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1 EXECUTIVE SUMMARY

1.1 Recommendations

From the Clinical Pharmacology and Biopharmaceutics standpoint, the application is acceptable
provided that a mutually satisfactory agreement can be reached between the sponsor and Agency
regarding the language in package insert.

1.2  Phase IV Commitments

None

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

In this submission, the sponsor is seeking approval of Nutrestores «L-glutamine for oral use) as
a cotherapy with recombinant human growth hormone (thGH)

'in patients with
short bowel syndrome (SBS). Due to the low occurrence rate of SBS, drugs for this indication
are qualified as orphan drugs. rhGH used alone (Zorbtive* ) was approved by the Agency in
2003 for the same indication.

This NDA is a 505(b)(2) application. The sponsor relies upon data from published literature to
fulfill nonclinical and part of clinical requirements. For clinical pharmacology and
biopharmaceutics information, the sponsor provided 20 peer-reviewed articles. A literature
search by this reviewer turned up similar articles. Some information cited in this review is based
on other reference books.

As an endogenous compound, L-glutamine (hereafter called glutamine) is predominantly
synthesized in skeletal muscle from glutamate. It is considered a conditionally essential amino
acid since dietary supplementation is thought to be necessary during severe illness. Currently, it
is available on the market as a dietary supplement or as a component of medical foods. For the
indication of interest here, glutamine will be a prescription item.

To support the safety and efficacy of the cotherapy, the sponsor provided data from one clinical
trial that had three treatment arms (glutamine alone, thGH alone, and thGH+glutamine). This
clinical study was also used to support the approval of thGH alone. The package insert for
Zorbtive* <includes a table that summarizes the efficacy results of all three arms. Under the
“INDICATION AND USAGE?” section of the label, it is stated that “Nutritional supplements
may be added according to the discretion of the treating physician.” It is conceivable that some
patients being treated with Zorbtives <are also receiving glutamine as a nutritional supplement.
Although the Zorbtivee < tabel does not specify the dosing regimen for glutamine, the
description of the clinical trial indicates that glutamine was given at 30 g/day.

Following oral administration, glutamine absorption involves active transport process. In a study
in 6 healthy male subjects, mean peak blood glutamine concentration following a single oral
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dose of 0.1 g/kg was 1028197 * M (or 150+14 + g/mL), occurring approximately 30 minutes after
dosing. The bioavailability of glutamine for the proposed dosing regimen cannot be accurately
assessed based on the literature information. From various literature sources, however, it is
believed that absorption in healthy subjects is efficient but first-pass effect is high, resulting in an
oral bioavailability of <50%. The first-pass effect occurs in both the intestine and liver.

Because active transport is involved in the uptake of glutamine, nonlinear kinetics is a
possibility. There is some information to indicate that Cmax is nonlinear at three times of the
therapeutic dose. However, there is no information on the linearity for Cmax at other lower
doses or AUC at any doses. |

Glutamine that enters the systemic circulation is distributed to various tissues. From an IV bolus
study in three healthy subjects, the volume of distribution was estimated to be 210420 mL/kg (or
14.7£1.4 L/70 kg) with a distribution half-life of 1212 min. These numbers were given in one
article with no plots or any other means for verification.

Although glutamine is eliminated by glomerular filtration, it is almost completely reabsorbed by
the renal tubules. Glutamine participates in various metabolic activities, including the formation
of glutamate, and synthesis of proteins, nucleotides and amino sugars. Based on the IV bolus
study cited above (N=3), the terminal half-life of glutamine was estimated to be 67+11 min. In
an IV infusion study in 9 healthy subjects, steady state was reached within 1-2 hours.

Glutamine powder is to be dissolved in water before ingestion and, therefore, there are no
bioequivalence issues and there is no need for a dissolution test. Food effect was not
characterized. The proposed label indicates that glutamine is to be taken with meals or snacks
which is consistent with the conduct of the clinical trial used to support this NDA.

There is no information on the effect of intrinsic/extrinsic factors on the pharmacokinetics of
glutamine.

Pharmacokinetics of glutamine in patients with SBS following oral administration has not been
characterized. These patients usually have more efficient bowel per unit length through
adaptation following resection. However, the very fact of having a short bowel decreases their
overall efficiency in absorption. Following cotherapy of thGH and glutamine, absorption will
improve, however, the plasma glutamine concentrations in these patients are generally expected
to be lower than those observed in healthy subjects. The plasma concentrations in these patients
can be highly variable due to differences in length, segment, and presence/absence of ileal-cecal .
valve for the remnant bowel. It is noteworthy that the efficacy of oral glutamine may be derived
partly from the local effect.

According to Drs. Hugo Gallo-Torres and Gary Della’ Zanna, Medical Team Leader and
Medical Officer of HFD-180, there are no special safety concerns for the cotherapy compared to
thGH alone.
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It is apparent that the clinical pharmacology and biopharmaceutics information as submitted in
the application is scant. Because of the above reasons, however, we will not request for more
information. '

2 QUESTION BASED REVIEW

2.1 General Attributes

2.1.1 What regulatory background or history information contributes to the assessment
of the clinical pharmacology and biopharmaceutics of this drug?

Current NDA:
« Orphan drug designation:
- Incidence rate of SBS: ~ 2 to 4 per million, according to the review of NDA 21-597 for
Zorbtives <by Dr. Hugo Gallo-Torres, Medical Team Leader of HFD-180
« Subpart E drug: _
- SBS is a life-threatening and severely-debilitating illness (for risk/benefit consideration).
- 505(b)(2) submission:
- Reference literature data: non-clinical and some clinical (PK and some safety and
efficacy) information.
- Note: Clinical data submitted include one double-blind and two open-label studies.

rhGH:

thGH used alone was approved in 2003 for the same indication (NDA 21-597; Zorbtive* ).

« Data from only one double-blind efficacy and safety trial with 41 patients were submitted to
support NDA 21-597. This trial included three arms: rhGH alone, glutamine alone, and
coadministration of thGH and glutamine. (Note: The same clinical study was submitted to
support the current NDA.) .

. The approved label for thGH includes a table that summarizes the efficacy data of all three
arms. Under the “INDICATION AND USAGE” section, it states that nutritional
supplements may be added according to the discretion of the treating physician but it does
not specifically mention glutamine and/or the dosage regimen for glutamine

« The approved dosing regimen for rhGH is “approximately 0.1 mg/kg subcutaneously daily to
a maximum of 8§ mg daily.”

Glutamine:

- Currently, glutamine is available on the market as a dietary supplement and as a component
of medical foods (e.g. Vivonex Plus: 10 g glutamine/L).

. The typical dietary intake of L-glutamine as derived from animal and plant protein in a
normal diet may range 5-10 grams/day.
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As a medical food, typical doses of L-glutamine for those with cancer, AIDS, trauma, burns,
infections may range 4-21 grams/day. As an ergogenic aid, supplemental L-glutamine may
be taken 1.5-4.5 g/day (Reference: “PDR for Nutritional Supplements”).

2.1.2 What are the highlights of the chemistry and physico-chemical properties of the

drug substance, and the formulations of the drug product?

Drug Substance:
Structure: O O
HZMOH (L-Glutamine)
NH,
Empirical formula: C5H|0N203
Molecular weight: 146.15
Chemical name: (S)-2-aminoglutaramic acid, L-glutamic acid 5-amide,
(S)-2,5-diamino-5-oxopentanoic acid, or L-glutamine
PKa: —_— )
Solubility: e —
Formulation: L-Glutamine powder, 5-gram packets

(Dissolve in 8 oz of water before use.)

2.1.3 What is the proposed mechanism of action, therapeutic indication and dosage

recommendations for oral glutamine?

Mechanism of Action:

Glutamine reportedly has important functions in regulation of gastrointestinal cell growth,
function, and regeneration. It is not regarded as an essential amino acid because it can be
readily synthesized by various tissues in healthy subjects. However, the role of and
nutritional requirement for glutamine may differ significantly for certain illnesses (e.g.,
catabolic illness, trauma, and infection) with manifestations of reduced glutamine
concentrations'® and increased tissue glutamine metabolism.

Nonclinical studies indicated that villous height, bowel growth, plasma insulin-like growth
factor I, and body weight were significantly higher when glutamine was administered in
combination with thGH to rats compared to those in animals given either glutamine or hGH

alone.

It is thought that cotherapy of glutamine with thGH promotes mucosal regeneration and
improves absorption of nutrients from the remnant bowel in patients with short bowel
syndrome.
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Proposed Indication:
« As acotherapy with thGH - ‘
~— __— inpatients with short bowel syndrome. The sponsor

considers that cotherapy of thGH and oral glutamine is significantly better in efficacy than
either product alone. N

Proposed Dosage Recommendation:

« 5 grams, 6 times daily (30 g/day) as a cotherapy with thGH.

« Dissolve the powder in 8 oz of water immediately before use.
« Consume with meals or snacks.

2.2 General Clinical Pharmacology

2.2.1 What are the design featur‘es of the pivotal clinical trials?

Only one pivotal trial was conducted to support this NDA.

. Itis a randomized, double-blind efficacy and safety trial.

« Forty-one SBS patients participated and completed the study. According to Dr. Hugo
Gallo-Torres, Medical Team Leader of HFD-180, this sample size is large enough for SBS
trials.

o The trial included three arms: rhGH alone, glutamine alone, and coadministration of thGH
and glutamine. ,

. All patients were on a specialized oral diet (high protein; high dietary fiber: 55-60% and
low-fat: 20-25%).

2.2.2 What are the response endpoints and how are they measured in clinical
pharmacology and clinical studies?

- Primary efficacy endpoint: change in weekly total volume of intravenous parenteral nutrition
(IPN) from Week 2 to Week 6. Treatment started at the beginning of Week 3. Total IPN
volume is defined as the sum of the volumes of intravenous parenteral nutrition,
supplemental lipid emulsion (SLE), and intravenous hydration fluid.

« Secondary efficacy endpoints: (a) change in total IPN calories; (b) change in IPN or lipid
frequency.

2.2.3 Are the active moieties in the plasma appropriately identified and measured to
assess pharmacokinetic parameters and exposure response relationship?

The sponsor referenced PK studies published in peer-reviewed journals. The authors did not
indicate the assay validation results in these articles.
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2.2.4 What are the characteristics of the exposure response relationships for safety or
efficacy?

The exposure-response relationship for safety or efficacy has not been established. Only one
dose of glutamine (5 grams, six times daily) was used in the clinical trial. Plasma concentrations
in these patients were not determined.

2.2.5 From clinical pharmacology and biopharmaceutics standpoint, what are the special
considerations for this drug?

It is plausible that the efficacy is derived from local effects more than systemic effects following
oral administration of glutamine. Therefore, the plasma glutamine concentration may not be a
good measure of efficacy.

2.2.6 What are the basic pharmacokinetic characteristics of glutamine in healthy young
subjects?

The primary PK information was obtained from the studies described below which is followed
by the information on the pharmacokinetic characteristics of glutamine.

Study A’: Single oral dose

Six healthy male subjects (age: 33 + 5 yrs, wt: 74 + 7 kg) received under fasting condition
glutamine solution orally at 3 dose levels (0, 0.1 and 0.3 g/kg; mean dose: 0, 7.4, and 22.2 g) in a
randomized cross-over fashion with at least a 1-week washout between periods. Serial blood
samples and urine samples were collected up to 4 h postdose. '

Study B: Single IV bolus

In a study in 3 healthy subjects (2 males & 1 female; age: 33+1 yr; wt: 70£5 kg), IV injections
(over 2 min) of glutamine solution at 0.05 g/kg was administered under fasting conditions and
blood samples were collected up to 2 h postdose for assay of glutamine and glutamate.

Study C: 1V infusion

In a study in 9 healthy subjects (5 males & 4 females; age: 2813 yrs; wt: 68%4 kg), each subject
received under fasting condition IV infusion of glutamine over 4 hrs at 3 dose levels (0, 0.0125,
and 0.025 g/kg/hr; mean dose: 0, 3.5, and 7.0 g) in a randomized cross-over fashion with at least
a 2-week washout between periods. Serial blood samples and urine samples were collected up to
4 hrs postdose. :

Study D’: Multiple Oral Doses

Three healthy volunteers (2 males & 1 female; mean age: 40 yr; mean wt: 64.6 kg) participated
in the study. Subjects first adapted to a standard diet (2.5 kcal/d; protein: 16.3%; carbohydrate:
60%; fat: 23.7%). Subsequently, all subjects received supplemental oral glutamine at 0.3
g/kg/day (as a slurry in water) with meals for 10 days. Blood samples were collected every 4
hours for 24 hours while the subjects were on the standard diet alone and again when they were
receiving supplemental glutamine. Assay was performed using a method involving glutaminase
and glutamate dehydrogenase.
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2.2.6.1 What are the single dose and multiple dose PK parameters in healthy young
volunteers?

The blood glutamine concentration-time profiles for the 3 dose levels in Study A are presented in
Figure 1 and the mean parameter values in Table 1. Table 1 also lists parameter values estimated
from Study B (single IV bolus) and Study D (multiple dose study).
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Figure 1. Blood glutamine concentration-time profile following single oral dose of glutamine at 3 dose levels
(placebo, 0.1 g/kg and 0.3 g/kg) (Study A)

Table 1. Mean (SD) Glutamine PK Parameters in healthy subjects

Single Dose
Dose N Cmax* Tmax* AUC 4 ** vd Elimination T1/2
(* M) (h) (M x10?) (mL/kg) (min)
Placebo P.O. 6 721+ 25 - 44452 - -
0.1 g/kg P.O. 6 1028 + 97 0.5 36-34+6-8 542+63 10611
0.3 g/kg P.O. 6 1328 £ 99 0.75 FL 6127 1254484 117417
0.05 g/kg 3 - - - 210420 67+11
1V bolus
Multiple Dose
Dose N Glutamine*** Glutamate***
(- M) M
Placebo P.O. 3 521+44.8 72116
0.3 g/kg/day 3 629+ 49.6 157 £ 44
P.O. -

*Under fasting conditions.
**The AUC values given in the article do not agree with Figure 1.
***Mean of 3 subjects. Each subject had plasma concentration measurements at 6 time points.

Reviewer’s Comments:

« Regarding Study A, the AUC values provided in the article appear to be in error as they are
inconsistent with Figure 1. Mean baseline blood glutamine concentration was approximately
680 * M as estimated by visual inspection of Figure 1. Based on the variability in AUC for
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the placebo, it appears that the variability in baseline glutamine concentrations would be
greater than what is reflected from Figure 1.

« Regarding the multiple dose study, the dosage regimen for glutamine is unclear. It was
indicated that glutamine was given after each meal at 0.3 g/kg/day but how the daily dose
was divided was unclear. (Subjects had 3 meals and 3 snacks a day.) This study also had a
small sample size (N=3).

2.2.6.2 How does the PK of the drug in healthy volunteers compare to that in patients?

There are no PK data in the target patient population. Patients with short bowel syndrome have
reduced capability in absorbing nutrients, including glutamine. 1t should be noted that, compared
to healthy subjects, these patients generally have more efficient bowels per unit length following
bowel resection. Following treatment with thGH and glutamine, absorption in these patients will
improve but the overall absorption is expected to be less than that observed in healthy subjects.
Plasma glutamine concentrations in these patients are expected to be variable depending on the
length, segment and presence/absence of ileal-cecal valve in the remnant bowel.

2.2.6.3 What are the general pharmacokinetic characteristics of glutémine following oral
administration in healthy young subjects?

Absorption:

Based on data obtained in Study A, peak blood glutamine concentrations occurred 0.5-0.75 hr
after oral administration of glutamine solution at the dose levels of 0.1 g/kg and 0.3 g/kg under
fasting conditions'. There is no information on dose proportionality in the vicinity of the
therapeutic dose. Using data from the oral and IV studies, the mean bioavailability of glutamine
solution was estimated to be approximately 30-40%. (In one published article®, enterally
delivered glutamine was found to have a bioavailability of 47% when administered at 0.125
g/kg/h. Other authors reported a bioavailability of 26-47% for enterally delivered glutamine” )

Distribution:
Authors for Study B indicated that the volume of distribution based on this single IV bolus study

was estimated to be 210420 mL/kg (equivalent to 14.7+1.4 L/70 kg).

2.2.6.4 Is renal or hepatic pathway the major route of elimination?

Elimination
Metabolism is the major route of elimination for glutamine. Although glutamine is eliminated
by glomerular filtration, it is almost completely reabsorbed by the renal tubules.

The blood glutamine concentrations following a 4-hr IV infusion (Study C) is presented in
Figure 2." Steady state was reached within 1-2 hrs. Urinary excretion of glutamine was <0.3% of
the administered dose, indicating that renal excretion is a minor route of glutamine elimination.

Page 10



Based on Figure 2, this reviewer made a crude estimate of mean clearance of glutamine from the
whole blood as 0.7-0.9 L/kg/hr. In a separate study with IV bolus administration (Study B),
blood glutamine concentrations declined in a biphasic manner with the distribution half-life
estimated to be 1242 min and terminal elimination half-life estimated to be 67+11 min.
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Figure 2. Blood glutamine concentration-time proﬁlé following a 4-hr IV infusion of glutamine at 3 dose
levels (placebo, 0.0125, and 0.025 g/kg/hr)

2.2.6.5 What are the characteristics of drug metabolism?

Metabolism®:

Endogenous glutamine is predominantly synthesized in the skeletal muscle from glutamate,
which is catalyzed by glutamine synthetase. The reversed reaction (hydrolysis of glutamine to
form glutamate and ammonia) is catalyzed by glutaminase as shown below.

|
"HN—C—H HN—C —H
(l3H2 + ADP + P .+ H~ N ?Hz + NH,* + ATP
g
Q":O Ccoo-
NH
Glutamin; Glutamate

(Note: When ammonia is limiting, glutamine can serve as a hydrogen donor along with
a-ketoglutarate to produce glutamate with glutamate synthase as the catalyst.)

*Reference: “Biochemistry” 2™ ed., edited by Lubert Stryer, W.H. Freeman and Company, New
York (1981)

Metabolite concentrations:

Glutamate and ammonia are two metabolites monitored in Study A because high concentrations
of these metabolites can cause toxicities.
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Glutamate:

Based on Figure 3, mean blood glutamate concentrations at the dose level of 0.1 g/kg were
similar to those observed for placebo (i.e., baseline values) while the concentrations were higher
at 0.3 g/kg. However, the authors indicated that mean glutamate AUC increased with dose (see

Table 2). R

x0 1 GLUTAMATE

{ umoles’t)
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Figure 3. Mean blood glutamate concentration-time profile following single oral dose of glutamine at 3 dose
levels (placebo, 0.1 g/kg and 0.3 g/kg)

Ammonia:
There is no difference in mean Cmax values for ammonia at various dose levels following oral

administration based on Study A (Table 2).

Table 2. Mean (+SD) PK Parameters for g lutamate and ammonia following oral administration of glutamine

Single Dose Cmax AUC; Cmax
(g/ke) M) ¢Mx10? (- g/mL)
Glutamate Ammonia
0 . 18112 13213 33104
0.1 182+10 4.0x+1.5() 3.2+£0.2
03 195+10 55%1.6 341203

2.2.6.6 Based on PK parameters, what is the degree of linearity or nonlinearity in the dose
concentration relationship?

« The available data suggest glutamine Cmax is less than dose proportional between glutamine

doses of 0.1 g/kg and 0.3 g/kg (or between 5 g/50 kg and 15 g/50 kg).
. However, it is unclear whether glutamine AUC is linear.
« Note that the sponsor’s proposed dose is 5 grams, 6 times daily.

2.2.6.7 How do the PK parameters change with time following chronic dosing?

Absorption of nutrients including glutamine is expected to improve in patients with SBS
following cotherapy of thGH and glutamine. There are no data to assess whether other PK
parameters would change upon chronic dosing.

In one study'?, 23 patients were randomly allocated to receive for 8-10 days either glutamine
dipeptide-enriched TPN (GTPN; glutamine: 0.21 g/kg/day) or standard (no glutamine) TPN

Page 12



(STPN). These patients, nutritionally depleted but with no renal or hepatic insufficiency, were
admitted for GI surgery and scheduled to receive TPN preoperatively. Before and after 8-10
days of TPN, patients were administered a 6-h IV infusion of L-[5-""N]glutamine and L-[1-
BClleucine. Blood samples were drawn for up to 6 hours after the start of the radiolabeled dose.
It was found that GTPN increased the total appearance rate of plasma glutamine (GTPN group:
281£16 — 361134 + mol/kg/h for N=; STPN group: 25018 — 267+14 *» mol/kg/h).

2.3 Intrinsic & Extrinsic Factors

» There are no studies to assess the effect of intrinsic or extrinsic factors on glutamine
pharmacokinetics.

« No dosage adjustment is proposed by the sponsor for any subpopulation or particular
situations. ‘

« Renal or hepatic impairment: Glutamine is eliminated primarily through metabolism which

" can occur in various tissues (e.g., gut, kidney and immune system) besides liver. How
various degrees of hepatic impairment impact the glutamine pharmacokinetics, especially in
patients with SBS, is unclear. Although glomerular filtration does not contribute
significantly to the elimination of glutamine, it is not known whether renal impairment can
have an impact on the elimination of glutamine through other mechanisms.

. Without knowledge of safety implications in renal or hepatic impairment patients, the
sponsor’s proposed label states that caution should be exercised when glutamine is
administered to patients with renal or hepatic impairment and close monitoring of these
patients’ kidney or liver functions is advisable .

. DDI: Metabolism of glutamine is mediated via non-CYP enzymes. Therefore, glutamine
pharmacokintics are unlikely to be affected by other agents through CYP enzyme inhibition
or induction.

2.3.1 Does the label specify co-administration of another drug and, if So, has the
interaction potential between these drugs been evaluated?

The drug will be coadministererd with thGH. There are no studies to assess PK interactions
between the two drugs. According to Drs. Hugo Gallo-Torres and Gary Della ‘Zanna, Medical
Team Leader and Medical Officer of HFD-180, the clinical trial showed better efficacy for the
combination without any additional safety concern when compared to thGH alone.

2.4 General Biopharmaceutics

The drug has high solubility (5 grams =~ __— —— —————_ ). Literature tends
to describe absorption into enterocytes as efficient. However, permeability may be dose related
because active transport process is involved. Glutamine powder is dissolved in water before
ingestion and, therefore, there are no bioequivalence issues and there is no need for a dissolution
test. Food effect was not characterized. The proposed label indicates that glutamine is to be
taken with meals or snacks which is consistent with the conduct of the clinical trial that
demonstrated the efficacy of the trial.
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42  Cover Sheet and OCPB Filing/Review Form

Office of Clinical Pharmacology and Biopharmaceutics

NEW DRUG APPLICATION FILING AND REVIEW FORM

General Information About the Submission

Information Information
NDA Number 21-667 Brand Name Nutrestores ¢
OCPB Division (I, I1, IH) 11 Generic Name L-Glutamine
Medical Division Division of Gastrointestinal and | Drug Class Conditionally essential amino
coagulation Drug Products acid
(HFD-180)
OCPB Reviewer Sue-Chih Lee Indication(s) As a cotherapy with rhGH
for patients with short bowel
syndrome
OCPB Team Leader Suresh Doddapaneni Dosage Form Powder
Date of Sub i 8/8/2003 Proposed Dosing Regimen 5 grams, 6 times daily
Estimated Due Date of OCPB Review May 7, 2004 Route of Administration Oral
Medical Division Due Date May 10, 2004 Sponsor Nutritional Restart
Pharmaceutical, L.P.
June 11, 2004 Priority Classification 1S

PDUFA Due Date

Clin. Pharm. and Biopharm. Information

“X” if included | Number of Number of Critical Comments If any

at filing studies studies
submitted reviewed

STUDY TYPE
Table of Contents present and sufficient to x
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X

Methods

1. Clinical Pharmaceology

Mass balance

‘Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I) -

Healthy Volunteers-

single dose:

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:
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In-vitro:

Subpopulation studl& -

cthoicity:

gender:

pediatrics:

geriatrics:

renal impairment;

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial.

Population Analyses -

Data rich:

Data sparse:

I1. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

altemnate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

AVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X” if yes
Comments
X Reasons if the application s not filable (or an attachment if applicable)
Application filable ? For example. is clinical formulation the same as the to-be-marketed one?
X Comiments have been sent 1o firm (or attachment included). FDA letter date

Comments sent to firm

ifapplicable.

QBR questions (key issues to be considered)

¢ What PK information can be included in the Iabel?
e Is there a need for additional clinical pharmacology and biopharmaceutics studies?

Other comments or information not
included above

Reference books and other published articles were used to gather additional information.

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA 21-667, HFD-870 (Electronic Entry or Lee), HFD-180 (Clayton), HFD-870 (Doddapaneni, Hunt, Malinowski)
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This is a representation of an electronic record that was signed electronically and
this page Is the manifestation of the electronic signature.

Sue Chih Lee
5/10/04 11:14:24 AM
BIOPHARMACEUTICS

Suresh Doddapaneni
5/10/04 11:38:44 AM
BIOPHARMACEUTICS



