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Dear Mr. Minsk: =
This letter responds to your c1tlzen petltlon ("Petlnon") dated December 26, 2001, in which you
ask the Food and Drug Administration (FDA) to require that an abbreviated new drug application
(ANDA) for mixed salts of a ngle entity amphetamine product (mixed amphetamine salts)

ing. In particular, to ensure that the safety proﬁle of the ANDA
smentofin

product, including its dependence and abuse characteristics, is the same as the reference listed

contain evidence of ce:
drug Adderall, you request that FDA require an ANDA apphcant to include an asses
vivo bioequivalence to ensure strict equivalence with certain key pharmacokmetlc parameters
For both the dextro- and levo—lsomers of amphetamme you state that the maximum plasma drug
concentration (Cmax) the total drug exposure represented by the area under the plasma drug
concentration versus time curve (AUC), and the rate of rise of plasma concentration should be no_
greater, and the time to maximum concentration (Tmax) no shorter, than those of Adderall. You
m the reference 11sted drug's characteristics poses a potentlal risk to the
o assert that a drug covered by

g dependence and abuse. You als

public health associ g
an ANDA that fails to prov1de these assurances fails to sansfy the "same as" statutory and

maintain that variation fron
regulatory requxrements for approval For the reasons described below, your pentxon is denied.

FDA must approve a generic mixed amphetamine salts product if the ANDA applicant provides,
among other things, sufficient information to show that the generic mixed amphetamine salts

Decision Summary
drug product is bioequivalent to Adderall. FDA has dlscretlon in determining what constitutes
sufficient information to show that a generic mixed amphetamme salts product is b1oequ1valent

to Adderall.
FDA expects that the 90 percent confidence interval of the geometric ratios of the means for test

to reference products for the pharmacokinetic parameters of AUC and Comax Wil fall within the
appropriate acceptance limits (i.e., 0.8 — 1.25). If a generic mixed amphetamine salts drug

FDA requests that an ANDA apphcant conduct a single-dose in vivo fasting bioequivalence
study and assess the pharmacokmenc parameters of d—ampheta.mme and l-amphetamine
product is bloeqmvalent and pharmaceuncally equivalent and therefore therapeutically

separately. In reviewing bioequivalence studies for a generic mixed amphetamine salts product,

OIP-05%S
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equivalent to Adderall, then FDA does not expect that there will be any clinically significant
differences in rate of absorption or abuse potential.

FDA currently does not expect a proposed generic mixed amphetamine salts drug product to
show that the rate of rise of plasma concentration is not greater than that characteristicof =~
Adderall. Similarly, a generic mixed amphetamine salts product is not required to show that Trmax
is no shorter than that of Adderall. In addition, FDA does not find the studies cited in your
petition to be persuasive evidence that differences in certai ine pharmacokinetic
parameters affect abuse potential in a clinically significant way. Accordingly, FDA does net

consider an ANDA applicant’s strict adherence to the pharmacokinetic parameters associated =

 with Adderall to be necessary for the approval of a generic mixed amphetamine salts drug

L Adderall

Adderall is a central nervous system (CNS) stimulant indicated for the treatment of attention-

deficit/hyperactivity disorder in children and for the treatment of narcolepsy. Adderall consists

of the neutral sulfate salts of dextroamphetamine and amphetamine, with the dextro (d-) isomer
of amphetamine saccharate and dextro-, levo-amphetamine aspartate (d-, l-amphetamine

- aspartate). The labeling for Adderall contains a boxed warning stating, in part:

"AMPHETAMINES HAVE A HIGH POTENTIA

il

DEPENDENCE AND MUS

I Summary of Statutory and Regulatory Basis for ANDA Approval

The Drug Price Competition and Patent Term Restoration Act of 1984 (the Hatch-Waxman

Amendments) created section 505(j) of the Federal Food, Drug, and Cosmetic Act (the Act),

which established the current ANDA approval process. The showing that must be made foran

ANDA to be approved is diffe om what is required in a new drug application (NDA). An
NDA applicant must prove that the drug product is safe and effective. An ANDA applicant does
not have to prove the safety and effectiveness of the drug product because an ANDA relies on

this finding, however, an ANDA applicant must demonstrate, among other things, that its generic
drug product is bioequivalent to the reference listed drug.' 21 U.S.C. 355G)(2)(A)(iv). The
scientific premise underlying the Hatch-Waxman Amendments is that drug products thatare
bioequivalent and pharmaceutically equivalent and, therefore, therapeutically equivalent,
generally may be substituted for each other. A generic drug product is bioequivalent to the
reference listed drug if S

' A generic dfﬁg that establishes bjggqhivalénce as well as pharmaceutical equivalence is rated as therapeutically

equivalent to the refere: drug in FDA's Approved Products with ‘Therapeutic Equivalence Evaluations,
oy e o o e T

'FDA's previous finding that the reference listed drug is safe and effective. Inordertorelyon -
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the rate and extent of absorptxon of the drug do not show a 51gmﬁcant dlﬁ'erence e

21 U.S.C. 355(j (8)”(13)’(1)) see also 21 CFR 320. I(e) and 320 23(b)

FDA regulations at 21 CFR part 320 estabhsh ‘acceptable methodologies for determuung the

i products The courts have expressly upheld FDA's regulatory
implementation of the Act's bioequivalence requirements. See, e.g., Schering Corp. v. FDA451
F.3d 390 at 397-400 (3rd Cir. 1995) Fisons Corp. v. Shalala, 860 F. Supp. 859 (D.D.C. 1994)

| - Standard Bmequlvalence Testmf

The standard b10equ1valence (pharmacokmetxc) study is conducted usmg a two-treatment
crossover study design in a small number of volu
Single doses of the test and reference dru k
blood, plasma, or serum levels ‘are - measured over time. The pharmacokmetlc
parameters characterizing the rate and extent of absorption are exammed by statistical
procedures. The pharmacokinetic parameters of interest are the area under the plasma
concentration vs. time curve (AUC) calculated to the last measured Cl tion time (AUC,.,),

eers, usually 24-36 healthy normal adults o
are administered to these volunteers, and the -

AUC extrapolated to infinity (AUCe), which represents the extent of ‘absorptlon of thedrug,and

the maximum or peak drug concentration (Cmax). Crmaxis affected by the rate of absorption and is
considered to be a surrogate for the rate of absorption.

The statistical methodology for analyzing these bioequivalence studies is called the two one-

sided test procedure. Two situations are tested with this statistical methodology. The fistofthe

two one-sided tests determines ‘whether a gene ] tuted for a brand-
name product (reference), is 51gn1ﬁcanﬂy less bioavailable. The second of the two one- 51ded
tests determines whether the reference product, when substituted for the test product, is
significantly less bioavailable. Based on the opinions of FDA medical experts, a difference of
greater than 20 percent for each of the above tests hasb to be significant and,
therefore, undesirable. Numerically, this is expressed as a limit of test-product
average/reference—product average of 80 percent for the first statistical test and a limit of

reference-product average/test-product average of 80 percent for the second statistical test. By

convention, all data are expressed as a ratio of the average response (AUC and Crmax) for test and

reference, so the limit expressed in the second stausncal test is 125 percent (reciprocal of 80
percent).

For statistical reasons, all data are log-transformed prlor to statxstxcal testmg In practice, these

statistical tests are carned out using an analysis of variance procedure (ANOVA) and calculating
a 90 percent confidence i

or both Cax and AUC. The confidence interval for both AUC

2 The description of standard bnoeqmvalence testmg is taken generally from the Orange Book atixx.
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and Cpax should be entirely within the 80 percent to 125 percent boundaries described above. _

Because the mean of the study data lies in the center of the 90 percent confidence interval, the

mean of the data is usually close to 100 percent (a 'te,s,’t/referenc,e':g;io of 1).

The pharmacokinetic parameter Tmax is defined as the time to peak plasma drug concentration
following dosing. Tmax is also used as a general index of the rate of drug absorption. Tma can be
statistically analyzed by nonparametric methods but, due to the highly variable nature of Trmax
e at  oaltsa by th sz ANOVA maethodelogy wsed to consiras
90 percent confiden k stica

Tmax as supportive data

e g B

s, statistical criteria are not

g whether two products are bioequivalent.

IV.  Analysis - Issues Relatedt°B‘°°q““’a‘eﬂ¢°Evaluatwn Methods

A, FDA must approve a geneﬁc mixed amphetamine salts drug product if the ANDA ‘, . “ ,
applicant provides, among other things, sufficient information to show that the generic
mixed amphetamine salts drug product is bioequivalent to Adderall. >

FDA has discretion with respect to what constitutes sufficient information to show thatamixed =

amphetamine salts drug product is bioequivalent to Adderall. As noted by the Third Circuit,
"[a]lthough the Act mandates a showing of bioequivalence for generic drug approvals, there is no
evidence that Congress intended to limit the discretion of FDA in determining when drugs are
bioequivalent for purposes of ANDA approvals.” DA, 51 F.3d at 399.

To support marketing approval of a generic mixed amphetamine salts drug product, FDA
requests that applicants conduct a single-dose in vivo fasting bioequivalence study and determine
the plasma levels of the enantiomers d-amphetamine and 1-amphetamine separately. The
geometric ratios of the means of the test to reference products for AUC and Cpax should pass the
90 percent confidence i mers. I mixed amphetamine
salts drug product is bioequivalent and pharmaceutically equivalent and therefore therapeutically
equivalent to Adderall, then any differences in rate of absorption and abuse potential are not
expected to be clinically significant. FDA recently approved Barr Laboratories, Inc.’s generic
mixed amphetamine salts drug products (Dextroamphetamine Saccharate, Amphetamine
Aspartate, Dextroamphetamine Sulfate, and Amphetamine Sulfate Tablets) that met the
necessary standards of approval, including bioequivalence to Adderz )

? Section 505(1)(4)oftheAct also requu'es anANDAapphcant to provide sufficient data and information on _

manufacturing, conditions of use, active ingredient(s), and labeling, and to meet other criter] necessary for

approval. However, the focus of your petition is on issues related to pharmacokinetic parameters. FDA notes that _

you specifically defer to the Agency on other additional criteria that may be required to achieve "same as" status.
Petitionats. : : , ~ o
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B.  FDA does not believe it is preferable for an ANDA applicant to provide comparative
clinical evi

dence (trials) showing that the generic product's safety profile is the sameas

You state that it would be preferable for an ANDA applicant to provide comparative clinical -
evidence showing that the generic product's safety profile is the same as that of Adderall. =

Petitionats. .~~~

The Agency does not believe it would be p}':ekfﬁ:rabllek for an ANDA applicant to provide

comparative clinical trials to demonstrate that the generic product's safety profile is the sameas =~

 that of Adderall  regulations at 21 CER part 320 establish acceptable methodologies to

" determine the bioequivalence of drug products. Specifically, 21 CFR 320.24(a) ranks the types
of evidence that may be used to establish bioequivalence in descending order of accuracy,

sensitivity, and reproducibility, and requires applicants to conduct bioequivalence testing using

‘the most accurate, sensitive, and reproducible approach prescribed in the regulation.

The type of evidence that is ranked first is an in vi

of the active ingredient or active moiety, and when appropriate, its active metab ites, mwhole

blood, plasma, serum, or other app priate biological fluid is measured as a function of time.

Comparative clinical trials are ranked fourth. Comparative clinical trials are quite variable and

SR SRR RS

often subjective and, therefore, may not be as sensitive to differences in drug formulations as

comparisons that measure the active moiety in blood or plasma. Accordingly, for a generic
3 b toetes bl i S .

5

mixed amphetamine salts product, FDA {oes not require an ANDA applicant to conduct =~

comparative clinical trials that would involve
when the standard two-way crossover bioeq

jects to assess bioequivalence

this purpose. A drug product that FDA has determined to be th rapeutically equivalent is
exponten to have the same clinical effect and safery profile when administered to patients under
the conditions specified in the labeling. Orange Bookatviil. R

C. A proposed generic mixed amphetamine salts drug product is not required to show thatit
is the "same as" Adderall with respect to the initial slope of the plasma concentration vs.
time curve in human subjects, early partial AUC, and Trax.

You state that if FDA declines to require comparative clinical evidence showing that the generic
product’s safety profile is the same as that of the reference liste n revi in vivo
bioequivalence study, the Agency should carefully compare the in vivo rate of absorption of
Adderall and a proposed generic Adderall and pay specific attention to the initial slope of the

_ plasma concentration vs. time curve in human subjects, early partial AUC, and Tmax, Petition at

5

FDA does not believe that comparing the initial slope of the plasma concentration vs. time _

udy is more accurate and is sufficientfor

*curves of Adderall and of a proposed generic mixed amphetamine salts drug product wouldadd
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. early partial AUC are needed to as
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information beyond that already prowded by statlstxcally analyzing the comparisons of AUC and

Cumax and considering Tmax. The inherent vanablhty of the absorptlon rate limits the accuracy and

usefulness of the initial slope as a reliable measure of absorption rate in bioequivalence studies.
For these reasons, FDA relies on Cmax as a surrogate for the rate of absorption. Crax is’ affected

by the absorption rate and can be accurately derived from plasma proﬁles w1thout model ﬁttmg
and is sensitive to changes in drug formulatxon performance o

As noted in section ITI, Tra can be statlstrcally analyzed by nonparametnc methods but, due to

the nature of the Tmax data, thls parameter cannot be analyzed by the same ANOVA methodology
~used to construct the 90 percent confidence |

s, statistical criteria are not applied to
Tmax- FDA con51ders Tmax as supportlve data in determining ‘whether two products are
bloequrvalent

Early partial AUC may be useful in certam lumted sﬁuatmns However no data were prov1ded

to demonstrate that the measurement of early partial AUC (or
would prove meaningful. A CDER gui ce for industry, Bioavailability and Bioequivalence
Studies for Orally Administered Drug Products — General Considerations (issued 10/2000)
(General BA/BE Guidance) discusses the use of partial AUC as follows:

For orally administered immediate-release drug products, BE may generally be
demonstrated by measurements of peak. and total exposure. An early exposure
may be indicated on the basis of appropriate clinical efficacy/safety trials and/or
pharmacokmetlc/pharmacodynamlc studies that call for better control of drug

“absorption into the systermc circulation (e g., to ensure rapld onset of an analgesic
effect or to avoid an ¢ ypotensive action of an antihypertensive). In this
setting, the guldance e of partial AUC as an early exposure ,
measure. The partial area yuld be truncated at the population medlan of Tmax

~ values for the reference formulatron o
General BA/BE Guidance at 9

In sum, you have not included in your petltlon data to demonstrate that either comparative
clinical trials or the assessm lope of the plasma concentration vs. time curve

drug product Moreover, as discy is response, you have failed to demonstrate that

en partlal AUC) ln thlS lnStance e

eqmvalence ofa genenc . mixed amphetamine salts

a generic mixed amphetamine salts product with a faster rate of rise of plasma concentration ‘, ) -

during the absorption phase than Adderall will have a

RS

greater potent1a1 for abuse.

D. FDA agrees that ANDA applicants seeking approval of genenc mixed amphetarmne salts
drug products should evaluate pharmacokinetic parameters for both d- and
l-amphetamine enantiomers.

Adderall is a mixtur 4_of d-and 1-amphetamine e antiomersina 3 to 1 ratio. Becauseboth
enantiomers are e, you ‘ask that FDA evalua e;pharmacokmeuc comparisons for both ‘
enantiomers. Petitic n,at 4. FDA agrees, and asks ANDA apphcants seekmc marketmg approval
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of mixed amphetamine salts drug products to determine the plasma concentration of

d-amphetamine and 1-amphetamine separately in bioequivalence studies. The parameters AUC
and Crmax should pass the 90 percent confidence interval criteria for both enantior

E. FDA agrees that in vitro dissolution studies are not adequate to assess the bioequivalence
of a generic mixed amphetamine salts drug product. O e

You state that in vitro dissolution studies are not adequate to assess the bioequivalenceofa
generic mixed amphetamine salts product. Petition at 4. The Agency agrees that an applicant for

a generic mixed amphetamine salts product should conduct an in vivo bicequivalence study
measuring the active moiety in blood or plasma. FDA asks the applicant to conduct the in vivo

 study on the highest strength the applicant proposes to market. As provided forin21 CFR T

320.22(d), the applicant may request waivers of in vivo testing on lower strengths of generic
mixed amphetamings“alts immediate- release tablets.

S

V. Relationship between Amphetamine Pharmacokinetics and Abuse Potential

You state that one of the factors t

tial of a drug is its
- mixed amphetamine salts

asma concentration, higher Crax, greater AUC, or
shorter T during the absorption phase than Adderall will have a higher potential for abuse.
Petition at 4. You claim that differ: in th

( harmacokinetic factors may result in increased
diversion and misuse of these products. Petition support your assertion that the

e ot

pharmacokinetic profile. etition

product that has a faster rate of rise of pla"sﬁié”concen

pharmacokinetic profile of a mixed amphetamine salts product is related to abuse potential, you

rely on the studies discussed below.

You state that pharmacokinetic factors partially explain different abuse liabilities of drugs in the

same class. Petition at 3. You also state that rapid absorption of a drug by the brain provides the
optimal condition for g properties and drug readministration. Petition at 3. In support
of these propositions, you cite a study by N.D. Volkow, et al.,* in which positron emission
tomography was used to monitor uptake and clearance of cocaine and methylphenidate in the
brain tissue of human subjects. This study does not support your thesis because the authors

concluded that differences in the abuse potential of methylphenidate and cocaine are related to

differences in drug clearance, not to differences in absorption rate.

You state that internati and control of drugs with abuse
liability and dependenc consider etics to be important in the review
process. Petition at 3. In support of your statement you cite the "World Health Organization
EB85/1990/REC/1, Annex 7" (WHO Annex 7), which lists the revised guidelines for WHO
review of dependence-producing psychoactive substances for international control, including a

dns methylphenidéféyji‘k‘; coca 1e? Studies

r ind distribution in the human brain,”
Archives of General Psychiatry, e SR R T
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description of the review process and the critical review docume;
individual substances. Alth gh one of the twelve headmgs in

theu' abuse propemes “The
avallable and that one purpose of the arti
testable hypotheses. The article only

factor in abuse potential, and the discussion and research cited rel
Benzodiazepines are sedatives, ‘Wwhereas amphetammes are stimul
molecular level, benzodiazepines and amphetamines elicit their eff through entirely different

receptors. It cannot be assumed that the pharmacokinetic and pharmacodynannc relatxonsh1ps
characteristic of benzodxazepmes are relevant to amphetammes

You cite another article by U.E. Busto et al. in support of your position that pharmacokinetic

parameters contribute to differences in abuse potentlal This article reports on a study that

investigated a possible relat h1p between three pharmacokinetic parameters of ten different

benzodiazepine drugs and abuse and dependence potential. For the ten drugs, the only
statistically significant correlation (i.e., Pearson's correlation coefficient) was between

benzodiazepine half-life and abuse rank _This study does not provide evidence to support your

claim that drug absorption rate is corre lated with amphetamine abuse liability. In fact, the study
* does not even support your conclusion th a strong correlation between abuse risk of

selected benzodiazepines and absoxptlon rate where a shorter time to peak was assoc1ated with_
greater risk." Petition at 3. On arison used in the study found no correlatxon )
between benzodiazepine absorptlon rate and risk of abuse, and the second statistical analysis
showed only a weak correlation between the two. Finally, since the study investigated
benzodiazepines, it cannot be assumed that it has any relevance to amphetammes '

You also cite a study by S.H. Kollins et al.” as support for the proposition that absorption rate is
an important determinant of abuse 11ab1hty for orally administered stimulants. This study
administered various mooc 0 SU Jects to compare the effects of d-amphetaxmne
1-amphetamine, and rnethylp date; it was not a pharmacokmeuc study

5 "Phafmacokiuet det
Pharmacokinetics, 1986; 11:144-153.
¢ See Busto et al, Canadian Journal of Clinical Pharmacology, 1995; 2: 23-28

se and 'dé;séﬁééﬁée;’a‘c‘sﬁéegsﬁizii“gef‘specﬁve;"“c'zinzcaz ‘

7 "Comparison of acute behavioral effects of sustained-release andklmmedxate release m

hlyphenidate,”

Experimental and Clinical Psychopha '93 6: 367-374,
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In sum, the studies cited in your petition offer theoretical opinions, describe studies showing no
clear relationship between indicators of abuse potential and psychostimulant kinetics or dose, or
describe studies with neuroactive drugs that are not psychostimulants. ‘They do not substantiate
your claim that a generic mixed amphetamine salts product with a faster rate of rise of plasma
concentration, higher Crax, greater AUC, or shorter Tmax during the absorption phase will have a
higher potential for abuse than Adderall.’ In fact, if a generic mixed amphetamine salts drug
product is bioequivalent and pharmaceutically equivalent and therefore therapeutically
equivalent to Adderall, then any differences in rate of absorption and abuse potential are not
expected to be clinically significant. e -

V1. Conclusion

You have failed to demonstrate that the abuse potential of mixed amphetamine salts is different
from that of other amphetamine- ,

product must match exactly the pharmacokinetic profile of the reference listed drug Adderall. A
generic mixed amphetamine salts product that meets FDA's statistical bioequivalence criteria is
considered to be bioequivalent to the reference listed drug. For the reasons discussed above,
your petition is denied. : '

Sincerely yours,

- Janet Woodcock, M.D.
Director '

Center for Drug Evaluation and Research

 The Controlied Substances Act (CSA) also suggests that the abuse potential of Adderall and a generic mixed
amphetamine salts product will be the same. The CSA schedules drugs based on the abuse potential of the active
substance. Amphetamine and any material, compound, mixture, or preparation that contains any quantity of
amphetamine, including its salts, optical isomers, and salts of its optical isomers (notwithstanding certain exceptions
that are not applicable in this case) are listed in Schedule I of the CSA. 21 CER 1308.12(d). Thus, Adderallis a
Schedule II drug, and any generic mixed amphetamine salts product would also be a Schedule II drug. Under the
CSA, the particular formulation of an amphetamine product is not the basis for determining its abuse potential
because, for example, tablets may be crushed and extracted by solvents for administration by an intravenous,
intramuscular, intranasal route, or other mode.

containing products and that a generic mixed amphetamine salts



