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Paget’s disease, also called osteitis deformans, is an
idiopathic, progressive disease marked by increased bone
resorption and excessive attempts at repair, resulting in
weakened, deformed bones of increased mass. Both urine
hydroxyproline (a measure of bone resorption) and serum alkaline
phosphatase (SAP, a measure af bone formation) are iacreased in
Paget’s disease; these biochemical are thus useful markers of
metabolic activity and therapeutic response. SAP, therefore, has
been chosen as the primary e~ficacy parameter for the clinical
studies.

:

The submission included two =andomized, double-blind, placebo-
controlled studies (P1845 & ?1619) and one active-controlled
study (P1552). Etidronate, an orally administered bisphosphonate
approved for Paget’s disease, is the comparator for the active-
controlled study. The placebo-controlled studies had a 12-week
treatment period followed by a 12-week off treatment period.

This was a 16-center, randomized, placebo controlled, double
blind, dose ranging study of tiludronate in Paget’s disease. The
study was conducted in the UK from April 1991 to September 1992.
The duration of the study was 24 weeks with a 12-week active
treatment phase and a 12-week off treatment follow-up phase. The
cbjective of this trial was co compare 3 doses of tiludronate for
12 weeks in patients with Pa~et’s disease to determine the
cptimal dose of tiludronate m treating the disease. From an
cpen study using the tablet <formulation (P1036), the effective
dosage with the tablet appeaved to be 400 mg)day. The purpose of
Study P 1619 was to confirm this assumption.

The study included patients rf either sex aged 18 years and over
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with a diagnosis of Paget’s bone disease. The lesions were
confirmed by radiography and/or scintigraphy. The total serum
alkaline phosphatase level had to be twice the maximum normal
value of the local laboratory carrying out the determination.

Estimated from a previous study, P1036, the 400 mg/day
tiludronate had a success rate of 57% after 12 weeks. with 25
patients per group, a power of 80% and a 2-sided alpha of 0.05,
one can detect a true difference of 40% in success rates between
two groups of 57% and 17%.

Patients in each center were randomized to one of 4 treatment
groups of placebo, 200 mg/day, 400 mg/day and 600 mg/day. Al1
patients received 3 tablets daily according to the following
scheme:

Treatment # of tiludronate # of placebo
Group Tablet Tablet

Placebo o 3
200 mgjday 1 2 --
400 mg/day 2 1
600 mg/day 3 0

All 3 tablets were taken at the same time with water in the
morning at least 2 hours before, or at least 2 hours after,
taking food.

The 6 visits included the baseline, week 2, 4, 8, 12 and a final
visit at week 24 (or 12 weeks after stopping treatment) .

Differences in the number of patients who show a 50% reduction in
alkaline phosphatase were compared between placebo and the pooled
tiludronate groups and between each of the tiludronate groups.
Alkaline phosphatase levels were also compared (using a one way
analysis of covariance) between the tiludronate groups and
placebo adjusting p-values by Dunnett’s multiple comparison
method.

The comparisca of the number of patients who show a 50% reduction
in alkaline phosphatase was carried out on both the efficacy
population (patients reached 12 weeks in study) and an ‘intent-
to-treat’ population (failure for withdrawals before 12 Weeks) .
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A total of 113 patients were randomized and 112 were treated with
study medication.

The following table displays the status ofPatients:

Patient Status of Study 1619
Number of Patients

placebo 200 mg 400 mg 600 mg Total
Randomized
Treated 26

26
29 30
29 28

29 28Evaluable at 12 weeks
Evaluable at follOW-up* 23
Withdrawals I 25

23 27

I
25

ADEs 26 28 27
Death 1
Other o

3 1
2 2

5 0
1 0

1
patients entered 24-week

Week 12. 2fellow-up though not evaluable at

‘ 113
112

100
104

7
2
9

P-

Table II. is a sumary of demographics and baseline data.

Table II. Summary of Demographics and Baseline

Placebo 200 mgn=26 400 mg
n=29 600 mg

# of Male n=29
# of Females 12 n=28

14
12
17

18
11 18

10
Mean [range]

Age (years)
69

[47 - 87] [:: - 82] [;: - 81] [:;
Duration (years)

8.5 7.1
- 81]

I
of Diagnosis of

[0 - 26] [0 11.1Paget’s Disease - 36] [0
5.5

- 36] [0 - 34]

Geometric Mean
(minimum - maximum)Serurnalkaline

387.s
397.4pho sphatase (IU/1)

(139-16:2) 434.5(normal range 25- (174-1795) 436.1
,115) (197-1614) (131-1268)

All patlent:j K,.reCaucasian except for one patient in the 600 mg
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group who was black.

The mean duration of Paget’s disease waslonger in the tiludronate 400 mg group (11.1 years] than other
treatment groups (5.5-8.5 years).

Serum alkaline phosphatase
levels were similar in each of the treatment groups at entry.

Cv



5rng group but the 400 mg is not statistically different from the
200 mg group.

The percentage of patients whose alkalinephosphatase levels normalizsti
(s115 IU/1) at weeks 12 and 24 aredisplayed in Table IV.

Table IV. Percentage of normalized SAP (sl151U/1) at 3 & 6 months

Treetment
placebo Tiludronate

Tiludronate200 mg Tiludronate
Week 12 400 mg

600 mg
I TT o/23 (O%) 3/25(12.0%)

4/27(14.8%)Efficacy 0/21 (0%)
2/24(8.3%)

3/26(11.5%) 9/25(36.0%)]
Week 24 8/24(33.3%)1
ITT 0/23(0%)

8/26(30.8%)~ 11/28(39.3%)1
12/27(44.4%)1

~Efficacy 0/21(0%)
6/23(26.Iq

10/26(38.5%)1
10/23(43.5%)1

p-values are adjusted by Sii=k procedure
1 P<O.05 compared with placebo

At week 12, the 600 mg grouF
had significantly great~r n~er ofpatients with normalized SA; than placebo

But, the 200 mg and
400 mg groups are not signi=: .

.-cantly different from placebo.
In the analysis of variance,

in order to meet the underlyingassumptions the natural log transformation was used
were in terms of adjusted ge:netric means and adjusted geometric

mean ratios. . The resultsIt was concluded that the tiludronate groups had a
Significant-y greater reduc-..

~-on in SAP level than placebo.

Alsor

there was strong statistical
evidence to suggest that SAP wasreduced more by tiludronate

600 mg compared with 200 mg.
The SAP value over time is in

the following figure.
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Pain asat9ssment

There 1= no statistical difference between the treatment groups
for number of Pa+ients ~omPlalnlng of pagetic pain nor the median
cf VAS scores (Husk~=s=m v~sual Analogue Scale) .

Mverse Events

The adverse event rate in the placebo group was 53.8% compared to
65.5%, 79.3% and 82.1% in the 200 mg, 400 mg, and 600 mg
tiludronate groups. The most conunon adverse events reported were
GI . Diarrhea occurred significantly more frequently on
tiludronate (14/86, 16%) than placebo (0/26) which is
statistically significant at p=O.037 (Fisher’s exact test) .

:

For the primary efficacy outcome, the number of responders (250%
reduction of SAP), study P 1619 showed tiludronate 240 mg, 400 mg
and 600 mg all had a greater proportion of patients with 50% or
more reduction of SAP at week 12 than placebo which had no
responders. The percentages of patients with 50% or more
reduction were O%, 31%, 52%, 82% at week 12 for placebo, 200 mg,
400 mg, and 600 mg, respectively. In addition, the 600 mg was
statistically significantly better than the 200 mg in the
responder analysis. The 400 mg dose is considered optimal
because of the increased GI intolerance at the 600 mg dose.



v P 1552

This was a double-blind, randomized, multicenter, European study
(France, Belgium, The Netherlands, Germany, Spain, Italy) to
compare Tiludronate to Etidronate.

Patients included were men and women over 18 years of age who
suffered from symptomatic Paget’s disease with lesions that have
been confirmed by radiography or scanning and present a total
alkaline phosphatase serum level twice that of the maximum normal
values of the laboratory carrying out the assay.

The main objective of this study is to demonstrate that 400
mg/day of Tiludronate is more effective than 400 mg/day of
Etidronate in the treatment of Paget’s disease in 3 months. The
secondary objective is to compare at 6 months 3 groups of
patients, one group of patients treated with Tiludronate will
have the treatment suspended after 3 months (placebo treatment),
two other groups of patients treated with either Tiludronate or
Etidronate will have treatment continued for 6 months.

The treatment length and dosage for each treatment g~oup is as
follows:
month o 3 6

T 400 mg/d 3 months two 200 mg T tablets two placebo tablets
two placebo capsules two placebo capsules

T 400 mg/d 6 months two 200 mg T tablets, two placebo capsules
I

E 400 mg/d 6 months two 200 mg E capsules, two placebo tablets
I

F,va~
.

cacv

The efficacy was analyzed in terms of success/failure. Success
was defined as at least a 50 % reduction of alkaline phosphatase
serum level in international units per liter.

A missing value was considered a failure in the intent-to-treat
analysis. The second analysis on the efficacy population
includes patients with documented efficacy data.

The secondary efficacy criceria was the painful phenomena
evaluated using HUSKISSON’S Visual Analog Scale and phosphocalcic
metabolism.
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The primary analysis of the efficacy criterion was the success
rate after three months. Fisher’s exact two-tail test was used
to compare the Etidronate group and the two Tiludronate groups.

After six months, both Tiludronate groups were considered
separately and a chi-square test of the ratio of probability was
performed.

A qualitative comparison of the therapeutic groups (two to three
months and three to six months) was carried out by means of an
analysis of covariance of the alkaline phosphatase levels. A
multiple comparison procedure was used to detect possible
groupings of adjusted means.

There were a number of violations in patient assignment. In ten
centers, the numbering order for the patients was not always
chronological. A random block size of 6 was used to balance
treatment assignment. The randomization list was not always
followed. The blocks were shared by several centers~n Belgium,
Germany, Italy, Spain. A total of 290 patients were selected in
97 centers and 234 were included in 85 centers.

Twenty-eight patients had violations of inclusion/exclusion
criteria (10 excluded from efficacy analysis) . Sixty-two (62)
patients deviated from the procedure called for by the protocol
and were all excluded from the efficacy analysis. Thirty-three
(33) of the 62 had an assessinent date deviation and 29 had a
baseline serum alkaline phosphatase concentration deviation (4
missing values) . Some patients deviated from the protocol for
more than one reason.

v PoDulati~

Eighty-five centers in 6 countries enrolled 234 patients in the
study with 78 patients in the tiludronate 3 month treatment
group, 77 in the tiludronate 6 month treatment group and 79 in
the etidronate treatment group. Thirty patients discontinued
before completing 6 months as called for in the protocol with 14,
11 and 5, respectively for tiludronate 3 month, tiludronate 6
month and etidronate. Those patients may have observations due
at the next scheduled visit performed before leaving the study.
They are exclud!:d from the e~ficacy analysis, but included in the
ITT analysis. “l’ableV. dlSp~ayS the number of patients for whom
bone metabolism or pain data are available by treatment and Table
VI. displays th(”number of patients excluded from the efficacy
.]nalysis.
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Table V. Number of patients with available data

Visit Treatment

Tiludronate 3 Tiludronate 6 Etidronate All groups

baseline 78 77 79 234

Visit 2 78 76 78 232

Visit 3 70 73 76 219

Table VI. Number of patients excluded from the efficacy analysis

visit Treatment

Tiludronate 3 Tiludronate 6 Etidronate All groups

Visit 2 25 19 15 59

Visit 3 27 22 17 66

ent De~ c

Table VII.
F-

Patient demographic characteristics
I I

Treatment

Tiludronate 3 Tiludronate 6 Etidronate p-value

Male/Female 52/26 49/28 38/41 0.04

Mean age(range) yrs 68.4(41.3-85.1) ?0.2(42.7-89.6) 67.8(43.7-85.2) 0.30

Mean weight(range)kg 72.0(S1.0-105.0)71.7(50.0-107.0)67.3(50.0-104) 0.02

Height(range) cm 165(145-:55) 166(145-190) 163(143-180) 0.04

Race: Caucasian 75(96%) 76(99%) 78(99%) 0.24
Negroid 3(4%) 0(0%) 1(1%)
Other 0(0%) 1(1%) 0(0%),

The two tiludronate groups had more men than women compared to
the more evenly balanced etidronate group. The differences in
weight and height is related to the gender differences. When
gender was incorporated into the model there is no statistical
difference (p=O.16, 0.14, weight, height).
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Disease history

The median duration of Paget’s disease was 5 years. The majority
of patients had more than one site of disease. The most common
were the pelvis (182 patients) the lumbar spine (101) and the
skull (88).

Out of the 234 patients 167 (71%) had been previously treated for
Paget’s disease and 64 (27%) were receiving analgesia. One
hundred twenty-two (52%) patients had previously received
bisphosphonate treatment for Paget’s disease.

Baseline pain

One hundred seventy-two (74%) patients had bone pain at baseline.
In the tiludronate 6 months group, the proportion is higher (83%)
than in the etidronate group (66%), (p=O.017). The pain in the
dorsal spine was significantly more common in the tiludronate 6
months group (12%) than in the tiludronate 3 months ~6%) or
etidronate (5%). Global pain severity as assessed by VAS score
was comparable between the three treatment groups (mean scores
33.1 tiludronate 3 months; 41.8 tiludronate 6 months; etidronate
38.0; p=O.14).

Phosphocalcic metabolism

There was no significant difference between treatment groups in
the SAP or urinary hydroxyproline concentrations or in the
urinary hydroxyproline/creatinine ratio. Table VIII. displays
mean values of baseline concentrations of these 3 factors.

Table VIII. Baseline means + sem (range) of serum alkaline
phosphatase, urinary hydroxyproline, and urinarv
hydroxyproline/creatinine ra;io.

.

1 4
Treatment

Tiludronace 3 Tiludronate 6 Etidronate p-value

SfiPIU/L 504.1*51.4 475.4*36.6 451.4545.1 0.50
(174.O-225S.0) (122.0-1901.0) (124.0-2460.0)

Urinary I376.0*60.2 I360.0t45.3 I

502.4298.3
hjdroxyproline (11.0-3153.2) {13.0-1864.0) (15.9-6180.0) I 0“66 I

H!’:Jroxyproline/
I

0.0S4*0.02
I
0.060*0.006

I
0.081t0.014

c::atinine ratio (0.PO1-1.<:?I I
0.73

(0.000-0.397) (0.001-0.814) I
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Primary efficacy analysis

A treatment success rate of at least a 50% reduction in the
alkaline phosphatase level from baseline to 3 months in the ITT
population was designated as the primary efficacy analysis.
Patients with missing data were considered to be failures.

Results of ITT and efficacy analyses for the two treatment groups
are shown in the following table:

Table IX Number (percentage) of responders at 3 months

250% Treatment
reduction

Tiludronate Etidronate
‘p-value

ITT 89/155(57.4%) 11/79(13.9%) <0.001

Efficacy 73/107(67.6%) 10/62(16.1%) <0.uol

The proportion of patients with a 50% or more reduction from
baseline in SAP was statistically significantly greater in
Tiludronate than in Etid=onate for ITT (57.4% vs. 13.9%) and
efficacy analyses (67.6% vs. 16.1%) with p<O.001.

The 6 months result is in the following table.

Table X. Number (percentage) of responders at 6 months
,i:::::::;:.j,::::~,,:::,,,:,,,.,,.:,,,:,,,:,:~.:r,,.,.,,,;.::::+:,:,xW-..,,,,:.:+:.:+:....:,,..,.:.,.*.:.*.,.:.,,,,,.x,,.,,:,.,,..,..,:,....................................,,,........>.,,:,,:,.............. ...... ,,,,.,,,.,,.,,,,,,.,............................................,,,,,,.,,,,,,.,::s...-:::::<:::::,..,:,:,<,.:.:,,,............ ,,,,,,,, Treatment..............:.:.:.y..:...............,.:,,...:.;.:.;.;..,..,,,,.,,:<::::::.:?<.:.,+,.,:,.,::::.::,.:::.................................................................................,,,
~%$$$=~~$ Tiludronate 3.:.:+:.:.:,}.,,.,.,.,.,.,.,,.,.,.,,....,,,...,.,,,..:.,, Tiludronate 6 Etidronate......-..............,,,.:.:.,,:.:.:.,.........x........................,.W.......,,.........;::,<.!.::<.~:;+:::;:fi:.,..,.,.,..,..,..,.,,,.,......,........................,..............................,.,....,.,..),:,:..:.:,:,:::::.,.,:,y::,::.,2.,y::::::,:,:,:::::::,:,:,,,....................,.‘“’”””’”’”’’’’’”3 months............ ..................,:,,:::::,,,,:.,::,:.;:.,::,:::,,:!::,:::,:::.<$,.:.:,*,::;.,.................. . 6 months 3 months 6 months..,.,.::.:.:.:,:.:,,.,,:.,.... 3 months 6 months...:.,.,:,.,,,.;,,.,..,:,:,’.,—.
ITT n=78 n=77 n=79

43(55.1%) 47(60.3%) 46(59.7%) 54(70.1%) 11(13.9%) 20(25.3%) i

Efficacy n=49 n=50 n=60
33(67.4%) 40(81.6%) 33(66.0%) 42(84.0%) 10(16.7%) 18(30.0%)

The percentage of responders are higher with Tiludronate 3 months
and Tiludronate 6 months than with Etidronate with p<O.001.
There is no statistical difference between the two Tiludronate
groups at mcnth 6 (ITT, ~=0.24, Efficacy, p=O.80).

__—
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~ Til..ronate

● Til.drona~e
● Etidronate

a) Bone pain

6 Months

3 months
6 months

At baseline,
a higher portion of patientsmonths group (83%) reported bone pain (inc

sites) than in the etidronate group {66%),

At 3 months and 6 months,

the investigatorbone pain h relation to Paget’s disease.
(percentage) of patients with bone pain at

6 is displayed in Table XI.

in the tiludronate
luding non~Pagetic

(P=O.017).

reported patient’s
The nu~er
baseline, month 3 a

.....................:-:+.,.... ............,.,,.<,:,:,:,:....................~....................................................... ..,,, ,,,.,,,................................,,,.. ...,.,,.,,.,.....................,...................................:.:.s.,.::..;:::<.,,:,::,,.,..,,:,:.,:,.:.,.:.:,:.:.;.:,:

ba$eline

3 months

“ significant at p=O.0Z7 vs. Etidronate

Sevezity of bone pain at rest and change in bone pain at rest
were analyzed by each of the 10 anatomical sites studied.

There

was no statistically significant difference between the three
treatment groups at any of tie 10 sites.

6

nd
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Other An~

1. Normalized SAP

The analysis of patients with normalized SAP was not designated
in the protocol but is of interest as an outcome variable. A
normalized patient is a patient with a SAP level below the upper
limit of the central laboratory’s normal range (s105 IU/1).
Percentages of patients with normalized SAP levels at 3 months
and 6 months are displayed in Table XII.

Table XII. Nunber (percentage) of normalized SAP at 3 and 6
months, ITT

1 1
Treatment

Tiludronate 3 months Tiludronate 6 months Etidronate

3 months 12/78 (15.4%) 10/77 (13.0%) 4/79 (5.1%)

j6 months 19/78 (24.4%) 21/77 (27.3%) -- 9/79 (11.4%)

At 6 months, the two Tiludronate groups had a greater proportion
of normalized patients than the etidronate group. P-values were
0.039 and J.015, respectively.

At 3 months the combined tiludronate group had 22/155 (14.2%)
patients with normalized SAP compared to 4/79 (5.1%) of the
etidronate group. This was statistically significant with
p=O.046 (Fisher’s exact test).

2. Geometric means of SAP

The natural log transformation was applied to SAP data in order
to meet the assumptions underlying the analysis of variance. The
geometric means at baseline, 3 months, and 6 months are displayed
in Tables XIII and XIV for the ITT population.



14Table XIII. Baseline adjusted geometric means of SAp at 3 m~nth~

Treatment

Tiludronate
Etidronate Ratio [CI]

Tllu/Etid p value
Baseline 401.58

359.07
3 months 182.37 264.41

0.626 [0.559, 0.701]
<0.0001

Baseline adjusted geometric means of SAP at 6 months
. .

Treatment
Tiludronate 3 months

Tiludronate 6 months
Baseline Etidronate391.97
6 months 401.45

362.52146.14
140.08

233.7oRatio [CI] to
Etidronate 0.590*

0.556” ........,.,.........................................:,;,.,.,.,.,...............................................................,,,.,.,.,:,..............,.:$.::.:.:.:..::,,;,:.:::::.;.:.x:,:f:.,.:,,,\.,.,1+:.,....................................,:.:.>[0.506, 0.689]
[0.476, 0.649] :+:<:,:,*::::::*........+,,..Statistically significant (?<0.05) when compared to Etidronate

--The ratio of Tiludronate 6 month to tiludronate 3 month is 0.942
[0.803, 1.104] which is not statistically significant.

COncl~~i~

Study P 1552 showed that after 3 months treatment of either
Tiludronate 400 mg/day or Etidronate 400 mg/day there was
statistically significant greater percentage of patients with 50%
or more reducti~~n in the Til~:tironate(57%) than the Etidronate
(14%) group. At month 6, the responder rate for 3-monthtiludronate followed by 3-month placebo treatment was 60%; for
tiludronate 6-m~*nthtreatmenz

group the rate was 70% and for theetidronate 6-moIlthtreatment group it was 25%.

Both the
tiludronate groilpsare Signi:+

..cantly better than etidronate butthe two tiludro:~ate groups (S-month and 6-month) were not
different.
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This was a randomized, double-blind, placebo-controlled, dose
ranging trial to investigate the effects of a 200 mg and 400 mg
dose of the tablet formulation of tiludronate in patients with
Paget’s disease of the bone.

The primary efficacy variable was the change from baseline in
total serum alkaline phosphatase (SAP) at Week 12. Analysis of
variance models were to be used to compare the treatment groups.
Nonparametric methods were to be considered if the normal
assumption for change in SAP was not justified.

One of the secondary efficacy variables was the incidence rate of
patients who have demonstrated at least a 50% reduction in SAP
from baseline.

The study included male or female patients 35 years of age or
older with location of the Pagetic bone lesions based on an
isotopic total body scan performed within the two years prior to
study entry, and the total serum alkaline phosphatas~.level
(central laboratory) at least twice the upper normal value.

A radiologic survey of the Pagetic bones was to be performed at
the baseline visit to confirm Paget’s disease and to identify
those patients who have skull osteoporosis circumscripta or
advancing wecige/flamed shaped segments of resorption in the long
bones. Those patients so identified were to have follow-up
radiologic surveys of those lesions performed at the Week 12 and
Week 24 visits. The Week 24 surveys were to be compared to the
baseline and Week 12 surveys by a central blinded reader.

All patients who qualify and volunteer for a bone biopsy of a
non-Pagetic iliac crest, were to have the procedure performed, as
an additional safety assessment, at only the Week 24 visit.

At the scree:;ingvisit, patients were ascertained to meet the
inclusion and exclusion criteria. If a patient was qualified
after all laboratory and bone scan tests, if needed, a baseline
visit was to be scheduled within 30 days of the screening visit.

At the baseline visit patients had a plasma specimen obtained for
drug analysis, and underwent a radiologic survey of their Pagetic
bones. The \+urposeof the radiologic survey was to confirm
Paget’s dise~se, and identify those patients having skull
osteoporosis circumscript.a or advancing wedge/flamed shaped
segments of ~esorption in the long bones. Those patients so
identified h.?dthe originals of those X-rays sent to a blinded
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central reader.

At the baseline visit patients were randomized into one of the
three treatment groups of placebo, 200 mg tiludronate and 400 mg
tiludronate. Placebo patients were to take two placebo tablets
nightly, the 200 mg tiludronate patients, one active 200 mg
tiludronate tablet and one placebo tablet nightly, and the 400 mg
tiludronate patients, two active 200 mg tiludronate tablets
nightly.

The treatment phase visits were at weeks 2, 4, 8, and 12. The
observation phase visits were at weeks 16, 20, and 24. Those
patients identified at the baseline visit as having osteoporosis
circumscripta or advancing wedge/flamed shaped segments of
resorption in the long bones were to undergo a radiologic survey
of those areas during the week 24 visit. The originals of these
X-rays were to be sent to the blinded central reader, and the
findings of this survey were to be compared to those observed at
the week 12 visit, to determine the effect of treatment
discontinuation, if any, upcn those areas.

A minimum of 35 patients per dose group (a total of ~05) were to
be randomized at 20 study centers. This sample size was to
provide a power of greater than 0.9 to detect a 40% difference in
response rates of treatment success in the active and placebo
groups with an alpha level C: 0.05.

A total of 140 subjects were randomized at 20 study sites. One
@f the 400 mg patients withdrew before the first dose of study
medication; therefore, there were 139 patients in the intent-to-
treat population. One hundxed thirty-seven (137) patients
completed the Tueatment Phase of the study (Week 12) and 134
completed the Treatment and Observation Phases of the study (Week
:4). Patients who completed the Week 24 visit were assumed to
have completed the Week 12 visit. Patients who did not complete
the entire stud}’ (through Week 24) were considered to have
i-’ompleted through Week 12 i: the duration of treatment was at
least 77 days (11 weeks), where duration of treatment was defined
t o be the numbex of days frc.m treatment start to the most recent
.:.lte tablets wexe returned. Six patients were discontinued from
ihe study and/ox study drug. one placebo patient (010-0012) who
::”.opped study d:ug due to ar.adverse event, but completed all
:;”udyvisits was included ancng both the 134 patients who
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completed all study visits, and among the 6 subjects who
permanently discontinued study drug.

There were 125 evaluable patients, all of whom completed the
Treatment and observation Phases of the study.

The Clinical Investigator’s Agreement with Dr. Kantor and Dr.
Chausmer (Center 15) was terminated. Consequently, the 3
patients from this site (one patient in each treatment group)
were among those excluded from the evaluable population.

Table XV. Patient Status

Skelid

Placebo 200 mg 400 mg Total

Patients randomized 48 45 47 140

Intent-to-treat 48 45 46 139
Completed 12 weeks 46 45 46 137
Completed 24 weeks 45 44 45 I:g—.

Permanent discontinuation 4’ 1 1 6
adverse event discontinuation 3 3

Evaluable for efficacy 39 42 44 125
Completed 12 weeks 39 42 44 125
Completed 24 weeks 39 42 44 125

Not evaluable for efficacy 9 3 2 14
Completed 12 weeks 7 3 2 12
Completed 24 weeks 6 2 1 9&

“ One placebo patient(OIC-0012) who permanently discontinued
study drug also completed all study visits.

Four placebo patients, one 200 mg patient and one 400 mg patient
permanently stopped stud~”drug and/or discontinued from the
study.

....—-— .——
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Reasons for permanently stopping study drug and/or the study are
displayed in Table XVI.

rable XVI. Study Drug Disconti]

Reasons

Adverse event
Diarrhea, micturition
frequency abnormal
Arrhythmia
Dyspepsia

Personal

Site closed by sponsor

Iation

Placebo

la

la
lb

la

Skelid

200 mg

1=

400
Ing

1“

Total

1

1
1

1

2
Permanently stopped study drug and permanently c .scontinued

from the study.
b Permanently-stopped study drug but completed all study visits.
c Completed study drug, but permanently discontinued=rom the
study during the follow-up phase.

Protocol Deviations

Eight patients in each of the 3 treatment groups (total 24) had
one or more prccocol deviations. The most common protocol
deviations were as follows: nine patients had a laboratory test
result at stud~-entry that was significantly different from
normal (as evaluated by the investigator), and six patients had
an SAP level at study entry that was not at least twice the upper
normal value. All protocol deviations were considered by the
sponsor to be r.inorand these patients were evaluable for
efficacy. Three of the patients who had protocol deviations were
considered not evaluable fur efficacy, but for reasons other than
the protocol deviations.

There were no statistically significant differences among the
three treatmenr groups in demographic characteristics. Ninety-
one of the 139 ITT patients (65%) were male and 48 (35%) were
female. The m.?;ority of pa=ients were Caucasian (126/139, 91%).
The mean age W.?S69.5 years, the mean weight was 78.2 kg, and the
mean height was 166.8 cm.



There were no clinically meaningful differences among the three
treatment groups at baseline with respect to medical histories
All patients had Paget~s disease of the bone, as determined by-an
isotopic total body scan performed within two years before study
entry or at the screening visit.

Paget’s disease wasradiographically confirmed at the baseline visit for all
Patients, with the exception of one 200 mg Skelid patient (003-
0011) who had a radiographic assessment performed before study
entry. One patient in the 200 mg group (010-0001) was diagnosed
with Paget’s disease on Novetier,

1, 1980 which was recordedincorrectly as the patient’s birth date (June 1, 1930) .

There were no statistically significant differences among the
three treatment groups in baseline efficacy data

‘rinary hydroxyprollne/creatinine, Pagetic pain :c~~~~uding sAp,
phosphatase bone isoenzyme,

f alkalineand urinary pyridinoline crosslinks/creatinine (p>O.106).

-Baseline efficacy data by treatment group are displayed in Table
XVII .

Table XVII. Patient Baseline Su~ary

Skelid
Iplacebo 200 rng

400 rngSAP (IU/L) Total

N
Mean (sal}

48
45

46611.8(627.0)
542.4 (42g.g)Median

394.5 139418.6(237.4)
525.4(466.6)Range

210-4@04 404
205-2476 324.5

199-1237 372
199-4004—

Urinary hydroxyproline/creatinine (mmol/mol)

N
Mean (sal)

48
114.9(85.7) 45 46

Median 127.7(176.1)
88 86.1(50.2) 139

Range 88.8 109.5(116.2)
15.3-5@7 38.9-1195.5 77.4

14.7-218.5 82.3
14.7-1195.5Pagetic pain score (cm)

N
Mean (s,i)

48
3.3(2.9)

45
46Median 2.0 4(3.2) !

3.2(2.8) ~
139

A Range 3.4 3.5(3.0)o-~~
o - 10

2.6
0 - 9.3

3.2
0 - 10
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Skelid

Placebo 200 mg 400 mg Total

Alkaline phosphatase bone isoenzyme (IU/L)

N 47 45 46 138
Mean (sol) 464(539.1) 464.4(388.3) 351(212.6) 426.5(404.
Median 299 321 266.5 298
Range 31-3585 143-2195 155-1098 31-3585

Urinary pyrodinoline cross links/creatinine (pmol/pmol)
I 1 1

or rs P-v v ?.~sis (Intent-- r-

The primary efficacy outcome was the percent change from baseline
in SAP at week 12. At week 12 there was a significa~ difference
with regard to the overall comparison (p<O.001). Paixwise
comparisons showed significant differences between the placebo
group and each of the two active treatment groups (p<O.05). No
statistically significant difference was detected between the 200
and 400 mg groups. The mear,percent change in SAP from baseline
at week 12 was 1%, -46%, and -51% in the placebo 200 mg, and 400
mg groups, respectively. AZ week 24, the means ~ere 5%, -47%,
and -58% in the placebo, 2J0 and 400 mg groups, respectively. At
week 24, the pairwise compszisons showed significant differences
between the placebo group and each of the active treatment groups
and there was a significant difference between the 200 and 400 mg
groups (p<O.05). Mean percent change from baseline in SAP over
time is displayed in the fo:lowing figure.

c1
-e- Placebo

+ 2001T19

+ 4oomg

2 4 8 12 16 20 24
Wo,k



fie week 12 and week 24 mean, median, and percent
are displayed in Table XVIII.

i Iable XVIII. Mean, Median, and Percent Change of‘
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change in SAP

SAP - ITT

Skelid

Placebo 200 mg 400 mg

s 45 45 46
774.5(744.5)/452.5 279.7(232.3)/241 198.2(115.8)/162
0.5(11.6)/0.1 -45.8(15.3)/-48.9 -50.8(15.6)/-53.

s 45 44 45
684.1(777.9)/455 275.9(250.7)/207 157.1(76.0)/139
5.1(15.0)/1.9 -46.8(22.3)/-51.9 -57.9(16.8)/-61.2

lD statistically significant interaction between treatment and
~nder, treatment and age (c65, or z65), or treatmen&and body
seight were detected at week 12 or week 24. The majority of
patients were Caucasian (91%), therefore, no conclusions were
~de with respect to treatment-by race interactions.

*onsor .s SeCOn@ry 0-,= ~t

I. Treatment Success

freatment success was defined as the percentage of subjects who
Ed at least a 50% decrease from baseline in SAP.

$t week 12, the rate of treatment success in the 3 treatment
~oups of placebo, 200 mg and 400 mg skelid was O%, 42% and 61%,
~spectively. The overall comparison was significant at p<O.001.
pairwise comparisons showed significant differences between the

$~~e~~13rouF and each of the two active treatment groups
. . The difference between the 200 and 400 mg groups was

not significant (X2test, p=O.075) at cY=O.05.

At week 24, The rate was 0%, 51% and 72% in the placebo, 200 mg
and 400 mg g:.oups,respectively. Statistical conclusions at week
24 were similar to those at week 12, except that a significant
difference w.~sdetected lxtween 200 and 400 mg groups (X2test,
p=o.043).

2. Patients whose SAP Re:urned to Within the Reference Range
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The following table displays the number (%) of patients whose SAP
returned to within the reference range at week 12 and week 24.

Table XIX. Number (Percent) of Patients with Normalized SAP

Placebo Skelid 200 mg Skelid 400 mg
Visit n=48 n=45 n=46

Week 12 0 3(7%) 9(20%)

Week 24 0 3(7%) 16(35%)

At week 12, the overall comparison was significant at p=O.003 (X2
test) . Pairwise comparisons showed a significant difference
between placebo and 400 mg. The differences between the placebo
and 200 mg groups, and between the 200 and 400 mg groups,
approached significance (p=O.069 & p=O.078).

Reviewer’s Analysis

The Fisher’s exact test was applied because of no incidence in
the placebo group. At week 12, there were no significant
differences between the placebo and 200 mg groups (p=O.242) and
between the 200 mg and 400 mg groups (p=O.119).

3. Pagetic Pain Scores

At week 12, the mean changes from baseline in Pagetic pain scores
were -0.3, -1.2, and -0.3 in the placebo, 200 mg, and 400 mg
groups, respectively. There were no significant differences
among the 3 treatment groups in the mean change from baseline in
Pagetic pain scores at any visit. (P2O.1O6).

4. Skull and Long Bone X-Ray Findings

Thirty patients were identified at baseline X-ray to have skull
osteoporosis circumscripta or advancing wedge/flamed shaped
segments of resorption in the long bones. Of the 30 patients, 9
were from the placebo group, 10 from the 200 mg group and 11 from
the 400 mg group. Twenty of the 30 patients had scintigraphic
information: 13 patients were provided with screening whole body
bone scintigr.tms and 7 had scintigraphy reports available. Ten
of the 30 patients had neither scintigrams nor scintigraphy
reports avail.~ble.

One of the sk::Lllesions (10 009, 400 mg) showed no abnormal
uptake on sci::cigraphy ai:d was excluded from all subsequent
analyses. Tw(ilve-week radiographs were not available for
patients 06 0.’0 (placebc~ and 07 011 (200 mg).



23The following table shows radiographic changes of all 30 patients
at weeks 12 and 24.

Table XX. Change of Radiography at Weeks 12 & 24

Week
12 24

placebo 200 mg 400 mg

g I II
E 01007 01021
? 06003
p 08008

1

I I I I 19001
r

I 1:

e 4.

07011 01015
08017 18002

1800Q
06014 03003

‘ D6020
09002

~ ::;::

10017
? eA*

yQ&

lioo3

1>L 1+
2 08006

18011
Z

P P 19008

P PP 00’006

I
14001

I I
I I1 Total n=30

I 11=9 I n=lo1: improvement, NC. mm .
II,PP: im~ro-zem~.
seen at I_ ..
Bold: patien~~”~x
Underline: patien
10009, no evidence or

radiographer, 06020 a
available, 03~7. ---
confidence of =~~essm{
may have sjmulated bone turnover.

LIICIL was
.apIISwere not
? +-b.-7evel of

--.,,”*~zprosthesis

I I A1-~J.

.._.* .“ Ichange, p: progression__.-.~tor progression at 24 weeks in excess of that
15 Wnabe

:cluded from week 12
[ts excluded from week 24
,- ‘f p?get’s disease in the bone .A.. _.

nd 07011, week 12 radiogr.-k.

u~~, UIU03, 12007, 18006, & 1801L, ~,,eAC-.---——
ent was poor, 06007, a famn~.1 --



The week 12 radiographic response is displayed in Table XXI.

Table XXI. Radiographic Response at Week 12

Radiographic
Improvement placebo 200 rng

I
400 mg Total

Week 12”
No
Yes 7 (100%) —

o (Og)
5(62%)
3 (38%)

1(14%)
6 (86%)

13
Total

7 I 9 I
8

Week 24”* 7
22

No
Yes 8(100%)

0(c)%) 5(56%) 3(37$)
4(44%) 5(63%)

16
TOtal

8
9

“P=O.004, ““ 9 8
25P=O.029, Fisher’s Exact Test

I

Re l?iewer~~

se--All 30 patients were included in the analysis.

The independen
of treatment and responses of the 3 treatments and 3 responses
table were tested using Uanckhere-Terpstra test

. The exact p-

value is 0.005 at week 12 and 0.067 at week 24.

The week 12 radiographic response is displayed in Table XXII.

Table XXI1. Radiographic
Response at Weeks 12 & 24Radiographic

placeboresponse 200 mg 400 mg Total
Week 12”
Improvement
N0 Change 0(0%) 4(40%)7(78%) 6(55%)
pregression f5(60%) 10

2 (22%)
o (o%)

5 (45%)
o

18
2Total

9 10 11Week 24*” 30
Improvement
NO Change

0(0%)
4{40%)

7( 78%) 6( 55%)
Progression 4 (4()%) 10

2 (2 2%) 3 (2 7%)
2(2o%} 2(1 8%)

14
67’otal

9
“p=O.0047, ‘-y=O067 10 11. 30, Jonskheere-Terpstra test

.

ce

24
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Rwii=wer r 5

The percent change from baseline of SAP at week 12 and week 24 by
center is displayed in the following figure. The sites are
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sorted by the descending number(n) of patients in that site.

The graph indicated thar patients in the placebo group (square)
had limited decrease ox increase in percent change of SAP. Only
one center (19) had a nean increase in the 200 mg group.

Conclusion

The primary efficacy outcome is the percent change in SAP from
baseline at week 12. At week 12 the placebo group had an
increase cf 0.5% and the 200 mg skelid group had a reduction of
45.8% and the 400 mg skelid group had a 50.8% reduction in SAP
from baseline. The two active treatment groups are statistically
significantly different from placebo. For the treatment success
outcome, the percentage of patients with at least a 50% reduction
in S.3Pfrcm baseline were O%, 42% and 61% for the placebo, 200 mg
skelid and 400 mg skelid treatment groups, respectively, at week
12. The X-ray analysis of long bone also showed a significant
difference between skeiid and placebo in the improvement, no
change, ami progressiol~ of the disease. With 30 patients in the
X-ray analysis, the pe;cent with improvement for skelid was
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40%(4/10) and 66%(6/11) for the 200 mg
of the 9 patients in the placebo group
9 (22%) placebo patients had a disease
the skelid patients progressed.

Overall Conclusion:

and 400 mg groups and none
improved. Two out of the
progression and none of

Based on the percentage of patients with 50% Serum Alkaline
Phosphatase (SAP) reduction, the two placebo-controlled studies
with 12 weeks of treatment duration showed statistically
significant reduction in SAP in the tiludronate treatment groups
as compared to placebo. Both the 200 mg and 400 mg tiludronate
groups are efficacious compared with placebo. The 600 mg group
in Study P1619 had a higher incidence of diarrhea. In the
active-controlled trial, tiludronate was better than etidronate
in SAP reduction. In the 400 mg tiludronate group the 12 week
result of the intent-to-treat analysis on responders (250% of
SAP) showed 51%, 52% and 57%, respectively, for the two placebo-
controlled studies (P1845, P1619) and the active-controlled study
(P1552). IrIthe active-controlled study 400 mg tiludronate
showed a significantly greater reduction than the 40Q-mg
Etidronate group which had a 14% responder rate at 3 months. At
6 months, in comparing patients who took 400 mg tiludronate 6
month and patients who took 400 mg tiludronate for 3 months then
placebo for 3 months there was no statistical significant
difference. The responder rates were 70% and 60%, respectively,
for tiludronate 6 months and tiludronate 3 months.

A - f?--:D
Lee-Ping . .
Mathematical Statistician
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SKELIDQ (tiludronate disodium) is a bisphosphonate compound characterized by Phosphorus-
Carbon-Phosphorus (P-C-P) bonds. This compound’s structure differs from other
bisphosphonates by a (4-chiorophenyltbio) chain attached to the basic P-C-P structure. The drug
is recommended for the treatment of Paget’s disease which is marked by a progressive increased
bone resorption and formation, resulting in weaken~ deformed bones of increased mass. Its
mechanism of action is to inhibit the osteoclast activity through a probable reduction in
enzymatic and transport processes which lead to the characteristic bone resorption. SKELID@
will be marketed as a 200 mg table~ with a proposed dose of 400 mg (2 x 200 mg tablets) once
daily orally for twelve weeks.

A number of different formulations
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Tiludronate is a highly water soluble drug with low intestinal permeability. The mean absolute
oral bioavailability is 6’%0under f~ting conditions. It is absorbed with a T- <3 hours; however,
the intra-subject coefficients of variation for C- CanalAUC ranged from 40°/0to 45°/0tier a
single dose. When administered orally, C-, AUC and urinary excretion (Ae) increased more
than proportionally with doses ranging Iiom 200 mg to 800 mg, although renal clearance was
similar between doses. This non-linearity was more evident between the 600 mg and 800 mg
doses, both of which are larger than the dose recommended for the treatment of Paget’s disease
(400 mg). The absorption of tiludronate was significantly (90%) reduced by food.

Tiludronic acid has a high tixnity for bone and its elimination from this tissue is very slow.
After IV administration of tiludronic acid, 50% to 60% of the dose was eliminated in urine, with
the remainder of the dose appearing to be distributed in tissues, including bone. Thirteen days
after administration of tiludronate urimuy excretion was not complete. Tiludronic acid is
significantly bound to serum proteins (90°/0to 920/0). In vitro protein binding studies
demonstrate that 91% of circulating tiludronic acid is bound to serum albumin. Only salicylic
acid resulted in a significant displacement (7°/0)of tiludronic acid from its binding sites.

The half-life for elimination of tiludronic acid fkom human bone has not been assessed; however,
in studies in animals, it has been determined to be as long as 300 days. Estimates of the plasma
elimination half-life of tiludronic acid, from plasma and urine in healthy volunteers after a single
dose, are approximately 40-60 hours and 60-80 hours, respectively. In Pagetic patients after
repeated adrninistratio~ the plasma elimination half-life is approximately 150 hours. These
estimates do not fidly take into account the slow elimination from bone.

In virro studies with human hepatocytes and human liver microsomes have confirmed the lack of
metabolism of tiludronic acid that was demonstrated in in vivo animal studies.

The sponsor reports no statistically significant differences in any pharmacokinetic parameters
between elderly males, elderly females and young males, although the mean AUC and C.u in

2
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elderly females was approtiately 1.5 times greater than those of young and elderly male
subjects. Weight-norrnali~tion of the pharmacokinetic parameters did not change these results.
However, the weaknesses in study design (small sample size, protocol violations, different
batches of tablets use& elderly and young were not studied at the same time) make the
interpretation of results difficult and the utility of the study questionable. Results of sub-group
analyses from one pivotal study (P 1845) suggest that neither age nor gender impacted on clinical
outcomes. Tiludronate pharmacokinetics have not been evaluated in patients less than 18 years
of age. Since tihxlronate is unmetabolized and only excreted in urine, no studies have been
conducted in subjects with hepatic insufficiency. Differences in pharrnacokinetics were observed
in renally impaired subjeck, whether these differences are significant cannot be ascertained due
to the small sample size and lack of parallel healthy controls in this study.

Specific drug interaction studies have been conducted with a number of nonsteroidal anti-
inflammatory drugs, Maalox”, and digoxin. No significant alteration in systemic exposure to
tiludronic acid were observed tier administration with diclofenac. Aspirin may decrease the
bioavailability of tiludronate. Indomethacin appeared to increase the bioavailability of
tiludronate. Maalox decreased the bioavailability of tiludronate when given 1 hour prior to
administration of tiludronate; however, no effect was observed when Maalox is given 2 hours
afler tih.dronate. Tiludronate did not produce any significant change in digoxin pharmacokinetic
parameters.

Tiludronate reduced baseline alkaline phosphatase levels 47% and 58% in the 200 mg and 400
mg groups, respectively. A dose-response relationship is evident.

The OffIce of Clinical Pharmacology and Biophannaceutics/Division of Pharmaceutical
Evaluation 11has reviewed NDA 20-707 submitted February 28, September 18, October 03, and
October 17, 1996. The to-be-marketed formulation and the clinical trial formulation are
biohequivalent; the to-be-marketed formulation is approximately 15% to 30% more
bioavailable. However, therapeutic equivalence was demonstrated between the two formulations
as evidenced by an equipotency study which was a side-by-side comparison of safety and efficacy
of the two formulations, as well as tiety and efficacy mmparisons of the two clinical studies,
each one using a different formulation. The medical officer informed OCPB that the safety and
eilicacy profiles are comparable between the two fonmdations.

Although the design of a number of the phaxmacokinetic studies was less than desirable (small
sample size, improper sample handling, poor study design, lack of suitable statistics), the overall
Human Phamnacokinetic Section is acceptable to OCPB and general comments (p.42) and
labeling comments (p.43) shouId be sent to the sponsor as appropriate.

3
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CKGROUND<.

Paget’s disease is an idiopathic, progressive disease marked by increased bone resorption and
formation resulting in weakene~ deformed bones of increased mass. The disease in most
patients is asymptomatic. However, both urine hydroxyproline (a measure of bone resorption)
and serum alkaline phosphatase (SAP,a measure of bone formation) are increased in Paget’s
disease. SAP is the standard diagnostic tool, measure of disease activity and therapeutic
response, and therefore the primary efficacy parameter.

SKELID” was initially submitted to the agency by Sanofi Pharmaceuticals as IND Al

1991. It was transfemed to Sterling Drug, Inc. and Sanofi Winthrop, Inc. in 1994. Three pivotal
trials were conducted in support of this application. P 1845 was conducted in the United States
and P16 19 and PI 552 were conducted in Europe. As of December31, 1995, SKELID” has been
approved for marketing in eight countries for Paget’s disease.
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SKELID* (C7H7ClNa10~PzS)anhydrous fo~ M.W. 362.6 is a white to off-white powder with
pKa’s 10.85,6.90,2.95 and 1.30. Its partition coefficient is log P <-3.8 and it shows no signs of
hygroscopicity. Tiludronate is used to refer to the administered compound and tiludronic acid is
used to refer to plasma concentrations and pharmacokinetic parameters. Doses of tiludronate are
expressed as tiludronic acid (240 mg tiludronate disodium = 200 mg tiludronic acid).

Unlike other bisphosphonates, tiludronic acid can be quantified in plasma at therapeutic doses,
and therefore, the phannacokinetics of tiludronic acid have been evaluated extensively during the
course of clinical development. Tiludronic acid concentrations have been quantified h plasrn~
urine and bone using high performance liquid chromatographic techniques with ultraviolet
detection (265-280 rim). The limits of quantitation were 0.01-0.07 mg/L in plasm% 0.025-0.2
mg/L in urine and 2.5 mg/kg in bone.

F
Protocol
Number

1616

1676

2084

1836

I

t

1270

1615

Title

Comparisonof the bioavailabilityof SR41319Bin healthy volunteers at
the dose of 20 mg by the IV route and 400 mg by the oral route (Study
Report RSO045930421/01). SanofiRecherche. 25 May 1993

Bioequivalenceof two oral formulationsofSR41319B in healthy subject
(Study Report RSO045920206/Ol). Sanofi Recherche. 09 Ad 1992.

Population phannacokinetic analysis of tiludronate bioavailability in
normal subjects (Study Report 2130). Sanofi Research Division. 19 Ma
1995.

Multicenter open, parallel-group study of the bioequipotence of two tabh
formulations of oral tiludronate in Paget’s Disease of bone (Study Repon
RSO045950817/02). Sanofi Recherche. 18 October 1995.

Evaluation of the intra-individual amiability of the phamacokinetic
profile ofSR41319B after a single dose administration of 400 mg in
healthy volunteers (Study Report RSO045920206/02). Sanofi Recherche.
15 April 1992.

Bone concentrations of SR413 19,24 hours afier single and repeated
administrations of 400mgSR41319B in tablet form (Study
Report RSO0459305 11/02). Sanofi Recherche. 15 July 1993.

Comparison of the pharmacokinetics of SR413 19B in healthy subjects
and patients with Paget’s Disease (Study ReportRSO045930507/01 ).
Sanofi Recherche. 30 July 1993.

Page

15

17

18

19

22

23

23
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1586

1o11

1646

859.87

1782

702.86

1660

1597

I 1613

Effect of fd intake on the pharmacokinetic profile ofSR41319B aflers
single dose administration of 400 mg in healthy volunteers, influence of
time and nature of fd. (Study Report RSO045920225/Ol ). Sanofi
Recherche. 15 September 1990.

Tiludronate metabolism by human hepatic microsomal fictions and
human hepatocytes in primary cultures (RSOO05951002/01)30
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indomethacin. Sanofi Recherche.03 February 1993.

A phase 3 placebo-controlled efficacy study of tiludronate disodium for 38
the treatment of Paget’s disease of the bone (Study Report 1373)

A multiccnter, randomized, placebo controlled, double-blind, dose 40
ranging study of tiludronate in Paget’s disease (Study Report 1748,
addendum 1, addendum 2)

Several formulations were used in the drug development process including: a sachet, an injection,
a capsule, tablets. The 901 tablet (to-be-marketed formulation)
was used in the pivotal P 1845 placebo-controlled eficacy trial and the 3C 1 clinical trial
formulation was used in two pivotal studies: PI 619 placebo-controlled efficacy trial and PI 552
positive-controlled trial with etidronate. Twelve uncontrolled clinical trials were conducted,
three of which used the 901 formulation. All of the drug product batches used in the pivotal
safety and efficacy studies were manufactured at a pilot plant facility. The commercial
formulation will be manufactured at one facility in France.

The sponsor initially developed a method (3C 1 tablets) for the production of
tiludronate disodium tablets. However, difficulties were experienced during scale-up and the
company decided to switch to a method for the commercial product (90 1
tablets). Fonrndations of the 3C1 and 901 tablet are presented in Table 1. Figure 1 is the
structure of tiludronate. A comparative table of the various development fommlations is
included in the Appendix.

+-+

‘o
o

H

Na
H

Na

Figure 1: The chemical structure of tiludronate disodium (SKELID7.
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Table 1: SKELID” Composition (UNIT FORMULA)
i 1

Ingredient 901 Tablet 3C1 Tablet
Quantity, mg Quantity, mg

Tiludronate disodium’ (as Tiludronic 2oob 200
acid)

Lactose Monohydrate, NF

Sodium Lauxyl Sulfate, NF

Crospovidone, NF

I
Hydroxypropyl Methylcellulose 2910,
USP I

Magnesium Stearate, NF

Purified Water, USPd 1

TC)TAL W’EJGHT

‘Tiludronate disodium is the hydrated hemihydrate of the disodium salt of tiludronic acid. The
tablet dose is expressed as tiludronic acid.
%e equivalent amount of the hydrated salt is approximately 240 mg.
‘Amountof lactose for a nominal of tiludronate disodium.
‘?Jot included in the finished product.

SOUTION< .

AMdissolution media were adequate as evidenced by the ability to achieve sink conditions (Table
2).

,

Table 2. The Volubility of Tiludronate Disodium in Various Aqueous Media

Medium Volubility at Saturation Point (mg/ml)

0.1 N Hydrochloric Acid 111
Purified Water (pH 4.7) 136
pH 1.2(dissolutionmedium) 137
pH 7.4 445

8
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The sponsor conducted an analysis to compare the dissolution profiles of 3 batches of the 3CI
tablet to 3 batches of the 901 tablet using a pH range iiom with USP Apparaws

at rpms. To determine similarity the sponsor used the following formula:

I

I

Figure 2: Comparisonof3C1and901200 mg tiludronate disodium tablets in pH
media (Each cuwe is average of 3 batches).
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Figure 3: Comparison of 3C1 and 901200 mg tiludronate disodium tablets in PH

media

Apparent from Figures 2 and 3 is the ‘flip-flop’ that the 3C1 and 901 dissolution profiles have,
depending on the pH. Although these graphs are averages of a few batches, a separate analysis,
by batch, showed a consistently f~er dissolution, at early time points, of the 901 formulation as
compared to the 3C 1 formulation at . the profiles were more
variable. However, figure 4 demonstrates the similarity of &e dissolution profile for the 901
formulation at various pHs. Dissolution profiles of the 3C1 forrmdation, at various pHs, did not
show the same degree of likeness (data not shown).

10
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Figure 4:901200 mg tiludronate disodium tablet evaluated at 4 different pHs (Curves are
averages of batches}

The firm has not provided dissolution data for small 3C1 batches used in many of the PK
biostudies. The intended commercial batch size is tablets and many of the 3C 1 batches
used in the phannacokinetic clinical studies were less than tablets, including: P101 1
Dose proportionality, PI 276 Pharmacokinetics in Paget’s patients, PCL859.87 Influence of age,
and P1597 Maalox” drug-drug interaction study. The 901 batch used in the P1676
Bioequivalence study was tablets. The two pivotal clinical studies used tablets from
commercial batch sizes of approximately for the 3C1 tablets and. for the 901
tablets. Available data allows for some assu&ce that scale-up production does not adversely
affect dissolution or clinical outcome. This is demonstrated by the similar efficacy and safety,
seen in the pivotal studies, between commercial size 901 batches and commercial size 3C 1
batches, which were scaled-up fkom the smaller 3C1 batches used in most phmrnacokinetic
clinical studies. Additionally, Figure 5 presents the dissolution profiles at pH [the only pH
data available) of commercial size 3C1 batches and both small and commercial size 901
batches. Notice the trend of a f-er dissolution profile with the 3C1 fommlation at his pH, as
well as the similarity between the two 901 formulations profiles.

11
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Figure 5: Comparison of three lots of tiludronate disodium tablets in pH 1.2 media 3C1
Batch RHJ08 (size ) used in pivotal trial P1619, 901 Batch 1703M (size )Used
in bioequivalence study P1676, 901 Batch J893 (size “- ~used in bioequipotency study
P2084.

The sponsor suggested the following dissolution method and specification: USP Apparatus
- at rpms rotation speed and Q= at 30 minutes at pH

media. An acceptable agency standard method calls for a paddle s&ed of rpmsandan
alternate speed of rpms. However, USP alternate speed can be either rpms. The
sponsor compared the dissolution at the three - speeds, with similar results obtained beyond
approximately 20 minutes (Figure 6).

12
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Figure 6: 901200 mg tiludronate disodium tablet evaluated at 3 different rpms.

Although it is the company’s desire to keep the speed at rpxns, the agency does not
accept this rotation speed. Therefore, the company should develop a dissolution method using
rpms, or ~ms as an alternate. After close examination of individual tablet dissolution&@ a
more discerning specification of Q= at 20 minutes is recommended.

ANALWICA14 ME’IHQDOJOGy<.

Four different laboratories were used to conduct tiludronate assays: Collegeville, PA was used to
analyze plasma during a 1995 tirnehrne; Belgium was used in 1991 and 1992 to analyze both
plasma and urine; Netherlands analyzed urine during a 1993 time-frame; and Manchester,
England was where many of the plasma and urine phannacokinetic samples were analyzed.
Independently, the laboratories provided assay validation da~ but no cross vali&tion of these
laboratories was performed.

13





TABLE 4. Analytical Methods Used in the Analysis of Tiludronate in Urine Samples

HUM AN PHARM ACOKINETICS AND BIOAVAI LABILITY STUDIES:

I. Bioavailability/Bioequivalence

A. Ab~lute Bioavai[ability

Themeanabsolutebioavailabilityofthe3C1tabletformulationandthepharmacokinetic
parametersafierIVdosingwerestudiedin12healthymalevolunteers(P1616).Eachsubject

.
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receive~ in a randomized crossover design with a 3-week washout period between doses, 400
mg as an oral dose (2 tablets, fmting) or 20 mg as a 2-hour intravenous infhsion. The absolute
bioavailability determined from plasma and urinary data was approximately 6Yi0(Table 5, Figure
7). This value also corresponded to the fraction of the dose absorbed. A wide inter-individual
variability in absolute bioavailability was observed (range: ).

About 60’%of the IV dose was recovered in urine during the first 96 hours postdose, and
approximately 40V0of the injected dose was considered bound to bone tissue. Tiludronic acid
was still excreted in urine 13 days after dosing. Renal clearance (0.5 L/h, i.e., 8 mL/min) was—
constant over time and was in the same range for both routes of administration.

C-144h

I
. ORALRO1.7f
: .. n’

4.0

:5

:.:

2.5

2.0

1.5

1 .C!

35

0.0

FIGURE 7: Mean tiludronic acid plasma levels versus time after oral administration of 400
mg and IV administration of 20 mg (2-hour infusion) to 12 healthy volunteers.
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TAELE 5
Mean Pbarmacokinetic Parameters (SD) of Tiludronic Acid

After Oral (400 mg, 3C1 Tablet) and IV (20 mg, 2-hour
infusion) Administration to 12 Healthy Volunteers

Parameters oral Iv
Plasma Data
Cti (m@) n.a. 2.01 (0.42)

C- (mg/L) 231 (125) 2.20 (0.44)

L 00 12 (0.7) 1.9 (0.5)
AU~ZA(mgh/L) 18.65 (9.14) 14.53 (3.17)
AUQ (mg”h/L) 27.51 (14.81) 18.50 (6.69)
t%p(h) 56.73 (30.84)’ 48.81 (66.08~
Urinarydata
AeGM~(mg) 11.94 (4.55)” 11.16 (1.49~
Ac- (mg) 11.85 (5.76~ 11.84 (1.48Y
Fe@W(%) 3.0 (1.1)” 55.8 (7.5Y
Feti(%) 3.0 (1.4y 59.2 (7.4~
t%u@) 83 (23)’ 66 (16)’

cl~ - (p) (-M) 0.48 (0.08)d 0.54 (0.09)

‘ n=8
b n=9
‘ n=10
d n=ll
n.a. not applicable

B. Bioequivalence

Because many of the pharmacokinetic studies submitted in the Human Pharmacokinetic Section,
as well as one of the two pivotal studies were conducted with the 3C 1 tablet fonnulatiom while
the second pivotal study was conducted with the to-be-marketed 901 foxmulatiou the issue of
bioequivalence (BE) between the 3C1 and 901 formulations is an important one.
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The primary effkacy endpoint evaluatedhiP1619 and P1845 was change in baseline
semm alkaline phosphatase (SAP) concentrations at Week 12, with a secondary endpoint
of SAP changes at 24 weeks. Table 7 shows the percent change from baseline values at
the 200 mg and 400 mg dose levels.

TABLE 7
Mean Percent Change from Baseline in SAP

Numberof subjectdmeanpcrecntchange

Total Daily Doseof Tiludronate
Placebo

200mg 400 mg
Week

P1845 P1619 P1845 P1619 P1845 P1619
(901) (3CI)

12 44/0.5 2314.3 45146 251-46 46/-51 27/-54

24 45/5.1 23/13.1 44/-47 26/-50 451-58 281-60

The two tablet formulations gave comparable therapeutic and similar statistical (pO.05)
responses at both dose levels and at both times of analysis. Safety parameters were also
similar between studies.

After the pre-NDA meeting with the Finn, the Division (DMEDP and OCPB) met internally
and discussed the BE issue. It was determined to accept the two formulations (3C1 and 901)
as therapeutically equivalen~ and allow Sanofi Winthrop to use the studies (P1845-901 and
P161 9-3C 1) as the two pivotal studies for an NDA submission.

Therefore, the Division has determined that the two formulations are to be accepted as
therapeutically equivalen~ although strict pharmacokinetic bioequivalence has not been
demonstrated.

In further discussions with Dr. Dutta (MO), it has been ascertained that there is more supportive data
(at least 5 uncontrolled trials with a total of about 700 patients) for efficacy and safety. Essentially,
although strict pharmacokinetic equivalence between the 3C1 and 901 formulations has not been
demonstrated, the clinical impression is that there is no significant difference seen in patients.

h openlabel,parallelgroupmulticenterPhase3trialcomparingthebioequipotencyofthe901and
3C1tabletformulationsoftiludronatewasconducted(P2084).Eighty-eightPageticpatientswere
includedinthisstudy(39inthe3C1groupand49inthe901 group).Tiludronatewasadministered
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for 3 months as 400 mg qD dosed in the morning with no food being taken within 2 hours of drug
administration. Plasma samples were obtained prior to drug administration and at O, 1,2,3 and
4 hours after tiludronate administration at Months 1,2, and 3. Pharmacokinetic parameters are given
in Table 8.

TABLE 8
Mean (SD) Pharmacokinetic Parameters After Oral Administration

of 400 mg qD Tiludronic Acid as 3C1 or 901 Tablets to Pagetic Patients

3C1 Tablet 901 tablet
Parameters Month 1 Month2 Month3 Month 1 Month2 Month3

(n=30) (n=31) (n=30) (n=38) (n-IO) (n=40)

C.m (mg/L) 2.74 (1.36) 3.10 (1.34) 2.97 (1.36) 3.27 (1.76) 3.28(1.43) 3.57 (1.94)

~., (h) 1.80(0.80) 2.16 (0.93) 2.18 (0.91) 2.04 (0.81) 1.88(1.03) 1.97(1.00)

Median (h) 1.92 1.92 1.92 1.92 1.83 1.92

C~,”(mg/L) 0.63 (0.37)’ 0.64 (0.35) 0.73 (0.38) 0.66(0.38) 0.71 (o.37)b 0.91 (0.45)

C.= and C~imdid not differ between fommlations. Gender analysis indicated that female subjects
(n=lO) had higher C- CanalCtin concentrations (@O.001) with both fommlations.

Based on the above datq 90% cotildence intervals for the ratios of C- and ~i~ for both
formulations were detmnined at Months 1,2 and 3 and for all 3 months combined. These intervals
are given in Table 9.

20



TABLE 9
90?40Confidence Intervals

for the Ratio of Geometric Means (901/3Cl)
for C=,, and C-b for All Pagetic Patients

All 3 Months Month 1 Month 2 Month 3

c-

All Patients 1.03-1.17 0.96-1.46 0.89-1.26 0.97-1.41

All Patients 0.99-1.14 0.79-1.40 0.87-1.35 0.94-1.55

AS in other studies, the data suggest that the bioavailability of the 901 tablet is greater than that of
the 3C 1 tablet. The confidence intervals at each month did not fdl within normal acceptance limits
(0.8-1 .25) for bioequivalence. However, when the data for all 3 months were poole~ the cotildence
intervals for both CM and Gin were consistent with bioequivalence (0.8-1.25) of the two tablet
formulations. As tiludronic acid plasma concentrations were only measured to 4 hours postdose,
AUC was not calculated by the Finn.

The primary bioequipotency measure was the logarithm of the ratio of baseline-normalized SAP after
3 months (DU) of therapy. The 90’%oCIfor this parameter, as well as afier 1 (D ZJand 2 (1)~ months
of therapy, is shown in Table 10.

TABLE 10
90!40CI for Ratio (3C1/901) of Baseline normalized SAP

Day of Numberof Pts. 90% CI
Treatment Included(3C1/901)
DJDO 36145 0.89-1.05

D@O 35145 0.82-1.03

D@O 33145 0.80-1.06

The two formulations appear to be of similar potency after 3 months of therapy. The median
decrease in SAP after 3 ‘months of therapy, for the 3C 1 and 901 tablets, was 64% and 63Y0,
respectively. This is comparable to the decreases seen in the two pivotal studies. Safety parameters
were similar between the two formulations, with mild/moderate gastrointestinal ADRs (diarrhea,
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dyspepsi~ nausea and vomiting) being the most frequently reported.

C. Intra-individual Variability

[Study PI 836, “Evaluation of the Intra-individual Variability of the Phannacokinetic Profile of
Tiludronate Afier a Single Dose Administration of 400mg in Healthy Volunteers”, had been
previously reviewed by Dr. TM Chen under the IND.]

The wide inter-individual variability and the low absorption of bisphosphonates suggest a wide
intra-individual variability. A specific study using replicate design (’P1836) was conducted to define
the intra-individual variability of various pharrnacokinetic parameters. Nine healthy volunteers
receiv~ under fasting conditions, 400 mg tiludronate (3C1 formulation) on three occasions (Pi, P2,
P3) with a washout period of 14 days between administrations. Mean (CVYO)values of the
pharrnacokinetic parameters are shown in Table 11.

TABLE 11
Measures of Intra/Inter-Subject Variability for C=,, and AUC
Values of Tiludronic Acid After Three Oral Doses of 400 mg

Tiludronate (3C1 Tablet) to tbe Same Healthy Volunteer (n=9)

Parameter PI P2 P3 MeanIn&a-Individual

C- (mg/L) 2.61 3.31 2.49 40%
(61%) (38%) (40%)

AUCW (mgh/L) 24.80 29.76 25.10 40%
(62%) (39?!) (43%)

90% CI “REF” 100- u-
~% m~o

No statistically significant period effkct was observ~ but a significant @=O.03) subject effect was
detected for AUCW The intra-individual variabilities for AUC and C- ranged from 18% to 71%
and 8°Ato 690A,respectively. The 90°Aconfidence intends for the log AUC ratios for all period
comparisons did not fdl within the normally accepted bioequivalence limits (0.8-1.25) (same
fommlatiodbatch used in all three periods).
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( IL Pharmacokinetics

A. Single vs. Multiple Dose AdminiWration

h open label parallel design study (P1270) was conducted in 12 male subjects with osteoarthrosis
of the hip to evaluate concentrations of tiludronate in bone. They were divided into four groups of
three and administered tiludronate orally in the morning according to the following scheme: 1) single
dose of 400 mg tiludromte given once, 2) 400 mg of tiludronate given daily for 5 days, 3) 400 mg
given daily for 15 days and 4) 400 mg given daily for 30 days. The concentration of tiludronic acid
in bone increased with increasing length of administration and did not show signs of reaching steady
state after 30 days. The concentrations of 4,9, 16, and 30 mg tiludronatdkg bone corresponded to
the four treatment arms outlined above, respectively, while plasma concentrations did not show a
consistent trend to increase with repeated administration (Figure 8% 8b). Figure 8Cdemonstrates
the increasing trend of the ratio of bone concentrations/plasma concentrations as a fimction of the
duration of tiludronate treatment.
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Figure 8(a-c): Mean plasma (a), bone (b) and ratio of boneiplasma 0 concentrations of
tiludronate as a function of the length of treatment.

The above described study was not well characterized due to the following reasons:
1) Small sample sizes (3 persons per group). Statistical analyses were not conducted.
2) It could not be adequately determined whether the plasma concentrations had achieved

steady-state. Both the plasma and bone assays were acceptable; however, the bone assay was more
variable for precision compared to plasma assay (-19Yo).

B. Healthy volunteers vs. Pugetic patients

h open-labelmultipledosestudy(P1615)wasconductedin8patientswithPaget’sdisease(7M/lF)
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i and in 12 healthy male volunteers ranging in age from 52-76. Study participants were given
tiludronate 400 mg daily, without food, in the morning for 12 days. There were no significant
differences in Cm, AUC, ~, Q.n or ~ p between the two groups (Table 12), although mean
AUC(V24)WaS200/0greater in Pagetic patients. A wide intra-subject variability in absorption was
observed in both groups.

The Aew,was significantly lower in the Pagetic patients (Table 13) . Urinary excretion was not
completed 14 days after the last administration. The ClrO.lm weight normalized was also
significantly different between groups, but there was no real correlation between renal clearance and
creatinine clearance although creatinine was also lower in Pagetic patients. A noteworthy finding in
this study was that diastolic blood pressure significantly increased in Pagetic patients and
significantly decreased in healthy volunteers.

TABLE 12
Plasma Pharmacokinetic Parameters of Tiludronic Acid in

Healthy Volunteers and Subjects with Paget’s Disease After 12
Days of Administration of Tiludronate

(3C1 Tablets, 400 mg/day)

PageticPatients (n = 8) HealthyVolunteers(n= 12)
Parameters MeanValues(SD) MeanValues(SD)
C.u(D12)(mg/L) 4.62(1.04) 3.75(0.94)

km(D12)0) 2.2(0.9) 1.9(0.8)
C.rn(D12)(mg/L) 0.99(0.64) 0.8(0.26)
AUC&,4,(D12)(mg-h/L) 49.26(22.06) 40.71(12.85)
C_-C~,.(D12)(mg/L) 3.63(0.68) 2.95(0.8)
t%p (%) 149 (64) 137b(50)

‘n=7
bn =11
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TABLE 13
Urinary Pharmacokinetic Parameters of Tiludronic Acid in Healthy

Volunteers and Subjects with Paget’s Disease After 12 Days of
Administration of Tiludronate

(3C1 Tablet, 400 mg/day)

PageticPatients HealthyVolunteers
Parameters (n= 8) (n= 12)

MeanValues(SD) MeanValues(SD)
Ae (DI to D26) (mg) 212 (76) 314 (7s)
Fe (D1 to D26) (%) 4.4 (1.6) 6.5 (1.6)

A~14~ (D12) (mg) 20 (10) 25 (9)
Fekza (D12) (%) 5.0 (2.6) 6.3 (2.1)

C]R0.24h(D12) (m~m~g) 0.11 (0.05) 0.14 (0.07)
Cl, ~i,jlh(D12) (mL/min/kg) 0.09 (0.03) 0.14 (0.04)

Wide intra-patient variability in daily urinary excretion of tiludronate is shown in Figure 9.

FIGURE 9: Daily urinary excretion of tiludronic acid during the treatment period (12 days)
in eight Paget’s patients.

This study was flawed for reasons which include the following:
1) According to the protocol, the volunteers were to be matched to the Pagetic patients.

However, a significant difference in age, body weight and creatinine clearance was observed.
2) The study was designed as a parallel study, but the healthy subjects were studied from
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05/3 1/91-10/01/91 and the Pagetic patients were studied from 09/13/91-09/19/92.
3) No pre-study (blank) urine samples were taken. These samples were

conclusion of the study.
4) According to the protocol, plasma samples were to be collected prior

taken at the

to the daily
administration of tilu-domte; however, ~ several si~tions the samples were ~en tier the dose.

C. Food E#ects

The influence of food on the oral absorption of tiludronate was studied with the lA1 capsule
fonnulatio~ the 3C1 tablet formulation and a tablet formulation prepared in Japan. Only the data
obtained with the 3C 1 tablet will be presented.

The influence of a normal or hypocalcic breakfhst during or 2 hours before the administration of 3C 1
tiludronate tablets was evaluated in a five-way crossover study in 10 healthy male volunteers
(PI 586). These results confhmed that absorption is decreased when tiludronate is given with or 2
hours after breakfhst when compared to the results obtained under f~ing conditions. Absorption
is decreased by 90°/0when tiludronate is given with or 2 hours tier a normal breakfhst and by 80°/0
when given with or 2 hours tier a hypocalcic brealdst. However, there were no differences
associated with the type of breakfast eaten or time of administration (with or 2 hours after a meal).
Three adverse events were reported. Two episodes (nausea and vomiting) occurred in the same
subject. The third incident was a headache, There was no correlation bemeen fti and non-fasted
in the incidence of adverse events in this study. The results are swmmizd in Table 14 and Figure
10. In both pivotal safety and effkacy trials (P1619 and P1845), patients were instructed not to take
tiludronate within 2 hours of a meal.
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FIGURE 10: Mean tiludronic acid plasma levels after administration of tiludronate (3C1
tablet) under fmting and nonfasting conditions (with or 2 hours after a normal or hypocalcic
breakfast) to 10 healthy volunteers.

TABLE 14
Mean (SD) Pharmacokinetic Parameters of Tiludronic Acid After

Administration of Tiludronate (3C1 Tablet) Under Fasting and Nonfasting
Conditions (With or 2 hours after a Normal or Hypocalcic Breakfast) to 10

Healthy Volunteers

Modality
Parameter5

A B c D E

C- (m#L) 1.99(0.95) 0.48 (0.37) 0.42 (0.32) 0.42 (0.14) 0.38 (0.34)

h. 00 1.25(0.54) 1.15(1.05) 1.35(1.08) 0.51 (0.01) 0.67 (0.25)

AUCti (mgh/L) 19.38(9.94) 3.55 (3.48) 4.02 (3.20) 2.12 (1.34) 2.01 (2.20)

A Fasting
B With hypocalcic breakfast
C 2 hews stir hypoczdcicbreakkt
D With normal breakfast
E 2 hours after nomal breakfast

Pooled data from 3 studies of the phannacokinetics of the 3C1 tablet (400 mg) administered 2 hours
after breakfast were ampamd to the 3C1 tablet studied primarily after administration of single doses
under fmting conditions. The results, shown in Table 15, confkmed that breakfast 2 hours before
dosing decreased the absorption of tiludronic acid, and dairy products further reduced bioavailability.
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TABLE 15
Pooled Pharmacokinetic Parameters of Tiludronic Acid For
400 mg Tiludronate (3C1 Tablet) Administered Fasting or 2

hours After Breakfast

Parameters Fasting Nonfasting

C- (mg/L) 2.66+1.22 (n=151) 0.89i0.90 (n=36)

AUCti (mg+r/L) 26.6&12.99 (n=151) 8.45*9.84(n=36)

Ae~ (mg) 17.8*9.40 (n=60) 5.30i7.19 (n=32)

Feti 4.5i2.3 (n=60) 1.3*1.8(n=32)

III. Metabolism

Since tiludronate is readily distributed to bone and eliminated very slowly from this tissue, the
sponsor claimed it was not possible to study the metabolism of tiludronate in humans with
radiolabeled drug. Its metabolism, however, was evaluated in vifro using both human hepatocyte
and microsomal preparations. In both of these human liver preparations, no metabolism of
tiludromte was detected. However, 3% of the dose was excreted unchanged in the urine after oral
administration and 59°/0was excreted unchanged after a 20 mg IV infhsion. The sponsor claimed
the balance was probably bound to bone tissue.

Iv. Dose and Dosage Form Proportionality

[Study P1011, “Tolerance and Pharmacoki.netics of Tiludromte After Multiple Dose Administration
of 200, 2x200, 3x200, and 4x200 mg to Healthy Volunteers”, has been previously reviewed by Dr.
TM Chen under the ND. However, the NDA submission included more data and allowed for
weight-nonmdized analysis to be conducted.]

Tiludronate (or placebo) was adminktered to a total of 40 healthy male volunteers in a muhipledose,
double-blin~ parallel groups study (P101 1). Subjects (n=8 in each group) received a daily dose of
0 (placeh), 200,400,600 or 800 mg tiludronate (3C1 tablet) for 12 days. The treatment was taken
in the morning with a glass of mineral water after 10 hours of fhg, with lunch served 2 hours tier
dosing. The mean phannacokinetic parameters of tihdronic acid determined on Day 12 are shown
in Table 16.
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TABLE 16
Mean (SD) Pharmacokinetic Parameters of Tiludronic Acid After Repeated

Administration (3C1 Tablet) for 12 Days to Healthy Male Volunteers

Parameters 1x200mg 2x200 mg 3x200 mg 4x200 mg

C- (m@)’ 1.23 (0.54) 1.29(0.63) 1.78(0.41) 1.95(0.31)

AUC&~(mgh/L)’ 11.20(4.50) 13.83(5.95) 17.72(4.08) 20.08 (3.19)

A~m (mg)’ 8.84 (4.32) 12.28(5.41) 1424 (3.16) 14.59(1.83)

Tm 004 ND 77.58 (17.83) 65.00(6.56) 72.48(10.06)

CLr&2+(L,flI)b 0.84 (0.22) 0.99 (0.15) 0.93 (0.07) 0.75 (0.12)

fekza (Yo~ 4.03 (1.78) 5.55 (2.22) 626 (1.66) 726 (122)

‘ Normalized to 200mg and 70kg.
bRenalClearance;Ae@zJAUC&z4at SS; Normalizedto 70kg.
‘ Ae&zJdose100at SS (NB: Not as generallydefinedby IV dosing Sincecompoundispoorly
absorbedand primarilyundergoesrenalelimination this parametermaybemore reflectiveof F*).

dLn(2)/&, from log-linearregressionof terminal portion of plasma cone.-tirne curve.
ND Not Determined(manydatas LOQ).

T,n did not dtiix between doses. fe differed between 200 and 800 mg. C-for the 200 and 400 mg
doses differed Ilom that of the 800 mg dose. AUC for the 200 mg dose differed from the 600 and
800 mg dose%and the 400 mg dose differed tim the 800 mg dose. Ae for the 200 mg dose differed
from the 600 and 800 mg doses. CLr for the 800 mg dose was less than the 400 mg dose, although
similar linear relationships between average plasma concentrations ad urinary excretion rates were
seen, with no differences between slopes (reflective of CLr) for the dose groups.

Most of the pharmacokinetic parameters exhibited a more than proportional increase with
increasing dose. A few possible explanations for this non-linearity have been explored:

1) An increase in absorption; Fecal blood loss was examined, as a marker of GI damage by
this compound, which might increase GI permeability. Although there appeared to be a slight but
consistent trend toward increased ftx+dblood loss afler dosing in each dose group, this trend was not
significant and was seen in the placebo group as well.

2) Saturation of eliminatio~ Because renal clearance and Tln were reasonably constant
versus dose, saturation of the elimination process is unlikely.

3) Saturation of binding to bone or plasma proteins, resulting in increased tiludronate plasma
concentrations and decreased apparent Vd; The consistency of CLr and Tln indicate a constant Vd
at the terminal phase, and tiludrcmate protein binding has been shown to be linear from 1to 10 mg/L.

A definitive reason for the observed non-linearity in tiludronate pharmacokinetic parameters remains
elusive. However, given the recommended dosing scheme (400 mg qD), this will probably have
limited clinical consequences.
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v. Special Populations

The pharmacokinetics of tiludronic acid were studied in 9 subjects sufTering from renal disease
(creatinine clearances between 10 and 30 rnL/minute) who received 400 mg of tiludronate under
fasting conditions (P 1646). One person vomited shortly after drug administration and was not
included in the pharmacokinetic analysis. Table 17 shows pharmacokinetic parameters.

TABLE 17
Pharmacokinetic Parameters of Tiludronic Acid After
Single 400 mg Oral Dose of Tiludronate (3C1 tablet) to

Eight Subjects with Renal Disease

Parameter MeanValues(SD)
Cm (mg/L) 3.45 (2.98)

L 00 1.91(1.37)
AUC_ (mgh/L) 86.97(49.39)
t!4 (h) 205 (52Y

a n=6

The sponsor reported that after single doses, C- values were in the range observed in healthy
vohmteers (Mean: 2.66 mg/L, n = 151); conversely, AUC- were approximate y three times higher
(Mean: 26 mg4dL, n = 151). A longer elimination half-life was observed in subjects with renal
disease (approximately four times longer after single doses). The systemic exposure of tiludronic
acid was approximately three times higher than in healthy volunteers afier single doses.

The study was so poorly designed that no real inferences could be made about the performance of
tdudronate in rerudly impaired subjects. Problems with the study are as follows:

1) The study sample size was small (8 subjects) and no healthy control group was used.
2) The sponsor conducted a cross-study comparison of the renally impaired subjects to
healthy subjeets.
3) No statistical analysis of PK parameters was conducted.

The company has not adequately evaluated tihxlronate in this patient population.

Age

The pha.rmacokinetics of tiludronic acid were studied in 12 elderly subjects (6M/6F) 70 years or
older and compared to 6 healthy young male volunteers 40 years or younger (PCL 859.87).
Additionally, gender diffmences between elderly males and females were investigated. Each subject
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( received a single oral dose of 2x200 mg tiludromte after an overnight f~. The results are presented
in Table 18.

TABLE 18
Mean (SD) Pharmacokinetic Parameters of Tiludronic Acid After Administration

of 400 mg of Tiludronate (3C1 Tablets) to Young and Elderly Subjects
(n=6 per group)

Parameter Young Males All Elderly ElderlyMales ElderlyFemales

C- (m#L) 2.19 (0.67) 2.66 (1.72) 2.04 (1.02) 3.27 (2.13)
& (mg/IJ70kg) 2.29 (0.57) 2.20 (1.21) 1.93(1.03) 2.47 (1.42)

k (h~ 1.33 1.50 1.50 2.25
AUC- (mgh/L) 27.31 (21.93) 3523 (19.84) 26.70 (12.19) 43.76 (23.30)
AUC- 27.56 (20.64) 29.99 (17.34) 25.38 (12.82) 34.59(21.12)
(mg+/L/70kg)
Aeti (mg) 7.41 (326) 8.59 (6.30)d 9.92’ (6.64) ND
Fe (?40)b 1.85(0.81) 2.15 (1.58)d 2.481(1.66) ND

ND: Not determined(urine collectionfor 2 subjectsonly)
1 n=5
b Ae~ dose x 100(= F&)
‘ Median
4 n=7

No statistically significant differences (pO.1) between the young vs all elderly, young vs.
elderly males, and elderly males vs. females were found with regard to the phannacokinetic
parameters (actual and weight-normalized). However, mean C- and AUCW, as well as median
T-, tended to be higher in elderly females than young or elderly males.

This study was extremely flawed for reasons which include the following:
1) According to protocol inclusion criteri~ elderly subjects could not have renal clearance

less than 70 mL/mhL yet each elderly subject with a baseline serum creatinine (n=lO) had a
calculated renal clearance below 70 mLhnin (a protocol violation), with a median (range) of 47
dhin (21-63), including 2 subjects below 30 dhnin. However, the inclusion criteria may have
been unrealistic. The actual sample may be more reflective of the creatinine clearance seen in this
population and have more clinical relevance.

2) This study used 3 different batches of tablets, one of which had only 1000 manufactured
tablets and was used for all young subjects,

3) Subjects were not studied at the same time - young subjects were studied between
04/22/87 and 07/15/87, while the elderly started 07/1 1/88 (more than a year after the young subjects)
and did not finish until 11/05/90 due to recruitment problems,

4) Two young subjects donated 300 mL of blood 15 days prior to the study (a protocol
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# violation),
5 ) One elderly subject continued on acetylsalicylic acid, but a protocol amendment states

that no subject maybe taking salicylic acid,
6) One elderly subject was diabetic (a protocol violation),
7) No young females were studied,
8) Urine samples were missing and deviation of collection times exceeded 10% in many

cases.

These weaknesses, along with the small number of subjects studied, make interpretation of these
results difficult and the usefulness of this study for labeling puxposes limited, at best.

An analysis of plasma concentrations versus various demographic chamcteristics was also conducted
in P 1845, the North American pivotal study, using the901 formulation tablet. The results indicated
that age had a statistically significant association at both the 200 mg and the 400 mg doses. For the
400 mg dose, subjects z65 years of age had higher mean steady-state concentrations (approximately
2 to 3 fold difference in trough values) than younger subjects. However, SAP reductions (efilcacy)
and adverse drug events (safety) were not influenced by age.

Gender

No studies were conducted to specifically investigate gender. Based on the age study, the sponsor
concluded that no statistically significant gender differences were observed between elderly male
and elderly female subjects given a single 400 mg dose of tiludronate. However, results from the
age study are tenuous.

Analysis of plasma concentration &ta obtained in the North American pivotal safety and efficacy
trial in Paget’s disease (P1845) did not demonstrate a statistically significant gender effect.

A gender analysis from P2084 Bioequipotency Study indicated that female subjects had higher C.=
and C.m concentrations @O.001 ) with both foundations, but clinical differences between genders
were not detected.
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f VI. Drug Interactions

A. In vitro

in vitro studies were tied out to assess the protein-binding interaction between NSAIDS, aspirin
and tiludronate. The results are shown in Table 19. The main interaction occurs with salicylic acid
and phenylbutazone.

TABLE 19
Interaction with NSAIDS and Salicylic Acid on
the Serum Protein-Binding of Tiludronic Acid.

Drug Change in SerumRotein-
Bindingof TiludronicAcid

Salicylicacid
PhenyIbutazone
Diclofenac
Ibuprofen
Oxyphenbutazone
Piroxicam

Valproicacid

Paracetamol

Furosemide

Sulfamethoxasole

Tolbutamide

Reduced(7Yo)
Reduced(4%)
Reduced(l-2%)
Reduced(1-2?40)
Reduced(1-2Yo)
Reduced(1-2Yo)

Reduced(3Yo)

No modification

No modification

No modification

Reduced(1-2Yo)

Tiludronate did not displace the serum protein-binding of salicylic acid or warfarin.

In vitro studies demonstrated that 91% of circulating tiludronic acid in plasma was bound to serum
protein and specifically to serum albumin (92Y0on isolated human serum albumin). Binding to red
blood cells represented less than 5% of the total concentration. Binding to human serum was
constant over the 1-10 mg/L range.

B. In vivo

Because both tiludronate and digoxin are elirnimted via the kidney and digoxin has a small
therapeutic index, the possible interaction between digoxin and tiludronate, at steady-state, was
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investigated in 12 heakhy volunteers (P 1782). All subjects received digoxin 0.25 mg per day for
24 days, with tiiudromte (3x2oo mg per day for 2 days as a loading dose, followed by 2x200 mg
daily) during the last 12 days. Digoxin pharrnacokinetics were evaluated on day 12 (digoxin alone)
and compared to those from day 24 (digoxin + tiludronate). Tkironate pharrnacokinetics were
determined on day 24 only.

The geometric mean Cm for digoxin alone decreased by 18% vs. administration with tiludronate
(1.61 ng/mL vs. 1.32 ng/mL, p=O.008) while AUCUZ4decreased by only 10% (12.19 ng.hhnL vs.
10.96 ng.h/mL, p=O.006).

Based on the 90% cotildence interval of the AUCuz4~andCm ratios for digoxin, tiludronate had
only a slight impact on the bioavailab~ of digoxin (Table 20). However, C- values for digoxin
tended to be lower (about 18’Yo)in the presence of tiludronate. The arithmetic mean of ~ for
digoxin (1.04+0.55 h) and digoxin+tiludronate (1.19+0.63 h) were comparable. It was concluded
that tiludronate does not produce any clinically significant changes in digoxin pharmacokinetics.

TABLE 20
LSRatio and 90% CI for Digoxin Pharmacokinetic Parameters

at Steady-State after Administration of Digoxin Alone (Ref.)
and with Tikdronic Acid (Test; 3C1 Tablet)

Pharmacokinetic LSRatio(T/R) 90% c1
Parameterof Dizoxin
AUC&z4 89.9 84.9-95.2
c 82.3 73.9-91.7
P; 89.0 75.3-105.3
PAF 91.4 79.9-104.5

PTF=percentpeakhroughfluctuation
PAF=percentAUCfluctuation

Tiludronate steady-state pharmacokinetics were examined on day 24. Values (arithmetic mean+SD)
for Cm (2.8N1 .24 mg/L), T- (1.67+0.44 k), AUC@24~(28.72+12.73 mgWL), ~d
A~z4~ (22.02+9.5 mg) were comparable with singledose study results when 10 hour predose and
at least 2 hour postdose f- were implemented.

A study (PCL 702.86) was conducted to assess any interaction between tiludronate and 3 NSAIDS
(aspirin, indomethack and diclofenac). However, the results of this study are dubious for reasons
which include:

1) No information was submitted on the tiludronate assay,
2) A 200 mg dose of a different (capsule) formulation, with lower bioavailability than either
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the 3C1 or 901 formulations, was used,i
3) AUC was calculated to only 4 hours postdose,
4) small sample size (n=6 for each NSAID).

Three separate studies (reviewed below) tier assessed these drug interactions.

Of notable interest is that one pivotal study (P1845) excluded subjects on “gastrotoxic drugs (i.e.
aspiri~ NSAIDS).” Thus, the co-administration, under controlled conditions, of aspirin/NSAIDs
with tiludronate, has not been fully evaluated. The following OCPB drug-drug interaction study
reviews do not imply that this co-administration is tie; they only evaluate pharmacokinetic
interactions.

The el%ct of aspirin (600 mg) on the pharmacokinetics of tiludronate was investigated (P1660) in
12 healthy Caucasian, male vohmteers. Tiludronate pharmacokinetics were evaluated alone and
when a single dose of aspirin was administered 2 hrs before, simultaneously with, and 2 hrs after a
single 2x200 mg dose of tiludronate. The results are presented in Table21.

Non-significant @O.1) reductions in geometric mean A- of 54% (from 5.23 mg to 2.42 mg) with
simultaneous aspirin administration, and C- of 38% (from 0.85 mg/L to 0.53 mg/L), AUCM of
47V0(7.85 mgh/L to 4.17 mgh/L), and A- of 58% (from 5.23 mg to 2.19 mg) with 2 hour post-
dose aspirin administration, for tiludronate were observed. Through discussion with the Medical
Division, it has been ascertained that this decrease in bioavailability of tiludronate (up to about 50%)
when administered with, or two hours before aspirin, maybe of clinical importance.

TABLE 21
LSRatio (90% CI) for Pharmacokinetic Parameters of Tiludronic Acid

400 mg Alone (Ref., 3C1 Tablet) and with Aspirin 600 mg (Test)

Phannacokinetic 171udronate8am Tiludronate8am Tiludronate8am
Parameter AsPirin6am AsPirin8am As@rin10am

c- 0.99 0.75 0.62
(0.66-1.49) (0.50-1.13) (0.41-0.94)

AUC- 0.98 0.76 0.53
(0.60-1.61) (0.46-1.25) (0.32-0.87)

Aeti 0.70’ 0.46’ 0.42b
(0.36-1.35) (0.24-0,89) (0.22-0.81)

me effectof Maalox”tabletsonthepharrnacokineticsoftiludronate2x200mg wasinvestigated
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4- (PI 597) in 12 healthy male, Caucasian volunteers. Maalox” was administered at 8am and 8pm
\ duxing the two days preceding the administration of tiludromte, and theu on the third day, at 1 hour

before or 2 hours after the single tiludronate dose. The results are presented in Table 22.

TABLE 22
LSRatio (90’%0CI) of Pharmacokinetic Parameters of

Tiludronic Acid After Administration of 400 mg of
Tiludronate Alone (Ref., 3C1 Tablet), 1 hour after MaaloxQ

(Testl) and 2 hours before Maalox” (Test2) to 12 Healthy
Volunteers

PhannacokineticParameter Tiludronate1hr after TWdronate2 hrs before
Maalox* MaaloxO

c nlaK 0.37 0.86
(0.27-0.51) (0.62-1.19)

AUCua~ 0.40’ 0.96
(0.30-0.55) (0.70-1.31)

‘FortwosubjectsAUC wascomputedup to 36 hours for Test]

When administered alone, tiludronic acid mean pharmacokinetic values for C= and AUCw~ were
significantly greater vs. administration 1 hour after Maalox (3.35 mg/L vs. 1.59 mg/L, p=O.0002;
27.2 mg”h/L vs. 13.8 mgWL, p==.0004) but no significant differences were found with
administration 2 hr before Maalox (2.90 mg/L, PO.2; 25.9 mgWL, PO.6). Maalox” intake 1 hour
before tiludronate administration decreases the bioavailability of tiludronate, whereas Maaloxmtaken
2 hours afier tiludronate does not significantly affect bioavailability. It is therefore recommended
thaq if Maalox” is required, it should be taken at least 2 hours after tiludronate. This data does not
determine the length of time, after Maa.lox administration, that should elapse so that tiludronate
bioavailability is not afkcted.
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The effect of diclofenac on the phannacokinetics of tiludronate was investigated (P1613) in
12 healthy male, Caucasi~ volunteers. Diclofenac 50 mg was administered 2 hours before,
simultaneously with, and 2 hours tier a single 2x200 mg dose of tiludromte. The results are
presented in Table 23.



TABLE 23
LSRatio (90% CI) for Pharmacokinetic Parameters of Tiludronic Acid

400 mg Alone (Ref., 3C1 Tablet) and with Diclofenac 50 mg (Test)

Pharmacokinetic ThirOnate IOam Tiludronatc10am Tiludronate10am
Parameter Diclofenac8am DiclofenacIOarn Diclofenac12pm
cm 1.26 0.98 1.28

(0.90-1.76) (0.70-1.37) (0.98-1.78)

AUC_ 1.40 1.16 1.56
(0.90-2.16) (0.75-1.80) (1.01-2.43)

ACM 1.22 1.06’ 1.37
(0.79-1.87) (0.68-1.66) (0.89-2.11)

‘n=ll

No significant pharmacokinetic differences were found, between tiludronate alone vs. diclofenac
administered 2 hrs before, with, and 2 k afier tiludronate, for geometric mean Cmax (0.64 mg/L
vs. 0.81 mg/L, 0.63 mg/L, and 0.82 mg/L, respectively; overall pXL36), AUCW (4.53 mg.h/L vs.
6.32 mgWL, 5.25 mgh/L, and 7.09 mgWL; overall pX133), A- (3.21 mg vs. 3.91 mg, 3.53 mg,
and 4.41 mg; overall pX1.60), or median T-(2.25 h vs. 1.50 h, 1.75 ~ and 2.00 h; overall p>O.60).

Althoughtherewasaslighttrendtowardincreasedtiludronatebioavailabilitywiththeadministration
ofdiclofenac2 hoursbeforeand2hoursaftertheadministrationoftiludronate,theredoesnotseem
tobestrongevidencethatdiclofenacaffectstiludronatephannacokineticsinaclinicallyimportant
manner.

The effect of a single indomethacin 50 mg dose on the pharmacokinetics of tiludronate was
investigated (study P 1659) in 12 healthy male volunteers. Indomethacin was administered 2 hours
before, wi~ and 2 hours after a single 2x200 mg dose of tiludronate. The results are presented in
Table 24.
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TABLE 24
LSRatio (90V0 CI) of Pharmacokinetic Parameters of Tiludronic Acid After

Administration of 400 mg Tiludronic Acid Alone (Ref., 3C1 Tablet) or with 50
mg Indomethacin (Test) to 12 Healthy Volunteers

Pharmacokinetic Tiludronate 10am Tiludronate 10am Tiludronate 10am
Parameter Indomethacin8am Indomethacin10am Indomethacin12pm
c- 1.67 2.19 1.32

(1.03-2.71) (1.34-3.55) (0.81-2.15)

AUC_ 1.82 2.68 1.23
(0.90-3.67) (1.33-5.40) (0.61-2.48) ‘

Ae_ 2.47” 3.55b 2.39’
(1.08-5.67) (1.67-7.56) (1.05-5.43)

‘ n=8
bn=9

The geometric mean Cm and Aeti for tiludronate alone (0.36 mg/L and 1.25 mg, respectively) and
simultaneously with indomethacin (0.80 mg/L and 4.44 mg) differed @–O.03 for both). No other
pharmacokinetic values were significantly different between tiludronate alone vs. any other
treatment.

Even with consideration for the wide intrasubject variability of tiludronate phannacokinetics, there
is a consistent trend toward increased tiludronate bioavailability with administration before, after,
and especially with indomethacin.

VII. Pharmacokinetic/Pharmacodynamic Relationships

The relationship between tiludronate plasma concentration as a fimction of dose and changes in
mean percent reduction in baseline SAP, for intent-to-treat subjects, is presented in Figure 11. Blood
levels were obtained throughout the 12 week clinical efficacy and safety trial (P1845) which used
the 901 tiludromte tablet formulation. Blood concentrations were determined at 2,4,8,12 and 16
weeks tier administration of the drug. The hysteresis plot demonstrates a time displacement
between reduction in SAP and tiludronate plasma concentrations. Nearly maximal reductions in
SAP levels were maintained following cessation of drug administration even though plasma
concentrations of tiludromte were at or below assay quantitation levels (Figure 12).
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Significant differences in SAP reduction were observed for the 200 and 400 mg groups compared?\ to placebo at Week 12. At the Week 24 visi~ the mean percent changes from baseline in SAP were
5Y0,47Y0, and -58V0in the placebo, 200 mg, and 400 mg groups, respectively (Table 25). However
at Week 24, a significant difference (PcO.05) was also detected between the 200 and 400 mg groups.
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Figure 11: Relationship between Tiludronic Acid Plasma Concentration (400 mg) and Mean
Changes in SAP Using the 901 Tablet (n=40 at each week weeks 2, 4, and 8 are
concentrations at 10 to 14 hrs after dosing, while week 12 is last dose trough concentration).
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Figure 12: Relationship between Weeks after Study Start and Mean Changes in SAP Due to
the 901 Tablet.

Table 25
Mean Percent Changes from Baseline in SAP (IU/L) in

Intent-to-Treat Subjects (901 Tablet)

*
Treatment ●

Group/Visit

Time, in Weeks

Week 12(N) Week24 (N)

Placebo 0.5 (44) 5.1 (45)

200 mg SKELIDO -45.8 (45) 46.8 (44)

400 mg SKELID* -50.8 (46) -57.9 (45)

A randomized placebo controlled, double-blind, dose ranging study (N=l 12, treated) using the 3C1
tablet formulation was also conducted (P 1619). Single daily doses of 200,400 or 600 mg qD were
given orally. Plasma levels of tiludronic acid before, and 1 hour tier drug administration at Week
12 were measured at two centers (N=6). Tiludronate reduced alkaline phosphatase levels and a dose
response was apparent. Alkaline phosphatase responded to tiludronate within 2 weeks, with the most
dramatic reduction occurring between weeks 2 and 4. A plateau still had not been reached after 24
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weeks @igure 13). An increase in the reporting of adverse events, mostly gastro-intestinal, occurred
with increasing dose.
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Figure 13: Changes in Geometric Mean Serum Alkaline Phosphatase Levels over Time Using
the 3C1 Tablet.
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C~NT TO THEIIBMz .

1. Although similar results were obtained using a speed of compared to and
the agency does not accept because it is generally less discriminating . The

agency recommends the following dissolution method and specification USP Apparatus
at speed and ~- at 20 minutes in pH .

2. The sample size used in some of the studies was less than desirable, including: P1836 (n=9);
P1270 (n=3/arm); P1615 (n=8 Pagetic patients); P1586 (n=] O); P1011 (n=8hmn); P1646 (n=8
evaluable); PCL859.87 (n=6krn). Results from such studies are only suggestive, not conclusive.

3. The sponsor shouId use only one batch of a given tablet formulation per study. For example, in
the age study, three different 3C 1 batches were used which added variability to the results.

4. The age study (PCL859.87) is severely flawed for the following reasons:
1) According to protocol inclusion criteri~ elderly subjects could not have renal cleamnce less

than 70 mL/min, yet each elderly subject with a baseline serum creatinine (n=l O)had a calculated
renal clearance below 70 mL/rnin (a protocol violation), with a median (range) of 47 mL/min (21-
63), including 2 subjects below 30 mLhnin. However, the inclusion criteria may have been
unrealistic. The actual sample may be more reflective of the creatinine clearance seen in this
population and have more clinical relevance.

2) This study used 3 different batches of tablets, one of which had only 1000 manufactured
tablets and was used for all young subjects,

3) Subjects were not studied at the same time - young subjects were studied between 04/22/87
and 07/15/87, while the elderly started 07/1 1/88 (more than a year after the young subjects) and did
not finish until 11/05/90 due to recruitment problems,

4) Two young subjects donated 300 mL of blood 15 days prior to the study (a protocol
violation),

5 ) One elderly subject continued on acetylsalicylic acid, but a protocol amendment states that
no subject may be taking salicylic acid,

6) One elderly subject was diabetic (a protocol violation),
7) No young females were studied,
8) Urine samples were missing and deviation of collection times exceeded 10% in many cases.

5. 3C1 batch sizes used in many pharmacokinetic clinical studies tended to be small. SUPAC
Guidance recommends pilot batches beat least 10% of commercial production batches or 100,000
tablets, whichever is greater. Although SUPAC is intended for post-approval scale-up, it seems
rational to apply them generally. With a proposed commercial production size of - tablets,
some clinical study batches were of a size substantially less than tablets. Dissolution data
for these small clinical batches would have been helpful in making comparisons to commercial size
batches.

5. When conducting drug interaction studies, the drug interaction should be studied in both
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. directions i.e., the effect of the reference compound on the test drug’s phannacokinetics and the

effect of the test drug on the reference drug’s pharrnacokinetics.

6. Some of the parallel design studies submitted as part of this NDA were of inferior design.
Recruitment and evaluation of subjects, in the different treatment groups, was sometimes more than
1-1.5 years apart. This can add considerable variability when comparing the groups.

7. In the design of pharnmcokinetic studies the sponsor shoul~ whenever possible, conduct side-by-
side comparisons (use a control group) and avoid cross-study comparisons, which can add
variability.

8. (P.3) In the proposed package insert, the second paragraph under Absorption currently reads
“...with peak plasma concentrations of approximately 3 mg/L occuming...”.

The studies referenced, P] 228, P1616, and P1676, had mean peak plasma concentrations of 2.08,
2.31, and 2.75 mg/L, respectively, with a mean of 2.4 mg/L (approximately 2.5 mg/L, not 3 mg/L).
However, on p.6, under ~tlc P~

. .
, the

maximum plasma concentration a&r a single 400 mg dose is stated to be 2.66 mg/L (approximately
3 mg/L). Page 6 references more studies, and includes those referenced on p.3. For consistency, it
is recommended that the reference on p.3 be changed to include all studies referenced on p.6.

NG COMMF’.NTS<.

1. (P.3) The first paragraph under Distribution should read” ...equivalent to 400 mghy tiludronic
acid to non-Pagetic patients with osteoarthrosis, the steady...”.

The study referenced, P1270, enrolled male patients undergoing surgery for osteoarthrosis, not
healthy volunteers.

2. (p. 5) The following statements should be added to the end of the Renal Insufficiency paragraph:
“These values were obtained in a cross-study comparison between healthy volunteers and
Pagetic patients.”

The sponsor did not conduct aside-by-side comparison of renal patients with healthy volunteers or
Pagetic patients. Therefore, the fact that a cross-study comparison is being made should be noted.

3. (P.6) The Drug-Drug Interaction section should a “The pharmacokinetics of SKELID are not
significantly altered by coadministration of diclofenac%. Aspirin may decrease the bioavailability
of SKELID by 50°/0s5.The bioavailability of SKELID is decreased 80°/0by calcium 57,60°/0by some

. ‘9. The phaxmacokinetic parameters of digoxinantacidssg, and increased 2+ fold by indomethacm
are not significantly modified by SKELID coadministration. mIn vitro studies show that tiludronate

disodium does not displace warfarin from its binding site on protein~l
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These changes are based on the actual data reviewed and give an indication of the extent to which
tiludronate phannacokinetics is affected.

4. (P. 10) The second paragraph on this page should read” ...Pagetic patients’ baseline SAP level,
gender, or age in the population...”.

.

5. (p.11)~ , comment 1 should be changed to, “Take SKELID” with 6 to 8
ounces of plain water only, at least 2 hours before or after eating, preferably in the morning, and
remain in an upright position antior engage in light physical activity for the first hour after
administration.

These changes are being suggested to address: 1) the 90’%drop in bioavailability that is observed
when tiludronate is taken with fd and 2) concerns regarding the development of gastric lesions that
are associated with other bisphosphonates that are cumently on the market due to patients obtaining
a supine position immediately after consuming the tablets.

Comment 3 should read, “Refkain from taking indomethacin within 2 hours of taking
SKELID.]lO°

Comment 4 should be added, and read, “Calcium supplementsl~ and antacids]w should be taken
at least 2 hours after taking tiludronate.”

This change is being recommended because available data suggest that tiludromte bioavailability
is not affected if it is taken 2 hour before Maalox (i.e. divalent cations), but that tiludronate
bioavailability is significantly decreased if taken 1 hour after Maalox (e.g. ‘How long to wait before
taking tiludronate after Maalox’ has not been determined).

6. (P.11) The Drug Interactions section should read, “The pharmacokinetics of SKELID are not
significantly altered by coadrninistration of diclofmac 112.Aspirin may decrease the bioavailability
of SKELID by 50°/0111. The bioavailability of SKELID is decreased 80% by calciunY3 , 60?40by
some antacids’ 14,and increased 2+ fold by indomethacid’5. The ptiacotinetic p~~eters of
digoxin are not significantly modified by SKELID coadministration.”s In vitro studies show that
tiludronate disodium does not displace warfarin from its binding site on protein. 117

7. (P.16) In the Overdose section, the sentence,
. . . . -

. ‘ should be removed.
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8. (P.17) In the Dosage and Administration sectio~ the last paragraph should read, “SKELID should
be taken at least 2 hours before mineral supplements, calcium supplements,]43or antacids contig
aluminum or magnesium. 14 SICELID should not be taken within 2 hours of indomethacif’i or
food.i45

The changes are being recommended to maintain consistency with other labeling recommendation,
based on data reviewed.

Carolyn D. Jones, Ph.D.
Robert M. Shore, Pharrn.D.
Division of Pharmaceutical Evaluation II
Office of Clinical Pharmacology and Biopharmaceutics
November 15, 1996

RD initialed by Hae-Young @ Ph.D., Team Leader 11/18/9~

Clin.PharrdBiopharm Briefing 12/10/96. Attendees: Mei-Ling Chen, Hae-Young Mm, William
Gillespie, John Lazor, Mehul Meh@ Geny Shiu.

)1 P

4&@”- “’”’”’FT initialed by Hae-Young Ahn, Ph.D., Team Leader

cc: NDA 20-707 ( 1 copy), HFD-510(Dutta, Hedin, Barbehenn), HFD-340 (Vishwanathan),
HFD-870(Ahn, Jones, Shore M. Chen), HFD-870(Drug fde, Chron. file, Reviewer).
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