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1. EXECUTIVE SUMMARY

1.1 Recommendation
The Office of Clinical Pharmacology and Biopharmaceutics/ Division of Pharmaceutical

Evaluation-II (OCPB / DPE-II) has reviewed NDA 21-817 submitted on September 21, 2004.

We found this NDA acceptable from a CPB standpoint provided that the sponsor agrees with the

Agency’s labeling recommendations. Please convey recommendation, comment and labeling

recommendation as appropriate. '

1.2 Comment

e It appears that mannitol in the amount of 5 g in the Aclasta formulation most likely will

not affect the pharmacokinetics of zoledronic acid. The 5 mg/100 mL final formulation of
Aclasta is now being used in the ongoing pivotal fracture trial (Study 2301) in post-
menopausal osteoporotic women and future clinical studies. Therefore, if there is a safety
signal, you should conduct a cross study comparison of the PK of zoledronic acid in
osteoporic women vs. that in bone cancer patients to confirm the lack of effect of mannitol
on the PK of zoledronic acid.

1.3 Phase IV Commitments
' None

1.4 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Aclasta® solution for injection contains zoledronic acid, a bisphosphonate that inhibits
osteoclast-mediated bone resorption. Aclasta is proposed for the treatment of Paget’s disease of
bone, a chronic, focal skeletal disorder characterized by greatly increased and disorderly bone
remodeling resulting in a weakened bone structure. The proposed dose in men and women is a
single 5 mg of Aclasta® in 100 mL aqueous solution infused over no less than 15 minutes.
Retreatment with Aclasta may be considered 12 months after the initial dose in patients who have
relapsed. .

Zoledronic acid is approved in many countries, including the USA for the treatment of 2
conditions: 1. Bone myeloma and bone metastases (NDA 21-386) and 2. Hypercalcemia of
malignancy (NDA 22-223). The dose approved for hypercalcemia of malignancy is a single 4 mg
infused over no less than 15 minutes. Retreatment may be considered at a minimum of 7 days
elapse before retreatment with renal function monitoring. For bone myeloma and bone metastasis,
4 mg infused over 15 min every 3 or 4 weeks is recommended. The brand name of zoledronic acid
for these indications is Zometa®.

The efficacy and safety of Aclasta in patients with Paget’s disease of bone was assessed in
two identical double-blind active-controlled, non-inferiority trials of 6-months duration in patients
with Paget’s disease of bone receiving a single 5 mg dose of zoledronic acid infused over 15
minutes. The efficacy and specially the safety of this dose are not fully supported by the dose-
response studies conducted in patients with Paget’s disease of bone. In addition, based on
population PK analysis conducted by the Agency under NDA 21-386 review, the time to onset
and degree of renal function deterioration were correlated with exposure. Furthermore, post-
marketing experience with Zometa indicated that renal deterioration, progression to renal failure
and dialysis, have occurred in patients including those treated with the dose of 4 mg infused over
15 minutes. '



The clinical pharmacology of zoledronic acid solution for injection was assessed in 6
studies including two dose-response studies. The PK studies were single/multiple doses in nature
all conducted in cancer patients. Three of these studies were previously submitted and reviewed
 under NDA 21-386. These studies included the effect of renal impairment on the PK of the drug,
dose-response and population PK analysis of all the data. In the present submission, one
additional single/multiple PK study in cancer patients was included as well as two dose-response
studies conducted. in patients with Paget’s disease of bone. The doses tested in the PK studies
range from 2- to 16 mg infused over 5- or 15 min. No PK studies were condutted with the 5 mg
dose. The dose ranging studies evaluated doses of 50- to 400 meg infused over 60 minutes. The
to-be marketed formulation (containing~==of mannitol) was not used in the PK or pivotal clinical
trials. However, it appears that the presence of mannitol in the amount of ~—in the Aclasta to-be
marketed formulation most likely will not affect the pharmacokinetics of zoledronic acid.
According to the sponsor, mannitol in high doses (50-200 grams) can promote diuresis through
increased sodium excretion and not through significant changes in GFR. Thus, the /Z of mannitol
in this presentation is not associated with any significant effect on the renal elimination of
zoledronic acid. Nevertheless, since the to-be marketed of Aclasta is now being used in the
ongoing pivotal fracture trial in post-menopausal osteoporotic women and future clinical studies
- the sponsor should conduct a cross study comparison of the PK of zoledronic acid in osteoporic

women vs. that in bone cancer patients to confirm the lack of effect of mannitol on the PK of -

zoledronic acid if there is a safety signal.

In summary; a key clinical pharmacology issue is the renal toxicity of the drug which
appears to be correlated with zoledronic acid AUC. The efficacy and safety of the proposed single
5.mg dose of zoledronic acid infused over 15 minutes are not supported by the dose-response
studies conducted in patients with Paget’s disease of bone (doses tested ranged from 50- to 400
mcg). Therefore, the renal safety of a single dose of 5 mg zoledronic acid should be determined by
the medical reviewer based on the safety data reported from the clinical trials. A dose- adjustment
in patients with moderate renal impairment is suggested for labeling, contrary to the sponsor’s
recommendation.

Below is a summary of the pharmacokinetics of zoledronic acid, much of which has
previously been reported under NDA 21-386 (Zometa for the treatment of bone metastases).

Pharmacokinetics in Bone Cancer Patients

Single Dose _ ‘

' Following a single 4 mg iv infused over 15 minutes of Aclasta solution, the mean Cmax
and AUCo.a of zoledronic acid were 416.5 ng/mL (range 178- to 919 ng/mL) and 486.1
ng*hr/mL (range 202- to 772 ng*hr/mL), respectively. Prolonging infusion time from 5 to.15
minutes produced an expected decline in peak zoledronic acid levels by 30%, with no significant
effect on AUC. The AUC of zoledronic acid was linear and dose-proportional in the range of 2 to
16 mg. The AUC and Cmax of zoledronic acid 5 mg infused over 15 min were 650 ng*hr/mL and
519 ng/mL, respectively based on computer simulation using WinNonlin.

Repeat Dose
Zoledronic acid is to be administered as a single dose for Paget’s disease; therefore no
systemic accumulation of drug would be expected. Nevertheless, the accumulation of zoledronic



acid following a repetitive 28-day dosing schedule was low and the AUCy.4, for subsequent doses
was approximately 1.13-fold higher relative to the first dose.

Distribution

After infusion, the time course of zoledronic acid in plasma follows a three-compartment
disposition pattern that is characterized by an a-t1/2 of 0.24 hrs, a B-t1/2 of 1.87 hours and a y-
t1/2 of 146 hours. The observed plasma zoledronic acid concentrations decreased to <1% of the
observed peak concentrations by 24-hours post-dose. It is believed that zoledfonic acid is slowly
released back into the circulation following initial rapid sequestration in the bone. Total plasma
clearance is about 5 to 7 L/h and appears to be dependent upon creatinine clearance alone.
Zoledronic acid plasma protein binding is about 56% bound. The Vd was about 6.78 L.

Elimination

Zoledronic acid is not metabglized and is mainly eliminated by renal excretion. On average
(£s.d.) a total of 39 + 16% of the administered dose is excreted in urine within 24 hours. The
remainder is retained in the body, subject to slow release from bone governed by the rate of bone
remodeling. The zoledronic acid renal clearance shows strong association with creatinine
clearance.

Pharmacokinetics in Special Populatlons
Age, Gender, Race

Based on population PK analysis, gender, race and age (42 to 92 year olds) did not affect
the PK of zoledronic acid. Pharmacokinetic data in pediatric patients are not available.

Renal Impairment

Compared to patients with normal renal function (n=37), patients with mild renal
impairment (N=15) showed an average increase in plasma AUC of 15%, whereas patients with
moderate renal impairment (n=11) showed an average increase in plasma AUC of 43%. Limited
pharmacokinetic data (data available for only one patient) are -available for zoledronic acid in
patients with severe renal impairment (creatinine clearance <30 mL/min).

Population PK modeling and PK/PD correlations conducted by the agency showed that
the risk of a renal deterioration doubled for a patient with the upper limit of moderate renal
impairment (Clcr = 30 ml/min) compared to a patient with normal creatinine clearance (average
100 ml/min) when 4 mg of zoledronic acid was administered. This risk tripled at a creatinine
clearance of 10 mV/min. In addition, the Zometa label states that in the trials and in post-marketing
experience, renal deterioration, progression to renal failure and dialysis, have occurred in patients,
including those treated with a single dose of 4 mg infused over 15 minutes. Therefore, zoledronic
acid should not be recommended for patients with severe renal impairment (creatinine clearance
<30 mlL/min). In addition, dose reductions in patients with moderate renal impairment should be
made, contrary to the applicant’s conclusion that no action is required. The recommended dose
(normalized to the zoledronic acid AUC observed in normal renal function) in patients with
moderate renal function (CrCl between > 30- and < 60 mL/min) should be 3 mg infused over no
less than 15 minutes.

Hepatic Impairment



The effect of hepatic impairment on the PK of zoledronic acid has not been addressed.
Since zoledronic acid appears not be metabolized, it is unlikely that hepatic impairment will affect
the PK of this drug.

Drug/Drug Interactions (DDI)

DDI studies have not been conducted with zoledronic acid. Zoledronic acid is not
systemically metabolized and does not affect human cytochrome P450 ~enzymes in vitro.
Zoledronic acid in plasma protein binding is low (22%); therefore, interactions resulting from
displacement of highly protein-bound drugs are unlikely. No DDI were conducted with drugs
eliminated by renal excretion.

Dose-Response (Efficacy and Safety) Relationships _

The applicant did not attempt to correlate the efficacy and safety markers in patients with
Paget’s disease to plasma concentrations or exposure. A dose-response was observed in the
range of 50- to 400 mcg, with the 50- and 100 mcg doses showing superiority to placebo, but
with clinically unimpressive effects on the primary key bone markers serum alkaline phosphatase
(SAP) and urinary hydroxyproline/creatinine ratio (UOHP/CR). Since the percentage of patients
with normalization in SAP or UOHP/CR levels was low even at the highest dose tested (20% and
43% for SAP and UOHP/CR, respectively), the minimum effective dose could not be defined. The
most frequently reported drug-related adverse experiences, by > 10% of patients in any treatment
group were fatigue, fever, arthralgia, back pain, and skeletal pain. Fever, back and skeletal pain
showed a dose-dependency trend.

The selection of 5 mg of zoledronic acid infused over at least 15 minutes as the proposed
dose in the treatment of Paget’s disease of bone is not supported by the dose-response studies
which evaluated doses of zoledronic acid from 50- to 400 mcg infused over 60-minutes. The
effect of zoledronic acid on QT/QTc was not reported.
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Final version signed by Hae-Young Ahn Ph.D., Team leader
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2. QUESTION BASED REVIEW
2.1 General Attributes
2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug
substance and formulation of the drug product?

The active component of Aclasta® solution for i.v. injection is zoledronic acid, a third
generation bisphosphonate. Zoledronic acid in solution is available as zoledronate at physiological
pH. , :
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‘Chemical name: _

The parent compound from which zoledronate is prepared is zoledronic acid monohydrate
which is designated chemically as (I-hydroxy-2-imidazol-1-yl-phosphonoethyl) phosphonic acid
monohydrate and its structural formula is:

POgH,

Molecular formula: C;H;(N,O;P, » H,0O
Molecular weight: 290.1g/Mol

Zoledronic acid monohydrate is highly soluble in 0.IN sodium hydroxide solution,
sparingly soluble in water and 0.IN hydrochloric acid, and practically insoluble in organic
solvents. The pH of a 0.7% solution of zoledronic acid in water is approximately 2.0.

-—”"‘”’-""_’l
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FORMULATION

Aclasta® 5 mg/100 ml solution for infusion is a clear, colorless aqueous solution packaged
in colorless 100 ml plastic vials. Aclasta® injection is available as a sterile solution in bottles for
intravenous infusion. One bottle with 100 ml solution contains 5.330 mg of zoledronic acid
monohydrate, equivalent to 5 mg zoledronic acid anhydrous basis and the following inactive 5
ingredients: mannitol, = =7~ and sodium citrate, = = water for injection
(Table 1). Zoledronic acid is marketed for oncology indications and tumor induced hypercalcemia
under the brand name Zometa® (zoledronic acid) Injection 4 mg concentrate for intravenous

infusion. '

100 ml vial
= e

! corresponds to 5.0 mg of zoledronic acid anhydrous



2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)?
Mechanism of Action:

Aclasta® acts primarily. on the bone. It is an inhibitor of osteoclast-mediated bone
resorption. The selective action of bisphosphonates on bone is based on their high affinity for
mineralized bone. The main molecular target of zoledronic acid in the osteoclast is the enzyme
farnesyl pyrophosphate synthase, but this does not exclude other inhibitory mechanisms. In long-
term animal studies, zoledronic acid inhibits bone resorption without adversely affecting bone
formation, mineralization or mechanical properties of bone.

INDICATION (as per proposed label)

Aclasta® solution for intravenous infusion is indicated for the treatment of Paget's disease
of bone in men and women. Treatment is indicated in patients with Paget’s disease of bone with
elevations in serum alkaline phosphatase of two times or higher than the upper limit of the age-
specific normal reference range, or those who are symptomatic, or those at risk for complications
from their disease.

2.1.3 What are the proposed dosage(s) and route(s) of administration?
The proposed route of administration is by intravenous infusion.

DOSAGE AND ADMINISTRATION (as per proposed label) ‘
The recommended dose is Smg of Aclasta® in 100mL aqueous solution administered
intravenously via a vented infusion line. The infusion time must not be less than 15 minutes.

2.2 General Clinical Pharmacology

2.2.1 What efficacy and safety information (e.g., biomarkers, surrogate endpoints, and
clinical endpoints) contribute to the assessment of clinical pharmacology and
biopharmaceutics study data?

Efficacy and safety were evaluated in two identical phase III international, randomized,
double-blind trials of intravenous zoledronic acid for the treatment of Paget’s disease of bone
using oral risedronate as a comparator. Treatment consisted of a single intravenous infusion of 5
mg zoledronic acid in 100 ml of fluid over 15 min (or placebo infusion) or 30 mg oral risedronate
o.d. for 2 months (or placebo capsules). Observation continued for 6 months after baseline
measurements were taken. '

Serum alkaline phosphatase (SAP) and urinary hydroxyproline/creatinine ratio were the
primary efficacy variables. Standard markers of bone turnover were used to assess treatment
response. These were SAP and amino-terminal propeptide of type I collagen (PINP) for bone
formation and serum C-telopeptide (CTx) and urinary a-CTx for bone resorption.

2.2.2 What is the basis for selecting the response endpoints, i.e., clinical or surrogate
endpoints, or biomarkers (also called pharmacodynamics, PD) and how are they measured
in clinical pharmacology and clinical studies?

- Serum alkaline phosphatase was chosen as the primary efficacy variable, because it is the
standard measure of disease activity, it is routinely used to diagnose and monitor Paget's disease,
and it formed the basis of the registration claim for risedronate.



The primary efficacy variable was the proportion of patients achieving therapeutic
response, defined as either normalization of SAP or > 75% decrease in serum alkaline
phosphatase excess (difference between measured level and midpoint to the normal range) at 6
months.

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure response
relationships? h

Zoledronic acid was analyzed in plasma and urine using a specific RIA method with an
LOQ of —~————mng/mL for 25 pL plasma and urine, respectively. Precision, as measured by
CV (%), was generally < 20% for both plasma and urine samples. Accuracy was generally within
20% for both plasma and urine samples. No metabolites were formed.

2.2.4 Exposure Response . . ‘
2.2.4.1 What are the characteristics of the dose-systemic exposure relationships for
efficacy?

The efficacy and safety markers in patients with Paget’s disease were not correlated to
plasma concentrations by the applicant.

- The sponsor attempted to establish a dose-response relationship for efficacy using doses of
Aclasta (50 to 400 mcg/infused over 60 minutes) which were far below the dose used in the
clinical trials in patients with Paget’s disease (5Smg infused over 15 min). Therefore, the use of the
5 mg dose in the pivotal clinical trials is not fully supported by the dose-response studies.

A dose-response was observed in the range of 50 to 400 mcg, with the 50- and 100 meg
doses showing superiority to placebo, but with clinically unimpressive effects on the key bone
markers SAP and UOHP/CR (Figures 1 and 2). Since the percentage of patients with
normalization in SAP or UOHP/CR levels was low even at the highest dose tested (20% and 43%
for SAP and UOHP/CR, respectively), the minimum effective dose could not be defined (Table
2). ‘

These results came from Study 002, a multicenter double-blind parallel group,
randomized, placebo-controlled trial using a single one-hour intravenous infusion of 50, 100, 200,
or 400 pg of zoledronic acid administered in 5% dextrose in water. Male and female patients (35
patients per treatment) were 30 years of age or older, with a SAP of at least two times the upper
limit of normal, and x-ray confirmation of Paget’s disease. The primary criteria for effectiveness
was that the maximum percent reduction in SAP and UOHP/C ratio over the entire three month
trial be statistically significantly greater for zoledronicacid as compared with placebo. Therapeutic
response for SAP or UOHP/C was defined as follows: . :

¢ An > 80% reduction in these biomarkers.

¢ The proportion of patients who normalized their SAP and their UOHP/CR. SAP levels
‘less than or equal to 117 were considered normalized. UOHP/CR levels less than 0.04
were considered normalized. v
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Figure 1. Mean (SD) for maximum percent reduction from baseline in SAP (ITP) following single one-hour -
intravenous infusion of 50, 100, 200, or 400 pg of zoledronic acid administered in 5% dextrose in water. N=35
patients per treatment group. * statistically significant at the 0.05 level compared to placebo.
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Figure 2. Mean (SD) for maximum percent reduction from baseline in UOHP/CR (ITP) following single one-hour
Aintravenous infusion of 50, 100, 200, or 400 pg of zoledronic acid administered in 5% dextrose in water. N=35
patients per treatment group. * statistically significant at the 0.05 level compared to placebo.
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Table 2. Therapeutic responders for SAP: >80% decreased or normalization at any time (ITP)

50 ug 100 ug 200 ug 400 g | Placebo

Response Statum | N(%) | N%) | N{%) N&%) | N
1 = 80% Decresae SAPSIUN | 0{0) 0 {0 0 {0} (0 (0}
From Baseline SAP>3ALN |  0(0) 0 (0} 1(5) 1(5) 00}
All Patients 0(0) 00} 1(3) 1(3) 0 (0}

Normalization leapsaun] 0 1(8) 1(8) 4(27) 00}
SAPS3XULN | 01(0) 0 (0 1 (5} 3 (15) 0{0)

All Patients 6(0) 1(3) 2(6) 7 (20} 00}

> 80% Decrease SAP < 3N 0(9) 1(8} 1(8} 427} 0 (0}
From Basefine SAP>3XULN |  0(0) 0 (0} 1(5} 4 (20} 0 (0}
or Notmatlzation All Patients 0(0) 1(3) 2(6} 8(23) 0 (0}

2.2.4.2 What are the characteristics of the dose-systemic exposure relationships for safety?

Exposure-response for safety was not attempted by the applicant. In Study 002 (dose-
response) the most frequently reported drug-related adverse experiences, by > 10% of patients in
any treatment group, were fatigue, fever, arthralgia, back pain, and skeletal pain. This study
showed that fever had a trend towards drug dose-dependency. Back and skeletal pain also showed
a dose-dependency trend (Figure 3). According to the sponsor, these events and arthralgia are
commonly related to Paget’s disease and their reporting probably represents an exacerbation of
pre-existing symptoms.

A higher incidence of > 25% decreases from baseline in creatinine clearance was seen in
the 200 mcg treatment group, than in the other treatment groups, including 400 mcg and placebo:
9 (28.1%) and 3 (8.6%) in the 200 mcg and placebo treatment groups, respectively (Table 3).

Table 3. Renal safety parameters; patients with > 25% change from baseline in creatinine clearance by
treatment group

50 ug 100 pg 200 ug 400 pug PL
N % N % IN % | N % |N %
Total Patients N 38 2| |a 35
> 25% incr ¢ | 182 | 7 j200 81 ) 7 | 218 |5 | 143
> 26% Decr 3 &1 | 4 J114] 9 j281 | 4 125 | 3 86

12
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Figure 3. Most frequently reported drug-related adverse experiences in > 10% of patients in any treatment group.
N= 35 patients per group. Data from Study 002.

In the previous submitted NDA for Zometa (NDA 21-386), the CPB reviewer analyzed
the relationship between exposure and renal side effects of zoledronic acid. The pivotal clinical
trials (three trials) that contain renal safety information did not include any Zometa plasma
concentration measurements. However, since the population PK analysis of data collected from
studies JOO1, 503 and 506 predicted the plasma concentration very well, the pop PK model and its
parameters were used to predict the typical AUC values given the dosing regimen (4- or 8/4 mg
infused over 15 min) in the clinical studies. The AUC represented the average overall exposure in
these patients. '

Time to onset of renal function deterioration was found to be correlated with each of the
exposure measures — Cmax, AUC, Zometa dose and treatment. It was hypothesized that
cumulative exposure, rather than acute increases in concentration of circulating Zometa might
result in a gradual deterioration of the kidney function. A separate analysis of the 3 clinical trials
consistently indicated that AUC and baseline creatinine clearance (Base CLcr) were important
predictors of renal deterioration. According to the CPB reviewer of NDA 21-386, if the patient is
dosed with 4 mg of Zometa, the risk of renal deterioration increases two-fold at the upper limit of
severe renal impairment compared to normal Cler, and three-fold at a Cler of 10 ml/min.

2.2.4.3 Does this drug prolong the QT or QTc interval?

The effect of zoledronic acid on QT or QTc interval was not reported by the sponsor.
The sponsor was requested to provide evidence that 5 mg zoledronic acid intravenously
administered over 15 minutes does not cause QT prolongation at NDA filing. The Sponsor
believes that, based on the mechanism of action of bisphosphonates, the pre-clinical data available
on zoledronic acid (in vitro guinea pig atria, ECG effects in cats, and no observed cardiac effects
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'in the mouse, rat or dog pre-clinical safety studies), and the lack of a signal in clinical trials with
other bisphosphonates and with zoledronic acid to date, the likelihood of observing changes in
ECG parameters is low. The sponsor stated that this appraisal is supported by the postmarketing
experience on zoledronic acid received by Novartis to date. ECG data is planned to be submitted
with the application for the treatment of postmenopausal osteoporosis.

2.2.5 What are the PK characteristics of the drug? :
2.2.5.1 What are the single dose PK parameters? What are the characteristics of drug distribution?
How do the PK parameters change with time following chronic desing?

The pharmacokinetics of zoledronic acid were studied in four separate clinical trials all
carried out in cancer patients. In Studies J001, 503, 506 and 1 101, single and/or multiple infusions
of zoledronic acid in the dose range 2 — 16 mg were administered to a total of 74 cancer patients
with bone metastases. Pharmacokinetic parameters were derived using non-compartmental and
compartmental methods.

Studies J0O1, 503 and 506 were submitted to NDA 21-386 and were resubmitted by the
sponsor to the present NDA. Study 1101 had a similar design to that for study J0O1 and it did not
contribute any additional PK information to what was already reported in NDA 21-386.
Therefore, the PK characteristics of the drug, including excretion and metabolism, described
below and throughout this review were taken Jrom the CPB review by Dr. Brian Booth for
NDA 21-386. ,

After the iv. infusion, the time course of zoledronic acid in plasma was characterized by a
triphasic disposition pattern, with rapid initial drop in zoledronic acid plasma concentrations
during the 24-hour post-infusion period, followed by a prolonged terminal distribution/elimination
phase. Average population estimates of volume of distribution and half-lives corresponding to
each of the three disposition phases are Vd= 6.78 L; tue= 0.24 h, tvp= 1.87 h and tyy= 146 h.
Total plasma clearance was about 5 L/h. .

Table 4 summarizes the PK of zoledronic acid following single administration of
zoledronic acid 4 mg i.v. infusion over 15 minutes.

Table 4. Mean (SD) non-compartmental pharmacokinetic parameters of zoledronic acid following single
administration of zoledronic acid 4 mg i.v. infusion over 15 minutes. Data from Study 1101; n= 9-10 patients

PK parameter : Mean SD

Cmax (ng/mL) : 426 101
Tmax (hr) ‘ 0.362 0.035
T1/2 (hrs) 67.8 B 37.6
AUC (0-24hr) (ng*hr/mL) 576 130
AUC (0-inf) (ng*hr/mL) . 882 297
CL (IL/hr) ] 5.29 2.63
Ae(0-24hr) 1304 449
Ae(0-24hr) (% of dose) 32.6 11.2
CLr 2.33 0.98
CLr/CL 0.497 0:17

The AUCo-24n following 4 mg of zoledronic acid was approximately the same across all
four studies ( 400 to 600 ng*h/ml).

The PK of zoledronic acid following a 5 mg dose were not characterized. However, this
reviewer ran simulations to estimate the AUC and Cmax of zoledronic acid following single

14



infusion over 15 min at the dose of 5 mg using WinNonlin. Initial estimates were taken from PK
parameters reported in study 1101. The simulated plasma concentration-time profile is shown in
Figure 4. The estimated AUC and Cmax were 650 ng*hr/mL and 519 ng/mL, respectively.
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Figure 4. Simulated plasma concentration-time profile of zoledronic acid following single 5 mg dose infused over
15 minutes.

Generally, Aclasta is to be administered as a single dose. However, additional doses may
be administered in patients if needed. The accumulation of zoledronic acid following the repetitive
28-day dosing schedule was low and the AUC(-24n) for subsequent doses was 1.13-fold higher
relative to the first dose. At the 4 mg dose level, changing the infusion time from 5 min to 15 min
resulted in an approximately 30% decrease in Cend.

Binding of zoledronic acid to plasma proteins is unclear since two different values have
been reported (22% and 56% bound). Nevertheless, the interactions resulting from displacement
of highly protein-bound drugs are unlikely due to the low binding,

2.2.5.2 Are the PK of zoledronic acid linear and dose-proportional? _

A power analysis indicated that doubling the dose lead to a 2.32 fold increase in AUCo-244,
suggesting dose proportionality. The data from.study JOO1 were linearly regressed, and the
correlation coefficients were 0.99 and 0.87 for AUC and Cmax respectively, indicating that the
PK of zoledronic acid were linear, apparently over the range of 2 to 16 mg (Figure 5).

Appears This Way
On Originqgl
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Figure 5. AUC vs. dose from apb'licant Study 503/503E. A: AUC0-24h vs. dose; B: AUCO-last vs. dose. Data
taken from Dr. Brian Booth’s review of NDA 21-386.

2.2.5.3 What are the mass balance characteristics of the drug?

The plasma and urine measurements of radioactivity have shown that the majority of
radioactivity was recovered within the first 24 hours post-dose and the residual concentrations on
days 29 and 85 were largely below the detection limit. The urinary excretion of '*C-labeled
zoledronic acid was 29% of administered dose after 24 hours and 32% after 72 hours postdose. In
addition, the distribution study of radiolabeled zoledronic acid between whole blood and plasma
indicated no major affinity of *C-radioactivity for red blood cells. Fecal recovery of Zometa was
not reported.

2.2.5.5 What are the characteristics of drug metabolism and excretion?
Metabolism

No in-vitro metabolism studies using CYP P450 enzymes were reported by the sponsor. In
general, it is known that bisphosphonates are not metabolized in humans. According to Dr.
Booth’s review for NDA 21-386, evidence that zoledronic acid itself is not metabolized in vivo
was derived from the study of “C-Zometa in Study 506/506E. The plasma and urine samples
indicated that only a single l4C-cont_aining peak was obtained, suggesting that no other
metabolites are formed. :

According to - the sponsor,. the urinary analysis of '‘C-labeled zoledronic acid by
accelerator mass spectrometry (AMS) demonstrated the presence of only unchanged zoledronic
acid, showing the metabolic stability .of this drug indicating that zoledronic acid is not
metabolized. Similarly, the concordance between the “C-labeled and unlabeled zoledronic acid
indicated comparable drug levels, suggesting lack of metabolism of zoledronic acid. The plasma
and urine measurements of radioactivity have also shown that the majority of radioactivity was
captured within the first 24 hours post-dose and the residual concentrations on days 29 and 85
were largely below the detection limit.

Excretion _ :

Zoledronic acid is excreted primarily in the urine as the parent molecule. Urinary excretion
was measured in three studies using both labeled and unlabeled compound. Approximately 40%
of the dose is recovered in the urine within 24 hours of administration (Table 5, Figure 6).
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Complete urinary excretion of zoledronic acid was estimated to reach 48 to 67% in Study J0O1,
which underscores the avid binding of zoledronic acid to bone.

Table 5. Urinary excretion of zoledronic acid (data taken from Dr. Booth’s review of NDA 21-386)

Stuady Dose/Renal Impairment | Urinary Excretion, 24 hrs
{% Dose Administered)
4 mg/normal (n=12) 38+13
; (n= ‘

Study 503/503E 8 mg/normal (n=12) 4131143
16 mg/uormal (n=12) 372t 165
2 mg/normal (n=3} 482+ 12.2%
Stu dy 7001 4 mg/normal (n=3) 67.2 £ 43.8%
' 8§ mg/normal (n=3) 60.9 + 19.6*
4 mg/normal (n=9) 362+ 151
Study 506/506E 4 mg/mild (n=7) 404188
4 mg/moderate (n=3) 27.9+102

Cumulative urinary excretion (% of dose)

8

8
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Figure 6. Mean cumulative urinary excretion of zoledronic acid following single administration of zoledronic acid
4 mg i.v. infusion over 15 minutes. Data taken from Study 1101. N=10 patients

2.2.5.4 What is the inter- and intra-subject variability of PK parameters?

A population pharmacokinetic analysis was performed using the pooled data from three
clinical pharmacokinetic studies involving a total of 64 patients. The inter-subject variation for
plasma clearance was 36% and the intra-subject variation for zoledronic acid concentration was
34%. The CV% (intersubject variability) for the Cmax and AUC of zoledronic acid was around

25%.
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2.3 Intrinsic Factors ‘
2.3.1 Does age, gender or race affect the PK of the drug? What dosage regimen
adjustments are recommended for the subgroups?

Based on population PK analysis previously reported and reviewed (see Dr. Booth review
for NDA 21-386), race, gender and age did not affect the PK of zoledronic acid (see Figure 7).
Therefore, no dose adjustment is necessary in these subgroups. Pharmacokinetic data in pediatric
patients are not available. In the phase III clinical trial in patients with Paget’s dlsease of bone the
age ranged from 42 to 92 years.
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. Figure 7. Effect of age, gender and race on zoledronic acid CL from FDA analysis (Taken from Dr. Booth’s review
for NDA 21-386).

2.3.1.4. Does renal impairment affect the PK of the drug? Is dosage regimen adjustment
recommended?

Studies 506/S06E and 503/503E were conducted in 64 cancer patients with normal to
moderately impaired renal function. These studies showed that zoledronic acid AUCy.,4; tends to
increase with increasing renal impairment (Figure 8), suggesting that renal impairment would be
an important consideration for zoledronic acid dosing.
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The applicant plotted the Zometa AUCo.,4 vs. creatinine clearance for all cycles of
treatment and derived a linear relationship that allows for a prediction of the increase in Zometa
AUC)24, as summarized in Table 5.

Zoledronie acld CL, (m¥min)

0 26 40 60 80 160 120 140 180 180
€L, (mlimin)

Symbols and lincs: & (4 mg), OB mg), and ¥ (16 myg), — {(regression fine, y=081x,
p<0.0081), - (95% confidence imerval),

Figure 8. Creatinine clearance vs. renal clearance in from Applicant Study 503/503E (Taken from Dr. Booth’s
review of NDA 21-386).

Compared to patients with normal renal function (N=37), patients with mild renal
impairment (N=15) showed an average increase in plasma AUC of 15%, whereas patients with
moderate renal impairment (N=11) showed an average increase in plasma AUC of 43% (Table 6).
Limited pharmacokinetic data (data available for only one patient) are available for zoledronic
acid in patients with severe renal impairment (creatinine clearance <30 mL/min).

Table 6. Effect of renal Impairment on Zometa Exposure (Taken from Dr. Booth’s review of NDA 21-386).

Renal Impairment % increase in Zometa AUCq a4
Mild 20-40 ‘
Modesate 46-50

Severe 50-60

According to the CPB reviewer for NDA 21-386, one could expect zoledronic acid
exposures following single 4 mg infusion in severe renal impairment to approximate those of the 8
mg dose. Patients treated with 8 mg of zoledronic acid are at risk for renal deterioration and renal
failure. In the database submitted, one patient developed severe renal impairment (CLcr decreased
from 46.6 to 9.08 ml/min, cycle 1 to cycle 2, respectively). In this individual, AUC ¢.,4 increased
from 2758 ng*h/ml to 4435 ng*h/ml, a 60% increase.

As mentioned in section 2.2.4.2, the FDA population pharmacokinetic modeling and
PK/PD correlations showed that the risk of a renal deterioration doubled for a patient with the
upper limit of moderate renal impairment (Cler = 30 ml/min) compared to a patient with normal
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creatinine clearance (average 100 ml/min) when 4 mg of zoledronic acid was administered. This
risk tripled at a creatinine clearance of 10 ml/min. Therefore, dose reductions in patients with
moderate renal impairment should be made, contrary to the applicant’s conclusion that no action
is required. 7

The recommended dose (normalized to the zoledronic acid AUC observed in normal
renal function) in patients with moderate renal function should be 3 mg infused over no less than
15 minutes.
2.3.1.5 Does liver impairment affect the PK of the drug? Is dosage adjustment
recommended?

The effect of hepatic impairment on the PK of zoledronic acid has not been addressed.
Since zoledronic acid appears not be metabolized, it is unlikely that hepatic impairment will affect
the PK of this drug.

2.3.1.6 What pregnancy and lactation use information is there in the application? There are
no studies in pregnant women using zoledronic acid.

2.4 Extrinsic Factors
2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence exposure and/or response and what is the impact of any differences in exposure
on pharmacodynamics? _

The effects of herbal products, diet, smoking and alcohol use were not evaluated.

2.4.2 Drug-Drug Interactions (DDI)
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?

] Drug-drug interaction studies have not been conducted with zoledronic acid. Zoledronic
acid is not systemically metabolized and does not affect human cytochrome P450 enzymes in vitro
(see section 2.4.2.4). Zoledronic acid in plasma protein binding is low (22%); therefore,
interactions resulting from displacement of highly protein-bound drugs are unlikely.

Zoledronic acid is eliminated by renal excretion. No DDI were conducted with drugs
eliminated by renal excretion.

2.4.2.2 Is the drug a substrate of CYP enzymes?
No in-vitro metabolism studies using CYP P450 enzymes were reported by the sponsor.

2.4.2.4 Is the drug an inhibitor and/or an inducer of CYP enzymes?

According to Dr. Booth (see CPB review for NDA 21-386), the sponsor investigated the
ability of zoledronic to inhibit CYP 450 isozymes. No significant inhibition occurred following 15-
minute incubations of zoledronic acid with any CYP 450 isozyme. Studies also indicated that
zoledronic acid did not induce any irreversible CYP450 inhibition.

2.4.2.5 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes?
This was not evaluated by the sponsor.
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2.4.2.6. Does the label specify co-administration of another drug and, if so, has the
interaction potential between these drugs been evaluated?

The label states that since zoledronic acid is eliminated by renal excretion, caution is
indicated when Aclasta is administered in conjunction with drugs that can significantly impact
renal function (e.g. aminoglycosides, or diuretics leading to dehydration). This interaction
potential has not been evaluated in humans.

2.4.2.7 What is the effect of zoledronic acid on the PK of other drugs? What is the effect of

other drugs on the PK of zoledronic acid?
No studies have been conducted to evaluate these effects.

2.42.8 Are there any unresolved questions related to metabolism, active metabolites,
metabolic drug interactions or protein binding? :

Binding of zoledronic. acid to plasma proteins is unclear since two different values have
been reported (22% and 56% bound). Nevertheless, the interactions resulting from displacement
of highly protein-bound drugs are unlikely due to the low binding.

2.4.2.9 What issues related to dose, dosing regimens or administration are unresolved, and
represent significant omissions?

The selection of 5 mg of zoledronic acid infused over at least 15 minutes as the proposed
dose in the treatment of Paget’s disease of bone is not supported by the dose-response (50- to
400 mcg infused over 60-minutes) study conducted. As mentioned before, time to onset of renal
function deterioration was found to be correlated with exposure measures and dose of zoledronic
acid. In addition, analysis of the 3 clinical trials in bone cancer patients consistently indicated that
AUC and baseline creatinine clearance were important predictors of renal deterioration.
Furthermore, post-marketing experience with Zometa, a drug approved for bone cancer indicated
that renal deterioration, progression to renal failure and dialysis, have occurred in patients,
including those treated with the dose of 4 mg infused over 15 minutes. Therefore, the safety of a
single dose of 5 mg zoledronic acid infused over 15 min should be determined by the medical
reviewer based on the renal safety reported in the clinical trials.

The formulation used in the PK and pivotal clinical trials is different than the to-be

marketed formulation. The to-be marketed formulation contains mannitol as an =~
Although, strictly speaking no BE studies are required for an IV formulation, the effect of
mannitol on renal excretion and therefore the systemic exposure of zoledronic acid is unknown.
The sponsor claims that the presence of mannitol in the formulation (approx. <——is not expected
to influence the renal excretion of zoledronic acid, as osmotic diuresis does not increase
glomerular filtration rate, the main mechanism for renal excretion, and will not be induced by such
small amounts of ~———_ mannitol (see section 2.5.2 for discussion on this issue).

2.5 General Biopharmaceutics
2.5.1 What is the BCS Class classification for zoledronic acid? o

This information was not provided by the sponsor. Also, this information may not be
relevant since this is not a solid dosage form.
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2.5.2 Was the to-be-marketed formulation used in the PK/clinical trials?

No. The formulation used in the Clinical Pharmacology studies was 4 mg zoledronic acid
as a lyophilized powder reconstituted with 5 mL isotonic saline. Appropriate volumes of the
reconstituted solution were then diluted to 50 or 100 mL with isotonic saline. The formulation
used in the clinical studies of Paget’s disease patients was 5 mg zoledronic acid in a solution of 5
mL. The solution was diluted to 100 mL with isotonic saline for i.v. infusion over 15 minutes. The
final formulation intended for marketing is 5 mg zoledronic acid in 100 mL of solution, containing
mannitol as ap ™~ , T

According to the sponsor, the use of mannitol as an should have no
biopharmaceutical effect. The sponsor stated that the presence of mannitol in the formulation
(approx. ___ is not expected to influence the renal excretion of zoledronic acid, as osmotic
diuresis does not increase glomerular filtration rate, the main mechanism for renal excretion, and
will not be induced by such small amounts of ———— mannitol.

»

The following comment was conveyed to the sponsor on November 08, 2004 regarding
the use of mannitol: _
& Please reference the appropriate section(s) of the NDA that contain data to substantiate

the above claims, or provide the Division with evidence to substantiate that:
¢ An osmotic diuretic does not change glomerular filtration rate
* The amount of mannitol in the to-be-marketed zoledronic acid injection does not
- change the glomerular filtration rate.

The sponsor replied that the renal clearance of zoledronic acid is mainly governed by
GFR. The diuretic action of mannitol is attributed to an increase in renal medullary blood flow
through a prostaglandin-mediated mechanism. This results in a partial washout of the normal
medullary ‘hypertonicity, with a consequent decrease in net reabsorption of Na in the thin
ascending limb of Henle’s loop. Mannitol in high doses (50-200 grams) can promote diuresis
through increased sodium excretion and not through significant changes in GFR. Therefore the &
of mannitol in this presentation is not associated with any significant effect on the renal
elimination of zoledronic acid. In addition, the majority of parenteral toxicology studies were
performed using mannitol in the formulation with no attributable untoward effects.

Reviewer’s Remark :

It appears then that mannitol in the amount of ~in the Aclasta formulation most likely
will not affect the pharmacokinetics of zoledronic acid. The 5mg/100ml final formulation of
Aclasta is now being used in the ongoing pivotal fracture trial (Study 2301) in post-menopausal
osteoporotic women and future clinical studies. A cross study comparison of the PK of zoledronic
acid in osteoporic women vs. that in bone cancer patients may confirm the lack of effect of
mannitol on the PK of zoledronic acid.

2.5.3 Are the method and dissolution specifications supported by the data provided by the
sponsor?

This does not apply for this drug. No in vitro dissolution studies were necessary, as
zoledronic acid is administered i.v. as a solution.
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2.5.4 What is the effect of food on the BA of the drug?
As zoledronic acid is administered i.v., the effect of food was not studied.

2.5.5 If different-strength formulations are not bioequivalent based on standard criteria,

what clinical safety and efficacy data support the approval of the various strengths of the

to-be-marketed product

This does not apply.

~ 2.6 Analytical Section .

2.6.1 Was the suitability of the analytical method supported by the submitted information?
Concentrations of zoledronic acid in the plasma and urine from patients receiving

zoledronic acid were determined by a radioimmunoassay (RIA) method. The radioimmunoassay

utilizes a polyclonal rabbit anti-zoledronic acid antibody, and a radioactive zoledronic acid

derivative, in a competitive format for the direct quantification of zoledronic acid. The antibody

adheres to a sheep antirabbit IgG’ antibody that is chemically precoated to the wells of a

commercial microtiter plate. Solutions of '“I-labelled zoledronic acid derivative (tracer) and

unlabelled zoledronic acid are added. After equilibration of zoledronic acid and tracer with the .

antibody, unbound reagents are removed by aspiration and washing, and the bound fraction of
tracer in the well of the microtiter plate is determined by gamma counting.

The lower and upper limit of quantification of zoledronic acid in plasma were™~ng/mL
and-=ag/mL, respectively. The lower and upper limit of quantification of zoledronic acid in urine
were ~ng/mL and — ng/mL, respectively. Zoledronic acid concentrations > 4 ng/mL in plasma
or >100 ng/mL in urine could be determined after dilution with blank (zoledronic acid free)
biological fluid. '

'Precision, as measured by CV (%), was generally < 20% for both plasma and urine
samples. Accuracy was generally within 20% for both plasma and urine samples.

Zoledronic acid aqueous stock solution was stable for at least 4 months storage at 4°C.
Zoledronic acid in plasma stored frozen was stable for at least two freeze-thaw cycles over a 2-
week period. Selectivity was not reported.

Dr. Booth review for NDA 21-386 contains the following comment regarding the -

analytical method. This comment was conveyed to the sponsor at that time.
® The applicant used Accelerator Mass Spectrometry (AMS) to measure
radiolabeled Zometa. This assay was not properly validated. The data generated
was deemed acceptable because it was in agreement with data generated by a
validated assay. However, for future use, the AMS assay should be validated
according to the FDA Guidance for Industry entitled “Bioanalytical Method
Validation”.
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4. APPENDIX
4.1 Individual Study Reports .
L e
" Clinical Pharmacology Study of CGP42446 Injection in Patients with Metastatic
Bone Malignancies”

Name of Sponsor: . e R =TT

Included Protocols: 1101 =
Development Phase of Study: I

Study Initiation Date: ' August 7, 2001

Study Completion Date: March 11, 2002

OBJECTIVE

¢ To perform a pharmacokinetic (PK) analysis of plasma and urine concentrations of unchanged

~ drug and calculate the pharmacokinetic parameters following administration of a single
intravenous 4 mg dose of CGP42446 (Z0L446) over a period of 15 mm to patients with
metastatic bone malignancies. '

* To correlate PK with efficacy and to evaluate safety

SUBJECTS
Ten patients with metastatic bone malignancies

STUDY DESIGN :

Using an uncontrolled study design, PK, the correlation between efficacy and PK, and
safety were investigated when a single intravenous dose of CGP42446 was administered over a
period of 15 min to patients with metastatic bone malignancies. In the study, up to 2 additional
administrations (total of 3 including initial administration) were permitted if a decrease in the level
of a marker of bone metabolism or improvement in a symptom resulting from bone metastasis was
seen. Plasma and urine drug concentrations were measured during the period following the initial
dosing.

Investigational product dosage and administration
' One 4 mg vial of CGP42446 was dissolved in the 5 mL of water for injection included
with the vial, and the solution was mixed with 100 mL of physiologic saline. The resulting
solution was then administered.intravenously over 15 mm (see Appendix I for the actual infusion
time for each subject). :

PHARMACOKINETIC MEASUREMENTS _

Blood collection time points: Before and 5, 15, and 30 mm; 1, 2,4, 6, 8, and 24 hr; and 8,
15, and 29 days after the initial administration .

Cumulative urine time points: Urine was collected immediately before the initial dosing,
and cumulative urine was collected for the intervals from the time of dosing to 4 hr after dosing,
from 4 to 8 hr after dosing, and from 8 to 24 hr after dosing. '
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SAFETY MEASUREMENTS
Safety was assessed by monitoring adverse events, laboratory safety tests (CBC, blood

chemistries and urinalysis. :

EFFICACY MEASUREMENTS
Efficacy was assessed by measurement of bone metabolism markers. The response of

calcium regulating hormones to the drug was also assessed.

DATA ANALYSIS

Pharmacokinetic Data Analysis

Non-compartmental and compartmental pharmacokinetic analyses of plasma and urine
concentrations of unchanged drug were performed. In the compartmental analysis, a 3-
compartment model was used . for the analysis of first-order elimination from the central
compartment, and the data were fitted to the model using the non-linear least squares method
using WinNonlin sofiware.

RESULTS

Analytical Method :

Zoledronic acid was determined in plasma and urine using a specific radioimmunoassay. The assay
is a competitive radioimmunoassay performed on a special * =——————— microtiterplate. The
limits of quantitation were ~—ng/mL in plasma and ~ng/mL in urine.

In study Validation Results

Table 1. In-study validation information for zoledronic acid

Linearity  Satisfactory: Standard curve range from 0.0.04 ng/ml to 40 ng/mL in plasma and !
to 1000 ng/mL in urine

Accuracy  Satisfactory: % Bias less than i plasma and.~" % in urine at the /QC
concentration tested '

Precision  Satisfactory: %CV less than v in plasma and < than .~""in urine at the / QC
concentrations tested.

Specificity Sample chromatograms were not submitted

Pharmacokinetic Results

The mean plasma concentration-time profiles for zoledronic acid following single
administration of zoledronic acid 4 mg i.v. infusion over 15 minutes is shown in Figure 1. Figure
2 shows the mean cumulative urinary excretion of zoledronic acid following single administration
of zoledronic acid 4 mg i.v. infusion over 15 minutes.

The mean non-compartmental and compartmental pharmacokinetic parameters for
zoledronic acid are summarized in Table 2 and 3, respectively.
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Figure 1. Mean (SD) plasma concentration-time profiles of zoledronic acid following single
administration of zoledronic acid 4 mg i.v. infusion over 15 minutes.
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Figure 2. Mean cumulative urinary excretion of zoledronic acid following single administration of
zoledronic acid 4 mg i.v. infusion over 15 minutes.
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Table 2. Mean (SD) non-compartmental

pharmacokinetic parameters of zoledronic acid

following single administration of zoledronic acid 4 mg i.v. infusion over 15 minutes.

PK parameter N Mean SD
Cmax (ng/mL) 10 426 101
Tmax (hr) 10 0.362 0.035
T1/2 ¢hrs) 10 67.8 37.6
AUC (0-24hr) (lig*hr/mL) 10 576 130
AUC (0-inf) (ng*hr/mL) 10 882 297
CL (L/hr) ) 10 5.29 2.63
Vss (L) 10 217 97
|_Ae(0-24hr) 9 1304 449
Ae(0-24hr) (% of dose) 9 32.6 11.2
CLr 9 2.33 0.98
CLr/CL «9 0.497 0.17

Table 3. Mean (SD) Compartmental pharmacokinetic parameters of zoledronic acid following
single administration of zoledronic acid 4 mg i.v. infusion over 15 minutes.

PK parameter N Mean SD
a(h™) 10 3.12 3.6
[ Y)) 10 0.33 0.23

() 10 0.0167 0.0226
T1/2 (hrs) 10 198 255
AUC (0-t) (ng*hr/mL) 10 811 230
AUC (0-inf) (ng*hr/mL) 10 938 289
Vss (L) 10 480 610
A€y 10 2179 918
Ae inf (% of dose) 10 54.5 23
CLr (L/h) 10 244 1.06
CLr/CL 10 0.54 0.229
CONCLUSIONS

* The mean plasma drug concentration decreased to < 1/100 of the value immediate

postdosing by 24 hrs and it was followed by more gradual elimination. o
The mean Cg, was 426+101 ng/mL and the AUCy,4, was 576+130 ng*hr/mL. These
values are comparable to previous reported data in Japanese patients receiving the same
dose (Study JOOI; Cmax=668+251 ng/mL and AUC0-24h=540 + 232 ng*hr/mlL).
Although the Cmax values in Japanese patients appears to be higher compared to than
observed in Caucasian patients receiving the same dose (Cmax 264 +86 ng/mL from study
503), population PK analysis showed that gender did not altered the PK of the drug.

The cumulative percentage of drug excreted in the urine by 24 hours postdosing was
32.6% and is in agreement with that reported in previous:studies.



b -~~~
"Open-Label, Fixed Ascending, Dose-Ranging Study of Intravenous CGP-42446 in
Patients with Paget’s Disease of Bone”

Study No.: 001
Trial Phase: /11
Investigator and Centre: o
, R -
‘Study Dates: From 10/6/93 to 3/28/94
Objectives
Primary Objective

® To assess the safety and tolerability of a single infusion of either 24, 72, 216 or 400 mcg
of CGP-42446 in patients with Paget’ s disease of bone

Secondary Objective
* to assess the effect of a single infusion of CGP-42446 in lowering urinary
hydroxyproline/creatinine ratio in this patient population

Study Design

This was a two-center, open-label, fixed-ascending dose-ranging safety and tolerability
trial using a single 60-minute intravenous infusion of either 24, 72, 216 or 400 pg of zoledronic
acid (four patients in each dose group). Patients were male or female (postmenopausal), 30 years
of age or older, with a serum alkaline phosphatase of at least two times the upper limit of normal,
and an x-ray diagnosis of Paget’s disease. Patients were followed for 14 days.

Test Drug
Dosage and Administration

CGP-42446 was available in vials of 100 mcg of Iyophilized drug. Initial reconstitution of each
vial was done with 5 ml of sterile water. Dilution of the final infusion solution was done
accordingly with 5% dextrose. The infusion was given at a constant rate of 1 mL/mm over 60
_minutes.

‘Efficacy Variables
As a secondary objective, efficacy was to be assessed by evaluating the following variables:

Primary Variable
* Urinary hydroxyproline/creatinine ratio (UOHP/C) was measured at all visits (Visits 1-6).
The measurement at Visit I (Day 4 to -3) was considered baseline.

Secondary Variable
¢ Urinary calcium/creatinine ratio (UCalQ: The urinary calcium/creatinine ratio was
measured at all visits (Visits 1-6). The measurement at Visit 1 (Day -5 to -3) was
considered baseline.
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e Serum Alkaline Phésphatase: Serum Alkaline Phosphatase (SAP) was measured at all
visits (Visit 1-6). The measurement at Visit 1 (Day -5 to -3) was considered baseline.

RESULTS
Groups were well balanced for demographic characteristics at baseline. There were no
protocol violations, or discontinuations from the study.

There was no evidence of a dose-dependent effect for SAP (Figure 1), which according to the
sponsor this was probably because of the length of the trial being only 14 days. However, at the
216 and 400 mcg dose level, the calcium/creatinine ratio (Figure 2) and hydroxyproline/creatinine
ratio (Figure 3) data was suggestive of a dose dependent response with the 400 meg
demonstrating a more dramatic decline than the 216 mcg dose.
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Figure 1. Median percent difference from baseline in serum alkaline phosphatase following single 60-

minute infusion of either 24, 72, 216 or 400 mcg of CGP-42446 in patients with Paget’ s disease of bone
(N=4 per treatment).
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Figure 3. Median percent difference from baseline in Hydroxyproline/Creatinine ratio following single
60minute infusion of either 24, 72, 216 or 400 mcg of CGP-42446 in patients with Paget’ s disease of bone
(N=4 per treatment).
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CONCLUSIONS _

e The single 60-minute infusion of zoledronic acid at the doses of 24- and 72 mcg was
essentially non-effective (the median percent difference from baseline base on the three
endpoint tested was less than -20%). :

¢ A dose-dependent effect for the calcium/creatinine ratio and hydroxyproline/creatinine
ratio SAP was observed at the 216 and 400 mcg dose level (the maximum median %
reduction range from -60- to -78%). No dose response was observed based on SAP.

¢ There was a rebound effect for both UOHP/C and UCa/C; these parameters achieved their
nadir between 5 and 11 days post-infusion, but then slowly began 10 rise.

o Although dose-response effect was observed for both UOHP/C and UCa/C at the 216 and
400 mcg dose level, the minimum effective dose should be evaluated by the medical
reviewer, since the conclusions made in here are based on only 4 patients.

B
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“A Double-Blind Placebo-Controlled Parallel, Randomized, Dose-Ranging Trial Using
Intravenous Zoledronic Acid in Patients with Paget’s Disease of Bone”

Study No.: 002

Trial Phase: , |

Investigator and Centre: e

Study Dates: From 3/21/94 to 4/10/95. a
Objectives \
Primary Objective

¢ To assess the effects of 50, 100, 200, or 400 mcg of CGP 42446 administered as an
intravenous infusion in comparison to placebo in lowering serum alkaline phosphatasa,
urinary hydroxyproline/creatinine ratio in patients with Paget’s disease of bone.

¢ To ascertain the maximum and minimum effective dose. :

Secondary Objective
* To assess the effects of CGP 42446 in lowering urinary pyridinium/creatinine ratio, u
deoxypyridinium/creatinine ratio, and urinary calcium/creatinine ratio.
® To evaluate tolerability and safety.

Study Design and Population .

This was an international multicenter double-blind parallel group, randomized,
placebo-controlled trial using a single one-hour intravenous infusion of 50, 100, 200, or 400 ugof
zoledronic acid administered in 5% dextrose in water. Patients (33 patients per treatment group
planned) were male or female of non-child-bearing potential, 30 years of age or older, with a
serum alkaline phosphatase of at least two times the upper limit of normal, and x-ray confirmation
of Paget’s disease. Patients were followed for 3 months.

Test Drug
Dosage and Administration

CGP-42446 was available in vials of 100 meg of Iyophilized drug. Dilution of infusion solution
was done accordingly with 5% dextrose. The infusion was given at a constant rate of 1 'mL/mm
over 60 minutes.

Efficacy Variables
Primary Variable
* Urinary hydroxyproline/creatinine ratio (UOHP/C) was measured at all visits (Visits 1-8).
~ The measurement at Visit I (Day -30 to -2) was considered baseline.
* Serum Alkaline Phosphatase: Serum Alkaline Phosphatase (SAP) was measured at all
visits (Visit 1-8). The measurement at Visit 1 (Day -30 to -2) was considered baseline

The primary analysié endpoint was the comparison of the maximum percent decrease over the
entire trial of the drug 50, 100, 200 or 400 mcg versus placebo.
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Secondary Variables
* urine calcium/creatinine ratio
¢ urine pyridinoline/creatinine ratio
e urine deoxypyridinoline/creatinine ratio
* excess serum alkaline phosphatase (defined as the number of units above the upper limit of
normal for SAP (i.e., number of units above ‘117°).

* bone alkaline phosphatase -

All secondary efficacy variables were measured at Visits 1-8, and the maximum percent
reduction from baseline over the entire trial was also calculated for each variable. The
measurement at Visit 1 was considered the baseline.

Criteria for efficacy
The primary criteria for effecfiveness was that the maximum percent reduction in SAP and

UOHP/C ratio over the entire three month trial be statistically significantly greater for CGP 42446

as compared with placebo. Therapeutic response for SAP or UOHP/C was defined as follows:

* An > 80% reduction in these biomarkers. :

* The proportion of patients who normalized their SAP and the proportion of patients who
normalized their UOHP/CR. Patients who normalized their SAP: (or their UOHP/CR)
were considered responders for SAP (or for UOHP/CR) even if the prescribed decrease
of 80% did not occur. SAP levels less than or equal to 117 were considered normalized.
UOHP/CR levels less than 0.04 were considered normalized.

¢ Additionally, similar comparisons based on a prescribed decrease of at least 50% from
baseline in SAP (or UOHP/CR), instead of 80%, were also examined.

RESULTS .

Groups were well balanced for demographic and disease characteristics at baseline. There
were no protocol violations. Four patients discontinued from the study: two due to death, one due
to loss to follow-up, and one due to unsatisfactory therapeutic effect (Table 1).
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Table 1. Distribution of patients by treatment group

Number of Patients SOug | 100pug | 200pug | 400ug | Placebo | Total
Rindomized 35 38 33 35 35 176
tnsluded in intent-To-Treat Anatysie 35 38 33 35 35 176
Stratum § {Basefine SAP < 3 x ULN} 11 12 13 15 13 64
Stratum 2 {Hasaline SAP > 3 x ULN) 24 28 20 20 3 112
Oiscantinued Prematurely 1 1 e 2 o 4
For death b] 1 1] 1 o ~2
Lost to follow-up 1 0 0 o ) 1
For unsatisfactory therapeutic effect 0 [+] ] 1 4] 1
Included in Laboratory Report 35 38 3 35 35 176
(ncluded in Safaty Analyset - 34 33 33 35 35 178

Statistically significant differences were seen between each of the zoledronic acid dose
groups and placebo for the maximum percent reduction in serum alkaline phosphatase (Figure 1) .
A dose response relationship was seen (Figure 1, Tables 2-3). Percent reduction from baseline
was maximal by Day 60 for SAP (46.6%) which was achieved by the 400 mcg dose (Figure 1).
However, the percentage of patients with SAP normalization was low (20%) (Tables 2-3).

Mean maximum percent reduction from basefine in SAP

e,

-80 T
PLB

Figure 1. Mean (SD) for maximum percent reduction from baseline in SAP (ITP) following single one-hour
intravenous infusion of 50, 100, 200, or 400 pg of zoledronic acid administered in 5% dextrose in water, N=35 -

50

T

100

Dose (mcg)

T

200

400

patients per treatment group. * statistically significant at the 0.05 level compared to placebo.

The following is a summary of the analysis results at Visits 2-8 for SAP:

® For the pairwise comparisons of each CGP 42446 dose versus placebo, there were
statistically significant greater percent decreases from baseline, in favor of the active
treatment, at Visits 3-8, after a Bonferroni adjustment to the a-level (with the exception of
the non significant difference between the 50 mcg treatment versus placebo at Visit 4 (Day

10) (p=0.025)).

* For most of the pairwise comparisons between active doses of CGP 42446, there were




statistically significant greater percent decreases from baseline, in favor of the higher dose,
for the given pair of treatments beginning at Visit 5 (Day 30). The 400 mcg treatment
group was statistically significantly favored over the 50 mcg and 100 mcg treatment group
by Visit 4 (Day 10). '

The following is a summary of the results from the between-treatment comparisons of the
proportion of therapeutic responders for SAP:

No statistically significant differences were detected between the treatment groups for the
proportion of patients with a >80% decrease in SAP at any time.

Statistically significant between-treatment differences, in favor of the 400 meg treatment
group over placebo and the 50 mcg and 100 mcg treatment groups were detected for the
proportion of patients with either a >50% decrease from baseline or normalization at any
time during the trial.

Statistically significant between-treatment differences, in favor of the 400 meg treatment
over placebo, 50-, 100-, and 200 mcg, were detected for the proportion of patients with a
250% decrease from baseline and the propottion of patients with either a >50% decrease

from baseline or normalization at any time during the trial.

Table 2, Therapeutic responders for SAP: >80% decreased or normalization at any time (ITP)

_ 80 ug 100pg | 200ug | 400pg | Placebo
Response Stratum NpwE | N N (%) N (%) " (%}
2 0% Decrease SAPSIUIN| 0(0) 0(0) o (0} o (0) 0(0)
From Baseline SAP>BULN | 0(0) 0wy | 18 1¢5) 0(0)

Al Patients o (0) 0(0) 1(3) 1(3) 0 (0}
Normalization - SAP 5 3N 0{0) 1{8} ~1{8} 4(27) a{0)
SAP>IMUN| 0(0) 0(0) 1(5) aas | o
Alf Patients a(0) 1(3) 2(6) 7 (20} 0(0)
= 80% Decrease SAP < 3xULN 0(0) 148} 1(8) 4 (27} o(0)
From Baseline SAP>RULN T 0 (0) 0 (0} 1(5) 4 (20} 0 (0}
or Normalization All Patients 0@ | 1® 2(6) 8 (23) 0(0)
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Table 3. Therapeutic responders for SAP: >50% decreased or normalization at any time (ITP)

§0 pg 100 g 200 g 400 pg Placebo
Rasponze Stratum | N{%) N (%) N{%) N (%) N (%)
= 50% Decreass SAP < LN ¢ {0} 1{8) 3{23) 5{33) 0{0)
From Hazeline SAP >3 ] 0(0) 1¢4) 3(15) 11 (55) 1{5)
) All Patients 0 {0} 2{5) 6{18) 16 {46) 1(3)
Normalization BAP £ XULN o0 18} 1(8} 4({27) - 0{o)
SAP > 3xULN 0 () 00} 1{5) 3{(15) 6 (0}
Ali Patlents 0{0) 13 |° 2¢6) 7(20) 0{0)
2 50% Docrease SAR < 3xULN 0{0) 1(8) 3(23) 5(33) 0{0)
From Baseline SAP > 3xULN G{0) 1(4) 3{15} 11 {55} 1(5)
or Normalization All Patients 0(0) 2(5} 6 {18) 16 {(46) 1(3)
_ ‘ Table 4. Time to response for SAP (Days) (ITP)
Response | soug | t00pg | 200pg | 400pg [ Placevo
2 BO% Decreate From Baseline
N ’ 0 0 1 1 0
Median - 6 62 -
2 B0% Decrease ani Bageline
or Normatization
N 0 1 2 8 6
Madian - 44 43 62 -
5% Decrasse From Bassiine
N 0 2 6 16 1
Median - 18 " 47 48
» 50% Decrease From Baseline
or Normallzation
N ] 2 6 18 1
Madian - 18 41 47 48
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Figure 2. Mean (SD) for maximum percent reduction from baseline in UOHP/CR (ITP) following single one-hour
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intravenous infusion of 50, 100, 200, or 400 ug of zoledronic acid administered in 5% dextrose in water. N=35

patients per treatment group. * statistically significant at the 0.05 level compared to placebo.

Table 5. Therapeutic responders for UOHP/CR: >80% decreased or normalization at any time (ITP)

§0 ug 100 g 200 ug 400 pg Placebo
Response  Stratum N | N N (%) N (%) N (%)
Z B0% Decrease SAPSIULN | 0(0) 6 {0) o 1" 0 (0)
From Baseline SAP>3xULN | 0(0) o{0) 2 (10} 0{0) 0 (0)
All Patients 0(0) 0(gy | . 2¢6) 13 | o(
Normalization SAP <3ULN | 5 (45} 4(33) 5(38) 8(s3) | 5(38)
SAP>3XULN |  2{9) 3(12) 7 (35) 7{3s5) 1(5)
‘ | All Patients 7(21) 7(18) | 120361 | 15043 | e(in}
> 80% Decrease SAPSOHULN | 5(45) 4(33) 8(38) 8(63) 5 (38)
From Baseline SAP>3UN]|  2(9) 3(12) 8 (40} 735 | 1(s)
or Normalization Al Patients 7(21) 7(18) 13(39) | 15(43 | e¢7)
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Table 6. Therapeutic responders for UOJHP/CR: >50% decreased or normalization at any time (ITP)

S0pg | 100pg | 209 | 40049 [ Piacevo
Response Stratam N (%) N (%) N (%) N (%} N (%)
= 50% Decrease SAP £ 3xULN 4 {36) 3{25} 5 (38} 8 {60) 0.0
From Baseline SAP>3XUIN |  2(9) 5 (19) 3{15) 11 {55) 1(8)
Al Patients | 6(18) 8(21) g4 | 261 | 1
Normaiization SAP<BUN] 5@5) | 4033 5 (38) 8 (53) 5 (38}
' SAF>IULN | 2(®) 3(12) 7 {35} 7 (35) 1{5)
All Patients 7 {29 7(18) 12(38) | 15(43) 6 (17}
= 50% Decreass SAPSBAULN | 6(56) 5(42) 7(54) 11(73) | 5(38)
From Baseline SAP>IIN| 3(13) 7(27) 8 (40} 12 {60} 1 (5)
or Normalization All Patients: @ (26} 12 (32) 15 (45) 23 (66) 6 (17}
SAFETY RESULTS
Renal Safety

Blood urea nitrogen, serum creatinine and creatinine clearance were examined as renal
safety parameters. These parameters were assessed based on comparison of post-dose values
against baseline values. Individual patient measurements were examined, and were also assessed
based on post-dose values above or below a previously specified value or percent change from
baseline.

There were no treatment related abnormalities in any of the safety parameters examined.
For the renal safety parameters, the number of patients with post-baseline BUN above the
specified value was comparable among all treatment groups, including the placebo treatment
group. No patient had post-baseline serum creatinine value above the specified value of 2.0
mg/dL.

Table 7. Blood chemistry safety measurements; patients with post-baseline values above/below specified value in
' BUN, Calcium, Phosphate, total bilirubin, SGPT and SGPT

50 ug 100pg | 200pg | 400 ug PL

. N % N % | N % N % N %
Total patients 35 100 | 38 [100 |33 |00 |35 100 {35 | 100
BUN >22 mg/d| 7 | 200 | 8 |21.1 |14 {424 |12 343 |12 | 343
Calcium <8 mg/mi 4] 0 0 g 0 0 3 86 0 0
Phosphate < 2 mg/dl 0 0 1 {26101 06 |3 86 | 0 0
Total Bili>1Smgidt | 0 0 oo Jo|o |o 0 2 6.4
8GOT > 80 UIL 0 0 12710 ] 0o |o 0 0 0
SGPT > 90 UL 0 0 1 l27{0 ] o |0 1 32

Creatinine clearance values were obtained at baseline (Visit 1) and at Visit 8. The original
protocol was amended to include patients with creatinine clearance values below 60 mL/minute,
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but with serum creatinine within normal range. Most patients in this population with a median age
> 70 years had baseline creatinine clearance values below the lower limit of the normal laboratory
range.

The number of patients per treatment group with > 25% increases or decreases from
baseline in creatinine clearance, for all patients with a baseline value and at least one post-baseline
value, was examined and is given below (Table 8). The mean percent change from baseline in
CrCl at visit 8 as a function of treatment is shown in Figure 3.

-

Table 8. Renal safety parameters; patients with >25% change from baseline in creatinine clearance, by treatment

group.
50 pg 100pg | 200pg 400 ug P
N % N % N % N % N %
Totai Patients 33 1 38 E 32 35
>25% Incr 6 18.2 7 (200 1 31 7 219 6 14.3
> 26% Decr 3 .4 4 114 ] 9 (281 4 125 3 8.8
E
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Figure 3. Mean percent change from baseline in CrCl at visit 8 as a function of treatment

SUMMARY OF RESULTS

e The maximum median percent reductions from baseline in SAP were 10.8, 16.8, 32.7 and
46.9 for the 50-, 100 -, 200- and 400 mcg of CGP 42446, respectively, versus a median
percent reduction of 6.2 for the placebo group.

e The maximum median percent reductions from baseline in UOHP/CR observed were
27.6, 28.0, 37.0, and 58.0 for the 50-, 100 -, 200- and 400 mcg of CGP 42446
respectively, versus a median percent reduction of 16.7 for the placebo group.

e In all cases, these reductions were significantly greater on active treatment than on
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placebo, except for the 50 mcg versus placebo comparison for the UOHP/CR reduction
from baseline.

The largest proportion of patients who reached SAP normalization at any time during the
Trial was at the 400 mcg dose with 7 (20%) patients reaching SAP normalization in the
400 mcg dose compared to 2 (5%) and 1 (3%) at the 200 and 100 mcg doses.

UOHP/CR nadir (maximum reduction) seemed to have occurred by Visit 4 (Day 10),
while SAP nadir was seen by Visit 7 (Day 60).

A higher incidence of > 25% decreases from baseline in creatinine cledrance was seen in
the 200 mcg treatment group, than in the-other treatment groups, including 400 mcg and
placebo: 9 (28.1%) and 3 (8.6%) in the 200 mcg and placebo treatment groups,
respectively. '

CONCLUSIONS

There seemed to be a dose-response relationship, with the 50- and 100 mcg doses
showing superiority to placebo, but clinically unimpressive effects on the key bone
markers SAP and UOHP/CR.

Since the percentage of patients with normalization was low (20% and 43% for SAP and
UOHP/CR, respectively, the minimum effective dose cannot be defined
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Applicatlon Filing and Review Fornt

General Information About the Submission

nformation information
NDA 21817 Brand Namne ACLASTAS-
OCPB Division 2 Generic Name Zoladronic acid
Medical Division DMEDP, HFD-510 Drug Class Bisphosphanate
OCPB Reviewer S.W. Johnny Lau Indicationjs} Treat Paget's disease of bone
GCPB Team Leader Hae-Young Ahn Dosage Form Sohstion for infection
Date of Submission 21-SEP1-2004 Dosing Regimen 5 mg/106 mt_over 15 minutes
Estirnated Due Date of OCPB Review 14-FEB-2005 Route of Administration | lntravenous )
Division Due Date L 28-FEB-2005 Sponsoer Novartis Phanmaceuticals Coip.
PDUFA Due Date 21 MAR-2005 Priority Classification Priority
in. iy
X if included | Number of Number of Critical Comments ff any
at filing studies studies :
i reviewed
STUDY TYPE
Table of Contents present and - - X
sufficient to locate reports, tables, data,
etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analyticat X
Methods
f. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics {e.g. Phase I} -
Healthy Vol 5-
single dose:
mufiple dose:
Cancer Patients- .
single dose: X 3 Studies J001, 503, & 1101
mufiple dose: X 2 Studies 503 & 1101
Dose proportionatity -
Tasting / non-fasting single dose:
fasting / non-fasting muftiple dose:
Drug-drug interaction studies -
Invivo efrects on primary drug:
In-vivo effects of primary drug:
t-vitro:
Subpopulation studies -
: ethnicity:
pediatrics:
g "
renal inpairnent: X 1 Study 586
hepatic impaiment:
Achlorhydnia
PD:
Phase 2:
Phase 3: N
PKIPD: )
Phase 1 andfor 2, proof of concept: X 2 Studies 001 & 002 {dose-
) ranging}
Phase 4 dinical tnat:
Population Analyses -
Data rich: X 3 Studies J001, 503, & 506
Data sparse: 1
Il Biophammaceutics
Absolute bioavailability:
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Relative bioavailability -

Bioequivalence studies -

traditional design, multi dose:

teplcate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

{IVIVC):

Bio-wavier request based on BCS

BCS class

ill. Other CPB Studies

Genotypelphenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

[ Studies 001, 002, J001, 503,
: 506, & 1101

Filabil

A iE yes

and OBR comments

Comments

Application filable ?

- X

v

Comments sent to firm 2

X

Reference the appropriate NDA section(s) that
contain the following, or provide the Division with
the following;

s evidence that 5 mg zoledronic acid
intravenously administered over 15
minutes does not cause QT prolongation

» files (model building, model validation,
control file for the final model, and data
sets) for the population pharmacokinetic
covariate analyses in SAS transport files

QBR questions {key issues {0 be
considered)

Other commerns or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date
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' Filing Memo
CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS

NDA: 21-817

Compound: Zoledronic acid (ACLASTA®Y)

Sponsor: Novartis Pharmaceuticals Corporation

Submission Date: Septenber 21, 2004

From: S.W. Johnny Lau, R.Ph., Ph.D.
Background ’

" The sponsor markets 4 mg zoledronic acid/5 mL (dilute to 100 mL and infuse over 15 minuté?s) to treat
hypercalcemia of malignancy, multiple myeloma, and bone metastases of solid tumors. The sponsor is seeking
5 mg zoledronic acid/100 mL’s approval to treat Paget’s disease of bone in men and women via NDA 21-817.

Findings .
To support NDA 21-817, the sponsor conducted the following studies or provided the following information:
¢ 2 Phase Il clinical efficacy and safety studies (2304 and 2305; see Attachment)
* 2 large (002) and a small (001) dose-ranging studies (see Attachment)
¢ 3 clinical pharmacology studies’ résults in cancer patients (JO01 503, and 506 that supported previous
submissions). See Aftachment for study description. .
a new clinical pharmacology study (1101) in cancer patients for confirmation
justification for the formulation change and lack of zoledronic acid-mannitol interaction via NDA 21-
817-N-000-BC on November 16, 20004. The clinical study’s formufation contains ) \g glucose and
“>mg NaCl and the to-be-marketed formulation contains ™. mannito’ —__(5ee
Attaclunent). »
* population pharmacokinetic covariate analysis from Studies JOOI, 503, and 506°s data
+ Study 1101°s bioanalytical report for review
e proposed labeling for review
The sponsor did not conduct pharmacokinetic study for the 5 mg zoledronic acid infused over 15 minutes.
However. zoledronic acid pharmacokinetics was dose proportional from 2 to 16 mg based on Cy, and AUChy,
(Clin Cancer Res 9:2394 (2003)). :

The filing meeting was on November 17, 2004.

Attachment starts here.

Stud  Study objective, Patlents  Study Medication, Type of
y No. population Duration Dosing scheme control
Large efficacy trials

2304  phase Hil, double-blind. 172 8 months 1 x 5 mg Zaledronic acid active
randomized safety & efficacy {15 min Lv. infusion) control
in Paget's disease » 30 mg risedronate/day (60 days)

2305  phase Wi, double-blind, 185 6months 1 x § mg Zoledronic acid active
randomized safety & sfficacy {15 min i.v, infusion) control
in Pagat's disease 30 mg risedronate/day (60 days)

Large dose-ranging trial

002 phase {, doubie-blind, 176 3months 1 x50, 100, 200, or 400 pg placebo
randomized dose-ranging . Zoledronic acid, contral -
trial in Paget’s disease 1 x placebo {80 min i.v. infusion)

Smalil dose-ranging trial

001 phase |, open-label, rising 16 14 days 1x24,72, 218, or 400 ug no
dose irial in Paget's disease Zoledronic acid (60 min i.v. infusion)  control
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Study Study Objective, No. of Treatment Medication Parameters
No. Population Patients i.v. dose / infusion time
cancer patients
Joo1 Single dose PK and safety of 9 1 dose 2mg zol /5 min Cmax AUC,
zoledronic acld, effect on 4 g zol/ S min Aeig.aam
bone markers 8 mg zol / 5 min bone markers
503 Single and multiple dose PK 36 1 dose 4 mg 20l 5 min Coax, AUC,
(503E)  and safety, effects of single 27) {+2 doses, 4 mg zol/ 15 min < Ao
dose on bone resorption ) 4 wks apart) 8 mg zol 7 15 min bone markers
_ markers 16 mg zol / 15 min
506 Effects of renal function on 19 3 x 1dose, 4 mg zol/ 15 min Crnax. AUC,
{S06E)  single and multiple dose PK {19) (4 wks apart) ABgaan
and bone resorplion markers, bone markers
_ ADME study
1101 Single dase PK. multiple dose 10 1 dose 4 mg zol 7 15 min Comax AUC,
safety, effects on bone {+2 doses, A8
resorption - 4 wks apart) bone markers

L2

The clinically fested formulation was $ mg zoledronic acid/s mL solution and the to-be-marketed formulation

was 5 mg zoledronic acid/100 mL solution.

Ingredient

ZOL446K 5 mg/5 ml
. Concentrate for
solution for infusion *

ZOL446K 5 mg/100
mi Solution for
infusion *

Compendial status

Zoledronic acid

50mg

Sodium citrate

-’-\

Mannitol
T T —
Water for injection

5.0mg

Intemal monograph

Ph. Eur. /USP
Ph. Eur. / USP
Ph. Eur. / USP
Ph. Eur. /USP
Ph. Eur. /USP

'3

dilution to 100m! with

To facilitate the comparison, the com

position of ZOL446K 5 mg/5 ml is reported as mg/100 m! after

e —————————
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