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1 Executive Summary :

The sponsor seeks approval for the 5 mg zoledronic acid (RECLAST®) to be infused no less than 15
minutes once yearly to treat postmenopausal osteoporosis (PMO) in women via NDA 22-080.
Zoledronic acid (5 mg infused no less than 15 minufes; RECLAST®) is approved to treat Paget’s
disease of the bone (NDA 21-817). Zoledronic acid (4 mg infused no less than 15 minutes;
ZOMETA®) is approved to treat hypercalcemia of malignancy (NDA 21-223) and is also approved to



treat multiple myeloma and bone metastases of solid tumors (NDA 21-386). Zoledronic acid is a 3™
generation bisphosphonate that inhibits osteoclast activity and reduce bone turnover. '

For NDA 22-080, the sponsor did not conduct new in vivo clinical pharmacology study but conducted
a pivotal Phase 3 clinical efficacy and safety study in PMO women. This review focuses on
zoledronic acid’s in vitro plasma protein binding data and the pivotal clinical study’s renal safety data.
Zoledronic acid use has been associated with renal failure in cancer patients and dose adjustment per
baseline renal function is recommended for the treatment of multiple myeloma and bone metastases of
solid tumors (see ZOMETA" label). Due to the potential that zoledronic acid may cause renal
impairment in the PMO patients, the Pharmacometrics group was consulted to analyze the pivotal
Phase 3 clinical study’s renal safety data. Based on the pivotal Phase 3 study in PMO patients, there
was no trend for more patients to experience renal deterioration with once yearly repeated dosing of
zoledronic acid as compared to placebo dosed patients. -

1.1 Recommendations
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) reviewed
NDA 22-080’s Clinical Pharmacology and Biopharmaceutics information and finds it acceptable with
the following recommendations:
¢ No zoledronic acid dose adjustment based on the baseline renal function is necessary to treat
postmenopausal osteoporosis in women.
e The sponsor should agree to the recommended labeling changes.

1.2 Phase IV Commitments
None.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Pharmacokinetics

In vitro mean zoledronic acid protein binding in human plasma ranged from 27.7% at 200 ng/mL to
52.8% at 50 ng/mL.

Dose Selection

Since the sponsor studied only 1 dose (5 mg zoledronic acid/year vs. placebo) in the pivotal Phase 3
study, the efficacy and safety of lower doses such as 1, 2 or 4 mg zoledronic acid/year have not been
evaluated for the treatment of PMO in women.

Safety

Generally in Study ZOL446H2301 1.8% of PMO patients receiving zoledronic acid exgerlenced
renal deterioration within 9 — 11 days postdose as compare to 0.8% of PMO patients receiving
placebo. Renal deterioration was transient and serum creatinine concentrations return to predose
baseline values. There is no trend for more PMO patients to experience deterioration with once
yearly repeated dosing of zoledronic acid.

Biopharmaceutics

The to-be-marketed IV 5 mg zoledronic acid solutign contains 4950 mg mannitol
whereas the clinically-tested IV 5 mg zoledronic acid solution contains 37.5 mg NaCl and 4750 mg
glucose It is very unlikely that mannitol in the to-be- marketed formulation would
affect the exposure of zoledronic acid.




S.W. Johnny Lau, R.Ph., Ph.D.
OCP/DCP2 ' .

FT signed by Sally Choe, Ph.D., Acting Team Leader 7/ /07

An Optional Intra-Division Level Clinical Pharmacology Briefing for NDA 22-080 was conducted on July 27, 2007;
participants included J. Wyeth, D. Fishbain, A. Noory, T. Ong, J. Gobburu, R. Ramchandani, B. Booth, M. Khurana, W.
Lubas, C. Garnett, J-y. Lee, E. Fadiran, V. Bhattaram, C. Sahajwalla, S. Doddapaneni, S. Choe, and J. Lay.
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2 Question-Based Review

2.1 General Attributes

2.1.1 What is the formulation for the to-be-marketed IV 5 mg zoledronic acid solution?
Table 1. Composition of the to-be-marketed (commercial) IV mg/100 mL solution.

Ingredients Theoretical amount’ Function Reference Standards
zoledronic acid 5.330° . Drug substance

monohydrate

Mannitol 4950.0 : USP

Sodium citrate 30.0 Usp

Water for injection — USP

! the - overall which allows the withdrawal of the labeled amount of zoledronic acid from the vial, is not included.
corresponds to 5.0 mg zoledronic acid anhydrous

2.1.2 What is NDA 22-080’s proposed indications and dosage regimen?
To treat postmenopausal osteoporosis (PMO) in women. Patients should be intravenously infused 5
mg zoledronic acid for no less than 15 minutes once yearly.

2.2 General Clinical Pharmacology

Zoledronic acid clinical pharmacology information is available in:

* Skerjanec et al. The pharmacokinetics and pharmacodynamics of zoledronic acid in cancer patients with varying
degrees of renal function. J Clin Pharmaco! 43:154-62 (2003)

® Chen et al. Pharmacokinetics and pharmacodynamics of zoledronic acid in cancer patients with bone metastases. J
Clin Pharmacol 42:1228-36 (2002)

o Chang etal. Renal failure with the use of zoledronic acid. N Engl J Med 349:1676-9 (2003)

® Markowitz et al. Toxic acute tubular necrosis following treatment with zoledronate (Zometa). Kidney [nil 64:281-9
(2003)
NDAs 21-817, 21-223, and 21-386°s Clinical Pharmacology reviews also contain zoledronic acid

clinical pharmacology information

2.2.1 What are the zoledronic acid clinical pharmacokinetic (PK) characteristics?

Zoledronic acid clinical PK information for the 5 mg IV infusion over 15 minutes was reviewed by
Dr. Sandra Suarez-Sharp for NDA 21-817 (treatment of Paget’s disease indication). NDA 22-080
does not contain any new in vivo clinical pharmacology information. This review focuses on the new
in vitro zoledronic acid human plasma protein binding data.

Study PCS(EU) R0400374 examined the in vitro 50, 500, and 5000 ng/mL "“C-zoledronic acid human
plasma protein binding (n = 5).

\\

Table 2. In vitro "*C-zoledronic acid human plasma protein binding results for Study PCS(EU)
R0400374.

=




Study DMPK R0500513 examined the in vitro 2, 20, 200, and 2000 ng/mL 1¢C-zoledronic acid
human plasma protein binding (n = 3).

Table 3. In vitro "*C-zoledronic acid human plasma protein binding results for Study DMPK
R0500513.
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Study DMPK R05005 13’ zoledronic acid protem bmdmg results are lower than those for Study
PCS(EU) R0400374. The conduct of Study DMPK R0500513 was almost identical to that of Study
PCS(EU) R0400374. The sponsor is unclear about this inter-study variability.

Hence, this reviewer recommends the label to contain both studies’ results as “In vitro mean
zoledronic acid protein binding in human plasma ranged from at 50
ng/mL.”

2.2.2 How is the proposed yearly zoledronic acid dose determined?

The sponsor conducted a randomized Phase 2 dose-finding study (CZOL4460041) in 351
postmenopausal women with osteopenia or osteoporosis [lumbar spine bone mineral density (BMD)
T-score = -2] with 5 IV zoledronic acid treatment groups versus placebo over 1 year. Table 4 below
detalls the lumbar spine (L1-L4) BMD % change from baselme
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All dosmg reglmens showed similar and statlstlcally mdlstmgulshable increases in BMD ¢ over 1 year.
The | mg dose administered every 3 months (4 x 1 mg group) resulted in slightly smaller numerical
gains in BMD than the other regimens (not statistically significant). No particular dose regimen was
shown to be the most effective.



Reductions in bone turnover markers (serum CTx and urine NTx) were also similar for all dosing
regimens. However, higher total doses were associated with a longer duration of effect on bone
markers. The sponsor’s goal is to develop a treatinent that lasts for 1 year to overcome the
burdensome dosing and compliance issues associated with current oral bisphosphonates.

" Bauer et al [J Bone Miner Res 19:1250-1258 (2004)] showed that reduction in bone-specific alkaline
phosphatase (BSAP) by at least 30% over the 1* year of alendronate therapy is associated with a

statistically significantly lower risk of both non-spine and hip fractures. In Study CZOL4460041, for

the once yearly 4 mg dose of zoledronic acid, 16/45 (35.6%) of the patients did not achieve the 30%
reduction in BSAP threshold (slight difference in N; 52 for lumbar spine BMD as in Table 4 and 45 for SBAP).

Surrogate markers such as BMD are not sufficiently robust to predict fracture outcome. Hence,
fracture outcome studies are required with bisphosphonates for registration. At the time of the dose
selection for the Phase 3 study, IV ibandronate dosage form did not show anti-fracture efficacy
despite notable increases in BMD, which may be in part due to inadequate suppression of biochemical
markers of bone turnover over the entire dosing interval [Stakkestad et al. Ann Rheum Dis 62:969-975 (2003)].

Garnero et al [/ Bone Miner Res 15:1526-1536 (2000)] showed bone turnover is an independent predictor of
fracture risk. Consistent and sustained suppression of biochemical markers of bone turnover over the
entire dosing interval is an important goal for management of osteoporosis. Hence, the sponsor chose
5 mg zoledronic acid as the annual dose to treat PMO in the Phase 3 study to ensure that adequate
suppression of bone markers was maintained during the entire dosing interval.

2.2.3 What is zoledronic acid’s efficacy to treat PMO in women?
See Dr. William Lubas’ medical efficacy review for zoledronic acid. Study ZOL446H2301 is the
pivotal study to support NDA 22-080. Table 5 below details the study d651gn
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New morphometric vertebral fractures, the 1% part of the coprimary endpoint, occurred in 87/2260 =
3.8% of zoledronic acid-treated patients compared to 300/2352 = 12.8% of placebo-treated patients
over 36 months (mITT, Stratum I data). This corresponds to a statistically significant absolute risk
reduction of 8.9% and a relative risk reduction of 70% (95% CI: 62% to 76%, p <0.0001). The 3-
year event rates of hip fractures based on Kaplan-Meier estimates, the 2™ part of the coprimary
endpoint, were 1.45% (n = 52) for the zoledronic acid-treated patients and 2.50% (n = 87) of placebo-



treated patients over 36 months (ITT, combined Strata [ and II data). The hazard ratio of 0.60 (95%
CI: 0.43 t0 0.85) for the zoledronic acid group versus the placebo group represents a 40% reduction in
the risk of hip fractures (p = 0.0032).

2.2.4 What are zoledronic acid’s major safety issues to treat PMO in women?

Renal Safety

Renal impairment has been observed upon the administration of zoledronic acid in patients with pre-
existing renal compromise or additional risk factors (oncology patients with chemotherapy,
‘concomitant nephrotoxic medications, severe dehydration), majority of whom received a 4 mg dose
every 3 - 4 weeks, it has been observed in patlents even after a single administration [Chang et al. N Engl
J Med 349:1676-9 (2003)]. :

Dr. Christine Garnett performed the pharmacometric review for Study ZOL446H2301’s renal safety
data and determined the necessity of dose adjustment per renal function in PMO patients (see this
review’s Appendix 4.3 for details).

Overall, small numbers (42 or 1.8%) of patients experienced renal deterioration within 9 to 11 days of
5 mg zoledronic acid infusion compared to that of placebo (19 or 0.8%). Table 6 below shows the %
of patients with renal deterioration by baseline renal function.

Table 6. Increase from Baseline in SCr within 9 to 11 days Post-Infusion

Baseline CLcr, ml/min Zolerdonic Acid Placebo
/N (%) /N (%)
Overall Increase in Scr >0.5 . 30-<40 7/131 (5.3%) 4/160 (2.5%)
mg/dL from baseline >4(0 - <50 7/372 (1.9%) 4/358 (1.1%)
50 - <60 7/550 (1.3%) 2/513 (0.4%)
>60 2171267 (1.7%) 19/2338 (0.8%)
All Patients 42/2320 (1.8%) . 19/2338 (0.8%)

Renal deterioration was transient, in spite of some acute deterioration. By the end of the 1™ year, SCr
concentrations were within 0.5 mg/dL of baseline values prior to subsequent dosing.

Based on the data from 2320 PMO patients, there was no trend for more patients to experience renal
deterioration with once yearly repeated dosing of zoledronic acid as compared to placebo dosed
patients.

Potential reasons for the lower incidence of renal deterioration in PMO patients compared to those of
cancer patients are: 1) less frequent dosing of zoledronic acid and 2) less frequent monitoring for SCr
changes in the clinical study.

From the approved labeling, the pharmacokinetic studies conducted in 64 cancer patients represented
typical clinical populations with normal to moderately impaired renal function. Compared to patients
with normal renal function (creatinine clearance > 80 mL/min, N=37), patients with mild renal
impairment (creatinine clearance = 50-80 mL/min, N=15) showed an average increase in plasma
AUC of 15%, whereas patients with moderate renal impairment (creatinine clearance = 30-50
mL/min, N=11) showed an average increase in plasma AUC of 43%. '

Dose adjustment is recommended for multiple myeloma and bone metastases patients with renal
impairment. However in PMO patients, Clinical Pharmacology does not recommend any dose

adjustment for renal impairment with the following reasons:

7




* Zoledronic acid is not recommended in women with severe renal impairment

* Overall, small numbers of patients experienced renal deterioration within 9 — 11 days of 5 mg
zoledronic acid infusion compared to placebo.

e Renal deterioration is transient. _

* No trend exists for more patients to experience renal deterioration.

Atrial Fibrillation _ : _

See Dr. William Lubas’ medical safety review for zoledronic acid, especially the serious atrial
fibrillation issue with bisphosphonate use Black et al.. NEJM 356:1809-1822 (2007) and Cummings et
al. NEJM 356:1895-1896 (2007). Briefly, serious atrial fibrillation occurred more frequently in the
zoledronic acid group than the placebo group (50 vs. 20 patients, p <0.001) for the PMO women.
These events may not be zoledronic acid exposure related since majority of these events happened
more than 30 days after drug infusion.

See Dr. Jo Wyeth’s (Office of Surveillance and Epidemiology) review on the spontaneous reports
analysis that the effects of zoledronic acid on the risk of atrial fibrillation is inconclusive.

2.2.5 What would be the recommended optimal IV zoledronic acid dose to treat PMO in
women?

Since the sponsor studied only 1 yearly dose (IV 5 mg zoledronic acid vs. placebo) on the anti-
fracture efficacy of zoledronic acid in the pivotal Phase 3 study, there is no anti-fracture efficacy data
for the lower doses. The IV 1, 2 or 4 mg zoledronic acid administered yearly may still be efficacious
and safe for the treatment of PMO in women.

2.3 General Biopharmaceutics

2.3.1 Does difference exist between the to-be-marketed formulation and the clinically-tested
formulation?

Yes. The to-be-marketed formulation contains 4950 mg mannitol i £see Question
2.1.1). Some of Study ZOL446H2301’s patients also received the to-be-marketed formulation. The
original clinically-tested formulation for Study ZOLA46H2301 only differs from the to-be-marketed
formulation of 37.5 mg NaCl and 4750 mg glucose . Since these formulations were
intravenously administered, there is no bioavailability issue between them. Mannitol is an osmotic
diuretic (50 - 200 g per day intravenously adininistered over 3 — 5 minutes as 20% hypertonic solution
[Goodman & Gitman The Pharmacological basis of Therapeutics, 7" ed]). However, the less than 5 g mannitol'in
the zoledronic acid solution is ‘and is infused over 15 minutes. It is very unlikely that
mannitol in the to-be-marketed formulation would cause osmotic diuresis and affect the elimination of
zoledronic acid. The formulation change seems acceptable. See NDA 21-817’s Clinical
Pharmacology review for this issue.

2.4 Bioanalytical »

2.4.1 Is the bioanalytical method properly validated for zoledronic acid measurement?
NDA 22-080 does not contain any new in vivo clinical pharmacology or biopharmaceutics
information. No bioanalytical analysis was performed for NDA 22-080.

3 Labeling Comments i

Strikethrough text means recommended deletion. Underscored text means recommended addition.
[lalzc ized text means internal notes and not to be communicated with the sponisor.
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