long term bone / other tissue toxicity. Particularly as there are

other approved products that are more effective for the same indication and with less or
comparable frequencics of adverse events. Therefore, the relatively long term studies,



though open label, and actively controlled, are acceptable for long term toxicity
assessments. The three active controlled, open label studies that would qualify for this
would therefore be LAM-1V-301, 303 and 307 and he two prominently affected organs
arc bones and gastrointestinal tract

Analyses of adverse events in patients who received lanthanum and standard therapy
showed statistically significant differences in 24 out of 26 distinct adverse events with p
values ranging from <0.05 to <0.001. Critical appraisal of these differences in favor of
lanthanum can be attributed to a lack of adjustments for drug exposure. Once this is
corrected for there are no significant differences between the two groups. Table 4 - ISS
in the original review summarizes all the differences in treatment emergent adverse
cvents in patients with a frequency > 10% in long term studies. In the long term studies, a
total of 236 (16%) of patients administered lanthanum carbonate discontinued treatment
comparcd to 46(5.1%) of active control treated patients (p<0.001). This suggests a higher
rate of discontinuation among patients receiving lanthanum compared to standard
therapy.

A total of 190 patients representing about 81% of all discontinuations in the lanthanum
group withdrew prematurely from the study because of GI adverse events. These high rates
of discontinuations indicate poor tolerability compared to other phosphate binders. The
incidence of Gastrointestinal adverse events in the patients treated with Lanthanum is
comparable to the incidence of Gastrointestinal adverse events in patients treated with
standard therapy.

Discontinuations due to GI adverse events were higher in the Lanthanum treatment group
due to the study design rather than to the type or severity of GI adverse event. Patients who
had GI adverse events on Lanthanum were required to discontinue from the study when
modifications to the phosphate binder treatment were required, while patients in the
standard therapy arms could reccive and/or change to any approved phosphate binder
without being removed from the study. When changes in standard phosphate therapy were
treated in a similar fashion to Lanthanum patients, then the projected rate of
discontinuations due to GI adverse events was similar in both groups.

The most common G adverse events leading to discontinuation in the Lanthanum group
were nausea, vomiting and diarthea. These events were most likely to occur early in
dosing, and there was no increase in incidence of these events with time on Lanthanum

treatment.

(astrointestinal adverse cvents in the Lanthanum group were generally of short duration
(<14 days) whether paticnts continued Lanthanum or discontinued from the study. The
duration of GI adverse events did not increase with incrcased cxposure to Lanthanum.
Only a small number of events in patients in any of the Phase II-1II clinical studies with
Lanthanum did not resolve within 28 days or led to death. There was no patiern in these
patients with prolonged events to identify a spccific symptom or syndrome associated with
[anthanum treatiment.
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In conclusion, adverse events in the GI body system are common in patients treated with
Standard phosphate binder therapy as well as Lanthanum. There is no signal of increased
GI adversc events ia patients treated with Lanthanum in comparative studies of up to 2

years duration. ).

Table 45: Percentage of most common adverse events in LAM-IV-307 (adjusted for

drug exposure)

Treatment Groups

All Adverse Events *Drug-Related Adverse Events
Adverse Events Lanthanum | Standard | Lanthanum Standard
(N=680) (N=674) (N=680) (N=674)
%o % % %
At least one Adverse 95 69 22 9
Event
Nauseca 35 27 7 0.7
Vomiting 25 20 3 0.3
Diarrhea 22 21 3 0.5
Dialysis graft 25 23 0 0
complication
Dyspnea 21 22 0 0
Dizziness 21 19 0 0.1
Headache 21 19 1 0.1
Dialysis graft occlusion 20 19 0 0
Myalgia 20 19 0.4 0
Chest pain 20 17 0.6 0
Coughing 18 19 0.1 0.1
Pain 17 16 0 0
Hypotension 15 16 0 0
Dialysis catheter 15 15 0 0
complication
Upper respiratory tract I5 12 0 0
infection
Edema peripheral 14 18 0 0
Influenza-like 14 14 0 0
symptomns
Fever ) 14 13 0.3 0
Abdominal pain 16 16 2 0.5
Constipation 13 12 3 1
Pruritus 12 I1 0.7 0
Back pain 12 14 0 0
Leg pain 12 11 0 0
Malaise 11 11 0 0
| Dyspepsia 10 12 2 1

* As this is an ué)efz-/abe[ study, these data may be affected by a potential investigator

hias.




Serious adverse events that led to treatment discontinuation in the long term open label
study, LAM IV 307, were reported by 114 (17%) lanthanum patients {(with one patient
reporting 2 SAEs ) and 170 (25%) among standard therapy patients.

Exposure to Lanthanum Carbonate LAM-IV-307 see Table 38.

Only 10 patients had plasma lanthanum evaluation at 24 months. There is a progressive
increase in mean plasma lanthanum levels over time. There is a two fold increase
between the mean plasma level at 7 weeks and 2 years in this subset of patients followed
for bone biopsies.

Mean Plasma Lanthanum levels Bone Sub-study - LAM-1V-307-See table 39,

A. Drug Established, proposed trade name, Drug class, Dose Regimens age
groups, Sponsor’s proposed Indication.

B. The sponsor’s indication of FOSRENOL was for ¢

B!
Proposed Trade Name: FOSRENOL.
Drug Class: PHOSPHATE BINDER
Sponsor’s Proposed Indication(s): L L 1
Chewable unflavored tablets in two dosages for oral administration (250 mg and 500

mg).
Sponsor's proposed indication(s) the sponsor is seeking the following indication “
fosrenol . [
_ 1
Age Groups 18 — 67 years, both sexes, Caucasians and other ethnic groups were
enrolled in the program.

The strength of this product is based on the active moiety Lanthanum and not the salt
Lanthanum Carbonate. The active ingredient in lanthanum carbonate chewable tablets is
lanthanum ( I11) carbonate hydrate, an inorganic salt with the approximate formula of
La; (C03)5 .4H;0. The sponsor’s proposed trade name for lanthanum carbonate is
FOSRENOL .

Drug class

FOSRENOL (Lanthanum Carbonate) is a phosphate binder that acts in the lumen of the
gastrointestinal tract to bind dietary phosphorus released from food during digestion.
According to the sponsor, “ the chemical basis for this being the ionic binding properties
of La3+ , which has an overwhelming preference for oxygen donor atoms of which the
most common ligands are carboxyl and phosphate ( PO4) groups. In the presence of HCI
in the stomach, a proportion of administered lanthanum carbonate is converted to the
more highly soluble chloride salt with the release of carbon dioxide. The relatively high
solubtlity of the chloride salt implies a greater absorption potential of La3+ . The activity
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of lanthanum carbonate as a phosphate binder is dependent on the availability of soluble
La3+ in the gastrointestinal tract and the high affinity of La;+ for PO, 2- . This binding
results m the formation of highly insoluble lanthanum phosphate salt, which cannot be
absorbed and therefore is excreted, thus significantly reducing phosphate absorption.”
This is the basis for the treatment of hyperphosphatemia.

C. State of Armamentarium for Indication(s)

State of armamentarium for indication(s) currently, there are two drug products, phoslo .
and renagel, approved by the FDA for the trcatment of hyperphosphatemia associated
with end- stage renal disease. The active ingredients of phoslo . and Renagel . are calcium
acetate and sevelamer hydrochloride ( polly [allylaminc hydrochloride] cross linked with
epichlorohydrin), respectively. Both phosphate binders are approved for oral
administration. Caicium carbonate is not approved for this indication by the FDA but the
sponsor used this as an active control and comparator.

D. Tmportant Milestones in Product Development —

There is no important milestone with this product development because there are
other products that arc effective in patients with hyperphosphatemia.

E. Other Relevant Information

Idiopathic hyperphosphatasia is a rare high bone turnover congenital bone disease in
which affected children are normat at birth but develop progressive long bone
deformities, fractures, vertebral collapse, skull enlargement and deafness. It is an
autosomal recessive bone discase. Histologically, there is evidence of extremely rapid
bone resorption and formation. There is considerable phenotypic variation from
presentation in infancy to late presentation in childhood with minimal deformity. It has
been linked to deletion or mutation in the TNFRSF1 1B gene that encodes for
osteoprotegrin (OPG), an important modulator of RANKL-mediated bone resorption and
the gene regulates osteeclast development. It is also linked to a locus on the long arm of
chromosome & (8q24). This is a genetic bone disease whereas hyperphosphatemia is an
acquired bone disease.

The photomicrographs obtained by this reviewer from the sponsor's bone slides do not
support the sponsor's conclusion that rats with normal renal function show "no", repeat,
“no" bone changes. Furthermore the sponsor's claim that the lanthanum concentrations in
humans were within the range of lanthanum concentrations in rats with normal renal
function given lanthanum carbonate and since there are no bone changes it is unlikely
that lanthanum does or will do any harm to boties in humans. The whole basis of this
claim cannot be sustained since the abnormal bone changes in the long bones of
lanthanum treated rats with normal renal function can also be found in lanthanum treated
uremic rats although to a lesser degree.

The sum total of lanthanum toxicity on rat bones with normal renal function is that therc
is an abnormal cortical metaphyseal lesion consisting of multiple cortical erosions with
fibro-proliferative, periosteal thickening overlying the areas of bone damage. Similar
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cortical lesions are seen in lanthanum treated uremic rats. In effect lanthanum toxicity on
bone may be additive to renal bone disease. In support of this is the elevated alkaline
bone specific alkalinc phosphatase that is increased in patients receiving lanthanum at 2
year follow up (See Figure 7)

Histologcal examination of bones from rats with normal renal function treated with
Lanthanum showed moderate to severe bone resorption predominantly in the metaphysis
of long bones and periosteal thickening overlying the areas of bone loss.
Demineralization was also seen in these long bones. Histological examination of iliac
biopsies from humans with ESRD treated with lanthanum also showed bone changes that
became morc severe aver time (Safety Section Figures 24-25).

IV.  Clinically relevant Findings from Chemistry, Animal Pharmacology and
Toxicology Biopharm Statistics and others

A. Description of Rat bone histopathology slides and lanthanum effects-
Source reviewer

Bone pathology and bone toxicity

Disease manifcstations in bones can be regarded as a function of time, place and quantity
and they are more readily comprehended when correlated with the evolving and changing
cellularity of bone development, structure and function.. However the evaluation of drug
induced toxicity can best be detected by a careful examination of structural defects
affecting both the osseous and myeloid components of bone. The selective vulnerability
of the metaphysis is well recognized particularly in inflammation. It is therefore not
surprising that the metaphysis is affected most frequently in lanthanum toxicity in the
rats. The architectural disruption of metaphyscal cortical bone and the accompanying
reparative fibrosis and periosteal thickening characterize the lanthanum injury to long
bones of rats with normal renal function given lanthanum carbonate. A bricf descriptive
pathology of these observed lesions, not previously reported, is as follows:

The abnormal histological lesions found in slides from 7 rats with normal renal function
were predominantly in the metaphyscal and metadiaphyseal areas of the long bones. The
lestons are consistent with areas of bone loss that are usually characterized by multiple
defects with irregular edges in the cortices of long bones. Periosteal thickening overlying
the areas of bone loss was common and the extent of the periosteal abnormality varied
with the size of the cortical bone defects. These bone defects may have inflammatory
cells in their vicinity or may have large cells that may be osteoclasts. In some areas of
severe cortical bone loss resulting in architectural disruption, the defect may be
completely replaced by fibrocollagenous tissue. (Figure 9) The cortical bone defects may
be surrounded by collagenized desmoplastic fibroblastic cells, and may be relatively
vascular suggesting an inflammatory type of granulation tissuc. Xanthoma cells were not
seen in these vascular granulation tissue.

There are a few host osteoclasts adjacent to the erosions of the cortical surface of the
metaphysis.

Similar lesions seen in rats with normal renal function are also scen in uremic rats given
lanthanum but the Iesions in the uremic rats were more severe. Since the rat with normal
renal function differs from the uremic rats in that there is no hypophosphatemia, it is
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conceivable that the cbserved changes in the normal rat represent lanthanum toxicity to
bone. No immunohistochemistry was done on these bones. These observed changes are
subtle in places and could be easily missed.

B. Description of pathology of human bones exposed to Lanthanum
Carbonate-Reviewer

All the bone biopsies from patients exposed to lanthanum carbonate showed
abnormalities at baseline and at follow up regardless of follow up. These abnormalities
represent renal osteodystrophy and its variants. Of relevance is the fact that the cortical
bone defects scen in rats with normal renal function given lanthanum are also seen in
ESRI> humans given lanthanum. The 3 unpaired slides from patients given lanthanum for
4/5 yrs are too few to make any meaningful comments particularly with the poor
technical preparation of the slides submitted for review (See Figures 16-17). Some of the
slides submitted had no cortical bone for microscopic examination. However, the
temporat differences among the paired biopsies have been captured by histomorphometry
and reported in the NDA but the possible confounding effect of lanthanum cannot be
dissected from the histomorphometric evaluation even with comparators. There is no
compelling evidence that lanthanum does not affect bones in humans. There is cvidence
that lanthanum accumulates in bones in humans and in animals. For cotnparative data
among treatment groups to be compelling the severity and extent of bone changes in
patients with ESRD at baseline should be equal. Since this was not ascertained prior to
randomization, the only empirical clinical parameter left is the evaluation of fractures in
both treatment groups.

However, with rapid advances in molecular biology, identification of systemic and local
biomolecules that are known to regulate bone metabolism can now be achieved. For
example, the study of localization and levels of expression and synthesis of these factors
in bone and its microenvironment is now feasible through applications of in situ
hybridization histochemistry (ISHH) and immunohistochemistry (IHC). Application of
ISHH allows study of specific mRNA expression. Combining histomorphometric
techniques with ISHH and IHC elevates the study of bone metabolism and pathology to
greater heights. In effect, cellular and molecular issues can now be studied to evaluate
subclinical and clinical outcomes (Langub MC, Faugere MC, Malluche HH. Pediatric
Nephrol 14: 629-635, 2000. This technique was available and in use at the time the
sponsors had a meeting with the Agency. This should have been considered and applied
to elucidate the role of lanthanum in bone toxicity.

C. Adequacy of Histomorphometry versus histological diagnosis of bone
pathology

Mineralized sections of bone can be qualitatively or quantitatively evaluated. Qualitative
assessment and interpretation of ESRD bone from rats was carried out during preclinical
phase 1 studies by the sponsor. While an extensive bone survey of bones is not feastble in
humans the sponsor, in agrcement with the agency, agreed to qualitative and quantitative
assessment of bone biopsies from the iliac crest of paticnts exposcd to lanthanum and
standard trcatment. The two separate methods ot histology and histomorphometry are
required to evaluate bone biopsies in patients exposed to lanthanum for the treatment of



hyperphosphatemia. Histomorphometric evaluation of bone provides objective data on
static and dynamic parameters of bone structure, formation and resorption. Therefore this
is a classical research tool for studying bone physiology and pathology. Assuming that
histomorphometric data of bone acknowledges the variation within the sites used for bone
samples by usc of proper control groups, and considering that this is a useful tool for
cvaluating differences in repeat bone biopsies after a treatment regimen it is not clear if a
point estimate from a bone biopsy is adequate to predict pathological changes, such as
fractures, or even frequencies, severity and extent of fractures, that will take place over
time. Of significant relevance is the example that patients with low turnover
osteodystrophy had a fracture rate of 0.2 fractures /dialysis year whereas patients with
osteitis fibrosa had 0.1 fractures /dialysis year. Patients with low tumover osteodystrophy
suffered fracturcs of mainly axial rather than appendicular bones in contrast to what is
seen in patients with osteitis fibrosa. The adequacy of using histomorphometry alone for
evaluating lanthanum induced bone toxicity is therefore in question. It does not detract
from its use for quantitating dynamic parameters of bone remodeling but does not
provide compelling evidence for bone changes and metastatic calcification in soft tissue
changes that may be due to hyperparathyroidism and or hyperphosphatemia. In the
opinion of the reviewer reports of routine histological examination of all bone biopsies,
scheduled and unscheduled, should have been submitted for review. Instead the SpPonsors
submitted categories into which the histomorphometric data fell and used those as basis
for pre- and post exposure to lanthanum carbonate. Furthermore, histomorphometry was
used as a basis for excluding aluminum-like associated bone toxicity. It has not taken into
account the microenvironment of the bone that is also susceptible to lanthanum toxicity.
Because of relatively large discontinuations in the Lanthanum group versus standard
therapy, the fracture rates should be adjusted for drug exposure as the discontinuation ratc
(for cxample in LAM-IV-307) was 65% for lanthanum versus 45% even if
histomarphometry were going to be accepted as the sole measure for toxicity. The
reviewer does not consider that histomorphometry is adequate for evaluating lanthanum
bone toxicity particularly as the steady state concentration of lanthanum in bones is
several fold higher compared to standard therapy.Furthermore lanthanum continues to
accumulate in bones over time and in other tissucs including the microenvironment of
bones. Histomorphometry does not evaluate the changes in the soft tissues and marrow of
bones making it an inadequate tool for cvaluating toxicity of lanthanum in bone and it
microenvironment..

V. Human PK and PD

This is in Biopharm review by Dr A. Dorantes.

The clearance of lanthanum from tissues was assessed in animals loaded with lanthanum
for 4 weeks and maintained off dose for up to 26 weeks. There was differential clearance
of lanthanum from the GI of rats . Clearance from bone cartilage and teeth was slow with
more than 66% (sternum), 82% (femur, 60% (trachea) and 75 % (teeth) of lanthanum
retained in these tissucs after 4 weeks off dosc in rats. These data have implications for
human PK and PD effects particularly adverse cvents affecting bones and GI.
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VI. Description of clinical data and sources

A. Overall Data

Overview of types of data

The resubmitted NDA included data from the original NDA and additional data that
addressed the deficiencies in the approvable letter. After several requests, teleconferences
and meetings, the sponsor provided all the data required for this review. The data
consisted of reports from the clinical trial program and long term follow up as requested
in the approvable letter. Publications on bone pathology were also provided to justify the
use of morphometry for evaluation of bone toxicity. The literature review provided by the
sponsor is not adequate and the FDA reviewer has identified specific arcas of inadequacy
in relevant references provided by the sponsor particularly in the following areas: The
Agency’s efforts to provide these references are on page 70.

* Molecular bone morphometry,

» Bone changes in diabetics on dialysis,

o (Cytokines m renal osteodystrophy,

e Hyperparathyroidism and breast cancer,

* Periosteal gene expression and mechanical loading on bone mass. These
references have been added by the FDA. See Section on Literature review by
Agency

Sources of data

Medical review by Juan Carlos Pelayo dated 12.31.02

Secondary Medical review by Norman Stockbridge dated 2.3.03

Chemistry reviews by Kiris Raman dated 12.31.02; 1.16.03

Statistical Review of Clinical data and addendum by Valeria Friedlin dated 11.05.02 and
12.30.02

Pharmacology/Toxicology Review by John Koerner dated 12.4.02
Pharmacology/Toxicology Review by Xavier Joseph dated 12.4.02

Sponsors submissions on EDR, Hard copies of NDA 21468 dated volumes 13- 8927
NDA submissions dated May 21 and 22, June 7, 14, 19 and 28,

July 11,25 and 30, Aueust 5, 14, 27 (two), 29 and 30 (three), September 10, 13. 16, 18
and 25.0October 3, 8, 22, 24 and 28, November 1, 4, 11,15, 21, 22 (two), 27 (two) and 29,
December 13 (two), 16, 18, 20 (two), 23, 2002 and January 23, 27 and 28, and February
12, 2003.

NDA 21468 scrial ~ March 2004

NDA 21468 serial  April 2004

NDA 21-468 serial 074 of June 1 2004

NDA 21468 scrial 075 of June 2 2004

Publications on bone diseascs in chronic renal failure

Publications on intestinal absorbtion in renal failure

IND 55054 vol 7.1 of 1999

Protocol Amendments IND 55054 Serial no 035

Case report FForms (crf)

Updated application éummary
_Additional non-clinical study reports




ROO7-LAM-111A
R0O0456-LAM-111D
ROO711-LAM-111D

Drug disposition

Overall bone histomorphometry
QT assessment

Adverse event Assessment
Updated Summary of safety

Additional PK and bicavailability, clinical data
and additional analyses of clinical data including

L J Mortality Assessment

Additional clinical study reports
LAM-1V-307 (interim)
LAM-1V-301
LAM-IV-205
LAM-1V-116
LAM-IV-117

B. Tables listing the clinical trials

Table 46 summarizes all the clinical studies evaluated in the primmary review of this NDA.
It is noteworthy that no studies have been carried out in the pediatric age group (See

recommendation on page 98).
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Table 46: Overview of clinical studies using healthy volunteers in lanthanum

program
Study Ref Type of Study Lanthanum Daration of Total Neo. Study Design
Dases Treatment Subjects on
Lanthanum
(no subjects per
dose}

Completed Studies

Clinical Pharmacology

LAM-IV- Safety and PD profile 52mg Single dose i0 Double blind,

101 randomised, piacebo

controlled, rising dose

LAM-IV- Safety and PD profile 52, 105, 262 Single dose at 19 Double blind,

104 and 524mg each dose Jevel S2mg =7 randormised, placebo

(7 days between | 105mg =12 controdled, rising dose
doses) 262mg = 11
524mg = 9

LAM-1V- Safety and PD profile, 262, 524, 786, 13 days dosing 14 Double blind,

105 multtple dose 1315, 2096, on alternate 262mg = 14 randonused, placebo
3145and 4718 days followed 524mg-14 controlled, rising dose
mg/day by 3 786mg - 13 followed by 3 days ar

consecutive 1315mg =13 MTD.
days at MTD. 2096 mg - 13

Jl45mg - 13

4718mp = 13

LAM-IV- PK profile, single rising dose 250, 500, 1000 Single dose at Lo Double blind,

108 and each dose level randomised, placebo
2000mg/day (2 days between controfled, ascending

doscs) dose

LAM-IV- PK profile, multiple dose 3000mg/day 5 days 6 Doubie blind,

169 randomised, placebo
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Study Ref Type of Study Lanthanum Duration of Total No. Study Design
Doses Treatment Subjects on
Lanthanum
(no subjects per
dose}
controlled, multiple
dose

LAM-IV- PK profile and effects of food, | 3000mg/day 3 days 36 Open-iabel,

110 multiple dose randomised, 3-way

CIOSS-OVver

LAM-IV- PK profile in hacmadialysis 1000mg (single | Two single 8 healthy Open labe]

111 patients and hea'thy subjects dose) doses (14 days A

3000mg/day apart), subjects
(multiple dose) Multiple dosing 10 ESRD
— 14 days .
patients

LAM-{V PK and interaction with citrate | 1000mg Single dose of 25 Open-label,

M2 lanthanum, or rendomised, 3-way
single dose of cross-over
lanthanum with
orange juice, or
single dose of
lanthanum with
effercitrate

LAM-1V- Interaction with warfarin 3000mg/day Single dose of 14 Open label,

13 warfarin or randomised,2-way
single dose of crossover
warfarin after
4™ dose of
1000mg
lanthanum

Study Ref Type of Study Lanthanum Duration of Total No. Study Design

Doses Treatment Subjects on
Lanthanum
{no subjects per
dose)

Completed Studies

Clinical Pharmacology (cont’d)

LAM-IV-114 Interaction with digoxin 3000mg/day Single dose of 14 Open label,
digoxin or randomised,2-way
single dose of crossever
digoxin after 4™
dose of 1000mg
lanthanum

LAM-IV-115 Interaction with metoprotol 3000mg/day Single dose of 13 Open label,
metoprolol or randomised,2-way
single dose of crossover
metoprolol after
4" dose of
1000mg
lanthanum

SPD405-117 Bioavailability 120pg A singledosc of { 16 Open label, paralle]

(lanthanum lanthanum IV 1 20“g group
chloride) - IV either as a 4- ,
hour constan: =8
1300mg rate [V infusion | Oral 1000mg ~ &
(lanthanum or as oralty
carbonate) - adininistered
oral chewabie
tablets




C. Post marketing Experience
This drug has so far not been approved and therefore there has been no post marketing
experience of this drug.

D. Literature review by Sponsor
References

List of references provided by sponsor in original NDA plus the folowing:
Selbert JL et al.,. Bone biopsy studies in the diagnosis and treatment of renal
osteodystrophy Contr Nephrol 1988: 64, 49-57 (Karger Basel).
Pei et al,, Risk factors for renal osteodystrophy : A multivariant analysis.
J Bone Min Res 1995: 10, 149-156
Malluche et al., The role of bone biopsy in the management of patients with renal
osteodystrophy: Editorial Review J Am Soc Nephrol 1994: 4, 1631-1642
Hutchison ct al.,Histological radiological and biochemical features of the adynamic bone
lesion in continuous ambulatory dialysis patients. Am J Nephrol 1994: 14, 19-29
Parfitt et al.,Bone histomorphometry, standardization of nomenciature symbols and units.
J Bone Mineral Rescarch 1987: 6, 595-610
Parfitt et al.,Osteomalacia and related Disorders Metabolic Bone Disease 3™ Edition
1998:327-385
Quarles LD et al., J Bone Mineral Rescarch 1998: 4, 671-677
Parfitt et al., Stereological basis of bone histomorphometry: Theory of quantitative
microscopy and reconstruction of the third dimension CRC Press 1983: 60-65
Julian et al., Rapid loss of vertebral Mineral density after renal transplantation.
New England journal of Medicine 1991: 544-545

Moniere Faugere et al., Trends in renal osteodystrophy: a survey from 1983 to 1995 in a

total of 2248 patients, Nephrol Dial transplant 1996: 11, [11-120
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Recker RR Bone biopsy and histomorphometry in clinical practice. Rheumatic Disease
Clinics of North America 1994 20 609 — 627.

The following references that are deficient in sponsor’s references representing
Agency’s efforts in literature review for this NDA

D. Literature Review by Reviewer / Agency
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E. Tmportant Issues with Pharmacologically Related Agents

Calcium carbonate was used as a comparator and was found to be more effective
initially cven though it is not approved by the Agency for this indication.

VII. Clinical Review Methods

A. How the review was conducted

This revicwer focused on the clinical components of safety in the clinical lanthanum
program and also on the data from open label long term study (307) for assessment of
safety. These included the following:

* The adversc events leading to discontinuation, particularly, overall serious
adverse events in long term studies involving the gastrointestinal systems of
paticnts who had discontinued on the drug.

¢ The adverse events leading to discontinuation, particularly, overall scrious
adverse events in long term studies involving the musculoskeletal system of
patients who had discontinued on the drug.

* The adversc events leading to discontinuation, particularly, overali serious
adverse cvents in long term studies involving the bones of patients who had
discontinued on the drug.



» Serious adverse events leading to permanent discontinuation of lanthanum
treatment for other reasons.

* The time taken for the serious GI adverse events to resolve chiefly among those
discontinued and had been taken off study drug.

* The adequacy of the bone toxicity evaluation using histomorphometry alone and
relevance of shifts in histopathology diagnoses to lantharum toxicity.

B. Overview of materials consulted in Review -
See page 66.

C. Overview of Methods used to evaluate data quality and integrity
The approach used in the delineation of the safety profile of FOSRENOL in
hyperphosphatemic patients with end- stage renal disease undergoing dialysis included:
examination of the clinical database for deaths, discontinuations, serious adverse events,
as well as an analysis of the routinely collected safety data ( i. c., treatment emergent
adverse events, laboratory findings, and vital signs). ECG data ware evaluated
spectfically to determine whether lanthanum carbonate causes changes in QT/ QTc
(Appendices 7-13). To determine whether lanthanum carbonate has an adverse effect on
bone formation results from bone biopsies and incidence of fractures were examined.

D. Were trials conducted in accordance with acceptable ethical standards
DSI will report on this aspect.

E. Evaluation of financial disclosure

This was complied with as sponsor submitted a disclosure with the original NDA but not
with the resubmission.

F. LAM-IV-307
Title: An open label, randomized, multicenter, phase lII, comparator-controlied,
parallel group study to assess the long term safety and efficacy of lanthanum
carbonate in chronic renal failure patients receiving hemodialysis.

Table 47: Drug supply for LAM-IV-307

[ Dose o Batch

375mg OH2769 and OH 2770
750 mg OH2769 and OH 2770
1500 mg OH2769 and OH 2770
2250 mg OH2769 and OH 2770
3000 mg OH2769 and OH 2770
Objectives:

Primary

* To cvaluate long term safety of lanthanum carbonatc in chronic renal failure
patients with hyperphosphatemia on hemodialysis . Safety was evaluated by
monitoring biochemical and hematological parameters adverse events vital signs
physical examinations and cognitive function assessments.



Secondary

* To assess maintenance of control of serum phosphorous (PO4) with long term use
of lanthanum carbonate.

¢ To assess the long term effect of lanthanum carbonate on the calcium
phosphorous product (Ca*P04) and calcium levels

¢ To investigate the long term effect of lanthanurn on parathyroid hormone (PTH)
levels

* To mcasurc plasma lanthanum levels and changes over time

* To evaluate the palatability of lanthanum carbonate

¢ To measure differences in the cognitive function between patients treated with
lanthanum carbonate and standard therapy

* To measure differences in bone mineralization between patients treated with
lanthanum carbonate and standard therapy.

Study Design

This was an open label, randomized, multicenter, Phase [1I, comparator controlled,
parallel group study of the long term-study of lanthanum carbonate for controlling
hyperphosphatemia in chronic renal failure patients undergoing hemodialysis three times
per week. The study consisted of three phases: a screening and one to three week washout
phase (Part 1), followed by a six week dose-titration phase (Part 2), and finally, a long
term maintenance phase (Part 3), for a total of 24 months of study of study participation.
To be eligible to enter the dose titration phase, patient’s PO4 levels had to be >5.9mg/dL.
Eligible patients were randomized to a 1:1 ratio to receive lanthanum carbonate or their
pre-study standard phosphate binder. Weekly assessments of their PO4 were carried out
and their phosphate binder dose titrated for a period of 6 weeks. Patients randomized to
lanthanum received 750 mg daily unless at the discretion of the investigator the patient
required a starting dose of 1500 mg

Doses werc titrated as necessary up to a maximum of 3000mg/day, and were adjusted
based on the results of the PO4 levels taken at the first dialysis session of the week. If the
patients PO4 level dropped below 3.1 mg/dL the patients Ianthanum dose could be
reduced to 375 mg per day. Patients randomized to standard therapy had their dose of
phosphate binder titrated according to the drug’s label and current clinical practice. On
completion of titration, all patients received their dose of phosphate binder up to 24
months of treatment. The washout period was one to 3 wecks for part 1, dose titration
was for 6 months Part 2 and 24 months for the maintenance treatment phase (Part 3).
Patients were allowed to switch their binders throughout the study or to combine their
binders to achiev optimale PO4 control.

Demographics
Table 48:Summary Demographics - open label long term study LAM-IV-3(7
Randomized Patients

Patient population Lanthanum Standard | All enrolled

N 680 674 1, 552
Ageyrs)N(%) 1

18-50 285(41.9) 25%9(38.5) i 605(39.1)
| 51-64 | 218(32.1) 226(32.6) ) 512(33.1)




Randomized Patients

Patient population Lanthanum | Standard All enrolled
65+ 177(26.0) 188(27.9) 432(27.9)
Mean+SD 53.8+14.5 54.9£14.4 54.9+14.5
Gender N (%)

Male 389(57.2) 414(61.4) 930(59.9)
Female 291(42.8) 260(38.6) 622(40.1)
Race N(%) i i
Caucasian 303(44.6) 313(46.4) 700(45.1)
Black 301(44.3) 274(40.7) 667(43.0)
Hispanic 54(7.9) i 55(8.2) 122(7.9)
Asian Pl 3(0.4) 13(1.9) 18(1.2)
Native American 6(0.9) 6(0.9) 14(0.9)
Others 13(1.9) 13(1.9) 30(1.9)
Weight (1bs)

N 676 671 1,540
Mean+SD ) 177.9448.2 178.5+ 46.8 178.2+47 4
Height

N 669 661 1,518
Mean+SD 66.8+4.4 67.244.3 67.044.4

The disposition of patients in this study are in Tables 49-52. The number of patients
randomized to the bone substudy is only 100 in the lanthanum group and 97 in the

standard therapy group (Table 49). About 68% of patients were withdrawn from the
lanthanum group compared to about 49% in the standard therapy group (Table 50).
Tables 51 and 52 present the disposition of the two sub-studies on cognitive function

tests and the bone substudy. Note the relative higher withdrawal rate of patients from
the lanthanum groups in both sub-studies.

Table 49: Disposition of patients for long term safety evaluation - LAM-IV-307

Lanthanum (N) Standard (N)
Number planned as per protocol 500 500
Total enrolled (1,552)
Terminated before randomization
(198)
Randomized (1,354) 680 674
Total for safety evaluation 680 674
ITT population 666 667
Sub-study-Cognitive Function (408)
Randomized (358) | 178 | 180
Sub- study — Bone biopsies (209)
Randomized (197) 100 [ 97




80

Table 50: Disposition of subjects for long term safety evaluation-LAM-IV-307

Lanthanum Standard Still in TPR
N(%) N(%) washout

Total enrolled 680 674 10 188
Number remaining in 86(12.6) 98(14.5) 10(100.0) 0(0)
study
Completers 133(19.6) 249(36.9) 0(0) 0(0)
Number withdrawn 461(67.8) 327(48.5) 0(0) 188(100.0)
Reasons for
withdrawal:
Adverse events 98(14.4) 24(3.6) 0(0) 6(3.2)
Protocol violation 13(1.9) 5(0.7) 0(0) 7(3.7)
Withdrew consent 105(15.4) 30(4.5) 0(0) 20(10.6)
Transplanted 50(7.4) 69(10.2) 0(0) 2(1.1)
Lost to follow up 9(1.3) 8(1.2) 0(0) 1{0.5)
Death 35(5.1) 87(12.9) 0(0) 4(2.1)
Ineligible for titration 0(0) 0) 0 100(53.2)
Others 101(14.9) 72(10.73 0(0) 46(24..5)
Exceeded safety criteria 50(7.4) 32(4.7) 0(0) 2(1.1)
Two PO4 values 32(4.7) 22(3.3) 0(0) 1{0.5)
>10mg/dL
Two PO4 values 0(0) 2(0.3) 0(0) 1(0.5)
<2.0mg/dL
Two Ca*PO4 13(1.9) 7(1.0) 0(0) (1))
>90mg2/dL
Calcium >115 mg /dL 1(0.1) 1(0.1) 0(0) 0(0)
Increase in 5(0.7) 10.1} 6(0) 0(0)

PTH>500pg/mL from
screening

Table 51: Disposition of subjects for cognitive function tests substudy - LAM-IV-307

Lanthanum Standard Still in TPR
N - washout |

Total enrolled 178 180 4 46
Number remaining in 34(19.1) 43(23.9) 4(100) 0
study
Completers 19(10.7) 54(30.0) 0 0
Number withdrawn 125(70.2) 83(46.1) 0 46(100)
Reasons for
withdrawal: )
Adverse events 22(12.4) 6(3.3) 0 1(2.2)
Protocol violation 3(1.7) 10.6) 0(0) 3(6.5)
Withdrew consent 1 33(18.5) 6(3.3) 0(0) 4(8.7)




Transplanted 12(6.7) 16(8.9) 0(0) 0
Lost to follow up 4(2.2) 0 00) 1(2.2)

| Death 11(6.2) 28(15.6) 0(0) 1(2.2)
Ineligible for titration 0(0) 0(0) 0(0) 25(54.3)
Others 25(14.0) 20(11.1) 0(0) 11(23.9)
Exceeded safety criteria 15(8.4) 6(3.3) 0(0) 2(1.1)
Two PO4 values 11(6.2) 5(2.8) 0(0) 0
>10mg/dL
Two PO4 values 0(0) 2(0.3) 0(0) 0
<2.0mg/dL
Two Ca*PO4 2(1.1) 1{0.6) 0(0) 0(0)
>%0mg2/dL,
Calcium >115 mg /dL 0 0 0(0) 0(0)
Increase in 2(1.1) 0 0 0
PTH>500pg/ml. from
screcning ~
Table 52: Disposition of subjects for bone substudy -LAM-IV-307

Lanthanum Standard Still in TPR
N(%) N(%) washout

Total enrolled 100 97 2 10
Number remaining in study 58 (58.0) 59(60.8) 2(100.0) 0(0)
Completers 7(7.0) 10(10.3) 0(0) 0(0)
Number of pts. withdrawn 35(35.0) 28(28.9) 0(0) 16(100.0)
Reasons for withdrawal: } )
Adversc events 22.0) 1(1.0) 0(0) 0
Protocol violation 1(1.0) 1{1.0) 0(0) 0
Withdrew consent 5(5.0) 1(1.0) 0(0) 0
Transplanted 8(8.0) 6(6.2) 00 0
Lost to follow up 0 3(3.1) 0(0) 0
Death 7(7.0) 9(9.3) 00 1(10.0)
Ineligible for titration 0(0) 0(0) 0(0) 7(70.0)
Others . 8(8.0) 4(4.1) 0(0) 1(10.0)
Exceeded safety criteria 4(4.0) 333.1) 0(0) 1(10.0)
Two PO4 values >>10mg/dL. 1{1.0) 1(1.0) 0(0) 0(0.0)
Two PO4 values <2.0mg/dL 0 0(0.0) 00 1(10.0)
Two Ca*PO4 >90mg2/dL 2(2.0) 2(2.0) 0(0) 0(0)
Calcium >115 mg /dL 0 0(0.0) 0(0) 0(0)
Increase tn PTH>500pg/ml. 1(1.0) 1(1.0) 0(0) 0(0)

| from screening N

Inclusion criteria

* Patients of cither sex at least 12 years old with chronic renal failure who had
undergonc hemodialysis for chronic renal failure 3 times a week for at lecase the




previous two months, and who currently requires phosphate binders for the
treatment of hyperphosphatemia (>5.9mg/dL) were ¢ligible for enrollment.

» Patient or legal representative must have ability to give written informed consent

» Patient must be judges by the investigator to have the capacity to be compliant
with the protocol

* Patients including those who have undergone renal transplantation in the past
must have received 3 time a week hemodialysis for chronic renal failure for at
least the previous 2 months.

Exclusion criteria

* Pregnant women

*  Women of re[productive potential who did not agre to use effective birth control
measures

¢ Patients with a screening calcium level below 7.9mg/dL

* Patients with clinically significant uncontrolled concurrent illness that may impair
capacity of patient to participate by informed consent.

* Patient with any significant GI surgery of GI disorders such as peptic ulcer.
Crohns disease, Gl blecd within the past 6 months past or present GI malignancy.

* Patients with elevated liver enzymes more than 3 fimes the upper limit of normal.

» Patients with life-threatcning malignancy or multiple myeloma.

s HIV positive paticnts.

* Patients who had been exposed to an experimental drug within 30 days prior to
screenuig.

Exclusion criteria for cognitive function sub-study
» Patients unable to complete the training sessions after 2 attempts.
* Patients with documented aluminum related bone disease or dementia.
e Patients on psychotropic drugs stabilized for less than | month.
¢ Paticnts were not allowed to smoke or drink alcohol within one hour prior to the
test.
Exclusion criteria for bone biopsy sub-study
¢ Patients allergic to tetracycline.
+ Patients on medication known to affect bone metabolism during 6 months prior to
biopsy.
* Patients requiring long term therapy with steroids at doses > 5mg prednisolone
per day or equivalent.
» Patients receiving treatment with cyclosporine within the last 6 months.
* Patients having parathyrotd surgery within 6 months prior to bone biopsy.
» Patients with documented aluminum related bone diseasc.

VIII. Integrated Review of Efficacy
A Brief statement of conclusions

Lanthanum has been shown to be an effective phosphate binder.

B General approach to review of the efficacy of the Drug



The reviewer consulted all the sources of data listed on pages 66-67 of this review.

C Detailed Review of Trials by indication
The detailed review of the trials by indication are in Appendix 3 by Dr Pelayo.

D Efficacy Conclusions- for all trials

The primary efficacy endpoint was the reduction and maintenance of serum phosphate
levels in hyperphosphatemic patients with end stage renal diseasc. A secondary endpoint
was the proportion of patients whose phosphorous levels were controlled during the trial
to a predefined level of 5.9 mg/dL in the US, and <5.6 mg/dL in the UK. In the
resubmitted NDA, the data presented for efficacy are not different for reduction or
maintenance of reduced levels of phosphorous from those described in the original NDA
including the LAM- IV -307, that shows similar findings albeit open label (Figure below
page 84). This study showed a progressive decrcase in serum phosphorous leve! in the
lanthanum group but not as much as the comparator (Figures 1 and 2). The data from the
other short term clinical studies arc in the review of the original NDA. (See Appendix 3).

In the integrated summary of efficacy of placebo controlled studies in the original NDA,
the pre-study serum phosphorous levels (PSPL) for placebo and lanthanum carbonate
were similar, 6.186 mg/dL versus 6.251 mg / dL respectively. At the end of washout
period, there were no differences (7.39 mg/dL vs 7.69 mg /dL). At the end of dose
titration phase the serum phosphorous levels decreased from 7.39mg/dL (end of
washout) to 5.62mg /dL and from 7.69mg/dL (end of wash out) to 5.49mg/dL. for the
placebo and lanthanum groups respectively.(p=0.6942). The serumn phosphorous Icvel at
the end of randomization was 7.85+1.96 mg/dL for placebo whereas for patients given
lanthanum carbonate serum phosphorous level was 5.94 +1.65 mg /dL. (p<0.0001). Post-
randomization levels of phosphorous in the two treatment groups showed significant
differences supporting efficacy of lanthanum.

The change from baseline in PSPL during weeks 1 — 7, the titration weeks, shows a
decrease in both treatment groups. The mean change was -1.43 for lanthanum and -1.91
for standard showing a statistically significant difference in favor of standard group
(p<0.000) . Similarly the change during the maintenance phase , weeks 7 — 52 show no
significant change at week 52 between the two treatment groups (Table 3 ISE)
(Appendix 3).

Overall, primary efficacy endpoint was reduction of serum phosphate in end stage renal
disease (ESRD) patients with hyperphosphatemia using a temporal dectine of pre-dialysis
serum Phosphate (PSPL) over time as a basis for comparison of point estimates between
lanthanum and other comparators (standard therapy and calcium carbonate). Primary
efficacy was determined according to the level of serum phosphate achieved after 5
wecks in the dose titration phase: serum phosphate levels < 1.80 mmol/L were considered
to be the control.

The primary cfficacy endpoint in this study was the predialysis serum PO4 levels (
PSPL), which were measured at the first dialysis sessions of study visits week 1 to week
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7, 1. e, titration period. In both treatment groups serum PO4 levels declined over time.
However, when compared between treatment groups, the change from baseline serum
phosphorus level to each follow- up week of dose titration, a greater reduction occurred
for patients on standard therapy ( p= 0.000).

Secondary efficacy was the evaluation of maintenance of control after 25 weeks of
treatment including 5 weeks of treatment and 20 weeks of maintenance. Efficacy of
lanthanum was demonstrated in the original NDA. The open label study was not placebo
controlled but the efficacy data are in figure below and Table 61 below. The results of
phosphate levels in the maintenance period did not meet the prespecified level of <
5.9mg/dL in the lanthanum group and in most of the time points for the standard group
(Table 61). Since this is not the primary endpoint and this is not the pivotal study for
efficacy, these data provide additional information.

Efficacy

The efficacy endpoint was the control of PO4 levels (measured at the first dialysis session
of the week) defined as maintaining PO4 <5.9mg/dL. Other endpoints included
predialysis calcium levels calcium phosphorous product and serum PTH levels.

The primary efficacy evaluation during this study was measurcment of the PSPL to
ensure that the serum phosphorous Ievel was maintained within predefined acceptable
timits.

Pre-dialysis scrum phosphorous level (PSPL) values were measured at the first dialysis
session of each study visit and were assigned “controlled” or “non controlled” groups for
individual patients. The data were examined separately at the end of the titration phase
and at study weeks 14, 26, 52, and months 18 and 24 for differences in the proportion of
controlled patients among lanthanum doses versus standard therapy. The analysis was
pertormed for I-T-T and Per protocol (PP) populations.

Serum calcium levels, PTH levels, and Ca*PO4 product were also examined.
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Table 53:Serum phosphorous levels by visit and treatinent group I'TT population
during the maintenance phase - LAM-IV-307

Table 9 Summary of Serum Phosphorous Levels by Visit and Treatment Group
(ITT population) During the Maintenance Phase

Visit | Week / Serum Phosphorous Levels (mg/dL) by Treatment Gronp
e Month Eanthanum Standard Therapy
0=666 n=667
Mean  SD N Range Mean  SD N Range
(min-max) (min-max)
7 Week 7 6.4 .7 559 5.8 1.7 619
9 Week [4 6.5 1.7 509 6.0 1.8 594
12 Week 26 6.3 1.9 414 6.0 1.8 550
13 Week 52 6.3 1.8 313 6.2 290 445
16 Month 14 6.3 1.7 267 6.1 1.9 407 /
17 Mounth 16 6.4 i.9 230 6.1 1.9 365
18 Month 18 6.2 1.8 202 6.1 1.9 335
19 Month 20 6.2 1.8 174 6.1 2.0 299
20 Month 22 6.2 1.9 150 5.9 1.8 262
2t Month 24 6.3 1.7 136 6.1 1.9 232

Data Source: Section 14, Table 14.2.2.2
IX. Integrated review of safety

A. Brief Statement of conclusions

B. Description of patient exposure (See tables 53 and 54)

Table 54: Lanthanum exposure during titration phase only- LAM-IV-307

Daily dose Tablet strength No of tablets per No ot tablets per
(mg) day meal

375 250 1.5 0.5

750 250 3 !

1500 250 _ 6 2

2250 250 9 3

3000 250 i2 4

—

Starting dosc at investigator’s discretion




Table 55: Duration of lanthanum carbonate exposure -LAM-TV-307

Lanthanum Standard Therapy
Treatment duration N(%) N(%)
< | month 44(6.5) 18(2.7)
>1<2 71(10.4) 24(3.6)
223 34(5.0) 17(2.5)
| >3<6 76(11.1) 44(6.5)
>6<9 70(10.3) 52(7.7)
>9<12 s 49(7.2) 49(7.2)
>12<18 98(14.4) 90(13.3)
>18<24 106(15.5) 155(22.9)
>24 - 134(19.6) 227(33.6)
Total Patients 682 676
Mean time of exposure 356.6+267.6 484.6+249.6 ]

C. Methods and specific findings of safety review

For methods of safety review the revicwer has consulted sources of data listed on pages
66-67. This reviewer finds that the sponsor has been unable to provide the essential data
requested in the approvable letter in respect of GI and bone changes. The sponsor has
provided adequate information on the time course of the QT interval and the relationship
of prolonged QT intervals and adverse events including death. The deficiencies that
remain are as follows: The time to resolution after drug withdrawal has not been
provided. Additional information on bone biopsies since the approvable is not
forthcoming. Only 3 slides of bone biopsies have been provided in patients with 4-5 year
follow up. Analyses of fractures, however, have been provided covering a period of 3
years but the percentages calculated for persons at risk included healthy volunteers and
patients on placebo who were exposed to the drug for about 7 days. These patients should
have been excluded thus making the sponsor’s data uninterpretable. Assuming that these
data are acceptable because the proportion of healthy volunteers may not impact the
conclusion that there are no differcnces between the risk of fracture at two/threc years
between the two groups, the risk of fracture varies with the histological category of renal
bone diseasc and the number of years on dialysis. The conclusion that there is no
difference between the risk of fracture between the two treatment groups require further
analyses. This reviewer has maintained the position that histomorphometry alone is
inadequate for assessmen: of lanthanum bone toxicity.

The sponsor refers to the use of histological characterization of the bone lesions but has
not provided detailed histological reports on each of the bones evaluated. The histological
shifts presented in Table 22 may be used for adjustment of the fracture rates between the
2 groups based on the rates published in the literaturc. Patients with low turnover
osteodystrophy have been shown to have a fracture rate of 0.2 fractures /dialysis
year whereas patients with osteitis fibrosa had 0.1 fractures /dialysis year (Piraino B
et al Fractures and vertebvral bone mineral density in patieats with renal
osteodystrophy. Clin Nephrol 1988: 30 §7-62) See page 71.



Cardiovascular system

Normal ECG at baseline:

A total of 468 patients in study 307 had normal ECGs at baseline, pretreatment. Of these
251 and 217 were in the lanthanum and standard therapy groups, respectively. Out of 251
patients on lanthanum, 26 (10.4%) patients had died whereas 19 (8.8%) out of 217 on
standard therapy had died. The Log rank test showed that the two survival curves were
almost superimposed (p=0.5226). However at 44 months, there was a slightly higher
mortality in the lanthanum group. The hazard ratio shows that old patients were more
likely to die than young patients (HR=1.068; p<0.0001); patients with longer treatment
durations were less likely to die compared to those with shoerter durations (HRO0.938;
p<0.0005)

Abnormal ECG at baseline

A total of 886 patients in study 307 had normal ECGs at baseline, pretreatment. Of these
429 and 457 were in the lanthanum and standard therapy groups, respectively. Out of 429
patients on lanthanum, 109 (25.4%) patients had died whereas 138 (30.2%) out of 457
patients on standard therapy had died. The Log rank test showed that the two survival
curves were separated but not statistically significant (p=().1545). These curves have not
been adjusted for discontinuations (68%) that occurred more in the lanthanum group
compared to the standard group (49%). However, at 44 months, there was a slightly
higher mortality (but not significant )in the lanthanum group. The hazard ratio estimates
show that old patients were more likely to die than young patients (HR=1.037;
p<0.0001); patients with longer treatment durations were less likely to die compared to
those with shorter durations (HR 0.914; p<0.0001). Adjustments were not made for
discontinuations in this cohort therefore the data on mortality arc uninterpretable. As to
be expected, patients with abnormal cardiac pathologies at baseline were more likely to
die compared to those with normal ECG at baseline.

Neoplasms

There appears to be a slight excess of colon cancers in the lanthanum group and also
more benign breast masses in the lanthanum group compared to standard therapy (Table
64).

D. Adequacy of safety testing

The issue of adequacy is whether the 2 year follow up is adequate knowing what we
know about lanthanum accumulation in bones and knowing that there is evidence that
lanthanum damages long bones in rats with normal renal function, albeit at high
lanthanum doscs. Therefore, the unresolved issue that has to be determined is whether
chronic administration of lanthanum that damages bone structure in rats with normal
renal function will do the same in humans with already darnaged banes and if Janthanum
does damage bones in rats do you expect the rats to develop fractures within the short
period of observation.

While an extensive long term follow up of bone changes may not be feasible in clinical
trials, the sponsor, in agreement with the agency, agreed to gualitative and quantitative
assessment of bone biopsies from the iliac crest of patients exposed to lanthanum and
standard treatment. The two separate methods of histology and histomorphometry werc
required to evaluate bone biopsics in patients exposed to both lanthanum and standard
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therapy for the treatment of hyperphosphatemia. Histomorphometric evaluation of bone
provides objective data on static and dynamic parameters of bone structure, formation
and resorption. Therefore this is an accepted classical research tool for studying bone
phystology and pathology. However there is a limitation that histomorphometry does
not evaluate the microenvironment of bones such as marrow, blood vessels, periosteum
and endosteum. Assuming that histomorphometric data of bone acknowledges the
variation within the sites used for bone samples by use of proper control groups, and
considering that this is a useful tool for evaluating differences in repeat bone biopsies
after a treatment regimen it is not clear if a point estimate from a bone biopsy is adequate
to predict pathological changes, such as fractures, or even frequencies, severity and
extent of fractures, that will take place over time. Of significant relevance is the example
that patients with low turnover osteodystrophy had a fracture rate of 0.2 fractures
/dialysis ycar whereas patients with osteitis fibrosa had 0.1 fractures /dialysis year.

The photomicrographs derived from the sponsor's slides do not support the sponsor's
conclusion that these rats with normal renal function show "no", repeat, "no" bone
changes. Furthermore the sponsor's claim that the lanthanum concentrations in humans
were within the range of lanthanum concentrations in rats with normal renal function and
since they showed no changes it is unlikely that lanthanum will do any harm to bones in
humans. Based on this assumption, the basis of this assertion therefore falls flat on its
face based on this assumption. It is my opinion that the changes in the long bones of rats
with normal renal function arc also present in bones of uremic rats treated with
lanthanum and these changes arc additional to renal bone changes. .
The sum total of the effect of lanthanum on rat bones with normal renal function is that
there ts a metaphyseal lesion consisting of multiple cortical bone defects due to
resorption with fibro-proliferative periosteal thickening overlymg the bone lesions and
repairing the cortical defects in places. Similar lesions are seen in uremic rats given
lanthanum.

The sponsor claimed that in the open label long term study (307) the majority of the GI
adverse events resolved within the first week and others resolved within the following
two weeks. This has not been substantiated as there no data on stop dates in the data base
for resolution of Gl adverse events.

E. Summary of Critical Safety findings and limitations of data

Bones:

Studies Specifically Conducted to Assess Bone Safety: Study LAM- IV- 303 assessed the
effect of lanthanum carbonate compared to calcium carbonate on renal bone disease by
comparing bone tissues obtained from paired biopsies. Of the 98 patients randomized into
the study, 71 patients received a follow-up biopsy after 52 weeks of treatment, and
therefore provided paired biopsy data, however only 63 pairs of biopsies were suitable for
histomorphometric measurements.

The two separate methods of histology and histomorphometry were required to evaluate
bone biopsies in patients exposed to both lanthanum and standard therapy for the
treatment of hyperphosphatemia. Histomorphometric evaluation of bone provides




objective data on static and dynamic parameters of bone structure, formation and
resorption. Therefore this is an accepted classical research tool for studying bone
physiology and pathology. However there is a limitation that histomorphometry does
not evaluate the microenvironment of bones such as marrow, blood vessels, periosteum
and endosteum.

The validity of the bone biopsy findings is questioned because according to the sponsor’s
acknowledgement that “ there were limited data available on which to base the sample
size estimates, therefore numbers were based on practical rather than statistical
considerations.” Thus the study was not powered to rule out whether lanthanum
carbonate has deleterious effect(s) in bone formation as compared with active control.
The interpretation of the findings is further confounded by the fact that calcium
carbonate, the active control, is not an FDA approved phosphate binder thus its safety
profile, as compared with placebo/ standard therapy, is unknown to the Division of
Cardio- Renal Drug Products.

G.1:

There are no studics specifically conducted to assess time to resolution of GI adverse
events after the drug had been stopped in patients discontinued for GI adverse events.
The sponsor has been unable to provide this information from their database. This is a
limitation of data as the sponsor could provide data on the time to onset of the adverse
events but not provide the stop dates on these events to ascertain if these events resolved
within a reasonable time compared with the comparator.

X. Dosing Regimen and Administration Issues
This has been discussed clsewhere in this review (Page 55).

Safety
Primary objective of this study was to assess drug safety. Other objectives included
assessing the maintenance of control of serum phosphorous with long term use of
lanthanum compared to standard therapy.
Safety assessments included the following:
* Adverse events
e Vital signs
* Laboratory tests
* Pregnancy tests
* ECGs
* Physical examination
* Questionnaire of palatability
¢ Mini-mental state examination
* Plasma lanthanum levels: A predialysis blood sample was taken at screening and
at study visits 3,7,9,12,18,21 (End of study ) and at screening and visit 21 only for
those on standard therapy.
* Medical History at screening.

Subset of 100 patients as part of full blood profile
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e  Vitamin A

e  Vitamin D

*  Vitamin E

e Vitamin K

+ Serum folate

* and Vitamin B12

Subset for bone evaluation and or cognitive function test,
* Bone biopsies for mineralization
* Cognitive function

Adverse events
Adverse events were assessed for differences between treatment groups (lanthanum
versus standard therapy) for the number of AEs and the number and percent of patients

reporting AEs.

Clinical laboratory Tests

Changes from bascling in the clinical laboratory tests were compare between the
treatment groups throughout the titration and maintenance phases of the study using
analysis of variance. Comparisons between the two treatment groups at baseline were
carried out using 2 sample t-test. The number of clinically significant abnormal
laboratory tests observed during the study was reported.

Vital signs

Vital signs were analyzed for changes from the beginning of the maintenance to a
followup maintenance visit for lanthanum versus standard treatment during the
maintenance period using analysis of variance. For patients on lanthanum treatment
plasma lanthanum concentrations were plotted and analyzed for changes from pre-dosing.

Cognitive function sub-study

Summary statistics werc calculated for each measure and each time point by treatment.
For each measure, bascline data were subtracted from the data at cach post-baseline
assessment to derive differences from baseline scores in ITT patients.

Bene biopsy sub-study - ITT population

Study plan for bone substudy:

A subset of 58 paticnts per treatment group (29 patients per group randomized to a 1 year
biopsy and 29 patients per group randomized to a 2 year biopsy who agreed to participate
in the primary study.

The goal of the proposed substudy was to determine whether treatment with lanthanum
carbonate induces mineralization defect. It is important to note that the sponsors did not
plan to study lanthanum toxicity on bone and its microenvironment.

With the sample size chosen, the study will have a power of 80% to yield a statistically
significant result. This effect was sclected as the smallest effect that would be important
to detect in the sense that any smaller effect would not be of clinical or substantive
significance. This was based on an assumption but there are no data to support this




92

assumption. The sponsors claim that the effect size of this magnitude is reasonable and
could be anticipated in this field of research. This reviewer is concerned about the
validity of this assumption because it has no basis and because of the relatively long half
life of lanthanum. The mean plasma lanthanum level in the bone substudy is in Table 55
below and the drug exposure including doses administered during the titration phase are
in Tables 56-58.

The distribution of patients with mineralization defect and activation frequency
categories among the two groups were tested by logistic regression adjusted for baseline
category. Summary statistics of the mean and SE of mean, were provided for the
lanthanum carbonate and standard therapy groups at baseline and follow up biopsy visits
and also the change between baseline and follow up.

The frequency distributions at baseline and follow up visits and shift tables of
mineralization defect, activation frequency mineralization lag time and osteoid thickness
categories from baseline to the second biopsy were also presented by treatment group.
Key Parameters used for histomorphometric assessments

» Primary response variables relating to mineralization are Mineralization lag time
and osteoid thickness.

e MLt >100 days and O.th >20um; worsening of MLt was defined as a 20%
increase in either parameter.

* Primary response variables relating to bone turn over arc activation frequency,
number of osteoclasts and osteoblasts erosion depth and osteoid surface bone
surface (%).

None of the above cvaluations was carried out in the uremic rats and in rats with normal
renal function tests.

Table 56: Mean plasma lanthanum levels in the bone substudy LAM-1V-307

Lanthanum group
N Lanthanum levels Min — Max

Visit {(ng/ml) {(ng.mL)
Screening 96 0.00.05 ]
Week 7 98 0.3£0.24 l{ L
Week 26 88 0.4+0.55 ] ]
Week 52 66 0.4+0.48 { ]
Month 24 10 0.7+0.76

Drug exposure
Table 57: Drug Exposure during titration phase LAM-1V- 307

Daily dose Tablet strength No of tablets per No ot tablets per
(mg) day meal

375 250 1.5 0.5

750 250 3 1

1500 250 6 2

2250 o 250 9 B 3

3000 250 12 B 4




| Starting dose at mvestigator’s discretion

Table 58:Exposure to lanthanum carbonate LAM-1V-307

- Lanthanum Standard Therapy
Treatment duration N(%) N(%)
< 1 month 44(6.5) 18(2.7)
>1<2 71(10.4) 24(3.6)
>2<3 34(5.0) 17(2.5)
>3<6 76(11.1) 44(6.5)
26<9 70(10.3) 52(7.7)
>9<12 49(7.2) 49(7.2)
>12<18 98(14.4) 90(13.3)
>18<24 106(15.5) 155(22.9)
>24 134(19.6) 227(33.6)
Total Patients 682 676
Mean time of exposure 356.61+267.6 484.6+249.6

Table 59:Summary of lanthanum doses administered in Bone sub-study- LAM-IV-

307
Daily dose of lanthanum administered

375 750 1500 2250 3000
Visit N(%) N(%) N(%) N(%) N(%)
Week 7(94) 0 22 21 2t 20
Week 26(80) 0 16 18 17 23
Week52(70) 0 17 10 i5 21
Month 0 0 1 4 4
24(10) j ol

Safety-Adverse events

Table 60: Summary of treatment emergent adverse events in bone sub-study -

LAM-IV-307

Treatment Group
Category B B ) Total Lanthanum Standard
No of patients with at [east one 190{96.4) 94(54.0) 96(99.0)
treatment emergent AE
No of patients with at least one likely 32(16.2) 21(21.0) 11{11.3)
drug related treatment emergent AE
No of patients withdrawn for AEs as 1.5 2(2.0) 1(1.0)
study outcome _ , -
No of paticnts with at least one SAE 105(53.3) 53(53.0) 52(53.6)
No of patients with at least one drug 0 0 0
related SAE
No of patients who died during study _16(8.1) 7(7.0) 9(9.3)




Treatment Group

Category _Total Lanthanum Standard
as study outcome.

No of patients who died during or 18(9.1) 7(7.0) 11(11.3)
within 30 days post study.

Table 61: Frequencies of adverse events in musculoskeletal system experienced in
>2% of patients in bone sub-study LAM-IV-307 (unadjusted)

Bone Sub-study— All Patients
Body system/ Lanthanuim | Standard |Lanthanu| Standard
AE Group Group m Group Group
(N =100) (N=97) |(N=680); (N=674)
N (%) N (%) N (%) N (%)
Subjects with at least one adverse 94 (94.0) 96 (99.0) 1644 (94.7)| 654 (97.0)
cvent o
Musculoskeletal System Disorders 33 (33.0) 50(51.5) 259 (38.1)| 334 (43.8)
Myaigia 19 (19.0) 21 (21.6) |135(19.9)] 183(27.2)
Skeletal pain 11(11.0) 9(9.3) 50(7.4) 69 (10.2)
Arthralgia 5(5.0) 17(17.5) 61(9.0) 90 (13.4)
| Fracture - NW 4 (4.0) 8(8.2) 33(4.9) 47 (7.0)
Muscle weakness 3(3.0) 6(6.2) 16 (2.4) 27 (4.0)
Arthritis B 1 (1.0) 5(52) | 18(Q2.6) 26 (3.9)
Back pain 1{(1.0) 3(3.D) 1(0.1) 9(1.3)
Bone disorder 0 221) | 1@ 6 (0.9)
Osteochondrosis 0 2(2.D) 6 (0.9) 5{(0.7)
Osteoporosis [ 0 2(2.1) 0 2(0.3)

Data Source: Section 14, Table 14.3.1 2B
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Table 62:% of patients with phosphate <5.9mg/dL.
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Figuré 9:Serum calcium concentration- 2 yr follow up -LAM-IV-307
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Figure 10:Serum calcinm phosphate product levels in both treatment groups -2
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Safety resuits and frequencies of neoplasms in long term studies
A total of 129 patients were reported to have neoplasms - 77 in lanthanum and 52 in

standard therapy.
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According to the sponsor the distribution of neoplasms, both benign and malignant, are
similar to what would be expected for this population of patients on chronic dialysis.
Whilc there were more neoplasms diagnosed in the group of patients exposed to
Lanthanum, the sponsor claimed that there was a longer observation period in the
Lanthanum group cornpared to standard treatment. The nature of the malignant
neoplasms are such that most should have been detected at the time of enrollment into the
clinical trial but the sponsor has been unable to document the absence of these neoplasms
that became manifest during follow up (Table 64). There is no excess of neoplasms
among the lanthanum patients compared to standard group

Table 63: Neoplasms observed in LAM-1V Phase II and ITI clinical studies

Lanthanum Standard Therapy
N=1754 N=990
Malignant Lesions
Bladder Ca 2 0 ]
Breast Ca 2 2
Chronic Myelogenous Leukemia 1 0
Colon Ca 4 I
Esophageal Ca 1 I
Gall Bladder Ca 0 1
i Leukemia (AML) l 0
L - Lung Ca 6 3 N
Melanoma 2 0
- Prostate Ca 1 2
Renal Ca 1 2
Sarcoma 0 i
Skin Cancers (BCC, SCC, other) 9 (0.5%) 8 (0.8%)
. Thyroid Ca 1 1
Unknown Primary 4 0
Benign Lesions
Breast mass, nodule or lump 10 (0.6%) 4 (0.4%)
Hemangioma 1 0
Lipoma 3 2
e Meningioma 0 1
. Nevus 1 0
L Ovarian Mass NOS 1
Parathyroid Adenoma 3 3
Polyps GI tract Various Locations 10 (0.6%) i1 (1.1%)
Uterine Fibroids 3 l
Unknown Tuinors or NOS 10 (0.6%) 8 (0.8%)
Total 77 (4.3%) 52(53%) |

NOS: Not otherwise specificd. There appears to be a slight excess of colon cancers in the
lanthanum group and also more benign breast masses in the lanthanum group compared

to standard therapy.



Hypercalcemia, hyperparathyroidism and breast cancer

In a case control study conducted in Italy an elevated prevalence of primary parathyroid
adenoma was observed among breast cancer patients. Hypercalcemia which has been
found in 30-40% of breast cancer patients is the most frequent metabolic complication of
breast cancer, and hyperparathyroidism which regulates serum caicium levels is the other
most important disorder that induces hypercalcemia. A recent publication on the record
linkage study in Sweden analyzed a total number of 9, 835 women who underwent
surgery for primary parathyroid adenoma were followed to evaluate the hypothesis of the
association betwecn hyperparathyroidism and breast cancer. Preliminary data are
available on the coexistence of primary hyperparathyroidism and breast cancer.
Secondary hyperthyroidism that occurs in patients with hyperphosphatemia has not been
investigated. In this study there were 4 cases of breast cancer and 14 cases of breast lump
(Table 46). The parathyroid status of these patients is not known. There are more breast
lumps in the patients on lanthanum compared to standard therapy and this is unadjusted
but there are equal numbers of breast cancer between both groups. The significance of
this reported trend is that patients with breast lumps and cancer should probably be
excluded from therapy that has hypercalcemia as an adverse event as seen in this
lanthanum program (FDA Reference list page ////)

Bone

“The effect of lanthanum on bone was assessed in Study LAM-1V-303 by evaluating
paired bone biopsies from ESRD patients on lanthanum and calcinm carbonate. Of the 98
patients randomized into the study, 72 patients had a follow-up biopsy after 52 weeks.
Histomorphometric measurements were carried out on only 63 pairs of biopsies. This
small number of biopsies was not powered enough to detect a difference when compared
with active control. Assuming that histomorphometry alone is adequate for sequential
evaluation the comparator, calcium carbonate, is not an approved phosphatc binder by the
FDA. The safety profile of calcium carbonate is not known. Furthermore there is no
qualitative evaluation of the bone biopsies particularly bone components that are not
conducive to histomorphometric measurements. These inadequacies in the evaluation of
bone changes constitute a basis for the approvable letter sent to the sponsor.

Suffice it to say that lanthanum continues to accumulate in bones and a steady state is yet
to be determined in human bones. However, a steady state of lanthanum in the bone may
take more than 10 ycars and this raises thc adequacy of 2/3 year cxposure for asscssment
of toxicity.

In a small number of lanthanum treated patients, plasma lanthanum levels appear to show
a dosc-dependent trend. While bone lanthanum concentration was unchanged in patients
in the calcium group, there was a 50 fold increase in bone lanthanum concentration
among patients administered lanthanum. This suggests that there is considerable
accumulation of lanthanum in bone over a 52 week period.

One of the clinically meaningful features of lanthanum deposition in bones is the
frequency of fractures. The data in the table of fractures supplied by the sponsor in the
original NDA cannot be evaluated because there were so many discontinuations among




99

the lanthanum group (N=619; 65.1%) compared to the comparator (N=605; 45.6%). The
reduced frequency of fractures in the lanthanum group (4.33%) compared to the
comparator group (5.76%) is therefore untenable without adjustment for drug exposure
(10.2 vs 14.1 months exposure for lanthanum and comparator, respectively).” Adjusted
data shows no difference between the two groups (Dr V Friedlin).

The fracture rates that have been compared between the two groups without reference to
the histological categories of renal bone disease assume a homogenous distribution
histological types of fracture in both groups and therefore comparable rates of fracture. It
has been shown that rates of fractures/dialysis year differ with histological categories of
bone disease in patients on dialysis. Patients with low turnover osteodystrophy had a
fracturc rate of 0.2 fractures /dialysis year whereas patients with osteitis fibrosa had 0.1
fractures /dialysis yecar. Based on this information the conclusion derived from data
analyzed by the sponsor in Appendix 5 and Appendix 6 become untenable. This will need
to be adjusted for the histological categories. The shifts in histological categories of bone
disease from bascline to end of 2 years differ between the two groups (Table 22).

Tables showing fracture analyses

Table 64: Time to event analysis of physician identified potential fracture-LAM-IV-
307

Adverse Events INumber (%) of patients reporting at Estimated Mean
Analyzed least one fracture-potential AEs and (Month) of survival
survival analysis
Lanthanum 1 Standard Pvalue Lanthanum | Standard
N=1754 N=990 Log rank
AEs of 1% 403 (23.0%) | 304 (30.7%) 0.0126 23.2 16.5
occurence

Table 65: Time to event of key words searched for fractures LAM-IV-307

Adverse Events Number (%) of patients reporting at Estimated Mean
Analyzed least one fracture-potential AEs and (Month) of survival
i survival analysis -
Lanthanum | Standard p-value Lanthanum | Standard
N=1754 N=990 (log rank)
AEs of 1% T2(4.1%) 59(6.0%) 0.3573 34.2 23.0
occurence

Table 66: Summary of time to event analysis of key words searched fractures-L.AM-
IV-307

Adverse Events Number (%) of patients reporting at Estimated Mean
Analyzed least one fracture-potential AEs and {Month) of survival
survival analysis

Lanthanum
Lanthanum | Standard Pvalue | Standard
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(n=1754)

(n=990)

(log-rank)

AEs of 1™
occurence

63(3.6%)

50(5.1%)

0.4612

34.5

23.2

Table 67: Summary of SAEs > 1% by body system for studies 307, 405-309 and 405-

315.
Lanthanum Group Standard Therapy Total
N (%) N (%) N (%)
Number of SAEs reported 185 126 1 3t
Application Site disorders 3(1.6) 1(0.8) 4(1.3)
Cellulitis 3(1.6) 1(0.8) 4(1.3)
Body as a whole-General disorders 15(8.1) 11(8.7) 26 (8.4)
Chest Pain 3(1.6) 4(3.2) 7(2.3)
Fever 3(1.6) 1(0.8) 4(1.3)
Syncope 2(1.1) 1(0.8) 3(1.0)
Cardiovascular Disorders General 18(9.7) 12(9.5) 30(9.6)
Cardiac Failure 10(5.4) 8(6.3) 18(5.8)
Hypertension aggravated 3(2.7) 1{0.8) 6(1.9)
Hypotension 0 2(1.6) 2(0.6)
CNS and PNS 7(3.8) 4(3.2) 11(3.5)
Convulsions 2(1.1) 1(0.8) 3(1.0)
Encephalopathy 2(i.1) 0 2(0.6)
Dialysis complication 13(7.0) 6(4.8) 19(6.1)
Dialysis Graft complication 4(2.2) 0 4(1.3)
Dialysis Graft Creation 0 2(1.6) 2(0.6)
Dialysis Graft Occlusion 7(3.8) 1{0.8) 8(2.6)
Endocrine Disorders 5(2.7) 1(0.8) 6(1.9)
Hyperparathyroidism 5(2.7) 1{0.8) 6(1.9)
Gastrointestinal System Disorders 13(7.0) 10(7.9) 23(7.4)
Abdominal Pain 2(1.1) 0 2(0.6)
Gastric Dilatation 0 4(3.2) 4(1.3)
GI Hemorrhage 3(1.6) 32.4) 6(1.9)
Hemorrhage Rectum 2(1.D) 1(0.8) 3(1.0)
Heart Rate and Rhythm Disorders 10(5.4) 14(11.1) 24(7.7)
AV Block complete 2(1.1) 0 2(0.6)
| Cardiac Arrest 3(1.6) 4(3.2) 7(2.3)
Atrial fibrillation 2(1.1) 5(4.0) 7(2.3)
Metabolic and Nutritional disorders 3(4.3) 4(3.2) 12(3.9)
Fluid overload 3(1.6) 1{0.8) 4(1.3)
Hyperkalemia 2(1.1) 0 2(0.6)
Musculoskeletal System Disorders 7(3.8) 3(2.4) 10(3.2)
Ostcomyelitis _3(1.6) 1(0.8) 4(1.3)
Myeo, Endo, Pericardial and Valve 15(8.1) 12(9.5) 27(8.7)
| disorders




Lanthanum Group Standard Therapy Total
N (%) N (%) N (%)
Angina 5(2.7) 2(1.6) 7(2.3)
Coronary Artery Disorder 4(2.2) 3(2.4) 7(2.3)
Endocarditis 2(1.D 0 2(0.6)
Myocardial Infarction 3(1.6) 4(3.2) 7(2.3)
Neoplasm 3(1.6) 1{0.8) 4(1.3)
Genital neoplasm malignant, male 2(1.1) 0 2(0.6)
Platelet, Bleeding and clotting 3(1.6) 1(0.8) 4(1.3)
disorders
Psychiatric Disorders 0 2(1.6) 2(0.6)
Resistance Mechanism disorders 15(8.1) 10(7.9) 25(8.0)
Infection 4(2.2) 1(0.8) 5(1.6)
Infection Bacterial 4(2.2) 4(3.2) 8(2.6)
Sepsis 7(3.8) 3(2.4) 10(3.2)
Respiratory System Disorders 18(9.7) 16(12.7) 34(10.9)
Chronic obstructive Airways Disease 0 2(1.6) 2(0.6)
Dyspnea 1(0.5) 2(1.6) 3(1.0)
Pneumonia 7(3.8) 7(5.6) 14(4.5)
Pulmonary Edema 4(2.2) 0 4(1.3)
Respiratory insufficiency 4(2.2) 0 4(1.3)
Secondary Terms 4(2.2) 5(4.0) 92.9) |
Transplant rejection 0 2(1.6) 2(0.6)
| Urinary System Disorders 10(5.4) 4(3.2) 14(4.5)
Renal Transplant _6(3.2) 4(3.2) 10(3.2)
Vascular (Extracardiac ) Disorders 15(8.1) 7(5.6) 22(7.1)
Cerebrovascular Disorder 1{0.5) 3(2.4) 4(1.3)
Pcripheral ischemia 7(3.8) 1(1.6) 9(2.9)
Thrombophlebitis Deep 2(1.1) 0 2(0.6)
Vein disorder 2(1.1) 0 2(0.6)
Table 68: Deaths reported in studies 301EE, 307,405-309 and 405-315
Study Drug Cause of death Related to
_ Treatment
LAM-IV-301 L.anthanum Endocarditis Tnot related
EE
LAM-IV-301 Lanthanum Cardiac arrest Tnot related
EE
LAM-IV-301 Lanthanum Sepsis Tnot related
EE
LAM-IV-301 Lanthanum Sepsis ?not related
EE
LAM-IV-307 ST Prneumonia ?not related
LAM-IV-307 Lanthanum Ppeumonia not related
| LAM-TV-307 | Lanthanum Renal Failure ‘not related




[ LAM-TV-307 ST Cardiac arrest not related
LAM-IV-307 ST Sepsis 7not related
LAM-IV-307 Lanthanum Thrombophlebitis Deep unlikely
LAM-IV-307 ST Arrhythmia ventricular not related
LAM-IV-307 ST Hepatic failure Tnot related
LAM-1V-307 ST Chronic Obstructive airways Not related

dis.
LAM-IV-307 ST Unknown Tnot related
LAM-1V-307 Lanthanum Cardiac arrest ot related
LAM-1V-307 Lanthanum Cardiac failure "not related
LAM-IV-307 ST Cardiac arrest 7not related
LAM-IV-307 ST Inflicted Injury Tnot related
LAM-1V-307 ST MI ot related
LAM-IV-307 Lanthanum Sepsis ?not related
LAM-IV-307 ST Cerebrovascular disorder not related
LAM-IV-307 Lanthanum Cardiac failure ‘ot related
LAM-IV-309 Lanthanum Renal failure unknown
LAM-IV-309 Lanthanum MI Tnot related
LAM-IV-309 Lanthanum Cardiac arrest Unlikely
LAM-IV-309 Lanthanum Cerebral hemorrhage Unlikely
LAM-IV-309 Lanthanum Fever unlikely
LAM-IV-3{5 Lanthanum Respiratory insufficiency "not related




XI. Conclusions and Recommendations

A. Conclusions
1)GT adverse events: The first concern of the Agency about GI adverse events was
clearly spelt out in the following paragraph in quote is reproduced.

“While in most cases such symptoms would be expected to resolve when a study drug is
discontinued, given the high concentration of lanthanum in the GI tract following oral
administration and the uncertainties about the rate of elimination of lanthanum in patients
with ESRD, our concern is that these symptoms may not resolve quickly, presenting a
real risk of malnutrition and additional injury in this population. Resolution of this
clinical issue will requirc data regarding the timing and extent of resolution of reported
serious adverse events (cspecially events leading to discontinuation) in paticnts receiving
lanthanum in the long term trials™.

This reviewer has not received and been unable to find summary data in the resubmission
that addresses this concern satisfactorily and completely.

On July 9, 2004, this reviewer received from the sponsor an email statement
accompanied by Table 31 that is in quote below:

“A subsequent request was received on July 8th for this table to present number of
patients with an event rather than number of events (which will exclude multiple events
with the same outcome in each time category). This table is attached below. For
clarification, time to onset is the time from start of study treatments to the time of start of
the adverse event and time to resolution is the time between the start of the adverse event
and the stop date of the event. Caution should be applicd in interpreting these tables as
the categories of time to onset are of differing durations.”

It is evident that the sponsor has been unable to resolve this clinical issue after one year
of the approvable letter. In one of the teleconferences held with the sponsor and one of
the meetings held with the sponsor, the Agency’s requirements were made very clear and
during the internal meeting held recently on July 8 2004, the Acting Director of the
Division expressed what will be required to satisfy this deficiency. This concern therefore
remains unresolved. The sponsor’s € ) . 2 does not address this deficiency
in particular. This remains an outstanding issuc.

2) Bones: The second concern is about the safety of lanthanum in bones of patients
exposed to the drug.

It is evident that the sponsor has provided some evidence that the bone changes in
patients exposed to lanthanum are not similar to those scen in aluminum toxicity based on
histomorphometry of 2/3 year follow up of the patients. Whilc this reviewer agrees with
this position it is important to be on record that this conclusion, in the opinion of the
reviewer, 1s based on relatively little data.
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According to the sponsor, the bone sub-study “was not powered to rule out whether
{anthanum carbonate has deleterious effect( s} in bone formation as compared with active
control”.

Based on the table submitted by the sponsor (Table 18), it should be on record that the
total number of bone biopsies obtained from lanthanum patients is only about 125 /497
(25%) at baseline and the percentage of patred bone btopsies at 1 year 1s 67 while at 2
years it 1s 19 out of the total of 497 biopsies (13.5%.). The histomorphometric analyses
upon which the conclusion that lanthanum does not produce an aluminum-like effect is
based on paired biopsies over a period of 1 to 2 years. The reviewer is not aware of any
paired biopsies at 3 — 5 years. There was only one 3 off-treatment biopsy in LAM-1V-
307. In the opinion of this reviewer this conclusion is based very little data over a
relatively short time. Furthermore the sponsor has provided a total of 3 microscopic slides
of bone biopsies, and these uninterpretable, from 3 patients on the drug for 4 — 5 years.

The appropriate paragraphs (2) from the approvable letter is in quote below:

“It is clear from the bone histological examination that lanthanum is absorbed following
oral administration and is then deposited in tissues. It is deposited widely in animals,
including the GI tract, bone and cardiac tissues in patients with ESRD. There is less
iformation available, but bone deposition has been clearly demonstrated. As we do not
yet know if (or when) a steady-state tissue concentration of lanthanum should be
expected following chronic use, it is difficult to use the present database to assess the
posstbility of significant long-term toxicities resulting from tissue deposition of
lanthanum. Given the history of significant, but unpredicted, long-tcrm bone toxicity
following the use of aluminum containing antacids, where toxicity was not manifest
climically for several years after initial exposure, the current database is inadequate with
respect to long-term follow-up to exclude significant toxicity, including bone toxicity.

Additional long-term data will therefore be needed. Deciding on the extent and duration
of long-term safety data will require additional data on the rate at which lanthanum
continues to be depositzd during chronic administration of lanthanum to patients with
ESRD. These data will provide a basis for discussions of how to assess the long term
safety of lanthanum.”

It is evident from the resubmitted NDA that the sponsor has not provided data in the
resubmission to address the uncertainties expressed in the approvable letter after one
year. The Agency stated that it is difficult to use the present database to assess the
possibility of significant long term toxicities resulting from tissue deposition of
lanthanum.

In response, the sponsor has provided a table with 497 biopsies (Table 18 in clinical
review) from patients exposed to lanthanum with bone biopsies and titled “ Overview of
bone biopsy data” from 3 studies LAM 303, 301 and 307”. A cnitical analysis of this data
shows that some of these biopsies were paired but the majority (>80.5%) were unpaired
hiopsies.
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Studies Specifically Conducted to Assess Bone Safety is the double blind placebo-
controlled study: Study LAM- IV- 303. This study assessed the effect of lanthanum
carbonate and compared it to calcium carbonate on renal bone disease by
comparing bone tissues obtained from paired biopsies. Of the 98 patients
randomized into the study, 71 patients received a follow-up biopsy after 52 weeks of
treatment, and therefore provided paired biopsy data, however only 63 pairs of
biopsies were suitable for histomorphometric measurements at one year. This rate
of achievement was not achieved during year 2, 3 4 or 5 as some patients have been
on drug for 5 years. Therefore it cannot be categorically stated that ne aluminum
effects have been found but it will be more accurate to say that within the 2 year
period of follow up no aluminum-like effects have been found.

The significance of the bone biopsy findings is questioned because according to the
sponsor “therc were lirnited data available on which to base the sample size estimates,
therefore numbers werz based on practical rather than statistical considerations.” Thus the
study was not powered to rule out whether lanthanum carbonate has deleterious effect(s)
in bone formation as compared with active control. The interpretation of the findings is
further confounded by the fact that calcium carbonate, the active control, is not an FDA
approved phosphate binder thus its safety profile, as compared with placebo/ standard
therapy, is unknown to the Division of Cardio- Renal Drug Products.

A total of 105 biopsics and 91 biopsies were provided “on Treatment” population (Table
17).0f these only 63 paired biopsies were suitable for histomorphometric evaluation.
This shows the limitation of the data upon which a conclusion on the aluminum like
effect is base. In the opinion of this reviewer this is inadequate.

The sponsor claims that 212 patients on lanthanum had been followed up for >2 years
but not all these 212 patients have paired biopsies for evaluation. Very few have paired
biopsies over 2 years. Based on table 18 submitted by the sponsor , there were 67/497
(13.5%)e paired biopsies for one year, 19(3.8%) for 2 years, 1 patient has paired biopsies
on 3 year treatment, and neither do the 2 patients on 4 year study drug have paired
biopsies nor the only patient on study drug for 5 years. In fact, there were only 34 paired
biopsies at onc year in the fanthanum group and 35 biopsies in the standard group at one
year before the approvable letter. Since then there have been 19 unpaired bone biopsies
at 2 years and | unpaired biopsy at 3 years off - treatment. it is therefore evident that
additional data from paired biopsies from both treatment groups will be required to assess
the possibility of significant long term toxicities. The total number of 497 biopsies
claimed by the sponsor in table 18 appears to be incorrect. In that table the total number
of biopsies, 142, that 1s derived from LAM-IV-307 totalled 68. The total number of
biopstes should therefore be 423 and not 497. The sponsor also claimed that studies
LAM-1V-303 and LAM-1V-307 were controlled studies. Study 307 is an open label study
with comparator control, and one of the comparators is not approved by the Agency
(Table 18)



However if fractures are used to surrogate for long term lanthanum toxicity on bones
then question arises whether the small numbers of fractures reported over a 3 year period
are adequate and represent the peak effect of lanthanum in bones. Since the steady state
for lanthanum has not been reached in bones and also in plasma at 2 years one cannot be
certain whether this period of 3 years is adequate or not. Based on the sponsors tables
were 66 patients with 80 fractures in the lanthanum group compared to 52 patients with
69 tractures in the standard group over a 3 year period. The sponsor claims that there
were 1756 patients and 992 patients in the lanthanum and standard therapy groups,
respectively at risk but this reviewer notes that these figures included healthy volunteers
who received drug for a few days and had no underlying renal bone disease.

The most recent tables on fracture incidence per 100 patient years received today July 14
from the sponsor and inscrted as Appendix 5 and Appendix 6 reflect data at 15- and 25-
month data cut off points. The overall fracture rate appears lower in the lanthanum group
compared to the standard group (4.16% (66/1585) and 5.6% (52/914). These are
comparable rates between the two treatment groups. While this suggests that the risks of
fractures in both groups are the same, fracture rates differ with histological categories of
fractures in patients on dialysis. There is no evidence to show that the histological
categories are the same in both treatment groups (Table 22). The shifts in histological
categories of bone discase from baseline to end of 2 years differ between the two groups
(Table 22).

The fracture rates that have been compared between the two groups without reference to
the histological categories of renal bone disease assume a homogenous distribution of
histological types of fracture in both groups and therefore compared fracture rates. It has
been shown in the literature that rates of fractures/dialysis year differ with histological
categories of bone discase in patients on dialysis. For exampte, patients with low turnover
osteodystrophy had a fracture rate of 0.2 fractures /dialysis year whereas patients with
osteitis fibrosa had 0.1 fractures /dialysis year. Based on this information the conclusion
derived from data analyzed by the sponsor in Appendix 5 and Appendix 6 become
untenable. The data will therefore need to be verified for histological categories of those
followed up for 2 years and the rates adjusted for the histological categories.

If bone specific alkaline phosphatase level are used as surrogate for bone activity there is
a statistically significant diffcrence in the change from baseline at visit 12 between the
two treatment groups ( 5.69ng/mL ) for lanthanum vs 2.04ng /mL for standard therapy

( p=0.000). There is no information on this parameter at month 24 (i.e. visit 21). This
suggests that bone activity or remodeling is greater in the bones of patient on lanthanum
compared to standard therapy.

Another issuc 1s whethcer a drug that accumulates in the bone and has a very long half life
unlike standard therapy drugs that does not accumulate in the bones is comparable in
terms of bone bechavior to toxic chemicals.
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This reviewer is concerned about the length of follow up and the paucity of bone biopsies
available for review. This can be answered from pharmacovigilance and risk
management program.

The himitation of histomorphometry, as the sole tool, for evaluating lanthanum bone
toxicity was that changes in the soft tissues, namely periosteum and bone marrow, were
excluded from this assessment. Other routine means of assessing soft tissues that are part
of bones, for example histology, should be reported in future evaluations of bone toxicity.

This reviewer does not have compelling evidence that the sponsor has addressed this
deficiency fully ¢ _ 71 does not specifically address

this issue of bone toxic ity

3) The 1ssue of the QT interval has been addressed satisfactorily (Appendices 7-13).

4) At 44 months the mortality rate is higher in the group on lanthanum (23.8%) compared
to standard therapy (20.4%) according to the statistician.

5) Financial disclosure was submitted with the original NDA and was sighted by this
reviewer but there was no financial disclosure with the resubmitted NDA.,

In conclusion, this reviewer does not have sufficient evidence to show that the sponsor
has addressed the two safety issues fully as stated in the approvable letter. Since the
approvable letter the sponsors should have been able to produce more data and evidence
on bone safety as they have claimed that they have the largest cohort of bonc biopsies in
their program.

The . T ~ ) do not seem to make provision
to address these deficiencics after approval. In the event that this NDA i is approved, it is
recommended that these deficiencies be addressed { b

B. Recommendations

e This reviewer recommends an approvable status with caution. This
recommendation is based on clinical research experience that bone biopsies in
humans are not readily and easily obtainable.

¢ The sponsor must assure the Agency about the uncertainties surrounding
lanthanum’s safcty that still remain about lanthanum carbonate’s safety by
providing the information in the approvable letter of Feb 28, 2003,

These inciude :

* Additional data from paired biopsies from both treatment groups to assess the
possibility of significant long term toxicities are still required because out of a
total of 105 biopsies from lanthanum group and 91 biopsics from standard “on
Treatment” population (Table 17). The total number (497) of bone biopsies in the
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sponsor’s tabls 13 1s not correct. The total should be about 423 of which there are
only 69 paired biopsies obtained from a double blind controlled trial (303).

Additional data on time to stop dates for patients with serious GI adverse events,
particularly those discontinued and drug stopped are still outstanding and are still
required.

Uniess 1 can be used to these outstanding
deficiencics the sponsor should be issued an approvable letter as there is ample
cvidence on record asking the sponsor for these data.

The L ) i ~ _J do not seem to make
provision to address these deficiencics after approval. In the event that this NDA
is approved, it is recommended that these deficiencies be addressed £

3

This reviewer does not recommend a waiver for pediatric studies because the
potential for lanthanum toxicity is real in bones of young people whose epiphyses
have not united. The pathological changes in the bones of young rats with normal
renal function administered lanthanum show some changes in the metaphysis and
to a less cxtent in the epiphysis. There is slight hyperplasia of the epiphyseal cells
of the young rais which may be within normal limits and the majority of the
young rats show changes in the metaphyseal side of the epiphyseal plates.

This reviewer will therefore recommend a deferral. Since the sponsors enrolied
patients from the age of 12, a 10-year follow up of these patients may provide
some useful information about bone growth and other bone abnormalitics.

There is evidence in the literature that diabetics on dialysis have significantly
impaired secrction of parathyroid hormone compared with patients on
hemodialysis without diabetes mellitus. As a result diabetic bone disease is
characterized by low bonc turnover resulting from impaired secretion of
parathyroid hormone. This population needs to be tooked at in the light of this
difference. About 447/1754 (25%) diabetic patients on dialysis were in lanthanum
group and 289 /990 (29%) of diabetics on dialysis war on standard therapy. The
significant differences in the biochemical parameters between the two groups,
particularly scrum osteocalcin and glucose, may be explained by this cohort.
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Appendix 1: Adverse events coded as fracture in Phase 2-3 studies

15 month safety Database: Adverse Events coded as Fractures in Phase 2-3 studies

Treatnent Protocol
No. Received No.,
Adverse Event Reported Term

1 Lanthanum LAMIVZ204
FX LT BIP

2 Lanthanum LAaMIv204
TRANSCONDULAER ¥X RT HUMRS

3 Lanthanum LAMIV204

TRANSCOMDYLAR FX RT HUMERS

4 Lanthanum LAMIV204
FRACTURE R GREAT TOE

5 Lanthanum LAMIVZ204
FRACTURE R FEMUR

& Lanthanum LAMIV301

Site

No.

14

14

14

18

13

11

SPONTANEQUS HILP FRACTURE SUBCAPITAL LEFT

7 Lanthanum LAMIV3OD]1

FRACTURE OF

INFERLOR

B Lanthanum LAMIV301
FRACTURE OF RIGHT FEMUR

9 Lanthanum LAMIV3O01

VERTERRAL FRACTURE LUMBAL 1

10 Lanthanum LAMIV3Ql
RIS FRACTURE

11 Lanthanum LAMIV3O0L
FRACTURE COF HUMERUS IN RIGHT ARM

12 Lanthanum LAMIV3G1
RIBE FRACTURE

13 Lanthanum LAMIVIOL
FRACTURE LEFT WRIST

14 Lanthanum LAMIV3O]
FRACTURE RIGHL1 ARM

15 Lanthanum LAMIV3O0L
COLLAPSED VERTEBRA

16 Lanthanum LAMIV3O0L1
HIP FRACTURE LEFT

17 Lanthanum LAMIV301

11

LEFT 0S8 PUBLS RAMUS SUPERICR

12

13

13

15

15

i8

18

37

Subject
ID
SACDA4
SA006
SA006
Sa004
S5A006
0015
HIP
0563
AND
0129
0168
0168
0104
0158
0493
0485
0271
027z

0704

a704
TG PRIOR
0051
0051
0054
0525
1238

1110

PELVIC FRACTURE {CAUSED BY BICYCLE ACCIDENT
23/05/99)

18 Lanthanum LAMIV3OL 37
REHABILITATION AS AN INPATIENT (RENA DUE
ACETABULUM FRAZTURE)

19 Lanthanum LAMIV3D1 41
PELVIS FRACTURZ CAUSED BY TUMBLING

20 Lanthanum LAMIV301 41
PELVIC FRACTURE AFTER CALR ACCIDENT

41 Lanthanum LAMIV301 41
OPEN FRACTURE LEFT THUMEL

22 Lanthanum LAMIV30L 12
FRACTURE O LEFT CLAVICLLA

23 banthanum LAMIV3OL 56
FRACTURE OF LEFT PATELLA

sS4 Lantharam LaMIwvigl 549
FRACTIJRE QF RIGHT HIZ

Time to
Event

Onset. Date (week)

78

64

18

53

43

17

92
21
78

33

19

WHOART FPreferred Term

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-WW

FRACTURE-NW

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

EFRACTURE

FRACTIIRE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL



25 Lanthanun

LAMIV30] 75 G354

BROKEN AREA ON LOWER LEFT LEG

26 Lanthanum
FRACTURE OQF RADIUS

27 Lanthanum
ANCLE FRACTURE WEBER &

28 Lanthanum
ANKLE FRACTURE

29 Lanthanum

LAMIV3O1 93 0794

FRACTURE OF THE UPPER ARM

30 Lanthanur

{TRAUMATIC)
LAMIV301 93 07927
LEFT
LAMIV3O0L 93 0805
LAMIV3O1 93 0813
LAMTV302 94 1172

SUBCAPITAL HUMERUS FRACTURE

21 Lanthanum

FRACTURE OF LEFT FOREARM,

32 Lanthanum
RADIUS FRACTURE

33 Lanthanum
FRAECTURE R WRIST

34 Lanthanum
R FRACTURED WRIST

35 Lanthanum
FRACTURED R ANKLE

36 Lanthanum

LAMIV3CL1 94 1174
SUPERFICIAL SKIN LESTION
LAMIV3OD1 94 1174
LAMIV3O0Z 307 010
LAMIV3O? 316 010
LAMIV30Z2 316 010

LAMIV30Z 316 015

QCCULT PELVIC FRACTURED R #1P

37 Lanthanum
LEFT HIP FRACTURE

38 Lanthanum
LEFT - FRACTURE PELVIC

LAMIV3O7 105 01008

LAMIV3O0? 111 11102

RAMUS

APPEARS THIS WAY
ON ORIGINAL

20

27

27

33

24

32

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FRACTURE

FEACTURE

FRACTURE

FRACTURE-

FRACTURE-

FRACTURE-

FRACTURE-

FRACTURE -

FRACTURE-

110

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

NW

N

N

NwW

NW

N
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Appendix 1, Table 1
15-Month Safety Database: Adverse Events Coded As Fracture in
Phase 2-3 Studies

Time to
Treatment Protccol Site Sukject Event
No. Received No. No. ID Onset Date (week) WHOART Preferred Term

Adverse Event Reported Term

39 fLanthanum LAMIV3IOT 117 03082 97 FRACTURE-NW
3 PART IMPACTED RT PROXIMAL HUMERUS FRAC

40 Lanthanum LAMIV3O07 117 03002 48 FRACTURE-NW
ANT. DISPLACEMENT RT PROXL HUMERUS SHAFT

41 Lanthanum LAMIV3OT i20 01002 36 FRACTURE-NW
FRACTURE L CLAVICLE

42 Lanthanum LAMIVIOT 120 01010 22 FRACTURE-NW
COMPRESSION FX OF Ti2

43 Lanthanum LAMIV3O? 129 Q1001 25 FRACTURE-NW
BROKEN RIH L

44 Lanthanum LAMIV30? 129 0lo.1 77 FRACTURE-NW
R - LEG FRACTURED TIBIA WITH CRUTCHES

45 Lanthanum LAMIVIO0T 130 01021 69 FRACTURE-N#W
R HEEL FRACTURE

46 Lanthanum LAMIV3O? 144 61011 36 FRACTURE-NW
RIGHT INFERIOR PUBIC RAMI FRACTURE PAIN

47 Lanthanum LAMIV307 149 01007 35 FRACTURE--NW
DISPLACED FRACTURE GOF PATELLA R

48 Lanthanum LAMLV307 150 01008 9 FRACTURE-N®W
FRACTURED R LEG

49 Lanthanum LAMIVIOT 150 03004 30 FRACTURE-NW
L RIB FRACTURE

50 Lanthanum LAMIV30? 155 01062 66 FRACTURE-NW
FRACTURED HUMERUS

51 Lanthanum LAMIV3CQ? 155 01002 66 FRACTIJRE-NW
SUPRA CONDYLOR R ELBOW FRACTURE

52 Lanthanum LAMIV30T 155 020093 B5 FRACTURE-NW
BROKEN TOE

53 Lanthanum LAMIV30T 145 01004 . 43 FRACTURE-NW
FX R ZYCOMATIC ARCH

54 Lanthanum LAMIV3OT 167 01016 21 FRACTURE-NW
FRACTURE RIGHT FOOT

95 Lanthanum LAMIVIOT 167 01027 56 FRACTURE-NW
FRACTURE, RT. HAND

56 Lanthanum LAMIV3I0? 167 01034 47 FRACTURE-NW
COMPRESSION FRACTURE OF VERTEBRAE

57 Lanthanum LAMIV307T 167 01034 47 FRACTURE-NW
COMPRESSION FRACTURE OF VERTEBRAE

58 Lanthanum LAMIV3O07 170 01008 18 FRACTURE-NW
FRACTURED BACK

59 Lanthanum LAMIV30? 170 a2001 24 FRACTURE-NW
L FOOT BONE - LITTLE TOE BROKEN 3 PLACES

&0 Lanthanum LAMIVI0OT 170 030C1 14 FRACTURE-~NW
FRACTURE RIGHT TIBIA

61 Lanthanum LAMIV30O? 177 01008 93 FRACTURE-NW
HAIRLINE FX ELBOW

62 Lanthanum LAMIV3O07? 182 01002 40 FRACTURE~NW
BROKEN RING AND MIDDLE FINGER RIGHT HAND

53 Lanthanum LAMIV3OT 182 01018 18 FRACTURFE-NW
(R} BROKEN COLLAR BONE

64 Lanthanum LAMIV3O7 186 (1012 11 FRACTURE-NW
{L} FOOT FRACTURE

65 Lanthanum LAMIV3O07 188 61003 15 FRACTURE-NW
FRACUTURED ANKLE

66 Lanthanum LAMIV3O0T 200 01002 1 FRACTURE-NW
I, ARM FRACTURE

971 Lanthanum LAMIVIOD 200 01002 1 FRACTURE-NW
I CLAVICLE FRACTURE

68 Lanthanum LAMIV3IQT 200 01002 J2 FRACTURE-HW
LEFT ARM FRACTURE

49 Lanthanum LAMIVIONT 206 01004 . & FRACTURE-NW

BROKE I FINGER



70 Lanthanum
FRACTURED {R) HIP

71 Lanthanum
FRACTURED FEMUR LEFT

72 Lanthanum
BROKEN L FQOOCT

73 Lanthanum
(R} FEMUR FX

74 Lanthanum

LAMIVIOT 206 01012
LAMIV3O7 206 01012
LAMIV307 206 010620
LAMIV30T 210 02002

LAMIV307 213 01013

FALL WITH FRACTURE OF RIGHT METATARSALS

75 Lanthanum

LAMIV30D7 213 01013

FRACTURE OF RIGHT 3 RD METATORSAL

76 Lanthanum

LAMIV307 213 01013

FRACTURE OF RIGHT 3RD AND 4TH METATARSAL

77 Lanthanum
LEFT ARM FRACTURE

LAMIV3Q07 219 01002

78 Standard LAMIV3OD1 15 9158
FRACTURE ISCHIOPUBIC RAMUS LEFT
79 standard LAMIVI0N3 T 701

TRAUMATIC FRACTURE OF RADIUS

APPEARS THIS Ay
ON GRIGINAL

24

56

40

51

52

52

34

15

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE -NW

FRACTURE PATHOLOGICAL

FRACTURE-NW
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Appendix 1, Table 1

15-Month Safety Database: Adverse Eveats
Phase 2-3 Studies

Time to
Treatment Protocol Site Sukject Event
No. Recerved No, No. 1D Onset Date (week}
Adverse Event Reported Term

80 Standard LAMIV3N3 13 1301 41
FRACTURA MANDIBULAE (CAR ACCIDENT)
81 Standard LAMIV303 13 1301 412
HOSPITALIZATION DUE TO FRACTURA MANDIBULAE
82 Standard LAMIV3O07 103 01010 94
AVULSTION TIP (R) FEM GREATER TRQOCHANTER
843 Standard LAMIVI0? 103 02002 12
R FOOT FX
84 Standard LAMIV3IOT 112 019011 30
FX L STH METATARSAL
8% Standard LAMIV3I0? 117 0100e 18
FRACTURE RT FIFTH METACARPAL
86 Standard LAMIV30Q7 117 01010 1¢1
CLOSER FRACTURE LEFT HUMERDS
87 Standarad LAMIV3IOY 120 01001 27
FRACTURED L TOES
88 Standard LAMIV3IOT 120 0l0o1 50
L WRIST HAIRLINE FX
B9 stardard LAMIV3IQT 120 01001 a3
FX LEFT HAND
90 Standard LAMIV3QT 120 01001 83
X L HAND
91 Standard LAMIV3QT 120 02004 1
FX HOMERUS
92 fStandard LAMIVIQ? 121 01010 8%
L MALLEOQUS FRACTURE
893 Standard LAMIVI0T 122 014909 77
CRACKED REIBS 5-9
94 Standard LAMIVIO?T 122 01009 77
BROKEN 4TH TOE L FOOT
95 Standard LAMIVIO? 122 02001 30
RIGHT PFRACTURED COLLARBONE
96 Standard LAMIV307 124 01006 10
LT BROKEN ARM
87 Standard LAMIVZ07 126 01020 27
FRACTURED R ANKLE
98 Standard LAMIWVIOT? 126 01020 28
FRACTURED RIGHT AMNKLE
99 Standard LAMIV3OY 130 01004 69
R RIB FRACTURE
100 Standard LAMIV3O7 140 010.0 1
FRACTURE FOGT
101 Standard LAMIV3O7 141 01071 47
FRACTURED R RIB
102 Standard LAMIV307 149 01039 ! 9
FRACTURED {L) HIFP
103 Standard LAMLIVIQT 151 Q1005 ' 57
FRACTURE R FOQOT
104 Standard LAMIV3QY 156 01027 ! 2%
INSUFFICIENCY FRACTURE RIGHT FOQOT
105 ftandard LAMIV3(T 163 01001 ' 19
WORSENING L1 COMPRESSION FX
106 Standard LEMIV30? 163 01016 ’ 38
(LY HIP FRACTURE
107 Standard LAMIV3O7 165 010C1 ' 14
UNDIEPLACED FRACTURE L ILIAC BONE
108 Standard LAMIV3QY 165 01001 ! 34
OHDISPLACED FRACTURE OF (L) ILIAC BONE
109 Standard LAMIVIQT? 165 01001 ’ Y,
COMPRESSION £X L4
110 Standard LaMIVvIg? 167 0105 ' 105

LEFT PUBIC RAMI FRACTURE

Coded As Fracture in

WHCART Preferred Term

FRACTURE -NW

FRACTURE~NW

FRRCTURE-NW

FRACTURE -NW

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE~1TW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTHRE~NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE~NW

FRACTURE-HW

FRACTURE-NW

FRACTURE-NW

FRACTURE - NW

FRACTURE-NW

FRACTURE -NW

FRACTURE-NW

FRACTURE ~NW

FRACTURE-NW

FRACTURE ~NW

FRACTURE-NW

FRACTURE-NW



111 Standard LAMIV3O? 167
R FOOT FRACTURE

112 Standard LAMIV3OT 167
FRACTURE R FCOT

113 Standard LAMIV3IO0? 168
FRACTURED (R) SHOULDER/WRIST

114 Standard LAMIV3O07 168
FRACTURED R SHCULDER / WRIST

115 Standard LAMIV3O07 168
FRACTURED THORACIC VERTEBRAE

116 Standard LaMIvio? 168
FRACTURED THORACIC VERTEBRAE

117 Standard LAMIV307 176
COMMINUTED FRACTURE OF LEFT SCAPULA

118 Standard LAMIV30? 176
FRACTURE DISTAL PHALANX LT. 4TH FINGER

119 Standard LAMIV3D? 181
(L} GREAT TOE STRESS FRACTURE

120 Standard LAMIV3DT 182

FRACTURED (L) HIP

&rProng

T?E

01042

01042

01c02

01002

02036

02006

01012

014012

01007

21015

10 s
NIRRTy 4

€ GRIGIHAL

57

14

15

39

a1

76

84

18

FRACTURE ~NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE -Nw

FRACTURE-NW

FRACTURE -N#W

FRACTURE-NW

FRACTURE-NW

FRACTURE~-NW

114



Phase 2-3 Studies

Treatment Protocol Site

Wo. Received ¥o. NG .
Adverse Event Reported Term

121 Standard LAMIV307 182
BROKEN TOE 4TH ON L FOQOT

122 Standard LAMIV3O? 182
BROKEN NOSE

123 Standard LAMIV30? 184
VERTEBRAL COMPRESSION FRACTURES

124 Standard LAMIV3O7 184
COMPRESSION FX L4, LS

125 Standard LAMIV307 185
(L) FRACTURE FEMUR

126 Standard LAMIV3O? 185
L FRACTURE FEMUR

127 Standard LAMIV3O07 185
BROKEN JAW

128 sStandard LAMIV307 185
EXACERBATION OF VERTEBRAL COMPRESSION FX

128 sStandard LAMIV3G? 185
EXACERBATION OF COMPRESSION FRACTURE

130 Standard LAMIV30? 19¢
FRACTUJRE OF HIP

131 Standard LAMIVI0? 192
FRACTURED R HAMND

132 Standarad LAMIV3Q7 193
ANKLE EFRACTURE

133 Staodard LAMIV3I07? 194
FRRCTURE OF RIGHT RIBS

134 standard LAMIV30? 199
NON-DISPLACED FRACTURE L 13T METATARSAL

135 Standardg LAMIV3Q7 199
TRANSVERSE FRACTURES 2ZND-4TH METATARSALS

136 Standard LAMIVIO0? 199
STRESS FRACTURE L DISTAL TIBIA

137 Standard LAMIV3IGY 200
HATRLINE L LEG FRACTURE

138 Standard LAMEV30? 206
FRACTURED R WRIST

139 Standard LAMIVIO0? 206
BROKEN/LACERATED L THUMB

14C Standard LAMIV3Q? 206
FRACTURED HIP (L}

141 Ztandard LAMIV307 206
DISLOCATED/REFRACTURED HIP L

142 Standard LAMIV307 208
MULTIPLE FRACTURE:Z

143 Standard LAMIV3D? 210
BROKEN (R) GREAT TOE

114 Standard LAMIV30? 219
R HIP FRACTURE

Subject

ID

01023

01629

01007

41009

01011

01011

G1024

01032

01032

01005

01672

19392

02010

01002

010062

01002

01020

01001

01003

olo68

01008

020C1

01011

01007

Appendix 1,

Time to
Event

Onset Date {week)

21
63
47

54

B85

is

94

85

45
45
45
41

85

Table 1
15-Menth Safety Database: Adverse FEvents Coded As Fracture in

WHOART Preferred Term

FRACTURE-NW
FRACTURE - NW
FRACTURE -NW
FRACTURE -NW
FRACTURE-NW
FRACTURE-N®W
FRACTURE-NW
FRACTURE-NW
FRACTURE-NW
FRACTURE-NW
FRACTURE-NW
FRACTURE-NW
FRACTUORE -NW
FRACTURE-NW
FRACTURE-NW
FRACTURE-NW
FRACTURE -NW
FRACTURE~NW
FRACTURE~NW
FRACTURE ~NW
FRACTURE-NW
FRACTURE~NW
FRACTURE-NW

FRACTURE~NW



Fracture in Phase 2-3 Studies
Time to
Treatment Protocol Site Subject Evant
No. Received No. No., ID Cnset Date (week)
Adverse Event Reported Term
1 Lanthanum LaMIv204 14 58004 78
FX L1 HIP
2 Lanthanum LAMIVZ04 14 SA006 1
TRANSCONDULAR FX RT HUMRS
3 Lanthanum LAMIV204 14 SA006 64
TRANSCONDYLAR FX RT HUMERS
4 Lanthanum LamMIv204 18 SA004 i
FRACTURE R GREAT TOE
5 Lanthanum LAMIVZ04 18 SADOG 53
FRACTURE R FEMUR '
6 Lanthanum LAMIV301 11 0015 7
SPONTANEQUS HIP FRACTURE SUBCAPITAL LEFT HIP
7 Lanthanum LAMIV301 11 05613 43
FRACTURE OF LEFT OS5 PUBIS RAMUS SUPERICR AND
INFERTIOR
8 Lanthanum LAMIV301 12 0120 17
FRACTURE OF RIGHT FEMUR
9 Lanthanum LAMIV3G1 13 0168 8
VYERTEBRAL FRACTURE LUMBAL 1
10 Lanthanum LAMIV3O01 13 0168 73
R1B FRACTURE
1} Lanthanum LAMIV3OL 15 9104 113
FRACTURE OF HUMERUS IN RIGHT ARM
12 Lanthanum LAMIV3QL 15 015& 32
RIBE FRACTURE
13 Lanthanum LAMIV30L i5 0493 21
FRACTURE LEFT WRIST
14 Lanthanum LAMIV3(L 15 0495 78
FRACTURE RIGHT ARM
15 Lanthanum LAMIV3Q1 18 0271 33
COLLAPSED VERTERRA
16 Lanthanum LAMIV30L 18 02712 6
HIP FRACTURE LEFT
17 Lanthanum LAMIV3O0]1 37 0704 7
PELVIC FRACTURE (CAUSED BY BICYCLE ACCIDENT
23/05/9%)
18 Lanthanum LAMIV30L 37 0704 .9
REHABILITATION AS AN INPATIENT (RENA DUE TCQ PRIOR
ACETABULUM FRACTURE)
19 Lanthanum LAMIV301 41 0051 iz20
PELV1S FRACTURE CAUSED EY TUMBLING
20 Lanthapum LAMIV3O0L 41 0051 154
PELVIC FRACTURE AFTER CAR ACCIDENT
21 Lanthanum LAMIV301 41 0054 1c9
OPEN FRACTURE LEFT THUMB
22 Lanthanum LAMIV301 42 0525 21
FRACTURE OF LEFT CLAVICULA
23 Lanthanum LAMIV3C1 56 1238 29
FRACTURE OF LEFT PATELLA
Z4 Lanthanum LAMIV3OL 59 1110 32
FRACTURE OF RIGHT HIP
25 Lanthanum LAMIV301 79 0354 1
BROKEN AREA ON LOWER LEFT LEG
26 Lenthanum LAMIV3O0l 93 0734 1106
FRACTURE QF RAUIUS (TRAUMATIC)
27 Lanthanum LAMIVIOL 93 Q797 160
ANCLE FRACTURE WEBER B LIFT
28 Lanthanum LAMIV30L 93 0805 12!

ANELE FRACTURE

WHOART Preferred Term

FRACTURE-

FRACTURE-

FRACTURE-

FRACTURE-

FRACTURE -

FRACTURE

FRACTURE

FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE

FRACTURE

FRACTURE

FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE
FRACTURE

FRACTURE

W

NW

NW

NW

WW

PATHOLOGICAL

PATHOLOCGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGLCAL

PATHOLOGICAL

PATHOLOGICAL

PATHOLOGICAL
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Appendix 1, Table 2
25-Month Safety Database: Adverse Events Coded As

29 Lanthanum LAMIV301 93 0813 5 FRACTURE PATHOLOGICAL
FRACTURE OF THE UPPER ARM

30 Lanthanum LAMIV3D1 %4 1172 1! FRACTURE PATHOLOGICAL
SUBCAPITAL HUMERUS FRACTURE

31 Lanthanum LAMIV301 94 11714 3 FRACTURE PATHOLOGICAL
FRACTURE OF LEFT FOREARM, SUPERFICIAL SKIN LESION

32 Lanthanum LAMIV3O01 94 1174 139 FRACTURE
RADIUS FRACTURE

33 Lanthanum LAMIV302 307 010 20 FRACTURE-NW
FRACTURE R WRIST

34 Lanthanum LAMIV30NZ 316 010 27 FRACTURE-NW
R FRACTURED WRIST

35 Lanthanun LAMIV302 316 010 27 FRACTURE-NW
FRACTURED R ANKLE

36 Lanthanum LAMIV3G2 316 015 33 FRACTURE-NW
OCCULT PELVIC FRACTURED R HIP

37 Lanthanum LAMIV3O? 105 010648 24 FRACTURE-NW
LEFT HIP FRACTURE

38 Lanthanum LAMIV307 111 11102 32 FRACTURE-HW

LEFT - FRACTURE PELVIC RAMUS

APPEARS THiS
ON ORIGIHAL

Eat)
bt}



Fracture in Phase 2-3 Studies

Treatment Protocol Site
Ho. Received Ho. No.
Adverse Event Reported Term

39 Lanthanum LAMIV3O7 117
3 PART IMPACTED RT PROXIMAI HUMERUS FRAC

40 Lanthanum LAMIV3O0? 117
ANT. DISPLACEMENT RT PROXL HUMERUS SHAFT

41 Lanthanum LAMIV30? 120
FRACTURE L CLAVICLE

42 Lanthanum LAMIV3GT 120
COMPRESSION FX OF T12

43 Lanthanum LAMIV3O? 129
BROKEN RIB L

44 Lanthanum LAMIV3Q7 129
R - LEG FRACTURED TIBIA WITH CRUTCHES

45 Lanthanum LAMIV3O07? 130

R HEEL FRACTURE

46 Lanthanum LAMIV307 144
RIGHT INFERICR PUBIC RAMI FRACTURE PAIN

47 Lanthanum LAMIV3Q7 149
DISPLACED FRACTURE OF PATELLA R

48 Lanthanum LAMIV3O07 150
FRACTURED R LEG

49 Lanthanum LAMIV30? 150
L RIB FRACZTURE

50 Lanthanum LAMIV3Q7 155
FRACTURED HUMERUS

51 Lanthanum LAMIV307 155
SUPRA CONDYLOR R ELROW FRACTURE

52 Lanthanum LAMIV3O? 155
BROKEN TOE

53 Lanthanum LAMIV3(07 165
FX R ZYGOMATIC ARCH

%4 Lanthanum LAMIV30? 167
FPRACTURE RIGHT FOOT

55 Lanthanum LAMIV30? 167
FRACTURE, RT. HAND

56 Lanthanum LAMIVION? 167
COMPRESSION FRACTURE QF VERTEDRRAE

57 Lanthanum LAMIV30?T 187
COMPRESSION FRACTURE OF VERTEBRAE

58 Lanthanum LAMIVIQT 170
FRACTURED BACK

59 Lanthanum LAMIVIN? 170
L FOOT BONE - LITTLE TC:Z BROKEN 3 PLACES

60 Lanthaoum LAMIV3O?T 179
FRACTURE RIGHT TIBIA

61 Lanthanum LAMIV3IOT 177
HAIRLINE FX ELBOW

&2 Lanthanum LAMIV3O? lg2
BROKEN RING AND MIDDLE FINGER RIGHT HAND

63 Lanthanum LAMIV3NT 182

(R) BRCKEN COLLAR BCHNE
64 Lanthanum LAMIV3D7 i82
RIGHT HIP FRACTURE

£5 Lanthanum LAMIVIOT 186
(L} FOOT FRACTURE

66 Lanthanum LAMIVI0T 138
FRACTURED ANKLE

657 Lanthanum LAMIVS0T 1496
L ACETARULAR FRACTURE

68 Lanthanum LAMIV307 200
L ARM FRACTURE

69 Lanthanum LAMIVIOT 200

L CLAVICULE FRACTURE

Subject

1D

03002

03002

01002

010190

01001

01C12

01021

01011

01007

01008

03004

G1l042

G1032

02018

01064

gl01le

01027

01034

01034

01008

0zot1

03001

01003

019001

01014

61045

01012

01003

01003

01002

01002

Appendix 1, Table 2
25-Month Safety Database: Adverse Events Coded As

to

Event
{week) WHOART Preferred Term

97 FRACTURE-MNW

98 FRACTURE-NW

36 FRACTURE-NW

22 FRACTURE-NW

M
wn

FRACTURE-NW

77 FRACTURE-NW

6% FRACTURE-NW

36 YRACTURE-NW

35 FRACTURE-NW

9 FRACTURE~NW

30 FRACTURE-NW

66 FRACTURE-NW

b6 EFRACTURE-NW

85 FRACTURE-NW

43 FRACTURE-NW

21 FRACTURE-NW

56 FRACTURE-NW

47 FRACTURE-NW

17 FRACTURE-NW

18 FRACTURE-~NW

44 FRACTURE -NW

14 FRACTURE-NW

33 FRACTURE-NW

10 FRACTURE-NW

18 FRACTURE-NW

94 FRACTURE-NW

11 FRACTURE-NW

¢h FRACTURE-MNW

7 FRACTURE-NW

1 FRAUCTURE-NW

1 FRATCTURE-NW




70 Lanthanum LAMIV3GT 200 01002
LEFT ARM FRACTURE

71 Lanthanum LAMIV3O07? 206 01004
BROKE L FINGER

72 Lanthanum LAMIV307Y 206 01012
FRACTURED (R) HIP

73 Lanthanum LAMIV307 206 01012
FRACTURED FEMUR LEFT

74 Lanthanum LAMIV3Q? 206 01020
BROEKEN L FOOT

75 Lanthanum LAMIV30? 210 01006
BROKEN TOE R FOOT LRG. TOE

76 Lanthanum LAMIV3G7T 210 02002
(R} FEMUR FX

77 Lanthanum LAMIV3O07 213 01013
FALL WITH FRACTURE OF RIGHT METATARSALS

78 Lanthanum LAMIV307 213 010113
FRACTURE OF RIGHT METATARSAL

79 Lanthanum LAMIV3O? 213 01013

FRACTURE OF RIGHT 3RD AND 4TH METATARSAL

22

16

24

56

490

12

51
51

52

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-Nw

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-HNW
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Fracture 1n Fhase 2-3 Studies

Treatment Frotocol
No. Received Mo
Adverse Event Reported Term

80 Lanthanum LAMIV3IOT
LEFT ARM FRACTURE
81 Standard LAMIV3GL

FRACTURE ISCHIOPUBIC RAMUS LEFT

82 Standard LAMIV3O03
TRAUMATIC FRACTURE OF RADIUS

B3 Standard LAMIV3OZ
FRACTURA MANDIBULAE (CAR ACCIDENT)

84 Standard LAMIVIO3

Site Subject

Mo .

219

15

13

13

1B

0l002

G153

el

1301

1301

HOSPITALIZATION DUE TO FRACTURA MAMDIBULAE

85 Standard LAMIV3GT

103

AVULSION TIP (R} FEM GREATER TROCHANTER

Be Standard LAMIV3G7
R FOOT FX

87 Standard LAMIV3OT
FX L 5TH METATARSAL

88 Standard LAMIV3O?

FRACTURE R1T FLFTH METACARPAL
89 Standard LAMIV307
CLOSED FRACTURE LEFT HUMERUS

90 Standard LAMIV3IO?
FRACTURED L TOES

9: Standard LAMIVIO?
L WRIST HATIRLEINE FX

92 Standard LAMIV3OT
FA LEFT HAND

93 standard LAMIV3IOT
FX L HAND

34 Standard LAMIV307?
FX HUMERUS

95 Standarcd LAMIVID?

L MALLEOU3 FRACTURE

96 Standacd LAMIVIO?
CRACKED RIBS 5-9

97 Standard LAMIV30T
BROKEN 4TH TOE L FOOT

98 Standard LAMIV30?

RIGHT FRACTURED COLLARBONE

39 Standard LaMIvViQ?
LT BROKEN ARM

100 frandarcd LAMIV3OT
FRACTURETD R ANKLE

101 Standard LAMIV3O?
FRECTURED RIGHT ANKLE

102 ESrandard LAMIV3O?
R RIB FRACTURE

163 Standard LAMIV3O0T7
FRACTURE FOOQT

104 Standard LAMIV3ODT
FRACTURED R RIB

105 Standard LAMIV3QO?

INTERTROCHANTERIC LEFT HIP FRACTURE

106 Standard LAMIV3DT
R BRCKEN WRIST

107 Standarad LAMLIVADT
FRACTURE R tOOT

108 Standarxd LAMIV3IOT

INSUFFIC1ENCY FRACTURE BLGHT FOGT
109 Standard LAMIV Q7T
WORSENING LI CIMPEESSION FX
110 Standard LAMIY 30T
(L} HLP ERACTURE

103

112

120

121

122

122

122

124

126

126

01010

Q2002

ci01l

01006

01010

01001

01001

01001

01001

02004

01020

01009

01603

02001

010086

01020

01020

01001

01gi0

01011

01039

1048

01005

01027

41001

D101%

Appendix 1, Table 2
25-Month Safety Database: Adverse Events Coded As

Time to
Event
{week)

34

15

41

42

94

12

30

48

01

27

50

83

a3

86

i

17

30

10

27

28

62

1%

oy

WHOART Preferred Term

FRACTURE-NW

FRACTURE PATHOLOGICAL

FRACTURE-NW

FRACTURE -NW

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-~NW

FRACTURE-NW

FRACTURE ~NW

FRACTURE-NW

FRACTURE~NW

FRACTURE-NW

FRACTURE-NW

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE -HNW

FRACTURE-NW

FRACTURE-NW

FRACTURE -HW



111 Standard LAMIV3G7 165
UNDISPLACED FRACTURE L ILIAC BONE

112 Standard LAMIV3O0? 165
UNDISPLACED FRACTURE OF (L) ILIAC BONE

113 Standard LAMIV3IOTZ 165
COMPRESSION FX LA

114 Standard LAMIV3O? 167
LEET PUBIC RAMI FRACTURE

115 Standard LAMIV3G? 167
R FOOT FRACTURE

116 Standard LAMIV3Q7 167
FRACTURE R FCOT

117 Standard LAMIV3O7 167
BROKEN BONE L FOOT

118 Standard LAMIV30T 168
FRACTURED {R} SHOULDER/WRIST

119 Standard LAMIV3IOT? 168
FRACTURED R SHOULDER / WRIST

120 Standard LAMIV3QT 168

FRACTURED THORACIC VERTEBRAE

gl1001

01001

01001

01015

01042

01042

01042

Q1642

01002

02006

APPEARS THIS VAY
ON ORIGINAL

39

34

57

105

37

83

14

15

34

FRACTURE-NwW

FRACTURE~HW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NH

FRACTURE-NW

FRACTURE-NW

FRACTURE-HW

FRACTURE-NHW

FRACTURE -NW




Fracture in Phase 2-3 Studies

Treatment Protocol Site

No. Received No. No.
Adverse Bvent Reported Term

121 3tandard LAMIV3Q7 168
FRACTURED THORACIC VERTEBRAE

122 Standard LAMIV3O? 176
COMMINUTED FRACTURE OF LEFT SCAPULA

123 Standard LAMIV307 176
FRACTURE DISTAL PHALANX LT. 4TH FINGER

124 Standard LAMIV3Q7Y i91
{L) GREAT TOE STRES3 FRACTURE

125 Standard LAMTV3Q7 182
FRACTURED (L) HIP

126 Standard LAMIV30? 182
BROKEN TOE 4TH OM L FOOT

127 Standard LAMIV30? 182
BROKEN NOSE

128 Standard LAMIVIQT 184
VERTEBRAL COMFRESSION FXACTURES

129 Standard LAMIV30? 184
COMPRESSICN FX L4, L5

130 Standard LAMIV3iO7 las
L FRACTURE FEMUR

131 Standard LAMIV30Y 185
HBROKEN .JAW

132 Standard LAMIV3N? 185
EXACERBATION OF VERTEERAL COMPRESSION FX

133 Standard LAMIV307 185

EXACERBATION OF COMPRESSION FRACTURE

134 Standard LAMIV3O0?7 190
FRACTIURE O HI:

135 Srandard LAMIV3O0T7 192
FRACTUJRED R HAHE

lis Standard LAMIV3Q7 193

ANMKLE FRACTURE
137 Standard
FRACTURE OF RIGHT RIBS

LAMIV307 194

118 Standard LAMIV3Q7 158
NON-ULISPFLACEDN FRACTURE L 1ST METATARSAL

139 Standard LAMIV3O? 194
THANSYERSE FRACTURES 2ND-4TH METATARSALS

140 Standard LAMIV30? 193
STRESS FRACTURE | DISTAL TIBIA

141 Standard LAMIV3O07 200
HAIELINE L LEG FRACTURE

142 Standard LAMIV30?T 2906
FRACTURED R WRIST

143 Standard LAMIV3Q? 206
BROKEN/LACERATED L THUMB

114 Standarc LAMIV30T 206
FRACTURED HIF (L)

145 Standard LAMIV3G? 208
DISLOCATED/REFRACTURED HIP L

146 Standard LAMIV307? 208
MULTI?LE FRACTURES

147 Standard LAMIV30? 210
BROKEN (R) GREAT TCE

14% Standard LAMIV 30T 213
E ANKLE FRACTURE

144 Standard LAEMIVIOT 219
R HIP FHACTIRE

Subject

I

02006

01012

01012

61007

g1a1%

01023

01029

01007

01009

01011

0loze

01032

01032

01005

olooz

19302

02910

01602

01002

01062

¢io010

01001

01003

21608

n1o0s

02001

61011

01012

01007

Appendix 1,

Time te
Event

Onset Date ({(week)

11
76

84

63
17

54

35

34
100

"5

15
91
85
58
19

21

1.2
104

N

Table 2
25-Month Safety Database: Adverse Events Coded As

WHOART Preferred Term

FRACTURE -NR

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

CRACTURE~NW

FRACTURE -NW

FRACTURE - NW

FRACTURE-NW

FRACTURE -NW

FRACTURE-NW

FRACTURE-N®W

FRACTURE-NW

FRACTURE-NW

FRACTURE-HNW

FRACTURE-NW

FRACTIURE -NW

FRACTURE -NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE-NW

FRACTURE - NW

FRACTURE-NW

FRACTURE-NW

FRACTURE - W

FRACTURE-NW

FRACTURE-HNW

FEACTURE~-NW

FRACTURE-NW
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Appendix 3: Extract from original NDA review-Dr Pelayo

The sponsor alsoAppendix evaluated the number and percentage of patients whose serum
phosphate was controlled, i. e., between 1.3 mmoV/ L to 1.8 mmol/ L, in part 2 of the
study ( Table 1- ISE). Lanthanum treatment was statistically significantly better than
placebo in controlling scrum phosphate levels.

Table 1- ISE. Number (%) of Patients with Controlled Serum Phosphates — ITT
Population Lanthanum N= 17 n(%) Placebo N= 19 n(%) p- Value Week 5 13( 76.5) 14(
73.7) 1.0 End of Treatment 11( 64.7) 4( 21.1) 0.008 { FDA’s Analysis, Dr. Freidlin (
HFD- 710)]

Protocol LAM-IV- 204 ( US): This was a randomized, double blind, placebo controlled,
parallel group, dose ranging study of lanthanum carbonate in subjects with ESRD
receiving hemodialysis. Patients were randomly allocated, ina 1: 1: 1: 1: | ratio, to daily
doses of lanthanum carbonate 225 mg, 675 mg, 1350 mg, 2250 mg or placebo. Study
drug ( chewable tablets) was taken three times a day with meals. The study had three
phases: 1) 1 to 3- weck single blind placebo run in4 , 2) followed by randomization of
eligible subjects into a six weck double blind treatment phasc, and a 2 week, single blind
placebo run out phase. The primary endpoint was the reduction of pre- dialysis serum
phosphatc levels from washout levels following six weeks of treatment.

A total of 145 subjects were randomized to double blind treatment, placebo n= 32,
lanthanum 225 mg/ day n= 28, 675 mg/ day n= 29, 1350 mg/ day n= 30, and 2250 mg/
day n= 26. Fighty patients { 55%) were male, 102 ( 71%) black, 36 ( 25%) whites, and 6 (
4%) other races. The average age was 56.4 years. The mean duration of dialysis range
from 2.5 to 4.3 years.

Active- Controlled Studies LAM- [V- 301, and - 307 Protocol LAM- IV- 301 ( EU): This
was an open- label, randomizedS8 ( 2: I ratio to either lanthanum carbonate or calcium
carbonate? ), active comparator controlled, parallel group study of lanthanum carbonate
in patients with ESRD receiving hemodialysis. Lanthanum carbonate and calcium
carbonate were taken ( chew} after meals and titrated as needed from 375 mg to 3000 mg
( elemental lanthanum) and 1500 mg to 9000 mg ( elemental calcium), respectively, to
achieve a phosphate level of = 1.8 mmol/ L. The study had the following periods: 1) 1 to
3- week screening and washout period, 2) randomization followed by 5- week dose
titration period, 3) 20- week treatment phase, 4) a 24- week extension phase during which
all patients reccived fanthanum carbonate, and 5) an optional 2- year extension phase. 10
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A total of 800 patients rcceived at least one dose of study drug, 533 received lanthanum
carbonate and 267 received calcium carbonate. 11 The patient population was primarily
male ( 65.3%), white ( 96.2%) with a mean age of 57.7 years.

Protocol LAM- V- 307 ( US): This was an open- label, randomized, multicenter, Phasc
I, comparator controlled, parallel group study of the long tern safety of lanthanum
carbonate for controlling hyperphosphatemia in chronic renal failure patients undergoing
hemeodialysis threc times per week. The study had the following periods: 1) screening and
I to 3- week washout period, 2) randomization by 6- week dose titration period (
phosphate binders to be titrated to achieve a phosphate level of = 5.9 mg/ dl), and 3) a 24
months maintenance phase.

Eligible patients were randomized 1: 1 ( 500 patients per arm) to either lanthanum
carbonate up to a maximum of 3000 mg/ day or their pre- study standard therapy, which
was ong or more of the available phosphate binders, i. e., Renagel . { 17%), Phoslo . (
34.5%) or Tums .  calcium carbonate, 44.%). 12 The primary efficacy endpoint in this
study was the predialysis PO4 levels ( PSPL), which were measured at the first dialysis
sessions of study visits, including pre- study and washout.

Fifty- nine percent of the study population was male with an average age of 55.3 years,
race was evenly distributed between Caucasian and Black, 46.2% versus 43.0%,
respectively

The primary efficacy endpoint in this study was the predialysis serum PO4 levels (
PSPL), which were measured at the first dialysis sessions of study visits weck 1 to week
7, 1. e, titration period ( Figure 5- In both treatment groups serum PO4 levels declined
over time. However, when compared between treatment groups, the change from baseline
serum phosphorus level to each follow- up week of dose titration, a greater reduction
occurred for pattents on standard therapy ( p= 0.000).

Efficacy Conclusions: The sponsor is seeking the following indication: “ FOSRENOL . is
indicated for C
a

A conclusion as to the effectiveness of FOSRENOL . ( lanthanum carbonate) to control
hyperphosphatemia, i. ¢., to reduce and maintain serum phosphorus levels within normal
level, in patients with end- stage renal disease undergoing dialysis could be arrived at
from the results of the double- blind, placebo- controlled studies LAM- IV- 202 ( UK), -
204 ( US), and - 302 ( US). In the aggregate, the data indicate that lanthanum carbonate
when administered orally three times a day with meals as comparcd with placebo is an
effective phosphate binder in that reduces ( LAM- IV- 202, - 204, and - 302) and
maintains ( LAM- IV- 202 and - 302) serum phosphorus Icvels within normal range in a
statistically significant number of subjects. The doses tested in those studies ranged from
225 mg to 3000 mg daily.
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The effectiveness of lanthanum carbonate to control hyperphosphatemia in patients with
end- stage renal disease undergoing dialysis was also compared in open- label studies to
calcium carbonate ( LAM- IV- 301} and to standard therapy ( LAM- [V- 307). |

Of note, the FDA has not approved calcium carbonate |3 for use as a phosphate binder.
Notwithstanding, after 5 wecks of treatment, lanthanum carbonate was significantly less
cffective than calctum carbonate in controlling hyperphosphateria in patients with end
stage renal disease ( LAM- 1V- 301). This disparity in effectiveness between the drugs
was not longer present by wecek 25.

The results from study LAM- 1V- 307 data indicate that lanthanum carbonate, when
compared with standard therapy, is significantly inferior in reducing/ maintaining serum
phosphorus levels in patients with end stage renal disease, and thus controlling
hyperphosphatemia.

In summary, the data from the clinical development program of FOSRENOL . {
lanthanum carbonate) supports the notion that this drug product is a phosphate binder,
however its ability to bind phosphate is inferior to currently approved phosphate binders.

INTEGRATED SUMMARY OF SAFETY

The primary focus of this section is on the adequacy of safety testing and asscssments
carried out in the clinical development program with the main objective of delineating the
safety profile of FOSRENOL . ( lanthanum carbonate). To this end the medical reviewer
utilized NDA desk copies and the electronic version provided with the original
submission, SAS datafiles14 and as well as material provided by the sponsor in response
to special requests, i. ¢., ECG[5 , overall mortality16 data and incidence of bone
fractures. The safety information provided by the sponsor in the four- month safcty
update was also reviewed and the results were incorporated in this integrated review of

safety.

The approach used in the delineation of the safety profilc of FOSRENOL . in
hyperphosphatemic patients with end- stage renal disease undergoing dialysis included:
examination of the clinical database for deaths, discontinuations, serious adverse events,
as well as an analysis of the routinely coliected safety data (1. e., treatment emergent
adverse events, laboratory findings, and vital signs). ECG data were evaluated
spectfically to determine whether lanthanum carbonate causes changes in QT/ QTc. To
determine whether lanthanum carbonate has an adverse ¢ffect on bone formation results
from bonc biopsies and incidence of fractures were examined.

Clinical Safety Data: Safety data from the following studies were examined: 11 clinical
pharmacology Phase [ studies in healthy volunteers and patients with ESRD ( LAM- V-
101, 104, 105, 108, 109, 110, 111, 112, 113, 114, and 115) 17 and 8 Phase II- III studies (
LAM-1IV- 202, 204, 205, 301, 302, 303, 307, and 308).
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The safety iformation derived from the pharmacology Phase I studies is limited given
the short- term exposure and that few subjects were evaluated, lanthanum carbonate n=
179 and placebo/ other n= 76.

Studies LAM-1V- 202, 204, and 302 were placebo- controlled trials of short duration,
randomized treatment ranged from 4 to 6 weeks, and enrolled few patients each;
lanthanum carbonate 17 and placebo 19, lanthanum carbonate 113 and placebo 32, and
lanthanum carbonate 50 and placebo 44, respectively.

Study LAM- IV- 303 evaluated a small number of patients, 49 in each lanthanum

carbonate and calcium carbonate18 groups, approximately two- thirds of these patients
had bone biopsy data collected and were

Figure 1-ISS. Number of Patients Receiving Multiple Doses of Active Treatment in Phase 1T and 111
Studies

*D—L anthanum
‘@ Standard

Number of Patients

S0 31 52 33 36 3 42 1B 24
<1 <2 <3 <6 <9 <12 <18 <24

Month
{Sponsor’s analysis, adapted from NDA 21468, Four-Month Safety Update, Table 8.8-1 i.]

Overall there was a greater rate of discontinuation in lanthanum-treated subjects/patients than for those
subjects/patients receiving placebo or active control phosphate binders (sce below). Because of this
imbalance in withdrawal rate, the mean exposure to study drug for all Phase 1} and 111 studies was

significantly less for lanthanum carbonate than for placebo or active control phosphate
binders, 246.2 days versus 330.2 days, respectively. 20 Noteworthy, most of the long-
term exposure to lanthanum and thus long- term safety data come from open- labet and
more importantly uncontrolled studies ( LAM- IV- 205, 308, and 301).

Subjects/ Patients Discontinuations: In the Phase I studics 15.1% ( n= 27) of the subjects
discontinued prematurely in the lanthanum group versus 6.6% ( n= 5) of the subjects
receiving placebo/ other. In the Phase II- III short- term studies21 the rate of withdrawal
was higher for those patients receiving lanthanum carbonatc than for the placcbo- treated
patients, 32.2% ( n= 96) versus 28.4% ( n= 27). Similarly, in the Phase 11l long- term



studies2? the percentage of patients discontinuing lanthanum carbonate therapy was
greater than for active control phosphate binders, 60.4% versus 41.4%.

In the majonty of the studies the described discrepancy in discontinuation rates between
treatment groups was in part due to the fact that subjects/ patients receiving lanthanum
carbonate discontinued prematurely because of adverse events or consent withdrawal at a
greater rate than those receiving placebo or active control phosphate binders. In all Phase
IT and {I studies, more lanthanum- treated patients than those subjects receiving placebo
or standard therapy were discontinued because of adverse events ( 15.6% versus 5.1%),
consent withdrawal ( 10.7% versus 5.3%), protocol violations ( 4.5% versus 1.2%), and
safety related criteria ( 4.7% versus 3.1%).

Deaths: The analysis of deaths performed by the sponsor and reported in the original
NDA submission and four- month safety update was based on the deaths that occurred
while patients were on a study,

According to the report in the four- month satety update, no subjects died during the
Phase I studies, during the short- term Phase I1- 1 studies, 2 patients ( 0.7%) treated with
lanthanum carbonate died and no patients treated with placebo died. In the long- term
studies, 66 patients ( 4.5%) treated with lanthanum carbonate died and 83 patients (
9.1%) treated with active control phosphate binders died while on study, according to the
sponsor this difference was statistically significant ( p< 0.001).

Because patients who were withdrawn prematurely from any of the clinical trials were
not followed up to study’s completion and the marked differcnce in withdrawal rates
among groups, the sponsor was asked by the Division of CardioRenal Drug Products to
collect up to date mortality data from all the patients who participated in the clinical
development program of FOSRENOL . . In response to that request the sponsor mailed a
one- page contact form to each study site for each individual patient who participated in
any Phase I1- II] studies. According to the sponsor a total of 2519 patients received at
least one active treatment in Phase II- HI studics since 162 patients died while on study
the contact form was sent out to the remaining 2357 patients during September 2002. As
of October 31, 2002, 1974 forms were returned and the information entered into the
database. In addition * four known deaths that occurred during the 30 days follow- up
period post study were [ also] entered into the database.”” According to the sponsor, « the
present mortality data represents a follow- up rate of 85% [( 162+ 1974+ 4)/ 2519].”

Table 1- ISS summarizes number and percentage of deaths according to the four- month
safcty update cut- off date of May 30, 2002, and the updated mortality data cut- off date
of October 30, 2002. The updated mortality data underscores the misleading effect that
missing data could have in the interpretation of any study, in that the statistically
significant difference in mortality rates in favor of lanthanum documented in the four-
month safety update vanishes when a follow- up rate of 85% was achieved. The updated
mortality data indicate that mortality rates were slightly higher in the lanthanum group as
compared with the standard therapy group, 21.9% versus 19.4%.
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In a meeting held with the sponsor on December 3, 2002, the Division of CardioRenal
Drug Products reiterated to the sponsor the need to collect mortality data in 100% of the
patients. In response to the Division’s request the sponsor submitted on December 20,
2002, an updated version of the mortality data,

Albeit, the safety data resulting from Phase I studies and short- term phase 1I- HI placebo-
controlled studies contribute to delineate the safety profile of short- term exposure to
lanthanum carbonate, the long- term safety of lanthanum carbonate can not be inferred
from such studies. In this regard, the long- term safety of lanthanum carbonate must be
surmised from the active- controlled and open- label long- term studies LAM- IV- 301, -
303, and - 307.24 However, there are significant inadequacies with the design of the
studies as well as a significant imbalance in drug exposure that together prevents the
characterization of the long- term safety profile of lanthanum carbonate in this population
with any degree of confidence. 25 Notwithstanding the marked deficiencies already
mentioned, Table 4- ISS summarizes adverse events occurring with an incidence = 10%
by treatment group. Noteworthy, cach adversc event, regardless of body system, with an
incidence = 10% invariably occurred at a greater rate in active control than in lanthanum
carbonate, and the noted differences were statistically significant in 24 out of a total of 26
distinct adverse cvents, with p- values ranging from < 0.05 to < 0.001.

This outcome represents both a medical as well as a statistical anomaly and in all
likelihood the result of: 1) a significantly higher rate of discontinuation and thus shorter
exposure to lanthanum carbonate, and 2) the long- term studies’ open- label design that
could have led to significant underreporting of adverse events due to investigators’
biases. These deficiencies made safety comparisons significantly biased unquestionably
in favor of lanthanum carbonate treatment preventing an accurate delineation of the long-
term safety profile of the drug. Unfortunately, hitherto, there is not a statistical analysis
that could accurately either remedy deficiencies in study design and investigators’ biases
or substitute for missing data.

Discontinuations Due to Adverse Events: In the short- term studies 26 ( 8.7%) patients
receiving lanthanum carbonate and 5 ( 5.3%) patients treated with placebo discontinued
due to adverse events. Overali, 236 ( 16.0%) of patients treated with lanthanum carbonate
discontinued treatment during the long- term Phase II- Il studics while 46 ( 5.1%) of
patients treated with active control discontinued ( p< 0.001). 26 A total of 190 patients
representing 80.5% of all the discontinuations in the lanthanum carbonate group
withdrew prematurely from the study because of adverse events related to the
gastrointestinal system; nausca, vomiting, diarrhea and abdominal pain were the major
causes leading to discontinuation in this group ( Table 5- ISS). The results indicate that
lanthanum carbonate 15 significantly less well tolerated than other phosphate binders.

Studies Specifically Conducted to Assess Safety: Study LAM- TV- 303 assessed the
effect of lanthanum carbonated compared with calcium carbonate on renal bone disease
by comparing bone tissue obtained from paired biopsics. Of the 98 patients randomized
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into the study, 71 patients received a follow- up biopsy after 52 weeks of treatment, and
therefore provided paired biopsy data, however only 63 pairs of biopsies were suitable for
histomorphometric measurements.

‘The sigmificance of the bone biopsy findings is questioned because according to the
sponsor * there was lirnited data available on which to base the sample size estimates,
therefore numbers were based on practical rather than statistical considerations.” Thus the
study was not powered to rule out whether lanthanum carbonate has deleterious effect( s)
in bonc formation as compared with active control. The interpretation of the findings is
further confounded by the fact that calcium carbonate, the active control, is not an FDA
approved phosphate binder thus its safety profile, as compared with placcbo/ standard
therapy, 1s unknown to the Division of Cardio- Renal Drug Products.

Mineralization lag time the primary efficacy endpoint of the study, defined as the mean
time interval between deposition and mineralization of any volume of matrix averaged
over the entire life span of the osteoid seam, is a key variable for the assessment of new
bone formation. The median z- scores of mineralization lag time indicate that patients in
the lanthanum carbonate group had slower bone formation than those patients receiving
the active control, + 0.8 versus + 3.975, respectively.

Specific Findings of Safety Review Plasma and Bone Tissue Levels of Lanthanum: Data
on plasma and bone tissue levels of lanthanum from Study LAM- IV- 303 is next
presented. Plasma lanthanum levels were measured at weeks 0, 12, 24, 36, 48 and 52.27
In lanthanum- treated patients there were increases in plasma lanthanum for all doses
admimstered compared with baseline levels- in baseline plasma samples lanthanum was
not detectable. Albeit the small sample size prevents one to be conclusive as to whether
there 1s a dose relationship, plasma lanthanum levels appear to be dose- dependent (
Figure 2- [SS).

and/ or plasma and tissue levels, for the absorption and accumulation of lanthanum.
Simply said the sponsor failed to properly study the absorption, distribution, and extent of
accumulation and elimination of lanthanum either in a healthy or ESRD populations.

Bone fractures:

The nterpretation of the incidence rates for bone fractures is significantly confounded,
among others, by 1) the observation of very few events during the comparative period of
the phasc II- IIT studies, 2) the fact that except for study LAM- I'V- 307 the other studics
comparative phases were very short in duration, and 3) that there was a marked
imbalance in patient discontinuation rates in study LAM- V- 307, 65.1% versus 45.6%
respectively for lanthanum and comparator. 28 Therefore, it cannot be concluded whether
lanthanum carbonate, as compare with standard therapy, is associated with a greater rate
of bone fractures.

2. The results from pre- clinical studies submitted in NDA 21- 468 indicate that
lanthanum when administered orally undergoes gastrointestinal absorption, which results
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in tissue ( bone, heart, kidney, liver, etc.) accumulation in healthy animals with normal
renal function. The la:ter is relevant in that one of the routes for lanthanum excretion is
the kidney. 33 Review of the pre- clinical data also suggests that lanthanum plasma levels
have no predictive value as far as tissue levels and by and large lanthanum levels in
tissues are significantly greater, by many order of magnitude, than plasma levels.
Furthermore, the extent of tissue accumulation of lanthanum appears to be both dose and
time dependent.

3. Pre- clinical studies performed by the sponsor34 and by other investigators35 in a
chronic renal failure rat model indicate that lanthanum carbonate results in a dose-
dependent decrease in bone formation and osteomalacia. In this regard, in study LAM-
IV- 303 the median z- scores of mineralization lag time obtained from bone biopsies
indicate that patients in the lanthanum carbonate group had slower bone formation than
those patients receiving the active control.

4. As was the case in animals, data from clinical trials indicate that lanthanum also
undergoes gastrointestinal absorption in humans, in that lanthanum can be detected in
plasma of paticnts exposed to it ( oral administration). Plasma levels of lanthanum appear
to be influenced by dose and length of exposure. Analysis of bone biopsy material from
study LAM- IV- 303 provides irrefutable evidence that there is tissue, i. e., bone,
accumulation of lanthanum in humans, thus one could infer that the tissue accumulation
of lanthanum is widespread. Because of the compromised ability to eliminate any
administered lanthanurn, due to renal impairment, the population for which the use of
lanthanum is intended might experience over time significant accumulation of lanthanum
in vital tissues. The results from study Lam-'TV- 111 indicate that lanthanum is not
dialyzable to any significant extent through hemodialysis. 36 Albeit, the available data
clearly indicate that lanthanum is absorbed in the gastrointestinal tract, the sponsor failed
to assess how much is absorbed and to describe its fate. Based on the pre- clinical data is
reasonable to conclude that tissue accumulation of lanthanum in humans will
significantly increase not only with dose but also with time of exposure. It could be
argued that the morbidity associated with lanthanum administration may change
significantly over time. The latter is relevant because the patient population for whom
lanthanum is intended requires treatment with a phosphate binder for many years, that is
up until the time of either kidney transplant or death occurs.

5. Of note, patients who were withdrawn prematurely from any of the clinical trials were
not followed up to study’s termination date. In the long- term study LAM- 1V- 307, the
largest of all the clinical trials 647 patients received lanthanum and 642 received standard
therapy, lanthanum- treated patients had a significantly higher rate of discontinuation
than those patients treated with standard therapy, 62.7% versus 42.3%. The latter resulted
in patients in the lanthanum group having a significantly shorter drug exposure to study
drug than those subjects in standard therapy. Mean exposurc was 284.3 days for the
lanthanum group versus 397.0 days for the standard therapy group ( p=0.001). 37 In the
study LAM-IV- 301 the safety of lanthanum carbonate ( n= 533} is compared with that
of caicium carbonate ( n=267) for only 25 weeks, i. e., five weeks during the titration
phase and 20 weeks during the maintenance phase, thereafter subjzcts were switched to



136

lanthanum carbonate. Noteworthy, calcium carbonate is not an FDA approved phosphate
binderthus its safety profile, as compared with placebo or standard therapy, is unknown
to the Division of Cardio- Renal Drug Products. Finally, studies LAM- TV- 301 and 307,
in which the safety of lanthanum carbonate versus that of calcium carbonate or standard
therapy 1s compared, had an open- label design, which could have led to significant
underreporting of adverse events due to investigators” biases. Thus, because of the lack of
adequate follow- up coupled with shorter drug exposure for the lanthanum group in study
LAM- IV- 307 in addition to the long- term studies’ open- label design, safety
comparisons are significantly biased unquestionably in favor of lanthanum carbonate
treatment.

6. Patients receiving lanthanum carbonate as compared with those subjects receiving
placebo or standard therapy had greater discontinuation rates, primarily because of a
greater incidence of adverse events and consent withdrawal; indicating that lanthanum is
significantly less well tolerated than either placebo or standard therapy.

7. Noteworthy, a large portion of the log- term exposur'c to lanthanum and thus the long-
term safety data are derived not only from open- label but also uncontrolled studies (
LAM- IV- 205, 308, and 301). 38

8. ECG data obtained from patients randomized into study LAM- 1V- 307 suggest that
long- term exposure to lanthanum causes prolongation of the QT interval, which in tum
could be associated with significant morbid and mortal cvents.

9. The updated mortality data, in which mortality data arc available for 94.5% of the
patients 39 , indicate that mortality rates were higher in patients receiving lanthanum as
compared with those paticnts treated with active controls, with a difference between
treatment groups ot 4.4% against lanthanum carbonate.

10. Fmally, statistical analyses can accurately neither substitute for missing data nor
rectify for deficiencies in study design, investigators’ biases, and differences in drug
exposure.

Safety Conclusions: The short- term exposute to lanthanum carbonate is mostly
characterized by adverse events related to the gastrointestinal system such as nausca,
vomiting, diarthea, and abdominal pain. Of note, these gastrointestinal manifestations
were the major cause leading to discontinuation in this group, indicating that lanthanum
carbonate is significantly less well tolerated than placebo or standard therapy.

Conversely, the safety of long- term exposure to lanthanum carbonate, for the reasons
discussed in detail above, cannot be defined with any degrec of confidence.
Notwithstanding, it is of major concern 1) the detrimental effect that lanthanum has on
bone mineralization lag time, 2) that long- term exposurc to lanthanum may cause
prolongation of the QT interval, and 3) higher mortality rates in patients receiving
lanthanum as compared with those paticnts treated with active controls, with an absolute
difference of ~ 4.4%.



Fosrenol 1s available as a chewable unflavored tablet in two dosage strengths ( 250 mg,
and 500 mg) for oral admintstration.

Demographics and other characteristics of study population in phase i studies, the
majority of subjects were male { 81.6% of subjects who received lanthanum carbonate,
100% of subjects who received placebo) and caucasian { 84.9% and 82.9%, respectively).
the mean age was similar for the two treatment groups: 29.5 years for subjects who
reccived lanthanum carbonate, and 25.7 years for subjects who received placebo; ages
ranged from 18 to 67 years.

of the 1672 patients who received lanthanum carbonate treatment in the phase ii- iii

studies, the majority were male ( 61.8%), caucasian ( 67.5%), and the mean age was 56.3
years ( range: 19 to 87 years). patients were cvenly distributed among the 3 age groups of
18 to 50 years, 51 to 64 years, and 65 years and older, with 32.0% to 34.8% of patients in

cach.

95 patients were treated with placebo.

there were more male than female patients in each treatment group { 62.1% of patients
treated with lanthanum carbonate were male, 54.7% of patients treated with placebo were
male). race was fairly evenly divided between caucasian and black in both treatment
groups ( range of 44.0% to 47.7% for cach race). patients were almost equally divided
among the 3 age groups of 18 to 50 years, 51 to 64 years, and 65 years and older ( 28.2%,
35.2%, and 36.6% respectively, for the lanthanurn carbonate treatment group and 29.5%,
30.5%, and 40.0%, respectively, for the placeba treatment group).

carbonate and 909 patients were treated with active control. patients’ demographics were
either identical to or consistent with those previously reported in the nda. there were more
male than female patients in each treatment group ( 61.9% of patients treated with
lanthanum carbonate were male, 61.3% of patients treated with active control were male).
race was predominantly caucasian ( 68.9% of patients treated with lanthanum carbonate,
61.5% of patients treated with active control). patients were almost equally divided
among the 3 age groups of 18 to 50 years, 51 to 64 years, and 65 years and older (33.7%,
34.9%, and 3 1.3%, respectively, for patients treated with lanthanum carbonate and 3
3.8%, 34.9%, and 31.2%, respectively, for patients treated with active control).

use in special populations the studies submitted in support of this NDA did not evaluate
patients within the pediatric age groups. the reader is referred to the integrated summary
of efficacy where the effectiveness of lanthanum carbonate in sub- populations based on
age, race, and gender is presented.

integrated summary of efficacy the effectiveness of lanthanum carbonate in reducing and
maintaining serum phosphate levels in hyperphosphatemic patients, male or female aged



18 or older, with end-stage renal disease (ESRD) undergoing hemo- or peritoneal-
dialysis has been evaluated in five placebo- or active- controlled phase ii ( LAM - IV -
202 and 204) and i1i ( LAM - IV - 301, 302 and 307) clinical studies conducted in the us
and europe. the efficacy of lanthanum carbonate was assessed by examining the change
from baseline in serum phosphate levels and the proportion of patients whose serum
phosphate levels were controlled, i. e., serum phosphate = 5.6 mg/ dl for european studies
(lam- iv- 202, and - 301) and = 5.9 mg/ dI for the us studies ( lam- iv- 204, - 302, and -
307), an intent to treat approach was used to evaluate efficacy.

studies LAM - IV- 202, - 204, and - 302 had a randomized, double blind, placebo-
controlled and parallel group design; while lam- iv- 301 and - 307 were randomized,
open- label, active- controlled and parallel group studies. in total the studies randomized
2303 patients, 1329 received lanthanum carbonate and 974 received either placebo ( n=
95) or other phosphate binders ( n= 879). in studies lam- iv- 202, - 204, and - 302 180
patients received lanthanum carbonate and 95 received placebo. in study LAM- IV - 301
the comparator was calcium carbonate ( n=267) and 533 patienis were treated with
lanthanum carbonate. study LAM — IV - 307 compared the effects of lanthanum
carbonate in 616 subjects versus the effects of standard therapy on 612 patients. standard
therapy in that study comprised the used of the following commercially available
phosphate binders: renagel . , phoslo . and tums . .3 treatment duration in the
aforementioned studies ranged from 4 weeks to 23 months.

placebo- controlled studies lam- iv- 202, - 204, and - 302 protocol lam- iv- 202 ( uk): this
was a randomized, double blind, placebo controlled, parallel group, dose ranging study of
lanthanum carbonate in subjects receiving hemodialysis or capd. the study had two parts:
1) 2- week washout period, followed by a four- week titration (lanthanum carbonate 375
mg to 2250 mg) until the serum phosphate reached and was maintained at a level between
1.3 mmol/ I to 1.8 mmol/ I, and 2) a four- week double blind, paraliel group phase where
patients were randomized to receive either their maintenance dose of lanthanum or
placebo.

3 renagel . ( sevelamer hydrochloride), and phoslo .  calcium acetate) are fda- approved
phosphate binders, however tums . an over the counter formulation of calcium carbonate
has not been approved by

Safety Conclusions

No lanthanum-related deaths were observed. There was no evidence of aluminum-like
effects observed in bone or impaired cognitive function. Other clinical parameters,
including ECGs and liver function tests, showed no significant changes. There was no
evidence of an adverse trend in survival against lanthanum compared to standard therapy.
However, many factors influenced making such comparisons, including patient attrition
due to difterent rates of discontinuation and the high background mortality rate of ESRD.
Other secondary factors contributing to mortality included the role of vascular cctopic
calcification and consequent atherosclerotic vascular disease.

A synopsis of the efficacy and safety review is described briefly below:



The results from study LAM- IV- 307 data indicate that lanthanum carbonate, when
compared with standard therapy, is significantly inferior in reducing/ maintaining serum
phosphorus levels in patients with end stage renal disease, and thus controlling
hyperphosphatemia.

Efficacy Conclusions

In summary, the data from the clinical development program of FOSRENOL (lanthanum
carbonate) supports the notion that this drug product is a phosphate binder, however its
ability to bind phosphate is inferior to currently approved phosphate binders.

The reviewer of the original NDA concluded that orally administered lanthanum three
times a day with meals is an effective phosphate binder compared with placebo.
Furthermore lanthanum maintains serum phosphorous levels within normal range in a
statistically significant number of subjects using doses ranging from 225 mg to 3000 mg
daily.

The reviewer noted that the Agency had not approved calcium carbonate for the
indication of phosphate binding. Notwithstanding this observation, calcium carbonate
appeared to be more effective in controlling hyperphosphatemia in patients with ESRD,
albeit ephemeral, as the superiority of calcium carbonate over lanthanum was. no longer
evident after 25 weeks of administration (Study 301).

The current reviewer of this NDA notes that lanthanum carbonate is equally effective in
the treatment of hyperphosphatemia but it would appear that it takes a longer time to do
so than the comparators used in the standard treatment. There is compelling evidence that
it is more cffective than placebo in ESRD. On this basis it can be concluded that there is
clinical benefit. For approval, safety of lanthanum carbonate should be established.

Safety The primary focus of this section is on the adequacy of safety testing and
assessments carried out in the clinical development program with the main objective of
delineating the safety profile of FOSRENOL . (lanthanum carbonate). To this end the
medical reviewer utilized NDA desk copies and the electronic version provided with the
onginal submission, SAS datafiles14 and as well as material provided by the sponsor in
response to special requests, 1. e., ECG135 , overall mortality16 data and incidence of bone
fractures. The safety information provided by the sponsor in the four- month safety
update was also reviewed and the results were incorporated in this integrated review of
safety.

The approach used in the delineation of the safety profile of FOSRENOL. in
hyperphosphatemic patients with end- stage renal disease undergoing dialysis included:
examination of the clinical database for deaths, discontinuations, serious adverse events,
as well as an analysis of the routinely collected safety data ( i. e., treatment emergent
adverse events, laboratory findings, and vital signs). ECG data were evaluated
specifically to determine whether lanthanum carbonate causes changes in QT/ QTc. To
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determine whether lanthanum carbonate has an adverse effect on bone formation results
from bone biopsies and incidence of fractures were examined.

Clinical Safety Data: Safety data from the following studies were examined: 11 clinical
pharmacology Phase I studies in healthy volunteers and patients with ESRD ( LAM- 1V-

101, 104, 105, 108, 109, 110, 111, 112, 113, 114, and 115) 17 and 8 Phase Ii- III studies (
LAM-1V- 202, 204, 205, 301, 302, 303, 307, and 308).

The safety information derived from the pharmacology Phase I studies is limited given

the short- term exposure and that few subjects were evaluated, lanthanum carbonate n=
179 and placebo/ other n= 76.

Studies LAM- [V- 202, 204, and 302 were placebo- controlled trials of short duration,
randomized treatment ranged from 4 to 6 weeks, and enrolled few patients each;

lanthanum carbonate 17 and placebo 19, lanthanum carbonate 113 and placebo 32, and
lanthanum carbonate 50 and placebo 44, respectively.

Study LAM- [V- 303 evaluated a small number of patients, 49 in each lanthanum

carbonate and calcium carbonate18 groups, approximately two- thirds of these patients
had bone biopsy data collected and were

significantly less for lanthanum carbonate than for placebo or active control phosphate
binders, 246.2 days versus 330.2 days, respectively. 20 Noteworthy, most of the long-

term exposure to lanthanum and thus long- term safety data come from open- label and
more mportantly uncontrolled studies ( LAM- 1V- 205, 308, and 301).

Subjects/ Patients Discontinuations: In the Phase I studies 15.1% ( n= 27) of the subjects
discontinued prematurely in the lanthanum group versus 6.6% ( n= 5) of the subjects
receiving placebo/ other. In the Phase II- I short- term studies2! the rate of withdrawal
was higher for those paticnts receiving lanthanum carbonate than for the placebo- treated
patients, 32.2% ( n= 96) versus 28.4% ( n=27). Similarly, in the Phase III long- term
studies22 the percentage of patients discontinuing lanthanum carbonate therapy was
greater than for active control phosphate binders, 60.4% versus 41.4%.

In the majority of the studies the described discrepancy in discontinuation rates between
trecatment groups was in part due to the fact that subjects/ patients receiving lanthanum
carbonate discontinued prematurely because of adverse events or consent withdrawal at a
greater rate than those receiving placebo or active control phosphate binders. In all Phase
Il and Il studies, more lanthanum- treated patients than those subjects receiving placebo
or standard therapy were discontinued because of adverse events ( 15.6% versus 5.1%),
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consent withdrawal ( 10.7% versus 5.3%), protocol violations ( 4.5% versus 1.2%), and
safety related criteria ( 4.7% versus 3.1%).

Deaths: The analysis of deaths performed by the sponsor and reported in the original
NDA submission and four- month safety update was based on the deaths that occurred
while patients were on a study.

According to the report in the four- month safety update, no subjects died during the
Phase [ studies, during the short- term Phase II- Il studies, 2 patients ( 0.7%) treated with
lanthanum carbonate died and no patients treated with placebo died. In the long- term
studies, 66 patients ( 4.5%) treated with lanthanum carbonatc died and 83 patients (
9.1%] trcated with active control phosphate binders died while on study, according to the
sponsor this difference was statistically significant ( p< 0.001).

Because pattents who were withdrawn prematurely from any of the clinical trials were
not followed up to study’s completion and the marked difference in withdrawal rates
among groups, the sponsor was asked by the Division of CardioRenal Drug Products to
collect up to date mortality data from all the patients who participated in the clinical
development program of FOSRENOL . . In response to that request the sponsor mailed a
one- page contact form to each study site for each individual patient who participated in
any Phase II- III studies. According to the sponsor a total of 2519 patients received at
least one active treatment in Phase II- JII studies since 162 patients died whilc on study
the contact form was sent out to the remaining 2357 patients during September 2002. As
of October 31, 2002, 1974 forms were returned and the information entered into the
database. In addition “ four known deaths that occurred during the 30 days follow- up
period post study were { also] entered into the database.” According to the sponsor, * the
present mortality data represents a follow- up rate of 85% [( 162+ 1974+ 4)/ 2519].”

Table 1- ISS summarizes number and percentage of deaths according to the four- month
safety update cut- off date of May 30, 2002, and the updated mortality data cut- off date
of October 30, 2002. The updated mortality data underscores the misleading effect that
missing data could have in the interpretation of any study, in that the statistically
significant difference in mortality rates in favor of lanthanum documented in the four-
month safety update vanishes when a follow- up rate of 85% was achieved. The updated
mortality data indicate that mortality rates were slightly higher in the lanthanum group as
compared with the standard therapy group, 21.9% versus 19.4%.

In a meeting held with the sponsor on December 3, 2002, the Division of CardioRenal
Drug Products reiterated to the sponsor the need to collect mortality data in 100% of the
patients. In response to the Division’s request the sponsor submitted on December 20,
2002, an updated version of the mortality data,

Albett, the safety data resulting from Phase I studies and short- term phase II- HI placebo-
controlled studies contribute to delineate the safety profile of short- term exposure to
lanthanum carbonate, the long- term safety of lanthanum carbonate can not be inferred
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from such studies. In this regard, the long- term safety of lanthanum carbonate must be
surmised from the active- controlled and open- label long- term studies LAM- 1V- 301, -
303, and - 307.24 However, there are significant inadequacies with the design of the
studies as well as a significant imbalance in drug exposure that together prevents the
characterization of the long- term safety profile of lanthanum carbonate in this population
with any degree of confidence. 25 Notwithstanding the marked deficiencies already
mentioned, Table 4- ISS summarizes adverse events occurring with an tncidence = 10%
by treatment group. Noteworthy, cach adverse event, regardless of body system, with an
incidence = 10% invariably occurred at a greater rate in active control than in lanthanum
carbonate, and the noted differences were statistically significant in 24 out of a total of 26
distinct adverse events, with p- values ranging from < 0.05 to < 0.001.

This outcome represents both a medical as well as a statistical anomaly and in all
likelithood the result of: 1) a significantly higher rate of discontinuation and thus shorter
exposure to lanthanum carbonate, and 2) the long- term studies’ open- label design that
could have led to significant underreporting of adverse events due to investigators’
biases. These deficiencies made safety comparisons significantly biased unquestionably
in favor of lanthanum carbonate treatment preventing an accurate delineation of the long-
term safety profile of the drug. Unfortunately, hitherto, there is not a statistical analysis
that could accurately either remedy deficiencies in study design and investigators” biases
or substitute for missing data.

Discontinuations Due to Adverse Events: In the short- term studies 26 ( 8.7%) patients
receiving lanthanum carbonate and 5 ( 5.3%) patients treated with placebo discontinued
due to adverse events. Overall, 236 ( 16.0%) of patients treated with lanthanum carbonate
discontinued treatment during the long- term Phase II- III studies while 46 ( 5.1%) of
patients treated with active control discontinued ( p< 0.001). 26 A total of 190 patients
representing 80.5% of all the discontinuations in the lanthanum carbonate group
withdrew prematurely from the study because of adverse events related to the
gastrointestinal system; nausea, vomiting, diarrhea and abdominal pain were the major
causes leading to discontinuation in this group ( Table 5- ISS). The results indicate that
lanthanum carbonate is significantly less well tolerated than other phosphate binders.

Studies Specifically Conducted to Assess Safety: Study LAM- [V- 303 assessed the
effect of lanthanum carbonated compared with calcium carbonate on renal bone discase
by comparing bone tissue obtained from paired biopsies. Of the 98 patients randomized
into the study, 71 patients received a follow- up biopsy after 52 weeks of treatment, and
therefore provided paired biopsy data, however only 63 pairs of biopsies were suitable for
histomorphometric measurements.

The significance of the bone biopsy findings is questioned because according to the
sponsor “ there was limited data available on which to base the sample size estimates,
therefore numbers were based on practical rather than statistical considerations.” Thus the
study was not powered to rule out whether lanthanum carbonate has deleterious effect( s)
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in bone formation as compared with active control. The interpretation of the findings is
further confounded by the fact that calcium carbonate, the active control, is not an FDA
approved phosphate binder thus its safety profile, as compared with placebo/ standard
therapy, is unknown to the Division of Cardio- Renal Drug Products.

Mineralization lag time the primary efficacy endpoint of the study, defined as the mean
time nterval between deposition and mineralization of any volume of matrix averaged
over the entire life span of the osteoid scam, is a key variable for the assessment of new
bone formation. The median z- scores of mineralization lag time indicate that patients in
the lanthanum carbonate group had slower bone formation than those patients receiving
the active control, + 0.8 versus + 3.975, respectively.

Specific Findings of Safcty Review Plasma and Bone Tissue Levels of Lanthanum: Data
on plasma and bone tissue levels of lanthanum from Study LAM- IV- 303 is next
presented. Plasma lanthanum levels were measured at weeks 0, 12, 24, 36, 48 and 52.27
In lanthanum- treated patients there were increases in plasma lanthanum for all doses
administered compared with baseline levels- in baseline plasma samples lanthanum was
not detectable. Albeit the small sample size prevents one to be conclusive as to whether
there is a dosc relationship, plasma lanthanum levels appear to be dose- dependent (
Figure 2- ISS).

and/ or plasma and tissue levels, for the absorption and accumulation of lanthanum.
Simply said the sponsor failed to properly study the absorption, distribution, and extent of
accumulation and elimination of lanthanum cither in a healthy or ESRD populations.

Bone fractures: The interpretation of the incidence rates for bone fractures is significantly
confounded, among others, by 1) the observation of very few events during the
comparative period of the phase [I- 111 studies, 2) the fact that except for study LAM- [V-
307 the other studies comparative phases were very short in duration, and 3) that there
was a marked rmbalance in patient discontinuation rates in study LAM- 1V- 307, 65.1%
versus 45.6% respectively for lanthanum and comparator. 28 Therefore, it cannot be
concluded whether lanthanum carbonate, as compare with standard therapy, is associated
with a greater rate of bone fractures.

2. The results from pre- clinical studies submitted in NDA 21- 4€8 indicate that
lanthanum when administered orally undergoes gastrointestinal absorption, which results
in tissue {bone, heart, kidney, liver, etc.) accumulation in healthy animals with normal
renal function. The latter is rclevant in that one of the routes for lanthanum excretion is
the kidney. 33 Review of the pre- clinical data also suggests that lanthanum plasma levels
have no predictive value as far as tissue levels and by and large lanthanum levels in
tissucs are significantly greater, by many order of magnitude, than plasma levels.
Furthermore, the extent of tissue accumulation of lanthanum appcars to be both dose and
time dependent.



3. Pre- clinical studies performed by the sponsor34 and by other investigators35 in a
chronic renal failure rat model indicate that lanthanum carbonate results in a dose-
dependent decrease in bone formation and osteomalacia. In this regard, in study LAM-
IV- 303 the median z- scores of mineralization lag time obtained from bone biopsies
indicate that patients in the lanthanum carbonate group had slower bone formation than
those patients receiving the active control.

4. As was the case in animals, data from clinical trials indicate that lanthanum also
undergoes gastrointestinal absorption in humans, in that lanthanum can be detected in
plasma of patients exposed to it (oral administration). Plasma levels of lanthanum appear
to be influenced by dose and length of exposure. Analysis of bone biopsy material from
study LAM- IV~ 303 provides irrefutable evidence that there is tissue, t. e., bone,
accumulation of lanthanum in humans, thus one could infer that the tissue accumulation
of lanthanum 1s widespread. Because of the compromised ability to climinate any
admintstered lanthanum, due to renal impairment, the population for which the use of
lanthanum is intended might experience over time significant accumulation of lanthanum
in vital tissues. The results from study Lam- IV- 111 indicate that lanthanum is not
dialyzable to any significant extent through hemodialysis. 36 Albeit, the available data
clearly indicate that lanthanum is absorbed in the gastrointestinal tract, the sponsor failed
to assess how much is absorbed and to describe its fate. Based on the pre- clinical data is
reasonable to conclude that tissue accumulation of lanthanum in humans will
significantly increase not only with dose but also with time of exposure. It could be
argued that the morbidity associated with lanthanum administration may change
significantly over time. The latter is relevant because the patient population for whom
lanthanum is intended requires treatment with a phosphate binder for many years, that is
up until the time of either kidney transplant or death occurs.

5. Of note, patients who were withdrawn prematurely from any of the clinical trials were
not followed up to study’s termination date. In the long- term study LAM- [V- 307, the
largest of all the clinical trials 647 patients received lanthanum and 642 reccived standard
therapy, lanthanum- treated patients had a significantly higher rate of discontinuation
than those patients treated with standard therapy, 62.7% versus 42.3%. The latter resulted
in patients in the lanthanum group having a significantly shorter drug exposure to study
drug than those subjects in standard therapy. Mean exposure was 284.3 days for the
lanthanum group versus 397.0 days for the standard therapy group ( p= 0.001). 37 In the
study LAM- V- 301 the safety of lanthanum carbonate ( n= 533) is compared with that
of calcium carbonate ( n= 267) for only 25 weeks, 1. e., five weeks during the titration
phase and 20 weeks during the maintenance phase, thereafter subjects were switched to
lanthanum carbonate. Noteworthy, calcium carbonate is not an FDA approved phosphate
binderthus its safety profile, as compared with placebo or standard therapy, is unknown
to the Diviston of Cardio- Renal Drug Products. Finally, studics LAM- IV- 301 and 307,
in which the safety of lanthanum carbonate versus that of calcium carbonate or standard
therapy is compared, had an open- label design, which could have led to significant
underreporting of adverse events due to investigators’ biases. Thus, because of the lack of
adequatc follow- up coupled with shorter drug exposure for the lanthanum group in study
LAM- IV- 307 in addition to the long- term studies’ open- label design, safety
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comparisons are significantly biased unquestionably in favor of lanthanum carbonate
treatment.

6. Patients receiving lanthanum carbonate as compared with those subjects receiving
placebo or standard therapy had greater discontinuation rates, primarily because of a
greater incidence of adverse events and consent withdrawal; indicating that lanthanum is
significantly less well tolerated than either placebo or standard therapy.

7. Noteworthy, a large portion of the log- term exposure to lanthanum and thus the long-
term safety data are derived not only from open- label but also uncontrolled studies (
LAM- IV- 205, 308, and 301). 38

8. ECG data obtained from patients randomized into study LAM- IV- 307 suggest that
long- term exposure to lanthanum causes prolongation of the QT interval, which in turn
could be associated with significant morbid and mortal events.

9. The updated mortality data, in which mortality data are available for 94.5% of the
patients 39 , indicate that mortality rates were higher in patients recetving lanthanum as
compared with those patients treated with active controls, with a difference between
treatment groups of 4.4% against lanthanum carbonate.

10. Finally, statistical analyses can accurately neither substitute for missing data nor
rectify for deficiencies in study design, investigators’ biases, and differences in drug
exposure,

Safety

The summary of the review of the original NDA is as follows:

The safety profile of lanthanum was discussed in the original review under short and long
term studies regardless of the study phase. In view of the very loung period it takes for
lanthanum to reach steady stage in organs including bones (10-15 years) and in view of
its widespread distribution in tissues all over the body, short term safety assessments are
most likely inadequate for long term tissue toxicity. Therefore, the relatively long term
studies, though open label, and actively controlled, are considered to be more suitable for
long term toxicity assessments. The three active controlled, open label studies that would
qualify would therefore be LAM-IV-301, 303 and 307. The two prominently affected
organs are bones and gastrointestinal tract

Analyses of adverse cvents in paticnts who received lanthanum and standard therapy
showed statistically significant differences in 24 out of 26 distinct adverse events with p
values ranging from <0.05 to <0.001. Critical appraisal of these differences in favor of
lanthanum can be attributed to a number of factors, namely I) significantly higher rate of
discontinuations and shorter exposure to lanthanum carbonate, and the lack of placebo
control in these studies. Adjustment to drug exposure and subscquent analyses may shed
better light on these differences. Table 4 - ISS in the original review summarizes all the
differences in treatment emergent adverse events in patients with a frequency > 10% in
long term studies. In the long term studies, a total of 236 (16%) of patients administered



lanthanum carbonate discontinued treatment compared to 46(5.1%) of active control
treated patients (p<<0.001).

A total of 190 patients representing about 81% of all discontinuations in the lanthanum
group withdrew prematurely from the study because of GI adverse events. These high
rates of discontinuations indicate poor tolerability compared to other phosphate binders.
Table 5-ISS in the original review is reproduced below:

Adverse event Lanthanum Active control

N=1474 n (%) N=909 n (%)
| Nausea ) 50 (3.4)**+ 3(0.3)
Vomiting 44 (3.0) *** 3(0.3)
Diarrhca 32(2.2) **= 3(0.3)
Abdominal Pain 23 (1.6) *** 1(0.1)
Flatulence 11 (0.7) ** 0(0.0)
Constipation 10 (0.7) 3(0.3)
Dyspepsia 10(0.7) * 0(0.0)
Gastrointestinal Disorder 10(0.7) 1(0.1)

NOS

***p<0.05; **p<0.01; ***p<0.001 compared to the comparator .

RECOMMENDATIONS
The recommendation is that FOSRENOL . ( Lanthanum Carbonate) Chewable Tablets

should not be approved 1 £

1

FOSRENOL . is judged not approvable mainly because the drug's safety is not
adequately evaluated, and the current safety evaluation shows that long- term exposure to
lanthanum carbonate may be unacceptably toxic. In addition, albeit the data from the
clinical development program of FOSRENOL . supports the notion that this drug product
15 a phosphate binder, ifs ability to bind phosphate is inferior to currently approved
phosphate binders.

APPEARS THIS WAY
ON ORIGINAL
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Appendix 4: Microscopic appearances of bone damage in normal and uremic rats
given lanthanum and also in humans exposed to lanthanum (Figures 9-27).

Microscopic Slides from Rats submitted to the Agency by the sponsor -
Rats with Normal renal function given lanthanum -- C14, C13, CO4, FOI1, FO2, C16,
C15, Uremic rats receiving vehicle --G12, ;Uremic rats given lanthanum carbonate ---
H13, HO2, X06 and BO4 under letter from sponsor dated October 12, 1999,
Human slides -submiitted as per letter dated May 5, 2004 under NDA 21468-serial 072.
Rat with normal renal function administered lanthanum in Figure 10..
Figure 12: Irregular cortical bone with periosteal thickening in metaphyseal area of tibia
in a normal rat given lanthanum.

Figure 1 shows irregular cortical bone surface with periosteal thickening in the
metaphyseal area of rat tibia- left of photograph (** Enlarged in Figures 3 and 4)




Note the relatively normal cortical surface-right side of photo (Enlarged in Figure 2).

Rat with normal renal function administered lanthanum

Figure 13: Rat with normal renal function showing normal periosteal surface of
cortical bone in a normal rat given lanthanum

Comal bone showmg normal penosteal surface of bonc Enlarged from Figure 1.

Rat with normal renal function administered lanthanum
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Figure 14: Normal rat given lanthanum showing focal area of demineralization in
the endosteal surface of bone where there is no tendon or muscle insertion
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Long ArTow traverses periosteal thickemng overlyihg 1rregtilar surface of cortical bone of
rat with normal renal function given lanthanum ((See ** in Figure 1) Short arrow points
to a focal demineralized area of bone.

APPEARS THIS WAY
0N ORIGINAL
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Rat with normal renal function administered lanthanum

Figure 15: Normal rat with dense fibrocollagenous periosteal thickening and
irregular convex surface of cortical bone

Dense fibrocollagenous perioéteal fhickeni}lg ovehrl)-/-ing irregular sur
of rat with normal renal function given lanthanum ({See ** in Figure 1). Note some large
cells, that may be osteoclasts, adjacent to the irregular cortical surface.
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Rat with chronic renal failure administered lanthanum carbonate

Figure 16:Bone from Uremic rat given lanthanum carbonate showing renal
osteodystrophy and periosteal thickening.

Micrograph of long bone from rat with chronic renal failure administered lanthanum
carbonate showing periosteal thickening and irregular cortical bone surface {(short arrow)
. Note similarity with figures 3 and 4 that show periosteal thickening and irregular

cortical surface in rat with normal renal function given lanthanum.



Rat with chronic renal failure administered lanthanum carbonate

Figure 17: Bone from Uremic rat given lanthanum showing renal osteodystrophy
and dense fibroproliferative cells and thickened periosteum.

Micrograph of long bone from rat with chronic renal failure administered lanthanum
carbonate showing periosteal thickening and irregular cortical bone surface (short arrow
and bar) . Note similarity with figures 3 and 4 that show periosteal thickening and
irregular cortical surface in rat with normal renal function given lanthanum carbonate.
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Figure 18: Bone from uremic rat given lanthanum showing collagen deposition
adjacent to bone.showing rena

Micrograph of long bone from rat with chronic renal failure administered lanthanum
carbonate showing evidence of collagen deposition adjacent to bone (Arrows).
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Figure 19: Bone from normai rat with normal renal function showing thickened

ERradebia . R R =8
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Dense collagenous periosteal thickening overlying irregular surface of cortical bone of rat
with normal renal function given lanthanum . TP= Thickened periosteum.
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Figure 20: Bone from normal rat given lanthanum showing destruction of cortical
bone with dense fibrocollagenous replacement of bone loss

v

~&04
Dense fibrous tissue replacing areas of bone resorption (arrow) in a rat with normal
renal function given lanthanum. The amount of bone resorption and the irregularity of the
cortical bone surface is extensive. There is no periosteal or endosteal thickening. This
suggests bone damage by lanthanum with replacement fibrosis.
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Figure 21: Dense fibrocollagenous periosteal thickening overlying areas of bone loss
in a normal rat given lanthanum

Dense fibrocollagenous periosteal thicker;ing overlying irregular surface of cortical bone
of rat with normal renal function given lanthanur carbonate.
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Figure 22: Vascular fibrocollagenous thickening of periosteum overlying areas of
bone loss in a normal rat given lanthanum

N e : Rk 4.--‘-.. L ‘{;"‘ T i " b N
Dense fibrocollagenous periosteal thickening overlying irregular surface of cortical bone
of rat with normal renal function given lanthanum carbonate. Arrows are in the bone
defects resuiting from bone loss. Note increased vascularization of periosteum.
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Figure 23: Highly vascular thickened periosteum overlying areas of bone loss in a
normal rat given lanthanum
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: Dense ﬁbrocollaéenoﬁs periosteal thickeﬁing o;fer‘iyin areas of bone loss (arrow) in rat

with normal renal function given lanthanum carbonate. The thickened periosteum is
highly vascular and has fat cells with granulation tissue suggesting a reparative process to
tissue injury.




Figure 24: Exostosis attached to tibia of normal rat given lanthanum
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Micrograph of an exostosis (arrow) attached by a muscular pedicle to the metaphysis of a
rat with normal renal function given lanthanum carbonate. The “exostosis” is composed
of dense hyalinized collagenous tissue and foci of calcification consistent with dystrophic

calcification. The etiology of this lesion is not clear.




renal failure given lanthanum carbonate showing
demineralization of the cortex (Long arrow) and irregular cortical surface with bone
defects (short arrow) consistent with bone loss.
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: Micrograph of rat with chronic renal failure given lanthanum carbonate showing

demineralization of the cortex (long arrow) and irregular cortical surface
with little pits (short arrow) consistent with bone loss.

[
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Figure 27:Microscopic appearance of iliac bone biopsy from a patient after
receiving lanthanum for 2 years

Iliac bone biopsy from patient on lanthanum after 2 year follow up. Micrograph shows
preparative artifact that is difficult to interpret to the left of field.
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Figure 28:Microscopic appearance of iliac bone biopsy from a patient given lanthanum
followed up - 4 years on study

o
™
Iliac bone biopsy from patient on lanthanum after 4 years on drug. Micrograph shows
extensive thining of bone trabeculae with patchy bone loss. Cellular architecture of

marrow is poorly preserved and uninterpretable.
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Figure 29:Microscopic appearance of iliac bone biopsy from a patient at baseline
given "Calcium" during lanthanum clinical program

lliac bone biopsy from patient on calcium at baseline. Micrograph shows foci of
calcification within marrow that is abnormal. There is also periosteal thickening (arrow).
These changes at baseline in a patient treated with Calcium, an unapproved drug, raises
the question of using these bone biopsies for comparative purposes in this clinical
program. Figure |9 shows a higher power view of one of these foci of calcification in the
marrow of this patient.
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Figure 30: Higher power view of microscopic appearance of bone at baseline from
patient (in Figure 29) given "Calcium" during the lanthanum clinical program.

.

T . TR o : i

Iliac bone biopsy from patient on Calcium at baseline. Higher power view of multiple
foci of dystrophic calcification in the marrow of patient (arrow) in Figure 26.

R THIG 1y,



Micrograph from a patient on lanthanum for 5 yr on study showing bone loss and
dystrophic calcification in the marrow (lower left field).
Appendix Received July 14 2004 : These rates include healthy volunteers exposed to the

drug for a few days.

Appendix S:Fracture rates between treatment groups - 15 month safety update

Lanthanum Standard Therapy
Type of Analysis
Patients Patients
% (Nin) % (N/n)
Fracture incidence per 100 patient- 4.6 (63/13.68 100 pt | 5.1 (50/9.77 100 pt
| years” years) years)
Overall fracture rate* 3.6 (63/1754) 5.1 (50/990)

Fracture rate for those with at least 3
months exposure*

5.2 (62/1196)

5.8 (47/811)

Fracture rate for those with at least 6
months exposure*

5.8 (60/1027)

6.2 (45/730)

Overall fracture rate for 301/303/307
combined

3.9 (56/1448)

5.1 (50/990)

| Overall fracture rate for 307 only

4.9 (33/680)

7.0 (47/674)

Adjusted % = rate adjusted for patients discontinuation for the
corresponding interval;
N= Number of patients who experienced the event;




n=number of patients who were at risk for the event at the start of the interval;

Appendix 6: Fracture rates between treatment groups-25 month safety update

Lanthanum Standard Therapy
Type of Analysis
Patients Patients
% (N/n) % (N/n)
Fracture incidence per 100 patient-years* | 4.7 (66/14.13 5.0 (562/10.32 100 pt
100 pt years) years)
Overall fracture rate* | 3.8 (66/1756) 5.2 (52/992)
Fracture rate for those with at least 3 months | 5.4 (65/1200) 6.0 (49/813)
exposure*
Fracture rate for those with at least 6 months | 6.1 (63/1033) 6.3 (47/742)
exposure*
Overall fracture rate for 301/303/307 | 4.1 (59/1450) 5.2 (52/992)
combined
Overall fracture rate for 307 only 5.3 (36/682) 7.2 (49/676)

Adjusted % = rate adjusted for patients discontinuation for the
corresponding interval;

N= Number of patients who experienced the event;

n=number of patients who were at risk for the event at the start
of the interval; . * Phase 2-3 studies
Reviewer’s comment: Overall fracture rate includes healthy
voluntcers exposed to the drug for a few days.

Hypercalcemia, hyperparathyroidism and breast cancer

In a casc control study conducted in Italy an elevated prevalence of primary parathyroid
adenoma was observed among breast cancer patients. Hypercalcemia which has been
found in 30-40% of breast cancer patients is the most frequent metabolic complication of
breast cancer, and hyperparathyroidism which regulates serum calcium levels is the other
most important disorder that induces hypercalcemia. A recent publication on the record
linkage study in Sweden analyzed a total number of 9, 835 women who underwent
surgery tor primary parathyroid adenoma were followed to evaluate the hypothesis of the
association between hyperparathyroidism and breast cancer. Preliminary data are
available on the coexistence of primary hyperparathyroidism and breast cancer.
Secondary hyperthyroidism that occurs in patients with hyperphosphatemia has not been
investigated. In this study there were 4 cases of breast cancer and 14 cases of breast lump
(Table 46). The parathyroid status of these patients is not known. There are more breast
lumps in the patients on lanthanum compared to standard therapy and this is unadjusted
but there are equal numbers of breast cancer between both groups. The significance of
this reported trend is that patients with breast lumps and cancer should probably be




excluded from therapy that has hypercalcemia as an adverse event as seen in this
lanthanum program.(FDA Reference list page 69)
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Appendix 7: LS mean diff. change from baseline to 24 months in QT -LAM-I1V-307-
Reviewer

ms

LS Mean difference (SE) in change from baseline over time - QT -

307

JL—O— difference




Appendix 8:Relationship between all patients with treatment-emergent QT
prolongation and serious adverse events (unadjusted) -307-Reviewer

|
|
|

|
|
!
|
|
|

Relationship between all patients and treatment emergent

200

130

501
0

All deaths

1005

CRD

events/deaths-307

AbECGba
Discontin

Lanthanum

!

|
|
|
|
|
|
|
|
|

@ Lanthanum| ‘
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CRD=Cardiac related deaths; CRSAE = Cardiac—related SAE; AbECGba=Abnormal
ECG at baseline; Discontin.=Discontinuation. Yaxis=N of patients. Lanthanum front row

Appendix 9: Relationship between all patients with 30-59ms QT prolongation and
events/deaths (unadjusted)-307-Reviewer

No of patients

Relationship between 30-59 ms QT profongation
and events-307

@ Lanthanum |
W Standard
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Appendix 10:Relationship between all patients with >60ms QT prolongation and
events(unadjusted)-LAM-IV-307-Reviewer
Relationship between >60 ms QT prolongation and
events-307

Number of patients

Appendix 11:Relationship between all patients with >480 ms QT post baseline and
events{unadjusted)-307-Reviewer

——e — e— o o o _ |

\' Relationship between >480ms post baseline-307

Number of patients
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Appendix 12: Time course of Mean QT change from baseline for both treatment
groups - LAM-IV-307-Reviewer

© Mean change in QT from baseline to month 24 - |

LAM-IV-307 |

|
)
|

msec
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Appendix 13: Time course of mean difference in QT change from baseline among
discontinued patients -LAM-IV-307-Reviewer
Mean Change in QT from baseline LAM-IV-307
Discontinued

|~ difference |

See Appendix 7
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1 Source materials

This review is based upon the primary Clinical Pharmacology review (Dr. Dorantes)
dated 10 January 2003, the primary Chemistry reviews (Dr. Raman) dated 31
December 2002 and 16 January 2003, the primary Medical review (Dr. Pelayo) dated 31
December 2002, the primary review of Canine Toxicology and Pharmacokinetics (Dr.
Koerner) dated 4 Decernber 2002, two primary Statistical Reviews (Dr. Friedlin) dated 5
November 2002 and 6 January 2003, the primary review of Pharmacology and
Toxicology {Dr. Joseph) dated 14 January 2003, and the primary Statistical Review of
Carcinogenicity {Ms. Choi} dated 15 October 2002.

For completeness, certain studies of pharmacokinetics and pharmacodynamics are
briefly reviewed in the appendix, but these studies contribute little to overall
understanding of risks and benefits.

APPEARS THS WAY
ON ORIGINAL

APPEARS THIS WAY
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2 Administrative matters

Pediatrics. The sponsor has performed no pediatric studies and requests a waiver of
requirements to do so. Since the Pediatric Rule is not in effect, no action is needed.

Financial disclosure. The sponsor categorically denies inappropriate financial
arrangements with clinical investigators, as defined under 21 CFR 54.2(a}, (b), and (f).

APPEARS THIS WAY
ON ORIGINAL
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3 Clinical e ffectiveness and safety

Dr. Pelayo’s review gives a good description of the rationale for treatment. Hemodialysis
and dietary restriction are incompletely effective at controlling serum phosphate levels
in patients with advanced chronic renal insufficiency. Hyperphosphatemia resulting
from reduced excretion of phosphate leads to soft tissue calcification and renal
osteodystrophy associated with bone pain, deformities, and fractures. The linkage of
these sequelae to hyperphosphatemia is sufficiently strong that serum phosphate level
is an acceptable surrogate basis for the approval of agents that control serum
phosphate by binding dietary phosphate within the gut.

There is little doubt that lanthanum carbonate (Fosrenol), at doses of 1350 or

2250 mg/day given two or three times per day!, (doses distinguished from placebo used
in one fixed-dose study) is effective in binding phosphate and in controliing levels of
serum phosphate. This is shown with statistically significant results {for at least some
doses) in three placebo-controlled studies-—LAM-IV-302, -202, and -204.

Although the interpretation of long-term studies is difficult because of differential
withdrawal, the data suggest that lanthanum carbonate remains effective for many
months.

It is also quite likely that lanthanum carbonate is less effective than are other approved
{Renagel?, Phoslod) or unapproved {Tums*) drugs employved for phosphate bindings,

Safety data for lanthanum carbonate come from 1672 subjects with >1 dose at 225 to
3000 mg/day and 909 on other active controls. Of these, 151 subjects received
treatment with lanthanum carbonate for >2 years and 155 subjects received treatment
with other active drugs for >2 years. Greatly confounding the comparison of safety data
from active controls is the higher rate of discontinuation from lanthanum
carbonate—15% vs. 7% in phase [ studies and 60% vs. 41% in phase Ill. Adverse events
(16% vs. 5%), withdrawal of consent (11% vs. 5%, protocol violations (4% vs. 1%), and
"safety criteria” (5% vs. 3%} all contributed to the discrepancy in withdrawal rates on
lanthanum carbonate and active controls in phase 1I-11I studies.

Through the end of controlled experience, there were fewer deaths on lanthanum (4.5%
in phase Il studies} than on controls (9.1%), a difference that was nominally highly
statistically significant. In response to a request by DCRDP, a reasonable effort has
been made to obtain vital status on all subjects who received at least one dose of study
drug or control. As of 20 December 2002, vital status was reported for about 97% of
subjects, and the crude mortality rate was 25% on lanthanum carbonate and 21% on
active controls, for a erude relative risk of 1.2 (p-value >0.9 by the sponsor's Kaplan-
Meier analysis. Figure 1 shows survival data for subjects who participated in Study
LAM-IV-307; these data trend in favor of lanthanum carbonate.

! This is the dose range distinguished from placebo in one fixed-dose study, LAM_IV-204, Titration studies -302
and -202 used regimens somewhat wider —a few hundred mg to 3 g/ day.

2 Sevelamer hydrochloride
Y Calcuan acetate
! Culcium carbonate

* See figure 15 on page 54 of Dr. Pelayo’s review. Control subjects in study LAM-IV-307 were or calcium
carbonate (44%j, calcium acetate (34%j), and sevelamer {17%), but the serum phosphate data are not broken out
by treatment. Other calmwum carbonate-controlled studies show similar phosphate reduction to lanthanum
carbonate
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Figure 1, Survival data from Study LAM-IV-307
Reviewer's replot of sponsor's analysis, including contact follow-up for mortality.

How this breaks down for by length of exposure is not given, but the number 1.2 makes
no adjustment for the longer exposure on comparators. :

A comparison of causes of death for participants in study 307 is shown in Table 1.

‘Table 1. Causes of death from study LAM-IV-307

Standard | Lanthanum
N=642 N=647
Any 24.0% 20.6%
Cardiovascular® 11.1% 9.9%
Unknown? 3.7% 5.9%
Urinary system 1.7% __1.5%

in short-term, placebo-controlled studies, commeon adverse events were all more
common on lanthanum carbonate. The most common events were nausea (11% vs. 5% ,
vomiting (9% vs. 4%), graft occlusion (8% vs. 1%), myalgia (7% vs. 4%), abdominal pain
(5% vs. 0%), and hypertension, skeletal pain, and anemia {all 3% vs. 0%). These are also
crude incidence rates, unadjusted for the lower exposire on lanthanum carbonate®.

[n long-term, active-controlled studies—again without correction for exposure—the
most common adverse events were less frequently reported on lanthanum carbonate, as

shown in Table 2.
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® Includes "CARDIOVASCULAR DISORDERS, GENERAL", "HEART RATE AND RHYTHM DOSORDERS", "MYO
ENDC PERICARDIAL & VALVE DISORDERS”

T Includes "NOT AVAILABLE/ UNKNOWN", "BODY AS A WHOLE - GENERAL DISORDERS"

" Aside from aforementioned retrospective analysis of mortality, little safety information is available for subjects

wrha withdrewe,
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Table 2. Most common adverse events in active control studies?.

Control | Laz(CQa)2
N=909 N=1180
Nausea 29% 25%
Vomiting 23% 22%
Diarrhea 22% 17%
Myalgia 20% 14%
Graft complications 23% 13%
Headache 18% 13%
Dyspnea 22% 13%
Graft ocelusion 20% 12%
Abdominal pain 17% 12%
Dizziness 19% 12%
Hypotension 18% 12%
Chest pain 16% 11%
Cough 18% 10%

Although there is no formal analysis adjusting for differences in exposure, if one
assumes some event is really unrelated to treatment, say, chest pain, then adjusting all
the other rates will make nausea and vomiting clearly more common on lanthanum
carbonate and most of the other differences will disappear'®.

In contrast, treatment-emergent adverse events leading to withdrawal were more
common on lanthanum carbonate than on controls—nausea, vomiting, diarrhea,
abdominal pain, etc.

In addition to manifest safety issues, there are other safety issues for which inadequate
data exist. Although the intent is to bind phosphate within the gut, in fact some
lanthanum carbonate is absorbed and appears in the plasma. How much lanthanum
carbonate is bicavailable is not known, and this constitutes a serious deficiency.
Absorbed lanthanum does not appear to be dialyzable.

In animals, circulating lanthanum deposits in a wide variety of soft tissues and bone,
even with normal renal function. In rats with chronic renai failure, lanthanum
carbonate results in decreased bone formation and osteomaltacia. Bone biopsies were
performed during a I-year clinical study with lanthanum carbonate 2750 mg/day, and
this study clearly shows the deposition of lanthanum in bone and an increase in bone
mineralization lag time, indicating slowed bone formation. Bone fractures were rare in
studies, but relatively few subjects underwent long-term treatment, so these data are of
limited comfort.

Circulating levels of lanthanum are transiently a few nanomolar, several log-units lower
than concentrations known to affect electrophysiological properties of excitable tissues.
Gram-per-kilogram oral doses produce nanomolar levels of lanthanum in plasma of
dogs!!; such doses had no effect on QT or RR intervals in dogs. For the most part, this
expectation appears to be fulfilled in clinical studies. However, the primary clinical and
statistical reviews do note a higher incidence of increases in QTc >60 ms after 2 years.

¢ Adapred from table 4-/85 in the medical officer’s review.

0 Dr. Frediin's original statistical review explains the difficulty of interpreting time-to-event analyses in this
setting Such analyses depend upon censoring being a random event with s'milar distribution in the different
treatment groups. In this case, censoring cccurs earlier on lanthanum carbonate, and, without follow-up after
withdrawal, earlier censoring protects this group from having later events observed.

' Dogs with normal renal functivn exhubited plasma levels of lanthanum only a few fold higher than did patients
with renal fatlure, so these doses are not as reassunng as they might appecr.
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The mean effect in open-label study LAM-IV-307 was between 5 and 10 ms increase
compared with active agents, the difference appearing early and not apparently
widening over time.

APPEARS TiiS way
ON ORIGINAL
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4 Chemistry
The sponsor seeks approval for 250- and $00-mg chewable tablets.

The proposed proprietary name has been found acceptable by DMETS. Categorical
exclusion of the environmental assessment was acceptable. EES review is pending.

Many deficiencies listed in the original chemistry review have now been adequately
addressed by the sponsor. The following issues remain open.

* A request to clarify the methods for assay of £ 1
e A request to explain © J differences in drug substance
manufactured by ¢ J

* A request for recent references on the toxicology and biological monitoring of
trace metals in humans.

* Arequest for justification for omitting some tesiing of drug product used in

the manufacture of 500-mg tablets by { i

¢ A request for stability data on 250- and 500-mg tablets manufactured from
drug product from [ i

e A request to name the [ 1 in the package insert.
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5 Pharmacology

Oral bioavailability of lanthanum carbonate was estimated to be about 5x10-7 in dogs,
but in ene animal 2% of a 1 g/kg oral dose was recovered in urine.

During 1-year oral toxicology studies in rats, lanthanum was deposited all along the GI
tract, and in liver, lung, heart, bones, and teeth. In dogs, a 4-week oral administration
followed by & months washout resulted in significant retention of lanthanum in the GI
tract {up to 54%)}, bone (>50%), teeth (29%), liver {82%)], and lungs (34%). Lanthanum
levels in tissue are much higher than they are in plasma--greater than 105 times higher
in parts of the gastrointestinal track.

Although single oral (carbonate} and IV (chloride} doses of lanthanum had no effect on
canine cardiac hemodynaric and electrophysiological parameters, this study was not
considered adequate because of the progressive accumulation of lanthanum in the
heart during repeated administration. Studies of repeated administration in the dog
were not considered adequate because they lacked a positive control to establish assay
sensitivity.

Gene toxicology studies were negative. Two-year carcinogenicity studies in the rat were
clean. Non-malignant stemach tumors were seen in the mouse.

Some impaired fertility and embryonic development in the rabbit {but not the rat) was
associated with some maternal toxicity in former.

In a chronic renal failure model of the rat, lanthanum carbonate or Renagel were
assaciated with osteomalacia. This was not seen in animals with normal renal function,
although levels of lanthanum were similar in bones of norrnal rats and rats with renal
failure. The finding of similar osteomalacia in rats with renal failure treated with either
lanthanum carbonate or Renagel suggests that the effect is the result of phosphate
binding.

Despite shortcomings of some of the methodology, the Drs. Koerner and Joseph
concluded that available safety data supported approval.

APPEARS THIS WAY
ON ORIGINAL
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6 Biopharm aceutics

As noted previously, orally administered lanthanum carbonate results in unquantified
{but small) bioavailability (of lanthanum). Plasma Jevels rise less than proportionally to
dose. Circulating lanthanum is highly protein-bound. Tissue levels of ianthanum can
far exceed plasma levels; lanthanum in tissue, particularly bone, persists a very long
time,

Elemental lanthanum is obviously not a candidate for any form of metabolism. Neither
does it appear to affect activity by various P450 enzymes. Lanthanum is neither a
substrate nor an inhibitor of p-glycoprotein transport.

Lanthanum carbonate had no physicochemical interaction with warfarin, digoxin,
frusemide, phenytoin, metoprolol, or enalapril.

The following deficiencies are described:

* The proposed dissolution methed is acceptable only on an interim basis. The
proposed specification for dissolution is not acceptable; the reviewer would
like to see — % at — ninutes.

* Since clinical studies were performed with the 250-mg tablet, acceptance of
the 500-mg tablet will require a demonstration of bioequivalence, or, since
the tablets are proportionally similar for each ingredient, a case can be made
for a waiver.

* A mass balance study is required.

APPEARS THIS WAY
ON ORIGINAL
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7 Summary and recommendations

The biopharmaceultics deficiencies are clearly an adequate basis for considering this
application as, at best, "approvable”. All of the those deficiencies appear to be
remediable, so they are probably not a basis to declare the application "not approvable"”.

Lanthanum carbenate is effective at binding inorganic phosphate within the gut and
thereby controlling plasma phosphate levels in patients wirh end stage renal disease on
dialysts.

Lanthanum carbonate is not particularly well tolerated compared with ather treatments
for the intended use. However, tolerance is not so poor as to make this an unreasonable
product to try, and the marketplace can sort out the appropriate place for a poorly
tolerated therapy.

Of more serious safety issues, lanthanumn carbonate is associated with slightly higher
mortality and slightly increased QT interval.

The mortality effect is particularly difficult to interpret. The estimate has been unstable
as the sponsor collected more follow-up data. Few subjects have received lanthanum
carbonate for long times, so the effects of lanthanum accumulation are not
characterized. And how does one interpret mortality information in subjects who are no
longer receiving drug?

The QT prolonging effect of lanthanum carbonate is probably real, but it has not been
wel characterized, either. Apparently, only the ongoing, open-label study LAM-1V-307
has pertinent data. They show effects developing early in treatment and probably not
increasing markedly among subjects exposed for many months. The absolute level of QT
prolongation compared with placebo is not known, only that it appears to be 5-10 ms
longer than with some other phosphate binders. It is unclear when ECGs were collected
relative to peak plasma levels of lanthanum, or if plasma levels of lanthanum relate to

QT.

Unlike sevelamer nydrochloride, lanthanum is absorbed ard builds up in various
tissues, remaining in residence there for a long time. In this respect, it is reminiscent of
aluminum salts, now discouraged in patients with renal failure hecause of effects
attributed to tissue accumulation. If lanthanum were as toxic as aluminum, would one
know it from the safety data currently available?

We are left, then, with a drug that is effective in controlling hyperphosphatemia
associated with advanced renal failure. It is not particularly well tolerated, but this is of
no consequence, cther than its impact on the quality of long-term safety data. An
unknown fraction—perhaps tens or hundreds of milligrams per day—of administered
lanthanum is absorbed; its disposition is unknown, but it likely binds to soft tissues,
bone, and teeth, because that is what happens in animals. Wherever lanthanum
deposits, it likely stays The clinical consequences of lanthanum absorption, in so far as
the data inform us, are none—no compelling increase in mortality, some degree of QT
prolongation but nio proarrhythmia, no aluminume-like neurotoxicity, no increased
incidence of bone fractures.

There are two reasons that the safety data do not provide adequate reassurance.

The first reason is the low power of the safety program, the small number of subjects
exposed and the low number of events. If the incidence of mortality or proarrhythmia or
neurotoxicity or bone fracture were increased by 50 or 100%, one would have been
unlikely to detect them from these data.

The second problem is the progressive deposition of lanthanum makes one expect risk
to increase over time, but, because the drug is not well tolerated, long-term safety data
are particularly sparse. This problem means that lanthanum carbonate can, at best,
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ever be approvable for use for only some fixed time, however far the available safety
data support. One can never extrapolate these data to support unlimited, chronic use.

Pending resolution of cited deficiencies in biopharmaceutics, available data support safe
and effective use of lanthanum carbonate for the treatment of hyperphosphatemia for a
period up to a few weeks. Longer term use should be discouraged because the risk of
accumulating lanthanum is not well characterized. Even a! that, use in children should
be actively discouraged with language more directive than the usual agnosticism.

APPEARS THIS WAY
ON ORIGINAL
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Appendix A Studies referenced in primary medical review

The following studies are mentioned, but not reviewed, in the primary medical review.

APPEARS T4i3 way
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A.1 Study LAM-IV-105: A double-blind dose tolerance study to

evaluate the safety, pharmacokinetics and pharmacodynamics of

a rare earth salt vs. placebo when administered with food in

healthy volunteers.

A.1.1 Sites and investigators
LAM-IV-105 was conducted at 1 site in Northern Ireland. The investigator is shown in
Table 3.

Table 3. Investigators (Study 105}.

Investigator Location
Johnston Stewart, MB Belfast, N. Ireland
A.1.2 Background
Protocol amendments: None
Subject enrollment: 4-27 February 1997

A.1.3 Study design
This review is based on the final study report dated 7 March 2001 (vol 1.62).

Subjects were to be healthy males age 18 to 55. In: the first part of the study, 14

subjects received placebo or ascending single doses of lanthanum carbonate 0.5 to 9 g2
- every 48 hours. When the highest tolerated dose was identified, placebo or 1/3 of this

dose was administered to 12 subjects for 3 days. Dietary phosphate was controlled at

<1200 mg/dav.

Safety monitoring was conventional. In addition, plasma parathyroid hormone levels
were assessed at screening, prier to dosing, and 24 hours after dosing. Plasma levels of
ianthanum were measured at baseline and 2, 4, 6, and 24 hours after dosing.

A.1.4 Results
A.1.4.1 Subject dem ographics & baseline characteristics
All subjects were Caucasian males. The mean age was 31 years.,

A.1.4.2 Disposition of subjects
Fottrteen subjects enrolled in and completed the ascending dose phase. Twelve of these
14 continued in the 3-day dosing phase; the other two had not received placebo during
the ascending dose phase and therefore were not eligible to continue. Of the 12 subjects
in part 2, ane discontinued early for "personal reasons”

Protocol violations & deviations. Only minor protocol violations were reported.

Concomitant therapies. Given the short duration of the trial no concomitant
medications were used during the administration of the study drug.

A.1.4.3 Pharmacokinetics analyses

The highest plasma level recorded for any subject was ™~ /mL, about 4 times the limit
of detection, abour 12 hours after the 9-g dose. Population mean plasma levels were
never more than about 2 times the limit of detection. In the second part, plasma levels
of ianthanum remained about 2 times the limit of detection 6 days after dosing.

2 These refer to the noranal amount of lanthanum.
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A.1.4.4 Pharmacodynamic effects

Serum sodium and calcium were unaffected by treatment in study part 2. Serum
creatinine levels were 98 to 100 uM on placebo and 107 to 110 uM on lanthanum
carbonate, a difference that was not, by the sponsor’'s analysis, statistically significant.
Creatinine clearance was about 15% higher on piacebo at about 24 hours, but not
different by 48 hours. Mean phosphate levels were about 10% lower for about 72 hours
after dosing with lanthanum carbonate. -Parathyroid hormone levels were about 10%
higher after lanthanum administration, for the full 6 days of follow-up. Differences in
creatinine cleararnce, serum phosphate, and parathyroid hormone levels were not
statistically significantly different between groups, according to the sponsor's analyses.

Urinary excretion of inorganic phosphate was decreased by two-thirds in the 3 days
after administration of lanthanum carbonate, statistically significant by the sponsor's
analysis.

A.1.4.5 Safety

Thirteen of 14 subjects reported a total of 125 treatment-emergent adverse events. The
most commmon events were headache, nausea, diarrhea, and abdominal pain, but there
was little relationship to dose for any of these.

There were numerous minor abnormalities reported for clinical chemistry, hematology,
and urinalysis parameters, none of which appeared to show any relationship to dose..

No safety concerns were manifested in vital signs or physical exams.

A.1.5 Summary

Normal volunteers received ascending singie doses of lanthanum carbonate upto 9 g
and then 3 g/day for 3 days. The most dramatic effect was a reduction in phosphate
excretion, perhaps a result of phosphate binding in the gut, although this is not proven.
Lanthanum clearly was absorbed, but the pharmacokinetic analysis was inadequate to
assess how much is absorbed or to describe its fate.

APPEARS
THIS
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A.2 Study LAM-IV-108: A phase I, single centre, randomised,
double-blind, placebo controlled, ascending dose study to assess
the safety, tolerability, and pharmacokinetics of lanthanum
carbonate chewable tablets in healthy male Japanese volunteers.

A.2.1 Sites and investigators

LAM-1V-108 was conducted at 1 site in Japan. The investigator is shown in Table 3.

Table 4. Investigators (Study 108).

Investlg' ator Location
Takanori Tanaka, MD _Tokyo, Japan

A.2.2 Background
Protocol amendments: Mincr changes were made in sampling times.

Subject enrollment: 24 August 1998 to 1 October 1998
A 2.3 Study design
This review is based on the final study report dated 13 February 2001 (voi 1.66).

Subjects were to be healthy males age 20 to 35. Subjects were to receive, at 48-hour
intervals, placebe ot ascending single oral doses of lanthanum carbonate 250 to 2000
mg's. On any given study day, 20% of subjects received placebo. When a subject
received placebo on one study day, he received the next highest dose on the next study
day. There was no clearly defined primary end peint.

Conventional safety monitering was performed. Pharmacokinetic data were obtained to
12 hours after dosing.

A.2.4 Resuits
A.2.4.1 Subject dem ographics & baseline characteristics
All 10 subjects were Japanese males. The mean age was 24 years.

A.2.4.2 Disposition of subjects
All 10 subjects completed all phases of study.

Protocel viclations & deviations. No protocol violations were reported.
Concomitant therapies. No concomitant medications were allowed.

A.2.4.3 Pharmacokinetics analyses
Plasma lanthanum pharmacokinetic parameters are shown in Table 5.

Table 5. Pharmacokinetic data (Study 108)

Placebo | 250 mg | 500 mg | 1000 mg | 2000 m
AUC{0- 12h) ng-h/mlL 1.1 2.4 3.0 4.0 5.5

Cmax ng/ml
Tmax h - /

Clearly, AUC and Cmax rose less than proportionally with cose. Plasma half-life is not
described, but for higher doses, there was substantial carryover at 48 hours.

F These refer to the nommal amount of lanthanum
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Twenty-four hour urinary excretion of lanthanum rose with dose, from = pg at 250 mg
to == pgat 2000 mg, accounting for no more than one part per million of
administered dose in the first 24 hours after dosing.

A.2.4.4 Pharmacodynamic effects

Blood levels of inorganic phosphate and caleium were not significantly different among
doses. There was a trend for reduced urinary excretion of inorganic phosphate.

A.2.4.5 Safety

Four subjects reported 11 adverse events, 4 after placebo and 4 after the 2-g dose.
Nausea and diarrhea were each reported 3 times (once each on placebo). Neither total
events nor any individual event appeared to be dose-related,

Various minor laboratory abnormalities were reported.
Vital signs were not much affected. There were no reported abnormalities on physical

€xam.

A.2.5 Summary

Ten normal volunteers received ascending single doses of lanthanum carbonate up to
2 g. The study did not show an effect on binding of phosphate. Lanthanum clearly was
absorbed, but the pharmacokinetic analysis was inadequate to assess how much is
absorbed or to describe its fate.

APPEARS THIS WAY
O ORIGINAL
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A.3 Study LAM-IV-109: A phase I, double-blind, placebo

controlled, multiple dose study to assess the pharmacokinetics
and safety of lanthanum carbonate and to determine the

reduction in urinary phosphate excretion in healthy male
subjects.

A.3.1 Sites and investigators

LAM-IV-109 was conducted at 1 site in Japan. The investigator is shown in Table 3

Table 6. Investigators {Study 109).

lnvestig_ator Location
Takanori Tanaka, MD Tokyo, Japan

A.3.2 Background

Protocol amendments: None after the start of enrollment

Subject enrollment: 22 June 1999 to 27 July 1999

A.3.3 Study design

This review is based on the final study report dated 19 February 2001 (vol 1.68).

Subjects were to be healthy males age 20 to 35. Subjects were to receive placebo (n=3)

or lanthanum carbonate 1 g'* three times per day for 5 days. Each dose was to be taken
after a meal. Subjects remained in clinic for 8 days. Plasma samples for lanthanum

levels were obtained at 2, 4, 6, 8, 12, 24, 32, 48, 54, and 78 hours after the last dose.

Twenty-four hour pooled urine samples were collected from the day before dosing
through day 8. No primary end point was clearly identified

Conventional safety monitoring was performed.
A.3.4 Results
A.3.4.1 Subject demographics & baseline characteristics

All 9 subjects were Japanese males. The mean age was 23 years.
A.3.4.2 Disposition of subjects

All 9 subjects completed the study.

Protocol violations & deviations. No significant protocol viclations were reported

Concomitant therapies. No concomitant medications were allowed
A.3.4.3 Pharmacokinetics analyses

Plasma levels of lanthanum are shown in Figure 2.
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Figure 2. Plasma lanthanum (Study 109)
Figure from sponsor's vol 1.68, page 6-106.

The samnpling was inappropriate for tid dosing; peak plasma levels are not likely to be
represented in these data. Plasma levels of lanthanum continue to rise throughout 5
days of dosing. The initial half-life is described as about 7 hours, but the terminal half-
life is >1 day.

Urinary excretion of lanthanum climbed during administration and generally mirrored
plasma levels of lanthanum. Total urinary recovery of lanthanum amounted to <1 part
per million of the administered dose, but this study does not establish that this
represents all of the absorbed lanthanum.

A.3.4.4 Pharmacody namic effects
Urinary excretion of phosphate and creatinine clearance are described in Table 7.

Table 7. Urinary phosphate excretion, creatinine clearance (Study 109)

Phosphate excretion Creatinine clearance

Placebo | Lanthanum | Placebo | Lanthanum
N=3 N=6 N=3 N=6
Baseline 0.72 0.63 143 121
Day 2 0.56 0.34 145 132
Day 3 0.62 0.24 143 133
Day 4 0.63 0.20 153 126
Day 5 0.60 0.22 154 135
Day 6 0.63 0.21 147 132

Phosphate excretion was reduced by about two-thirds in the lanthanum group, highly
statistically significant by the sponsor's analysis, while creatinine clearance was not
much affected.

A.3.4.5 Safety
No adverse events were reported.

Various minor laboratory abnormalities were reported, similar on active drug and
placebo.

Vital signs were nof much affected. There were no reported abnormaiities on physical
exXam.
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A.3.5 Summary

Six normal male volunteers received lanthanum carbonate 1 g tid, with no apparent
safety issues. The study showed a substantial effect on urinary excretion of phosphate.
Lanthanum clearly was absorbed, but the pharmacokinetic analysis was inadequate to
assess how much is absorbed or to describe its fate.

APPEARS THIS
WAY
ON ORIGINAL
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A.4 Study LAM-IV-110: A phase I, single centre, open-label,
randomised, three-way crossover study comparing the phosphate
ion binding of lanthanum carbonate chewable tablets when
administered before, during, or after food in healthy subjects.

A.4.1 Sites and investigators

LAM-IV-110 was conducted at 1 site in Northern Ireland. The investigator is shown in
Table 3.

Table 8. Investigators (Study 110).

Investigator Location
AJ Stewart, MB Belfast, Northern Ireland

A 4.2 Background

Protocol amendments: The "before food" treatment period was dropped.
Subject enrollment: 19 August 1999 to 2 September 1999

A.4.3 Study design

This review is based on the final study report dated 24 January 2001 (vol 1.70).
Subjects were to ke healthy males age 18 to 55. On the first study day, subjects
received lanthanum carbonate 1 g'S 30 minutes before a meal. Because this was poorly
tolerated, the "before food" treatment period was dropped. Subjects received, in random
order, thrice daily doses of lanthanum carbonate 1 g either with food or 30 minutes
after food, for 3 days beginning on days 4 and 10. Subjects were maintained in clinic on -
a diet with <1200 mg phoesphate. Alcohol, caffeine, and fruit juices were prohibited.

Daily urinary phosphate and creatinine excretion was measured for 4 days in each
period. Serumn creatinine was assessed at baseline and 12 and 24 hours after each
dose. Plasma levels of lanthanum were measured frequently on the first day of dosing,
and once each on days 2 and 3.

Conventional safety monitoriﬁg was performed.
A.4.4 Results

A.4.4.1 Subject demographics & baseline characteristics

Thirty-six subjects enrolled. Twenty-three were males. All were Caucasian. The mean
age was 25 years; the range was 18 to 44 years,

A.4.4.2 Disposition of subjects

All but 1 subject completed the study. One subject withdrew after the first dose because
of difficulties with phlehotomy.

Protocol violations & deviations. A variety of minor protocol violations were reported,
most commonly relating to timing of bloed sampling.

Concomitant therapies. No concomitant medications were allowed.

A.4.4.3 Pharmacokinetics analyses
Plasma levels of lanthanum are shown in Figure 3.

'+ The dose refers to the amount of elermental lanthanum
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Figure 3. Plasma lanthanum levels {Study 110)

Plasma levels were only measured at time points where data are shown. Peak levels
were likely issed.

Flasma levels were slightly higher when lanthanum carbenate was administered 30
minutes after food.

A.4.4.4 Pharmacodynamic effects

Average daily urinary excretion of phosphate was reduced by about 9% when
lanthanum was administered with food, compared with administration 30 minutes after
food. This difference was statistically significant by the sponsor's analysis.

Creatinine clearance values were generally unchanged from baseline throughout both
study periods.

A.4.4.5 Safety

Adverse events, mostly headache, were reported by 50% of subjects after the test dose
taken before food. One-third of subjects reported adverse events when lanthanum was
administered with or after food. The most common events were headache (19%) and
nausea (17%), other events being reported by 3 or fewer subjects. No events were rated
as serious.

Various minor laboratory, ECG, physical exam abriormalities were reported.

A.4.5 Summary

Thirty-six normal male and female volunteers received lanthanum carbonate 1 g tid for
3 days, during or after meals, with no apparent salety issues. The study showed a
substantial effect on urinary excretion of phosphate. Higher plasma levels of lanthanum
and less of a reduction in phosphate excretion were associated with administration after
food. Lanthanum clearly was absorbed, but the pharmacokinetic analysis was
inadequate to assess how much is absorbed or to describe its fate.
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A.5 Study LAM-1V-111: A pharmacokinetic study in healthy
volunteers and dialysis patients following single and muitiple
doses of lanthanum.

A.5.1 Sites and in vestigators

LAM-IV-111 was conducted at 1 site in the US. The investigator is shown in Table 3.

Table 9. Investigators (Study 111).

investigator Location
Marshall Sack, MD Austin, TX
A.5.2 Background
Protocol amendments: There was one amendment after the start of enrollment,

intended to get lanthanum levels assessed in dialysis membranes. However, these data
were not ohtained

Subject enroliment: 21 December 2000 to 24 July 2001

A.5.3 Study design

This review is based on the final study report dated 11 January 2002 (vol 1.73).

Eight subjects were to be healthy males or females age 18 or older. Eight subjects were
to be receiving chronic hemodialysis at least 3 times per week. Dialysis subjects were
restricted from use of phosphate binders or calcium supplements {unless hypocalcemic,
and then calcium was to be administered at bedtime]. All subjects were to receive a
single dose of lanthanum carbonate ! g'¢ and blood and urine samples were obtained
during the followirg 48 hours. Two weeks later, subjects received a single dose of
lanthanum carbonate 1 g, with dialysis subjects getting hernodialysis 4-8 hours after
dosing, and only dialysis subjects getting blood and urine sampling over 48 hours. All
subjects then received lanthanum carbonate 1 g tid for 11 days with the final dose 4 to
8 hours prior to hemodialysis. Blood and urine samples were collected for 72 hours
after the last dose. -

Conventional safety monitoring was performed.

A.5.4 Results
A.5.4.1 Subject dem ographics & baseline characteristics

Eight control subjects and ten dialysis subjects enrolled. Two dialysis subjects were
withdrawn and replaced, so reported analyses are based on 8 subjects per cohort. The
mean age was 49 in the control group and 48 in the dialysis group. Six of 8 control
group subjects were Caucasian, while only 1 of 10 was Caucasian in the dialysis group.
Sixty-one percent were males, not much different between groups.

A.5.4.2 Disposition of subjects

Sixteen of 18 subjects completed the study. One dialysis subject was withdrawn from
the multiple-dose phase because of itching and nausea. One dialysis subject was
withdrawn from the multiple-dose phase to undergo renal transplant.

Protocol violations & deviations. Compliance was good. Other than the two
withdrawals, no significant protocol violations were reported.

Concomitant therapies. Concomitant medications were not discussed.

v This dose refers to the amount of elemental lanthanum.
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A.5.4.3 Pharmacokinetics analyses

The sponsor's analyses of pharmacokinetic parameters are summarized in Table 10.

Table 10. Pharmacokinetic parameters {Study 111}

Single dose Single dose Multiple dose
without dialysis | with dialysis

Normal Renal Renal failure | Normal Renal

failure failure
AUC ng-h/mL 1.1 3.1 6.4 11.0 31.0
Cmax ng/mlL 0.18 0.30 0.56 0.42 1.1
Tmax h 4.1 4.9 5.6 5.5 9.5

Accumulation {Cmax) over 10 days was about 2-fold in normal subjects and 3- to 4-fold
in subjects on dialysis. The 2-fold increase in Cmax when dosing in renal failure
subjects was followed by dialysis defies explanation!?,

Four subjects in the dialysis group produced urine, one of whom was a high outlier for
urinary lanthanum (about 10 times the mean for control subjects, but still only about
107 of administered dose).

Although some lanthanum appeared in dialysis fluid, the large volume and low
concentration probably did not yield a reliable estimate of the amount of lanthanum
removed 1 that manner.

A.5.4.4 Pharmacody namic effects

No data were collected.

A.5.4.5 Safety

Fourteen cut of 18 subjects reported a total of 59 adverse events. The most common
were headache (n=10), vomiting {n=6), and nausea {n~=4}. Events in general were only
marginally more common among dialysis subjects than normal controls. The two events
leading to withdrawal {transplant and nausea plus itching) were the only events

described as serious.

Various minor laboratory abnormalities were reported. The most intriguing are hepatic
enzyme elevations in two normal subjects, shown in Table 11.

Table 11. Hepatic enzyme elevations (Study 111)

Subject 07 Subject 17
58 y old obese 39 y old Hispanic
Cauc male male
AlkP | ALT | AST | AlkP | ALT { AST
Screen 104 29 14 82 14 18
Day 1 111 25 23 76 10 15
End multi-dose 120 77 51 161 56 40
+ 2 days 109 60 32 — - -
+ 3 days — — — 130 50 33
+ 5 days — - — 133 72 59

No further follow-up or explanation is available.

17 In normal subjects, azcumulation was ahout 2-fold. For renal fuilure subjects, it is also about 2-fold compared
with the "single dose with dialysis” value. So perhaps it is the sirgle dose, renal failure without dialysis data
that are anomalous
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Vital signs were not much affected. There were no reported abnormalities on physical
exam.

A.5.5 Summary

Eight normal volunteers and 10 subjects on chronic renal dialysis received lanthanum
carbonate 1 g tid for up to 11 days. Two dialysis subjects discontinued for adverse
events, one of which was plausibly treatment related. Two normal volunteers
experienced poorly characterized minor elevations in hepatic enzymes. Lanthanum
clearly was absorbed, but the pharmacokinetic analysis was inadequate to assess how
much is absorbed or to describe its fate. Lanthanum also appears in dialysate, but
plasma levels of lanthanum are several-fold higher in subjects on hemodialysis.
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A.6 Study LAM-IV-112: A phase I, single-centre, open-label,
randomised, three way crossover study to assess the effects of co-
administration of citrate on the systemic absorption of lanthanum
following a single oral dose.
A.6.1 Sites and investigators

LAM-IV-112 was conducted at 1 site in the UK. The investigator is shown in Table 3,

Table 12. Investigators (Study 112).

Investigator Location
S Febbraro, Mb Merthyr Tydfil, UK

A.6.2 Background

Protocol amendments: Changes were made in the analytical methods to deal with
lanthanum contamination of plasma samples. For unclear reasons, planned analyses of
urinary lanthanum levels were not conducted.

Subject enrollment: October to December 2000
A.6.3 Study design
This review is based on the final study report dated 4 Decernber 2001 [val 1.75}).

Subjects were to be healthy males or females age 18 to 55. In random order on study
days separated by 2 weeks, subjects received single dose of lanthanum carbonate 1 g!8,
alone, with orange juice 200 ml, or with Effercitrate (3 g potassium citrate plus 0.5 g
citric acidj, in each administered 5 minutes after a low-phosphate breakfast. Blood
samples for lanthanum were obtained frequently during the first 24 hours, then less
frequently to day 6.

Conventional safety monitoring was performed.
A.6.4 Results

A.6.4.1 Subject demographics & haseline characteristics
Twenty-five subjects, 12 males, mean age of 34, enrolled.

A.6.4.2 Disposition of subjects
One subject withdrew after the first dose, with no reason provided.

Protocol violations & deviations. No significant protocol violations were reported.
Concomitant therapies. Seven subjects received paracetamol for headache.

A.6.4.3 Pharmacokinetics analyses
Plasma levels of lanthanum are shown in Figure 4.
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1 This dose refers to the amount of elemental lunthanum
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Figure 4. Plasma levels of lanthanum {Study 112)

Lanthanum carbonate alone is shown as circles. Treatment with orange juice is
shown as squares. Treatment with potassium citrate is shown as diamonds.

Peak plasma levels ranged from 0.38 (alone) to 0.52 ng/mlL (with potassium citrate).
The AUCq.72 ranged from 6 {alone) to 9 ng-h/mL (with potassium citrate). By the
sponsor's analyses, both AUC and Cmax met criteria for bicequivalence of the 3
regimens.

A.6.4.4 Pharmacodynamic effects
No data were collected.

A.6.4.5 Safety

Fifteen out of 25 subjects (60%) reported a total of 40 adverse events, 8 subjects
receiving lanthanum alone, 12 subjects with orange juice, and 3 subjects with
potassium citrate. The most common were headache (14 events), nausea (9 events) and
vomiting {4 events}. One episode of vomiting was considered severe.

Subject 121 was a 48-year old female with an unremarkable history and physical exam.
She contributed a total of 12 adverse events, She reported headache 3 hours after
dosing with lanthanum carbonate alone, headache, nausea, and vomiting after
lanthanum plus orange juice, and headache, nausea, and vomiting after lanthanumn
plus potassium citrate. She was reported to have anemia and thrombocytosis (already
high at 495 /nL at baseline, as high as 560 /nlL during study), for which she was
referred to her physician for further follow-up.

Vital signs were not much affected. There were few reported abnormalities on physical
exam. There were rno clinically significant effects on laboratory parameters.

A.6.5 Summary

Twenty-five subjects received single oral doses of lanthanum carbonate, alone, with
orange juice, and with potassium citrate. Plasma levels of lanthanum carbonate were
not much different in the three cases. However, this does not establish the effect of
dietary citrate on the ability of lanthanum carbonate to bind phosphate in the gut.
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A.7 Study LAM-IV-113: A phase I, single centre, open label,
randomised, crossover study to assess the effects of lanthanum
carbonate on the pharmacokinetic parameters of warfarin,
following a single oral dose.
A.7.1 Sites and investigators

LAM-IV-113 was conducted at 1 site in the UK. The investigator is shown in Table 3.

Table 13. Investigators (Study 113).

Investigator Locaticn
Jarg Taubel, MD London, UK

A.7.2 Background
Protocol amendments: There were no amendments after the start of enrollment.

Subject enrollment: February to March 2001

A.7.3 Study design
This review is based on the final study report dated 9 August 2001 {vol 1.113).

Subjects were to be healthy Caucasian males age 18 to 35. In random order, subjects
received a singie oral dose of warfarin 10 mg alone or 30 minutes after the fourth of 4
doses of lanthanum carbonate 1 g!? tid. Blood samples for warfarin were obtained
during the following 7 days. Two weeks were scheduled between crossover periods.
During 4 days in clinic, subjects were maintained on a low-phosphate diet.

Conventional safety monitoring was performed.

A.7.4 Results
A.7.4.1 Subject demographics & baseline characteristics
Fourteen male subjects were enrolled. The mean age was 24.

A.7.4.2 Disposition of subjects
ARl 14 subjects completed the study.

Protocol violations & deviations. No significant protocol violations were reported.
Concomitant therapies. Concomitant medications were not discussed.

A.7.4.3 Pharmacokinetics analyses
The sponsor’s analyses of pharmacokinetic parameters are summarized in Table 14.

Table 14. Pharmacokinetic parameters for warfarin (Study 113}

R-warfarin S-warfarin
Warfarin Warfarin + Warfarin | Warfarin +
alone lanthanum alone lanthasum
AUC pg- 31 30 19 18
h/mL
Cmax ng/mL 558 557 538 541
Tiza h 45 45 32 31
Tmax h 3.0 3.3 2.7 2.8

19 This rdose refers to the amonnt of elemental lanthanum.
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The pharmacokinetic properties of warfarin were not materially affected by the
administration of lanthanum carbonate 1g tid.

There are no pharmacokinetic data for lanthanum.

A.7.4.4 Pharmacodynamic effects
No data were collected.

A.7.4.5 Safety
Two subjects reported 5 adverse events {4 by one subject), the most sericus of which
was one episode of vasovagal syncope.

Vital signs were not much affected. There were no reported abnormalities on physical
exam.

A.7.5 Summary

Fourteen normal volunteers received warfarin 10 mg alone and after the fourth dose of
lanthanum carbonate 1 g tid. Pharmacokinetic properties of warfarin were not much
affected by co-administration of lanthanum carbonate.
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A.8 Study LAM-1V-114: A phase I, single centre, open label,

randomised, crossover study to assess the effects of lanthanum
carbonate on the pharmacokinetic parameters of digoxin,
following a single oral dose.

A.8.1 Sites and investigators

LAM-1V-114 was conducted at 1 site in the UK. The investigator is shown in Table 3

Table 15. Investigators (Study 114;.

Investigator Location
Jorg Taubel, MD London, UK
A.8.2 Background
Protocol amendments: There were no important amendments after the start of
enrollment.

Subject enrollment:

13 to 31 March 2001
A.8.3 Study design

This review is based on the final study report dated 21 September 2001 {vol 1.116).

Subjects were to be healthy Caucasian males age 13 to 35. In random order, subjects
received a single oral dose of digoxin 0.5 mg alone or 30 minutes after the fourth of 4
doses of lanthanura carbonate 1 g2 tid. Blood samples for digoxin were obtained during
the following 4 days. Two weeks were scheduled between crossover periods. During 4
days in clinic, subjects were maintained on a low-phosphate diet.

Conventional safety monitoring was performed.
A.8.4 Results
A_8.4.1 Subject demographics & baseline characteristics

Fourteen male subjects were enrolled. The mean age was 23.
A.8.4.2 Disposition of subjects

All 14 subjects completed the study.

Protocol violations & deviations. No significant protoco! violations were reported

Concomitant therapies. Concomitant medications were not discussed.
A.8.4.3 Pharmacokinetics analyses

The sponsor's analyses of pharmacokinetic parameters are summarized in Table 14
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Table 16. Pharmacokinetic parameters for digoxin (Study 114)
Digoxin Digoxin +
alone lanthanum
AUC?! ng-h/mL 7.7 9.1
Cmax ng/ml 2.0 2.2
Tiy2h 11 15
Tmax h 1.5 1.5
B 0.20 0.16

The pharmacokinetic properties of digoxin were not materially affected by the
administration of lanthanum carbonate 1g tid.

There are no pharmacokinetic data for lanthanum.
A.8.4.4 Pharmacodynamic effects

No data were collected.
A.8.4.5 Safety

Four subjects reported 4 adverse events, none of which was serious, and ouly ane of
which was described as severe {headache}.

Vital signs were not much affected. There were no reported abnormalities on physical
exam.

A.8.5 Summary

Fourteen normal volunteers received digoxin O.S.mg alone and after the fourth dose of
lanthanum carbonate 1 g tid. Pharmacokinetic properties of digoxin were not much
affected by co-administration of lanthanum carbonate.

4 This value 1s AUC . The extrapolated tails of the AUCy.. comprised »20% ir. some subjects, making these
estimates unrehable.
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A.9 Study LAM-IV-1135: A phase I, single centre, open label,
randomised, crossover study to assess the effects of lanthanum
carbonate on the pharmacokinetic parameters of metoprolol,
following a single oral dose.
A.9.1 Sites and investigators

LAM-IV-115 was conducted at 1 site in the UK. The investigator is shown in Table 3.

Table 17. Investigators (Study 115).

Investigator Location
Jarg Taubel, MD London, UK

A.9.2 Background

Protocol amendments: There were no important amendments after the start of
enrollment.

Subject enroliment: 3 to 12 April 2001
A.9.3 Study design
This review is based on the final study report dated 14 September 2001 (vol 1.1 18).

|
Subjects were to be healthy Caucasian males age 18 to 35. In random order, subjects |
received a single oral dose of metoprolol 100 mg alone or 30 minutes after the fourth of |
4 doses of lanthanum carbonate 1 g22 tid. Blood samples for metoprolol were obtained

during the following 2 days. Three days were scheduled between crossover periods.

Conventional safety monitoring was performed.
A.9.4 Results

A.9.4.1 Subject dem ographics & baseline characteristics
Fourteen male subjects were enrolled. The mean age was 24.

A.9.4.2 Disposition of subjects

Twelve of 14 subjects completed the study. Two subjects failed to return to clinic on the
correct day fcr the second crossover period; they were dropped from pharmacokinetic
analyses.

Protocol violations & deviations. No significant protocol violations were reported.
Concomitant therapies. Concornitant medications were not discussed.

A.9.4.3 Pharmacokinetics analyses
The sponsor's analvses of pharmacokinetic paramelers are summarized in Table 14.

Table 18. Pharmacokinetic parameters for metoprolol {Study 115}

Metoprolol | Metoprolol +
alone lanthanum
AUC ng-h/mL 1732 1547
Cmax ng/mL 270 235
Ti;zh 4.7 4.5
Tmax h 1.9 2.1
B 0.17 0.17

4 This dose refers to the amount of efemental lanthanum.
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The pharmacokinetic properties of metoprolol were not materially affected by the
administration of lanthanum carbonate 1g tid.

There are no pharmacokinetic data for lanthanum.
A.9.4.4 Pharmacody namic effects
No data were collected.

A.9.4.5 Safety
One subject reported headache.

Vital signs were not much affected. There were no reported abnormalities on physical
exam.

A.9.5 Summary

Twelve normal volunteers received metoprolol 100 mg alone and after the fourth dose of
lanthanum carbonate 1 g tid. Pharmacokinetic properties of metoproioi were not much
affected by co-administration of lanthanum carbonate.
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