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Re: Docket No. OlP-05&51/CPl 

Dear Mr. Minsk 

This letter responds to your citizen petition (“Petition”) 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 single entity amphetamine product (mixed amphetamine salts) 
contain evidence ofcertain testing. In particular, to ensure that the safety profile of the ANDA 
product, including its &pen&%ce and abuse chara@&tjcs, is the same as the reference”listed~ _,_.. 
drug Adderall, you request that FDA require an ANDA applicant to include an assessme@ of in 
vivo bioequivalence to ensure strict equivalence with certain key pharmacokinetic parameters. ,_ . L ?_,., ** . ,+,h,, I+** 
For both the dez@ro; and levo-isomers of amphetamine, you state that the maximum plasma drug 1.. ” “S_ 11- “,_ *x .+G ..,, 6&~ q-a, 
concentration (C,,,,), the total drug exposure represented by the area-under the plasma drug ,) . 
concentration versus time curve I., . -, ./_ _.a,, “*& _x_ .,,*m. .,d (AUC), and the rate of rise of plasma cbn~entration.s~~uld,~beno,. 
greater, and the -time to, maximum concentration (T,,& no shorter, than those of Adderall. you mtitin ht vtiation ~o’~~~~~~~~~~~~~~~~~~~ ch&c~e&s~cs ijo,,, a potehtid risk to the 

’ __ 
.~ / .,,. .,1,X._. + >%.1 *~.~r,.‘.“Ga,i .&,$w. r~~hrr.~~~i;i.bi~~,~~~~~x, 

public health asqociz$xj witb.,drug dependence and abuse.:‘“you ,a& @&!t &at a d$g -covered by 
an ANDA that fails to. provide these assurances fails to” satisfy the “same as” statutory and 
regulatory requirements for approval. For the reasons.,desccribed below, your petition is denied. 

Decision Summary 

FDA must approve a generic mixed amphetamine.salts product if the ANDA applicant provides, 
among other things, suffcient informa@n.tc. show that the generic mixed amphetamine salts / i. :“lr*.u.,i ,*.a.,* 
drug product is bioequivalent to Adder&,,” FDA has discretion, in determinipg what constitutes ^. s-e_ s I _,* “__ ‘ _, I, > 
sufficient tiormatjon to show that a generic mixed amphetamine salts product is bioequivalent _ )I . ,, /vx I;*-*” r< ,“a% . 
to Adderall. 

FDA requests that an ANDA applicant conduct a~ single-dose in vivo fasting bioequivalence 
‘study and assess the pharmacokinetic parameters of d-amphetamine and l-amphetamine 
separately. In reviewing bioequivalence studies for a generic mixed amphetamine salts product, 
FDA expects that the 90 percent confidence i.nterval, of the geometric ratios of the me,ans, for test 
to reference products for the. pharmacokinetic parameters of AUC and C,, will fall within the 
appropriate acceptance limits (i.e., 0.8 - 1.25). If a generic mixed amphetamine salts drug 
product is bioequivalent and pharmaceutically equivalent and therefore therapeutically 
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equivalent to Adderal!, then FDA .do”esnot,,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 concentr&on is, not greater than that character$ic ‘of 
Adderah. Sim&&y,“agederic n&ed.~amphetamine salts product is not required to show that Tmax 
is no shorter &$ that of Addera&, jn, &$tiop, FDA does not find me..$udies.c~ted m your petition to be pe~~~~,“,~~~~~~~~~~~~~~~~~ g ,~~~..~~~~~~~~aco~etic 

. -__ b .w. 1I+-.B -‘~rrr,iiri;r,r.mr,~~~~,~,~s~, ‘sg ~~~“~~~~:~~~~,~~.~~“.~~~ 
parameters affect abuse potential in a ,&&ally sigmficant way. Accordingly, FDA does net 
consider an .m,A applicant’s str&#erence to the pharmacokinetic parameters assocrated 
with Adderall to be necessary for the approval of a generic mixed amphetamine salts drug 
product. I .: . , 

I. Adder@. 

Adderall is a central nervqs system (CNS) stimulant indicated for the treatment ,of at&@pn~ / 
deficit/hyperacti%y disorder in children a$ fq<@@ t%$@$ ofJnar@epsy. Adderall consists 
of the neutral sulfate salts of dextroamphetamine and amphetamine, with the dextro (d-) isomer ” LI >,V,.“.. ,-v*-r:.“~~---~*~.~~~,~v~ 
of amphetamine sacchsrate. a@&ztro-, levo-tiphetamine aspartate (d-, l-amphetamine 
aspartate). The labeling for Adderal! conta& a boxed ?+rning stating, in part: 
‘AMPHETA&$INES HAVE A HIGH POTENT~bj‘F&$3USE. ADMIN&STRATION OF “.r*--.~*“....+>~ ~~~~~.~~~~.~,~~~~~~~~~~~~~~~~~~~.,~ ‘( .&?*,*4~#, .,.$,&#~fy&&~,y ~i’~&&:>&:j: :,.;-yaphi _^_ ‘;a* .> I’ I ..” .( ,: \. 
AMPHETAMTN6 FijR~PROLG?$GElp PERIODS OF TI?&%A”LEAD TG DRUG’:,: 

, i ; < 
” .,>e. a., a_. $ r “.: ,,.r$)“).““.;‘: *‘cd, ‘.zc.~.. ‘“~$>,a,,, ,x. ,.:“,:“,~ DEPENDENCE AND wsT gjfyq~-~jp *, y-T-.‘, .) 

,./a l” _.‘ a .nir “_, .? ,S.. 3. s* ,< i..“:, ‘A. ̂ & 
,, _; _ 1 , ,, I_ , ~ ,, 

II. Sumrpary of Statutory and Regulatory Basis for ANDA Appkoval 

The Drug Price Competition ad I%# ‘WFI l’kstc?~~$on +&&I !.!j$! @e HatckY’?ss 
Amendments) created sectiqn 5@(j) of the Federal Food, Drug, and Cosmetic Act (the Act), 
which established the current ANDA approval process. The showing that must be.m&dk EL ., I... aw.a~p”w* i. _j _) ^ . (.^ ., ANDA to be~~~~~~~~di,~~~~~ent horn what 1s req&-&j h & iegdti application (ND& & 

,,‘“. .b., . / _ _,“,” ,_,. ,,‘.dL/*, eye _i__:a* _,. 
NDA applicant must prove that the drug product is safe and effective., An >&@A applicant does 
not have to prove the safety and effectiveness of the, drug product because an ANDA_rebes” ,on 
FDA’s previous finding that the reference listed drug is safe and effective. In order to rely on 
this finding, however, an ANDA applicant must demo”p”fte, among other things, that its generic 
drug product is bioequivalent to the reference list&drug. 21 U.S.C. 3550)(2)(A)(lv). The 
scientific premise underrying the Hatch:%&m& An&@ments, is that+“*g products that are 
bioequivalent and pharmaceutically equivalent and, therefore, therapeutically equivalent, 
generally may be substituted, for each o,ther: ,_~_ i ^ A .**r*,_..r_ A generic drug product is bioequivalent to the 
reference listed, drug if 

;dk’.f&dAgd .&. .$.speltical,y 

s Approved Products with Therapeutic Equivalence Evaluations, 
3ook. 
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the rate and extent of absorption of the drug do not sho.w a significant difference ,, -. ./ 1 “._ II ix4 “W nl,l ..~,*,sri*>**~il 
from the rate and extent of absorption of the listed drug when administered at the same mol& ~~~~~~~~~~~~~~~ ‘g-c&eBt”.t;ider sails experimental , 

” ‘*.ar.-nBr, 
conditions in either a single dose or multiple doses . . . ” ‘ ^,~,.~I _,A” / b - 

“e*“ug-r ’ 21 U.S.C..?~~(i)~s)O(l~~~ * ‘see also 21 CFR.320,1[e) and 320.23(b). 

FDA regulations at 21 ~CTR part 320 establish acceptable methodologies for determining the 
bioequivalence of drug products. The cour@ha~veexpressly upheld FDA’s regulatory 
implementa&n of the Act’s bioequivalence requirements. See, e.g., Schering Corp. v. FDA,-5 1 
F.Jd 390 at 397-$$ &&&~f995); Fisons Corp. v. Shalala, 860 F. Supp. 859 (D.D.C. 1994). 

III. standard I$ioequiv$ence Testing2 . . ‘,_ * ̂ ) . _, 2 

The standard bioequivalence (pharmacokinetic) study is conducted using a two-treatment 
crossover study design in a small number of volunteers, usually 24-36 healthy normal adults, L .- >(._ : a .-“~~;.lr _ 
Single doses of the test-and-reference drug products are administered td‘these volunteers, and the. ,’ + i.l**“.~ri,.~s ,*, -” __.. s ..,, ^^tshl,, -- “.. I/.“. *a-. , ._.A. a,** T,d_x /_* .,r--r<“*“‘&&,hiL,^ ^_ ~ ,_ __ 
blood, plasma, or serum levels of the drug are mk&ired cve~,timc,W~,‘& pharmacokinetic 

I 
1 / 1_ .,.,? 10.~1” 

parameters &am++@g the rate and extent of absorption are examined by statistical 
procedures. ‘Ihe pharmacokinetic parameters of interest are the area under the plasma 1 *,_ .SU”& j (., ‘ .d..“i”. .lL .I.. .‘**..‘<z4+*,‘*“> L> ,, ,i(,.~**>x~ *, 
concentration vs.. *time curve (AUC) calculated to the 1-H measured concentration time (AU&3, / al/-*-_ .._ . ” ..b...><‘/nw r9,--xx*ii”i,‘~-.-d* . 
AUC extrapolated to infinitv (AlfCoo), which represents the egent of #@&<~%k ‘d%.@;‘&~’ 
the maximum or peak drug concentration (CL,). C,, is affected by the rate of absorption and is .. 
considered,to be a surrogate for the rate of absorption. ” . ,“, ,. ._), 

‘Ihe statistical rnethodol~gy for analyzing these bioequivalence studies is. Galled the .two one: sided test proce’;i;;;e~.~~~~,situations are testT4,,witi tis statisticd methodol~gy:**~~~‘~~~~~i;‘;~~” ‘* .” ‘- 
f- w : ‘ii~~&y?&~*.~~~ _ *i -, two one-sided tests dete~:~~~~~~~~~~~~~~~i~~~~~~~~~~~~”~~~~~ substituted fdr a br,~~- 

name product ‘(reference); iGigZGZ&Iess bio,available. _ The second of”$*e” ~~,~~~~.~~ip~~~.;_* ), , ( . . ̂ _l+,~~.,< ,.,_ ;..s/,i ,_ 
tests determines whe&.her the reference product, when substituted for the testy product, IS 
significantly less bioava&@~$&edon the’opinions of FDA medie$experts, a difference of 
greater than 20 perc&~‘&G)G& of &:’ above tests has been determined to be significant and, (..,a,.* _.. .d~.*“3.1~L. ..w * 1 $*; I ‘.; .l-“-,(: “& ‘;& 2’ I ” .. , therefore, undesirable., Numerically, this is ----g-& ~~~-~?+t&y~si~%-~oduct 

average/reference-product average of 80 percent for the first, statistical test and a limit of _.,, 1 - )a I.. . ,“I “.~-r”ii.,.-~*,.rr”, _, _a\, ,. , , ̂  s, I _, 
reference-product average/test-product average of 80 percent for the second statistic,@ test,, Ijy 
convention, all data are expressed as a rati,? ofa!&, average response (AUC and C,,) for test and 
reference, so the lin$t expressed in the second stat&&al test is 125 percent (reciprocal of 80 , I ,,-lle_-ll.* ., *l,,,‘.i.l > ,,a: 
percent). 

For statistical reason;, all data are log-transformed prior to statistical testing. In practice, these 
statistical tests ye c@$ ~.$@lg an analysis of variance 
a 90 percent confidence interval for both C,, ., _s .> 0 .“ 

procedure (ANOVA) and calculating 
K a$ AUC. The confidence inW?!%%~!?~ !??c , ,,, j __ 

,‘ _. *.. ,a, * ‘! . .._ 9.” _a ,/(T (/( . (‘l/ “j’. , . i. ,.,‘&,, “/ ,, , 
2 The description of star&d bioequivalence testing is taken generally from the @atIge Book d ix%. 
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and C, should be enirely within the 80 percent to J25 percent boundaries described above. .‘I. ,,.* I” ;, i-ii..“- ~---“‘,X,~*ii,~b-l.~, ,/ -t,., ,,/, 
Because themean.of the study data lies .in thecenter&,& tg!, percent confidence mte~rval, the 

,,,, j_ * j ,_ 

mean of the dam’iGG.‘Gllyclose to, 1 QO percent (a test/reference mtio*“itif* f). x .,_ ..*,a d-la I; _ 

The pharmacokinetic parameter Tmm is defined as the time to peak plasma drug concentratio,n 
following dosing. T,, is also used~ as. a general index. of the rate of drug absorption; “I j, _%.A. “_1( .,.“,lL ,l,_/,iu T,, can be 
statistically analyzed by nonp~~~~c,.~~~~~~.,~~~ due to the highly variable nature of.&= 
data, this parameter cannot be ~analyzed by the same ANOVA.me!h&olog~ used to consWct the, _ _ _ 
90 percent confidence intervals. PUS, statistical criteria are not applied to Tmax. FDA considers ./_- ,- ..: ,T,“y‘“,z ,- :, T,, as suppo~v~~~~~~~~~~~~~~~~~~~~~~~~~~oduc~ are bioeqtivdent. 

w .LIr.TI Analysis - Issues l$@ated to !&quivalence Eva!u.&?~..~et~ods __ * ,*,... ..I ,1-“A... aall “. ._ ^ ,_ , 

A. FDA must approve a generic mixed amphetamine salts drug product if the A&A 
applicant provides, among other things, sufficient information,to sho3w,tha$he generic 
mixed amphetamine s,alts, drug product is bioequivalent to Adderall.. 

FDA has discretion with respect to what cor@itutes sufficient information to show that a mixed ., ,,.. . ,; ~ ,-.m ““*i-n.>. 8-l a+ s.w**,rrcl*. *; .‘Ci ;i.s .T _.., a~~“~v~. .,*,wn.;- ~ ,,Q ,;ii,“&>3,~,wi,,c _~ _,_ L /. ,_ 
As noted by the Thud Circuit, 

/ _ ” I : 
amphetamine salts drug product is bioequivalent to Addera& ..- , /.,., I”^dj, 
“[allthough the Act mandates ;tzhoeg of bioequivalence for generic drug approvals, there is no 
evidence that Congress intended to limit the discretion.of FDA in determining when drugs are 1,. .,%, ,_I 
bioequivalent for purposes of ANDA approvals. 

-.l-“;~,~~~~~~~~~~~.:~,~~~~~5i,F.3d,at 3gg. 

To support marketing approval of a generic mixed amphetamine salts drug product, FDA 
requests that applicants ,c,cklduct a single-dose in viva. &sing bioequivalence study and determine I,_.“,M~_ +_,” 
the plasma levels of me. enantiomers d-amphetamine and l~+nphetamine separately. The 
geome& ratios, of,$e mea@%“&‘te~ to 6&rence‘pmducts for AUC and C,, should pass the ‘ ‘N.y I-,‘“..,- c”“” L a~b,ry~f4ss rear* +;y9 
90 percent coti!dence interval criteria for both enantiomers. ‘_ If a ‘generic mixed amphetamine b : : > “? p >&&&i-” ~~~~~~~~~~~~~~~~‘~ ;*;&& ,~ j _ _( _ 
salts drug product is bioesUival‘e~~~~~~~~a~eut~~“~ly equivalent and .~e;efsr,e,.~~~apeutically 
equivalent to Adderall, then any differences in rate ofabsorption and abuse potential are not 
expected to be clin,icaJy significant. FDA,recently approved Barr L,aboratories, Inc.‘s generic 
mixed amphetamine salts drug products (Dexuoamphetamine Sac,charate, Amphetamine 
Aspartate, Dextroamphetamine &&ate, and Amphetamine Sulfate Tablets) that met the 
necessary standards of approval, including bioequivalence to Addcr& , 

. . 3, ,_ ,. e*-__ _,.” ~ ,_, ,. 

3 Section 505(j)(4) of the Act also requires an ANQA applicant to provide sufficiei6cjata anc!‘.iiformation on x ‘j;.. j I-*“r%,.ia..; ._ “3, ,; 
manufacturing, conditions of use, active ingredient(s), and labeling, and to meet other criteria~neceszwy for 
approval. However, the focus of your petition is on issues related to pharmacolcinetic parameters. FDA notes that 
you specifically defer to the Agency on other additional criteria that may be required to achieve “same as” status. ,< .x., ___ b” ,.., 
Petition at 5. 
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B. FDA does not believe it is preferabIe for an WA applicant to provide comparative 
chmcal evidence (&a@sho%ng ‘that the generic product’s safety profile is the same as ,. i * - l.“,s”_Lqj ^. 
that of A@q?!L I’ i” _, 

YOU state that it wodcl be preferablef~~.~~PNDA~applicant to provide comparative clinical 
evidence sho&&at&? generic product’s safety profile is the same as that o~Ac@~I$L~ _ 
Petition at 5. ._ ‘~ , m 
The Agency does not beheve it would be preferable for an @A applicant to provide *.s tiltlYV 4i,~~.~.~~ird&~* 
comparative climcal trials to demonstrate that the generic product’s safety profile is the same as j : <1 p-. ~r&&~~&$+@~:. ‘* **.“;i”ai?ei I 
&& of Add&all. @%“~&$,&&I&$ at 2 1 CrR” part 320 e&&$i~ac&pt&ble tiethodologies to 
determine the bioeq~i%ience ofIdp& products. Specifically, 21 CFR 320.24(a) ranks the types 
of evidence that,may be used.to establish bioequivalence in descending order of accuracy, ‘ L .I i^..m_ ia “,h*ixii.ll- 
sensitivity, and reproducibility, and requires applicants to conduct bioequivalence testing using 
the most accurate, sensitive, and reproducible approach prescribed in the regulation. i, 

The type of evidence that is,rar$ed first is an invivo test in humans in which the concentration ,“.‘.-/. i .,:.s:c. ?h’i ,I‘Ic-.,--‘Il~n,~~?7 _ “, “*:,*“‘,x$‘*- *;y+&&‘+, ~~~~~~~,~~~;~p.;a.~“. .>,gi@?Hq*,;:~r.?. ““, ~*i,&i~ ._,“//\,. ..,, “<>V : ,_,,” ._ .” : 
of the active ingredient or activemoiety, and when appropriate, its active metabohtcs, m whole 
blood, plasma, serum, or other appropriate biological fluid is measwe~,% a finction off&$:, ,. .._ __ I <*a .I/ 5 .i *_A__ * *s “S”, AIT, : 
Comparative ~linic~~+is are ranked fourth.~ Comparative clinical tri@s,~+e. .quite variable and , .;x-es* ~~~~~...~~~~~-r*~~~~~~~~~~~:~~~~ ,~ ;_x,“~x ^ ,,,_ 
often subjective and, therefore, may not be as sensrtlve to &fferences,&bug formulations as 
comparisons that measure the active mo -,“>-_. ~.-~“i~;,“.-/i,~,~ac~~...~~~~~r~ in blood or plasma. Accordingly, for a generic 
mixed amphetamine s-alts product, FDA es%ot*?‘Zquire an ANDA applicant to conduct 
comp~a&e chnical u+ls that would involve more human subjects to assess bioequivalence .- * ., ..,lj”.dan_“,A. _.., ~~a~ww*~,“J~~*‘~‘~~~ ;&a&&$p$ i*~wg&~~~yT~~g~~#&~ :d9+& _ .* _ .,.. ‘1% ._” . . . . ** *,,. .,,,:.‘, 
when the standard two-way crossover b?oeqt%&nce study IS more accurate and-is sufficient for ‘, *.,,. --., ,s, _*. ,, ,“_ ̂, 
this purpose. “A &ug ‘pro&t that PDAVhas determined to be therapeutically equivalent is * ,es., , I_ ?\,,“_ ‘* “.A L:i I%x-*rii*i.,“?i,, ,*q-%g,w., 
expected to have the same chnica! effect ar&@ety profile when adm~imstered to patients under 
the conditions specified in the labe!mg. orange Rook at viii. 

C. A proposed generic mixed amphetamine s&s drug product is not required to show that it 
is the “s.ame a$’ Adderall with-respect to the initial slope of the plasma concentration VS. . . _, . i -ii”“b*.“~:l>% .~~~~~w~,:~~~*,~~ 
time curve in human subjects, early’ptial AUC, and T,,. _Vl, .x ,i,.“ili _ 

YOU state that if FDA declines to require comparative chica!~evi$q~~ z&?$pg that a: generic * .sl, .” ._ %,a~%c,^L ‘& A*:& 
product’s safety profile is the same as that of the reference listed-drug, in reviewing an m wvo L., ‘ (_ .s_>-_. Cr: “. :” .b/ ‘_ ,r”r~l~,i~~y& .:, 
bioequiv~ence study, the Agency should c&e&@?&$a% -&e m vwo rate of absorption of “l_-__..;“~~i XI...! 
Adderah and a proposed generic Addera!l,and pay specific attention to the initia! slope of the 
plasma concentration vs time curve in human subjects, early partial AUC, and T,,. Petition at “.. ), “. *es.AL_ I. ^W‘_ _.,, :, Ad*. iW”/ .*-vx, &s<*&, o*,“~~~..~“,.~,.~~~~~~~~=i~,a, i ,“,” “, “&. j _ n,~/ j Li, ;,, ..sub’ “‘,.,A “I’? 4 s_ 
5. 

_l_ : _“,, “1/( ,I __j _c,. ,” ,, /.a .* ., 

FDA does not believe that, ccmparing the initial slope of the plasma concentrationvs. t&e, __ -)/ ,- 
curves of Adder& ‘gd of a proposedgeneric mixed .amphetamine salts drug product would add > ., . ur >.,, .i ._, ,_ 
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information.beyond that already provided by statistically analyzing the comparisons of AUC and ._ 
C,, and considering T,. The inherent variab@y ofthe absorptiorrrate limits the,accuracy and A.” v.. _.ll_o~~ 
usefulness of the initial slope as a rel@& me.asure of absorption rate in bioequivalence studies. I‘ ,. .%“a,/, <.#“, I -I. ..b”“... ./a-. uI^“> _... Lur,,\.,,%& 
For these reasons, FDA relies on C max as a surrogate for the rate of absorption. C,, is affected 
by the absorption rate and can be accurately derived from plasma profiles without”model,,fittingtting _,A~ )_._ .“,.e?Tw,*r 
and is sensitive to changes in drug formulation performance: “. ’ ~ _ a”‘- .“il”r,n__,” 

As noted in section@, Tmax can be statistically analyzed by nonparametric methods bu& due to 
the nature of the TiW data, this parameter &&i&be a@lyied by the same ANOVA method~@gy 
used to con&&t, the Wpercent confidence interVdls,.,,,T&us? statistical criteria are not applied to ,.llx ./A _.“II. ,,,.( 
T max. FDA considers T,, as supportive data in dete rminJg whether two products are 
bioequivalent. 

. . 
Early partial AUC may be useful. in certain liited s@u@ions, However, no data were provided to demonstrate ~-~t *e measurement~~~~~~~~~~~~~~~~~~ k‘~~~~~~~-~~~j~~~.fiisin~~ce ,_ 
would prove me~gi;ui‘y+-~~f.g-~gg&e foi Wdvstiy, B;b&~ilability and Bi*equivalence 

Studies for Orally AdministeredJ?pg Products - G&era1 ,Copsiderations (issued ! Ol2900) ._,_ . . I. _,. 
(General BA@E.Guidlce) discusses the use of partial AUC as follows: 

For orally administered immediate-release drug products, BE may generally be . ‘.. . .\ a. >j”k.A/l ,*~,,z’C..‘I, ,Jiil _ 7.,&*y 
demonstrated by measurements of peak and total exposure. An early exposure 
may be indicated on the basis of-appropriate clinical effcacy/safety trials and/or 
pharmacokinetic/pharmacodynamic studies that c,all .for, better control of drug _I x l”h,O.. _A ._ulQi . .._ N,P” .,., 1 _/ 
absorption into the systemic circulation (e.g., to ensure rapid onset of an analgesic 
effect or, to avoid an excessive hypotensive action of .an an&hypertensive). In this . ...” j .* i _. _,: ,_ _ ._,, .,: . 
setting; the guidance recommends’use of partral AU% as anearly exposure ~~~ II .lc_l.l.. ^ws < ;.,. * .a,,.*.,*r*b 
measure. The partial area ,sho;lrld, h-e. truncated at the population median pf T,, ___**.-. s xy( a,. . ,_/* %%r:r 
values for the reference formulation. .^ . . ,* “.L I cn ii..ri*~,~..-“~~~~~~~“.7il*-r * : __ ,. ., * ._, , “_ .~ ” 
General ISA/BE- Guidance at 9. 

.- i (, *,, \/ >’ ,. _- , . . . ,-, i j, ” _ I .x 
,//,,.e ‘rn*sllS.,J.S ,?,**il(.\/. , ,cl ,_ x , ,. / * / ,~ s_ _, *“* i ., ,. ,/_ i ^ _ _ ..- *^ “l.,.e . .._.. . j 

In sum, you have not included in your petition data to demonstrate that either comparative 
clinical trials or the assessment of the initial slope of the plasma concentration vs. time curve and ->-I ” *:a “*d~c-r,.i;*id~i.w.s ~,<,;~*xa~*~3i’*~m&d.$~ wera-4e” . .i’ ‘* ‘ii) *u> .k*LL..“**,ai _\_ ‘, ;, 
early partial AUC are needed to assess the btoequrvalence of a’generic mixed amphetamine salts 

I ,_ 
. . _i _.. (i .*b.< % *,%A- *&QiTu;T( .~~p>,.~‘~ 

drug product. Moreover, as discussed later. in this response, you have failed to demonstrate that ,_. ,,a.. *‘,i$.,. <*~,I ,~ _,... #_ .~ _” 
a generic mixed ,amphetamine salts product with a faster rate of rise of plasma concentration _. . _ et _ ~_“.lj...j,i_~ / . 
during the absorption phase than Addcrall, till, have-, aa greater potential for abuse. 

D. FDA agrees that ANDA applicants seeking approval of generic mixed amphetamine salts 
drug products should evaluate pharmacokinetic parameters foi both d- and. 
l-amphetamine enantiomers. Id ̂ II_ . . . . ., ., L, _ /x _, , ,_ _ / “. .‘ I 

enantiomers are active, YOU- ask that 1 
enanti 

Adderall is a r&+e of d-and l-amphetamine e~~t~ws.? in a 3 to 1 ratio. Becqy~q.by,$+ ,_, -, i ..._jl..l __ ,.r*ri&“.*i- L /. .X‘/“\ >_,*, / @PI: kvdmte phmacokinetic comp&~;~-g--~ _,_ t, _ /,, 

omers. Petition a; 4. FDA agrees, and&k: ‘ANDA applicants seeking marketing approval . 
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of mixed amphetamine, salts &ug products to determine, the plasma concentratien of 
d-amphetamine qd!--ephetamine separately in bioequivalence stud&. The parameters AUC 
and C,, should pass the 90 percent confide.nce interval &ea for both enantiomers. *- . . . . . c “,,‘“‘ -9 *w ,t.~~~~,~r~~~~i\~r‘..~‘~~,~.:““~~~~~,~;,~~~w ,._,. i/l ?,; 1”*, .? lll. _ r ,‘;: : (_ _ ,, r_: ,~ 

E. FDA agrees that in v@ro dissolution studies are not adequate to assess the bioequivalence / ,a”, ~X.+,ra,-r,” *.“.d./_ * .-*~--~.***lab .~.*.inr~,~l.Y*r4 .*:., _,j,_ #,, q _ ,,~ 
of a generic,mixeStsunphetamine.sr?ts drug product. 

I, , _ _ ., < ” 

You state.t&t~in vitro dissolution studies are not adequate to assess the bioequivalence of a 1 t,, . --* ,:’ ~~~x~.“,~~~~~~.~.*~.L;~~ ,[-, &“. 
generic mixed ~phe~e’~J~sPrcduCt. 

\ 
Petruon at 4. *,Thh& *Agency a@ees that an applicant for 

a generic mixgdwphetamine, saltssproduct should, conduct an in vivo bioequivalence study 1 ._, .> I‘.. ., * . ,,,.” .““,,~ i_rri.,~&*.,j,ir 
measuring the active moiety in blood or-plasma. FDA asks -the applicant to conduct &e m_vivo _ ,_ 
study on the highest strength the applicant proposes to market, As provided for in 21 CFR 
320,22(d), the applicant may request waivers of in vivo testing on lower strengths of generic . . . ~ L” *\ j *, ” ,, 
mixed amphetamine salts immediate- release tablets. / - 8.‘. _ .A ;- 1 ,nri;ru** i_l,,,, r.u*4ur?i ~<:“.eaa, *&>Q*( _.,, /&_*) S” .d,, ,a._: ., -,.‘<-A ..,-, . ,>.,, \. . /-) ;( ., Ilj “_ ~ _/. .,. .I>., xc ,,._. “, 

V. Relation+ip between Amphetamine Phar$@cineti&s and Abuse Potential ..-1-1 . . ..,,/ _:,a#“a* ._,._ %I:3 “,~..,“. _ .un.‘i.;l‘,,i.. ,.l .~ 

You state that one of the factors that determines the abuse potentiai of a drug is its , / II .“S.,. *,. “l$y- *$%.&!&~<%~:$y@ “““Gh.!& :t&$ _X__j)n __ ^~ ( _._ 
phal-maco&et& p&&;“%%?%%??’ “you assert&at, a+#generrc mrxed &phetamine salts 
product that has a f@er rate of rise of plasma concent.rat@n, higher Cm=, greater AUC, or 
shorter T,, 

%I^ , “I _ .-.dy~~r I,,,? .~.;ri, . _ ,_ _ 
during the absorptron phase WAdderall, wilJ,.havc,Sa,,higher potential for abuse. 

Petition at 4. You claim that differences in these pharmacokinetic factors play result in increased ” 
diversion a,& fisyse, gf~~~~‘~rb~~~‘~~~~~;;:at ~,:,,~~~~,,~~~~~~.~o~ aSsertion that the, 
pharn-racokinetic profile of a, II@& amphetamine salts product is related to abuse”potentia1, you 
rely on the studies ciiscpsed below. ‘. ‘.I- / *.. -../,* . ...,. ,,/ _ __ ., j ,_ ___ __-, ^, .(., . ‘ , “. ._ ., ” ,^ 

YOU state that pharmacokinetic factGrs partially explain different abuse liabilities, of drugs in the 
same class. Petition at 3. Yoy also state that rapid absorption of a drug by the brain provides the I..~. .., 1 I ̂ . 1 . i .i .,, ,-z;:;:‘-m >J,~~y,*-;~>~$. 
optimal condition fcr re[Xorc&rg properues and drug readmiistration. Petition at 3. Jn ,support 
ofthese propositions, you cite a.study by N.D.‘Volkow, et al.,4 in which positron e~&sioa 

tomography was used to mon&r+uptake and clearance of cocaine and methylphemdate in the -.._.. I,. “.. I,. _i ‘/ _.I VLL,I.)I1.IXI __ 
brain tissue of humansubjects. This .study does not support your thesis because the.aut&rs _, ,_ 
concluded that differences in the abuse potential of.methylphemdate and cocame are relatc,d, to differences in drug~~~~~~~~~~~~~~~~~~~nces in absorIition rate. 

.^ .“.,. .,,,._l,,,“/,, .: ,..., 

you state that international and national criteria for scheduling and control of drugs with abuse _ __~ <.,-a r* (S s*-“*w<m~..*bk ,;, Ar~m.*&!~ .~~~!.~~~~,~~~~~~~~:~:~~~;~~~?~~~~~‘~~~?~~*~-~~. j ,,.._ 
liability and dependence potential consider pharmacokmeucs tc be iniportarit in the review 
process. Petition $3. ,Jn, support of your stateme~nt you cite the “World F&&h Organization 
EB85/199O/RJX/l, Annex 7” (WHO Annex 7), which lists the revised guidelines for WHO 
review of dependence-producing psychoactive substances for @ternat~onal cant@, including a 
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description ofthe review process and the critical review document used to assess the data on _ ‘.‘“_ ,-‘*-a..’ _I”’ -1 I^ w.- *“.ies. iXrrnVI -xl* w!w:4m “InlxUi-vllid,~-T-‘r.i-i .~~.,i~.,?iij~“~,~~~~~~~~~~k~~~,:j,.ri ._ B.: , ~ ,~ >“; ~- ilr . . __ ;” 
individual substances. Although one of the”Welve headings in the critical revrey document .“,; .I .*_.*_ ..wI1** . _. uIa.* 1 I... ,” 
under which the “da&&o*~dbe’ orgariized is pharmacokinetics, WHO Annex 7 ne$her, highlights ^ 
pharmacok&.ics, nor &&&s&&e relation&P between pharmacokinetics anclabuse potential. ..s. _,~ y/ (a lil,.rn 4. I -%i”*‘“~~“< ‘~w~~*.-. hi*: eKaA41.:&‘<*.,\. ; , “, “_y_ I , _:,” _; _j 

YOU state that among oral drugs,’ even small differencesin abso.rption rate are associated .vvith. . __ 
differences’mabuse liability. “Petition at 3 T 
U.E. Busto z&d E~@*Se%rs’ that 

ln support of this proposition, you cite an article by 
*. /.A,* “. w+&~~ivi~* pham=okinetics of addictive.,drugs in relation to 

their abuse properties. The Whois “%s iitie systematic, experimental work is - - .^ e,_““* ., ‘,,,., ” “\;r.uu,nl.~,,l;x,~i,.., 
available and fha)t,_one purpose of the. art&& is to discuss future ‘&e%ions for’study by . ,a- “.*~ .” I..*>* .i ,A.. *,l?h*.%.~“i~lflus .““>. developing seve& testable bflotheses. ne arti.le only brieay g;;g;;;;g;;bf;G-& iate as, a 

factor in abuse potential, and the discussion. and research cited relate solely to benzodiazepines. I “/” ,., ,, :j / .-a p _,,, ,,..‘*“> i:“); *^ *_ <,il. .*,I<‘>~$‘~““~.‘. ,v:s 
Benzodiazepines are sedatives,‘tihereas amphetamines are stimul~ts, I%reover, at the 
molecular !evel, benzodiwepines and amphetamines elicit their effects through entirely different 
receptors. It cannot be assumed that the pharmacokinetic and pharmacodynamic relationships . (_ ..~I i ._ F ,y-‘-\..,“*,x,~* 
characteristic of berqod~azepines are relev-ant. fq”,amphetamines. 

You cite another ar@le by U.E. Busto et al, in support of your position that pharmacokinetic. 
parameters contribute to differenc.es, $.!$?g$ potentid. This article. reports on a study that 
investigated a possible rela&n&ip between three pharmacokinetic parameters of ten-different 
benzodiazepine drugs and abuse a& dependence potential. For the ten drugs, the only 
statistically significant correlation (i.e., Pearson’s correlationcoeQ$ient) was between 
benzodiazepine half-life and abuse rank.. ,Thi~~.s$udy does not provide evidence-to,. support your 
claim that drug absor@ion rateisccrrc&<d~$$b ,amphet%%iie’ abuse liability. In fact, the study 
does not even support your conclusion that,“there is a strong correlation between a!?,%erisk.$ ,.‘,. j L, :j I ,, /.‘I *.s,. _%F_i”, r Y1Ge .,., -*a _ ,. 
selected benzodiazepines and absorption rate where a shorter time to. peak was associated Mth ,,..- I”. *-. ,‘.,__X”*L_,, ,, 
greater risk.” Pe&on at 3. One statistical comparison used in the study found no correlation 
between bem&&epine absorption raie .andr&k of abuse, and the second statistical,a@ysis 
showed only a weak correlation be%een.tfie,Eo. Finally, since the study investigated 
benzodiazepines, it cannot be assumed, that it has -any relevance to amPhetamines. ** _ .C / ,.i) ‘My. “.,A )i a.,:% 

You also cite a;$udy by S.H. Koll&s~~et al-7 “as support for the proposition that absorption rate is 
an important determin-ant of abuse liability for orally administered stimulants. ‘ /., .N;_,. rr**,:.,;t *,*.me This study 
administered various mood scales, to. sybjects to compare ihe effects of d-amphetamine, 
l-mph&mine, a& methy@%m&te~it was not a pharmacbkinetic study. 

5 “Pharmacokinetic determmia bf’&g abuse a&i ;ikpen&t&e;.a c&i~eptii’~e~spective,” Clinical Pharmacokinet~~sl”i~~~.;“~‘~~~~~.,’ /- /‘~ _i_iij .‘ri*i’~-)i: ‘i _1,., ,~, _;_; _I,. jj, /_ ,_ -. l.... . _~ -. 

6 See Bust0 et al, Canadian Journal ofclinical Pharmacology, 1995; 2:23-28. 
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In sum, the studies cited jn your petition offer theoreticdppinions, describe studies shovving no 
clear relationship between~ix&c@ors of abuse I . ,A L_ . . ,_,. _,_/ “. _,_,d.~.~l i*-. potential and psychostimulant kinetics or dose, or 
describe studies VJ& neur&.iye drugs that are not ps~~hostimulants. They do not substantiate ,. 3 ._e>., II_*>n ;-.-~~&*~~~o 
your &im that a generic, mjx~~F.,~pheknine salts $roduc‘t vinth a faster rate of rise of plasma 
concentration, higher Cm=, greater AUC, or shorter T mm during the absorption phase will have a 
higher potential for abuse than Adderall.‘, In fact, if a generic mixed amphetamine salts~drug _j ~“,~j~lsi, 
product is bioequivalent .a& phar%$u&&y equ&aient and therefore‘thempeuticahy 
equivalent to Adderah, then any differences in rate of absorption and abuse potential are not 
expected to be clinically significant. .- 

VI. Conchjsiop 

You have failed to.demonstrate that the ,ab%e potential of mixed amphetamine salts is different 
from that of o~~r:~~~~~~~~~~~~~~~products. and’ that a generic mixed amphetamine salts 
product must match exactly the pharmacokinetic profile of the reference Iisted.drug Adderall. A 
generic mixed amphetamine salts product that meets FDA’s statistical bioequivalence criteria is - ._ _.Pd . . . . ,. ,* . .?._, 
considered to be bioequivalent to the reference listed,drug. For the reasons discussed, above, . )_ “/_ “, 
your petition is denied. , .~ 

Sincerely yours, 

Director 
Center for Drug Evaluation and Research 

* The Cont&led $~@ann~~ Act,(CSA) also suggests that the abuse potential of Adderall and a generic mixed 
amphetamine salts product will be the same., __I The CSA schedules drugs based on the abuse potential of the actrve Il.*..@*<- ,.hr ;““~‘~‘“‘y*-““” 
substance. Amphetamine and any material, compound, mrxture, or pre$%ionthat’contains any quantity of 
amphetamine, including its salts, optical isomers, and salts of i.ts optical isomers (notwithstanding certain exceptions 
that are not applicable in this case) are tistea ir .Schedu!e II of the CSA. 21 CF$J$$J2(d)., FuS, Adderall is a 
Schedule II drug, and any generic mixed-amphetamine salts $&%%ou~d ai;o be a Schedule kJug. Under the 

CSA, the particular formulation of a~ amphetamine product is not the,basii for dete,rm&ing its abuse potentral 
because, for example, tablets may be crushed and extracted by solvents for administration by an intravenous, 
intramuscuhu, intranasal route, or other mode. 
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